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Monday, September 5, 2016
Session PL1 – Plenary lecture 1
Urs BALTENSBERGER: Formation and transformation of
atmospheric aerosols, and impact on health and climate

pp. 144 – 145

Session 1-AAS-AAP1, ATMOSPHERIC AEROSOL STUDIES:
Optical properties and remote sensing of atmospheric aerosols

pp. 146 – 153

Session 2-AAS-AAP2: ATMOSPHERIC AEROSOL STUDIES:
Carbonaceous and biogenic aerosols

pp. 154 – 161

Session 3-AT-ABN1: AEROSOL BASED NANOTECHNOLGY:
Characterization and novel measurement techniques

pp. 162 – 167

Session 4-AT-CA1: COMBUSTION AEROSOL:
New measurements methods of soot particles for a better
understanding of their formation and behavior

pp. 168 – 175

Session 5-AT-EE: ELECTRICAL EFFECT:
Charge effects and particle generation

pp. 176 – 183

Session 6-AAS-AAP3: ATMOSPHERIC AEROSOL STUDIES:
Optical properties and remote sensing of aerosols

pp. 184 – 191
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Session 7-AAS-AAP4: ATMOSPHERIC AEROSOL STUDIES:
Marine aerosols and aerosol sources

pp. 192 – 198

Session 8-AAS-SS5: SPECIAL SESSION 5: FUKUSHIMA
Characteristics and behavior of Fukushima aerosols

pp. 199 – 205

Session 9-AT-SS3: SPECIAL SESSION 3: SOOT:
Physico-chemical characterization of soot particles and
their evolution

pp. 206 –213

Session 10-AT-SS1: SPECIAL SESSION1: PLASMA
Plasma-based aerosol processes for the production and
coating of nano-particles

pp. 214 – 221

Monday, September 5, 2016 – Poster Sessions
Poster Session P1-AAS-AAP1: Aerosol cloud interaction

pp. 222 – 230

Poster Session P1-AAS-AAP2: Climate effects of aerosols and global modelling pp. 231 – 238
Poster Session P1-AAS-AAP3: New particle formation

pp. 239 – 256

Poster Session P1-AAS-AAP4: Optical properties of atmospheric aerosols

pp. 257 – 281

Poster Session P1-AAS-AAP5: Physical and chemical properties of
atmospheric aerosols

pp. 282 – 329

Poster Session P1-AAS-AAP6: Remote sensing of aerosol properties

pp. 330 – 342

Poster Session P1-AAS-AAP7: Transport and transformation of
atmospheric aerosols

pp. 343 – 366

Poster Session P1-AT-EE:

Aerosol Technology – electrical effects

pp. 367 – 384

Poster Session P1-AT-CA:

Aerosol Technology – combustion aerosols

pp. 385 – 422

Poster Session P1-AT-SS1:

Plasma-based aerosol processes

pp. 423 – 428

Poster Session P1-AT-SS2:

Properties and impacts of aircraft
particulate emissions

pp. 429 – 432

Physico-chemical characterization of soot
particles and their evolution

pp. 433 – 438

Poster Session P1-AT-SS3:
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Tuesday, September 6, 2016
Session PL2 – Plenary lecture 2
Paolo MILANI: Supersonic cluster beam deposition of nanostructured devices
and nanocomposites for biomedical and clinical application

pp. 439 – 440

Session 11-AAS-AAP5: ATMOSPHERIC AEROSOL STUDIES:
Aerosols, clouds, and climate

pp. 441 – 448

Session 12-AAS-AAP6: ATMOSPHERIC AEROSOL STUDIES:
Biomass burning aerosol

pp. 449 – 457

Session 13-AT-ABN2: AEROSOL BASED NANOTECHNOLGY:
Synthesis of functional nanoparticles

pp. 458 – 465

Session 14-AT-CA2: COMBUSTION AEROSOL:
Source characterization: From biomass to engine
related emissions

pp. 466 – 475

Session 15-AT-SS4: SPECIAL SESSION: FILTRATION AND GAS
PARTICLE SEPARATION: Recent developments

pp. 476 – 484

Session 16-AAS-AAP7: ATMOSPHERIC AEROSOL STUDIES:
New particle formation

pp. 485 – 494

Session 17-AAS-AAP8: ATMOSPHERIC AEROSOL STUDIES:
Dusts and urban aerosols

pp. 495 – 504

Session 18-AT-ABN3: AEROSOL BASED NANOTECHNOLGY:
Coatings, films, and nanotubes

pp. 505 – 513

Session 19-AMT-INST1: INSTRUMENTATION:
Electrical measurement techniques

pp. 514 – 522

Session 20-AT-SS2: SPECIAL SESSION2: AIRCRAFT:
Properties and impact of aircraft particulate matter emissions

pp. 523 – 531

Tuesday, September 6, 2016 – Poster Sessions
Poster Session P2-AAS-AAP1: Bio aerosols and biomass burning

pp. 532 – 560

Poster Session P2-AAS-AAP2: Carbonaceous aerosols in the atmosphere

pp. 561 – 575

Poster Session P2-AAS-AAP3: Secondary organic aerosol

pp. 576 – 607

Poster Session P2-AAS-AAP4: Marine aerosols

pp. 608 – 619

Poster Session P2-AAS-AAP5: Mineral dust

pp. 620 – 634

Poster Session P2-AAS-AAP6: Urban aerosol

pp. 635 – 664

Poster Session P2-AAS-AAP7: Aerosol radioactivity

pp. 665 – 668
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Poster Session P2-AMT-INST1: Aerosol standards and new developments

pp. 669 – 685

Poster Session P2-AMT-INST2: Instrument calibration, accuracy
and comparability

pp. 686 – 698

Poster Session P2-AMT-INST3: Optical, electrical, and gravimetric
measurement techniques

pp. 699 – 713

Poster Session P2-AMT-INST3: Comparisons and implementation of
measurement methods

pp. 714 – 724

Poster Session P2-AT-ABN:
Poster Session P2-AT-SS4:

Aerosol technology –
aerosol based nanotechnology

pp. 725 – 756

Filtration and gas-particle separation

pp. 757 – 769

Wednesday, September 7, 2016
Session PL3 – Plenary lecture 3
Brian A. MITCHELL: Free nanoparticle studies using synchrotron radiation

pp. 770 – 771

Session 21-AAS-AAP9: ATMOSPHERIC AEROSOL STUDIES:
SOA – highly oxidized molecules (HOM) and their role
in SOA formation

pp. 772 – 780

Session 22-AAS-AAP10: ATMOSPHERIC AEROSOL STUDIES:
Trends and transport of atmospheric aerosols

pp. 781 – 788

Session 23-AH-IND1: INDOOR AND WORKPLACE AEROSOL:
Indoor aerosols

pp. 789 – 797

Session 24-AMT-INST2: INSTRUMENTATION:
Techniques for ambient aerosol characterization

pp. 798 – 805

Session 25-AMT-PMX1: PMX
Chemical markers for source apportionment analysis

pp. 806 – 814
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Thursday, September 8, 2016
Session PL4 – Plenary lecture 4
Kari LETHINEN: On theory, modelling, and data analysis of atmospheric
aerosol formation and growth

pp. 815 – 816

Session 26-AAS-AAP11: ATMOSPHERIC AEROSOL STUDIES:
Physical and chemical properties 1

pp. 817 – 825

Session 27-AAS-AAP12: ATMOSPHERIC AEROSOL STUDIES:
Urban aerosols and wood burning impacts

pp. 826 – 835

Session 28-AH-IEH1: INHALATION EXPOSURE AND HEALTH
Toxic mechanisms and biological responses to
aerosol components

pp. 836 – 844

Session 29-AMT-INST3: INSTRUMENTATION
Measurement techniques for special applications

pp. 845 – 853

Session 30-BAP-SS7: SPECIAL SESSION 7: RESUSPENSION
Aerosol resuspension by airflow

pp. 854 – 861

Session 31-AAS-AAP13: ATMOSPHERIC AEROSOL STUDIES:
Physical and chemical properties 1

pp. 862 – 871

Session 32-AAS-AAP14: ATMOSPHERIC AEROSOL STUDIES:
SOA – Formation and transformation processes

pp. 872 – 880

Session 33-AH-SS8: SPECIAL SESSION 8: INHALATION
EXPOSURE AND HEALTH. Aerosol exposures for
toxicological and therapeutic studies

pp. 881 – 889

Session 34-AMT-INST4: INSTRUMENTATION:
Calibration and advancement of existing techniques

pp. 890 – 897

Session 35-BAP-AC1: AEROSOL CHEMISTRY
Biogenic secondary organic aerosol

pp. 898 – 906

Thursday, September 8, 2016 – Poster Sessions
Poster Session P3-AMT-PMx: Source apportionment and data interpretation,
analysis and sampling

pp. 907 – 962

Poster Session P3-AH-SS6:

Bioaerosol

pp. 963 – 980

Poster Session P3 AH-SS8:

Aerosol exposures for toxicological and
therapeutic studies

pp. 981 – 993
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Aerosols and Health -inhalation exposure and health

pp. 994 – 1028

Aerosols and Health -indoor and working place aerosol

pp.1029 – 1055

Basic aerosol processes -Special session: Resuspension

pp.1056 – 1061

Poster Session P3-BAP-FUND1:Aerosols dynamics, coagulation, and filtration

pp.1062 – 1086

Poster Session P3-BAP-FUND2:Physical and optical properties of aerosols -Nucleation and growth

pp.1087 – 1107

Poster Session P3-BAP-AC:

pp.1108 – 1133

Basic aerosol processes – Aerosol chemistry

Friday, September 9, 2016
Session PL5 – Plenary lecture 5
Nathalie HUZÉ-VOURCH:
Aerosol therapy of monoclonal antibodies for
respiratory diseases

pp. 1134 – 1135

Session 36-AH-IEH2:
INHALATION EXPOSURE AND HEALTH:
Health, infectious diseases, and hospital environment

pp. 1136 – 1143

Session 37-BAP-FUND1:

FUNDAMENTAL: Nucleation and growth

pp. 1144 – 1152

Session 38-AH-SS6:

SPECIAL SESSION 6: Bioaerosols

pp. 1153 – 1161

Session 39-AMT-PMX2:
PMx:
Source apportionment tools and applications

pp. 1162 – 1169

Session 40-BSP-AC2:
AEROSOL CHEMISTRY
Anthropogenic influence on secondary organic aerosol

pp. 1170 – 1178

Session 41-AH-IEH3:
INHALATION EXPOSURE AND HEALTH
Processes and behavior of aerosol particles
in the respiratory tract

pp. 1179 – 1185

Session 42-BAP-FUND2:
FUNDAMENTAL:
Structure and dynamics of nanoparticles

pp. 1186 – 1192

Session 43-AH-IND2:
INDOOR AND WORKING PLACE AEROSOL:
Exposure and health
pp. 1193 – 1198
Session 44-AMT-PMX3:
PMx:
PMx characterization: Sources and processes

pp. 1199 – 1204

Session 45-BAP-AC3:
AEROSOL CHEMISTRY
Methods and techniques for aerosol characterization

pp. 1205 –1211
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wElComE to tours
The 2016 European Aerosol Conference (EAC 2016) will be held in Tours, France, from September 4th to 9th 2016 under
the auspices of the European Aerosol Assembly (EAA), a body that now represents 12 national or regional aerosol societies.
This is the second time the European Aerosol Conference will take place in France, under the umbrella of the French Aerosol
Society (ASFERA).
It is a pleasure and honor for the French Aerosol Society (ASFERA) to organize such important meeting of scientists from
all over the world. We will do our utmost to make this event a success, ensuring that every scientist and engineer has a
comfortable stay, while providing a variety of programs including up-to-date technical sessions on current topics of interest.

pAtronAgE
The conference will be held under the auspices of:

ASFERA
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mAps
CONFERENCE VENuE
Overlooking the high Speed Railway Station, Vinci, The International Convention Centre of Tours, stands in the heart of
Tours. An architectural feat designed by renowned Jean NOuVEl, Vinci is equipped with meeting spaces which can cater
to any kind of demand.
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soCiAl progrAmmE VEnuE
WElCOmE RECEpTION
(for all the EAC2016 attendees)

SUNDAY, SEPTEMBER 04
18.00- 20.00
Address: Vinci Conference center, 26 boulevard heurteloup, 37000 Tours
how to get there: 2 minutes’ walk from the Tours railway station

Overlooking the high Speed Railway Station, Vinci, The International Convention Centre of Tours, stands in the heart of
Tours.
An architectural feat designed by renowned Jean NOuVEl, Vinci is equipped with meeting spaces which can cater to
any kind of demand.

7
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soCiAl progrAmmE VEnuE
WElCOmE RECEpTION by ThE mAyOR OF TOuRS
(for all the EAC2016 attendees)

TUESDAY, SEPTEMBER 06
19.00
Address: Rue des minimes, 37000 Tours
how to get there: 5 minutes’ walk from Vinci Conference Center
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ConFErEnCE DinnEr
THURSDAY, SEPTEMBER 08
19.30-23.00
Address: la Grange de meslay, 37210 parçay-meslay
how to get there: 20’ drive (12 km) from Vinci Conference Center
(buses departing from convention center at 18:30 and 19:00)

This admirable construction is the work of the monks of the neighboring Abbey of marmoutier—majus monasterium,
latin for "great monastery"—which traced its beginnings to the 4th century and its illustrious founder Saint martin,
and owed its fortune to the counts of blois, who raised it from ruins and founded it for a second time in 982. To be more
precise, the Chronicles of the Abbots of marmoutier tell us that hugues des Roches, abbot from 1210 to 1227, the great
builder who raised the portal of the Crosier within the Abbey itself and began the reconstruction of the church, also
built "the Grange de meslay with the portico, dovecote, and walls of the manor": that is to say the architectural ensemble
that remains today.
http://www.meslay.com

9
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CommittEEs
Denis bOulAuD (co-Chairman)
Evelyne GEhIN (co-Chairman)

INTERNATIONAl ADVISORy bOARD (EAA bOARD mEmbERS)
The board members of EAA, chaired by Jose luis CASTIllO, have played an important role on the evolution of the
structure of future EAC, especially EAC2016.

lOCAl ORGANISING COmmITTEE
Guillaume DA (Chairman)
Gérard GOuESbET

Anda IONESCu
Sophie mAZOuE

George TymEN
laurent VéCEllIO

ExhIbITION AND SpONSORShIp
brigitte DElpONT

ThE SCIENTIFIC COmmITTEE
Jean-pascal bORRA (co-Chairman)
François GENSDARmES (co-Chairman)
lucas Alados ARbOlEDAS
Christoph ASbACh
Gilles bERGAmETTI
George bISkOS
Andrei bOlOGA
michael bOy
Ian COlbECk
yannis DROSSINOS
philippe DuquENNE

luca FERRERO
Gérard GREhAN
Otto häNNINEN
Andreas hElD
yoshi INumA
ulas Im
Christina ISAxON
Gerhard kASpER
Einar kRuIS
Olivier lEbIhAN
Willy mAENhAuT
Denis mARO

Olivier mASSON
Attila NAGy
Francois-xavier OuF
Zoran RISTOVSkI
Enric RObINE
manabu ShIRAIWA
Olli SIppulA
Dominique ThOmAS
mar VIANA
birgit WEhNER
Olivier WITSChGER
Caner yuRTERI
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thE EuropEAn AErosol AssEmbly
(http://www.gaef.de/eaa/)
The “European Aerosol Assembly” is the organization which has the responsibility to plan for the future hosting of “European Aerosol Conferences”, as well as to promote the development of the ﬁeld of aerosol science through its working
groups. It consists of 12 national or regional societies across Europe, though membership of these societies is not limited
to European nationals, and operates under a formal constitution. The major activity of the EAA and its working groups
takes place at the European Aerosol Conference, held in three out of every four years (the missing year being that in
which the International Aerosol Conference, an event designed to foster links between research communities in all
regions of the world, is held).
For more information, see the EAA website at www.gaef.de/eaa/

thE FrEnCh AErosol soCiEty
The "Association Française d'Etudes et de Recherches sur les Aérosols" (ASFERA) was founded in 1984 to provide a
national forum whereby various groups in France, who recognized the importance of aerosols, could interact and make
a special eﬀort to advance the interdisciplinary cooperation.
The objectives of the ASFERA are as follow:
• To promote and support scientiﬁc research in all areas of aerosol science in France
• To maintain a forum for international cooperation and exchange for all aspects of aerosol science
• To provide information with an interdisciplinary base to their members and the public
Today, the ASFERA is an organization with over 100 members coming from diﬀerent professional areas including universities, research institutes or industries.
For more information, see the EAA website at www.asfera.org/en/presentation.php

11
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gEnErAl inFormAtion
CONFERENCE VENuE
urban walking map and route planner

The European Aerosol Conference 2016 is held at the Vinci-International Conference Centre (ICC) of Tours. ICC is easily
accessible by all means of transport.
TRANSpORT TO ThE CONFERENCE VENuE
By taxi

GIE des Taxis de Tours
+ 33 (0)2 47 20 30 40
http://www.taxis-tours.fr/contacts/

By Bus/tram

The Conference Center is easily accessible via bus and Tram (line A), stop “Gare Vinci” or “Gare de Tours”.
Travel with “Fil bleu transport” (local public transport) is made easy thanks to ticket and card.

European Aerosol Conference 2016
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gEnErAl inFormAtion
CONFERENCE VENuE

you can buy a ticket at the bus driver, on vending machine, or at “Fil bleu sales oﬃce” (9 rue michelet, Tours; monday to
Friday from 7:30 am to 7:00 pm without interruption, Saturday from 10:00 am to 5:00 pm. phone: +33 2 47 66 70 70).
keep it, you can recharge it with trip(s).
you can also buy a card (2€), only at Fil bleu sales oﬃce (9 rue michelet, Tours). you can charge trip(s) or monthly pass
on this card.
To be valid, your ticket or card needs to be charged with a valid pass (see below).
you have to validate your pass any time you use the bus or the tram.
• 1 trip (valid one hour) : 1.50€
• 2 trips : 2.70€
• 24 hours : 3.90€
• 10 trips : 13€
Timetable, Journey and maps available at: https://www.ﬁlbleu.fr/en/
By train

Tours has two high-speed train (TGV) stations:
-“Tours Centre”: railway station facing the Congress Centre
-“St. pierre-des-Corps”: connection to Tours Centre in 5 minutes.
https://uk.voyages-sncf.com/en/#/
airports

Tours (TuF) 6.3 km
Roissy-Charles de Gaule (CDG) 263 km
paris-Orly (ORy) 230 km
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gEnErAl inFormAtion
NAmE bADGES
upon registration you will receive a name badge which should be worn at all conference
sessions including social events.

ThE REGISTRATION FEE INCluDES:
• Admission to the scientiﬁc program
• Conference materials
• Coﬀee breaks
• Welcome Reception on Sunday September 4th, 2016
• Wi-ﬁ access (available at the conference location)
• book of abstracts on uSb

ThE REGISTRATION FEE DOES NOT INCluDE:
• Conference Dinner on Thursday September 08, 2016 (additional ticket 75 € per person)
• Accommodation
• lunches
• Guided tours
For more information about the city and the region please visit : http://www.tours-tourism.co.uk/

lANGuAGE
Tours and The loire Valley are visited year round by tourists from all over the world, English is frequently spoken.

CuRRENCy
The French currency is the Euro, "EuR = €." Exchange rates of participating countries are locked into a common currency.
Notes come in denominations of €500, €200, €100, €50, €20, €10 and €5. Coins are in denominations of €2 and €1, and
50, 20, 10, ﬁve, two and one cents.

CREDIT CARDS
major cards such as Visa, masterCard, Eurocard, Cirrus, Amex are widely accepted.

uSEFul FACTS
Time: GmT/uTC + 1 hour (+ 2 hours in summer)
Telephone area code: (+33) 2
Emergency number: Dial 112

SmOkING
Smoking is FORbIDDEN in all public areas.
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ConFErEnCE inFormAtion
REGISTRATION DESk
Registration and information desk will be open as follows:
Sunday (September 4th)

16:00-20:00

monday (September 5th)

08:00-18:00

Tuesday (September 6th)

08:00-18:00

Wednesday (September 7th)

08:00-12:00

Thursday (September 8th)

08:00-18:00

Friday (September 9th)

08:00-12:00

CONTACT DETAIlS
In case of emergency, contact the registration desk (entrance hall).
Email (EAC2016 secretariat): secretariateac2016@tours-evenements.com

ExhIbITION
The exhibition is located at the basement (see map) close to poster exhibition, registration and coﬀee breaks and will
be open to all participants throughout the duration of the conference.

15
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soCiAl progrAm
WElCOmE RECEpTION
Included in the registration fee
DATE: SuNDAy, SEpTEmbER 04
Venue: Vinci Conference center (Agnes Sorel lounge)
Address: 26 boulevard heurteloup, 37000 Tours
Time: 18.00- 20.00

WElCOmE RECEpTION by ThE mAyOR OF TOuRS
Included in the registration fee
DATE: TuESDAy, SEpTEmbER 06
Venue: Tours City hall
Address: mairie de Tours, Rue des minimes, 37000 Tours
Time: 19.00

CONFERENCE DINNER
DATE: ThuRSDAy, SEpTEmbER 08
Venue: la Grange de meslay,
Address: la Grange de meslay, 37210 parçay-meslay (see map)
Time: 19.30- 23.00
(buses departing from convention center at 18:30 and 19:00)
Price: 75 € per person (tickets available at the registration desk)

Page 20 of 1211
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mEEtings

17

mONDAy, SEpTEmbER 5Th
18:00-19:00

Working group meetings (rooms on the next page)

TuESDAy, SEpTEmbER 6Th
12:20-13:50

GAeF board meeting (Room 4, level +2)

12:20-13:50

hAAR meeting (Room 3, level +2)

18:10-19:00

Working group meetings (rooms on the next page)

WEDNESDAy, SEpTEmbER 7Th
13:00-14:30

EAA board meeting

13:00-14:30

GDR-Suie meeting (Room 3, level +2)

ThuRSDAy, SEpTEmbER 8Th
12:20-13:50

WG chairs meeting (Room 4, level +2)

FRIDAy, SEpTEmbER 9Th
12:40-14:00

ASFERA General Assembly (Auditorium Descartes)

European Aerosol Conference 2016

Tours, France

Page 22 of 1211

EAC2016 sEptEmbEr 4-9, 2016

18

EAA working group mEEtings
The purpose of these meetings is to discuss general matters within the various topic areas to help plan future events,
particularly the next EAC. All delegates are welcome.
On monday, september 5th, at 18:00, Working Group meetings will be as follows:
Atmospheric Aerosol processes (AAp) (Auditorium Ronsard, level +1)
pmx (pmx) (Auditorium Descartes, level +1)
Aerosol chemistry (AC) (Room 1, level +2)
Aerosol modelling (Am) (Room 2, level +2)
Instrumentation (INST) (Room 3, Georges Courteline, level +2)
Indoor and working place aerosols (IND) (Room 4, level +2)

On tuesday, september 6th, at 18:10, Working Group meetings will be as follows:
Inhalation, exposures and health (IEh) (Auditorium Ronsard, level +1)
Fundamentals (FuND) (Auditorium Descartes, level +1)
Electrical eﬀects (EE) (Room 1, level +2)
Combustion aerosols (CA) (Room 2, level +2)
Aerosol-based nanotechnology (AbN) (Room 3, Georges Courteline, level +2)
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prEsEntAtion inFormAtion
For this EAC2016, the scientiﬁc program will be organized according to ﬁve main themes, which aim to increase understanding of the main scientiﬁc stakes in the conference: AEROSOl TEChNOlOGy, ATmOSphERIC AEROSOl STuDIES,
AEROSOl mEASuREmENT TEChNIquES, AEROSOl AND hEAlTh, bASIC AEROSOl pROCESSES

AbSTRACTS
All abstracts will be published in electronic form and distributed to participants on uSb memory key

INSTRuCTIONS FOR ORAl pRESENTATION
For oral presentation participants are kindly asked to hand over their presentation ﬁle to the staﬀ possibly the day before the
scheduled time for the talk. For those who have their talk on monday morning it would be highly preferable to send their
presentation to the organizing committee in advance or from 16:00 to 20:00 on September 4th from 18:30 to 20:00.
During the conference a qualiﬁed technician will help you in uploading your presentation to our system. please use the
uSb key for transferring your ﬁle.
All presentations should be brought to the Speaker’s preview Room during the opening hours and at the least 2 hours
before the session starts (or the day before when your session is scheduled in the morning).
Speaker’s preview Room opening schedule:
Sunday, September 4th
16:00-20:00
monday, September 5th
08:00-12:00 and 14:00-18:00
Tuesday, September 6th
08:00-12:00 and 14:00-18:00
Wednesday, September 7th
10:00-11:00
Thursday, September 8th
08:00-12:00 and 14:00-18:00
Friday, September 9th
08:00-12:00 and 13:30-14:30
you are also invited to contact the session chairs at least 15 minutes before the beginning of the session.
please note that the presentation time is 20 minutes in total, i.e. 15 minutes for the talk and 5 minutes for discussion.
In view of 5 sessions running in parallel and the audience possibly moving from one session to another, the 20 minutes
schedule will be observed very precisely.
best poster Awards (bpA): The EAA will award the best posters at the conference. (Friday 09 September, 09:30-09:45)

INSTRuCTIONS FOR ORAl RESERVE pRESENTATIONS
Oral reserve presentations are poster presentations that will also be oﬀered a slot for oral presentation should a vacancy
become available. presenters should check with chairs at the start of the relevant oral session

pOSTER pRESENTATIONS
For poster presentation participants are kindly asked to follow the EAC2016 poster format: panel size is 100 cm (width) x 240 cm
(height), usable area for poster is 90x145 cm. poster panels are of forex material, scotch tape will be provided.
posters must be displayed on the scheduled day preferably not later than 12:00 and taken down at the end of the poster session.
Best poster awards (Bpa): the Eaa will award the best posters at the conference. Friday 09 September, 09:30-09:45)
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postEr sEssions sChEDulE
pOSTER SESSIONS SChEDulE
posters will be located on the same ﬂoor of the exhibition hall. participants are kindly asked to display and also take
down their poster according to this poster session schedule. For those who will not take down their poster on time
please come to the speaker preview room (level+2) where they will be kept for you during the conference. presenting
authors are kindly asked to be available to present their posters during the poster sessions time schedule.
please note that every poster has its own EAC-ID (as reported in the abstract acceptance notiﬁcation sent to the authors)
and has to be displayed on the proper poster panel.

pOSTER SESSION 1:
Days:
Time to display:
presentation time:
Time to uncover:

mONDAy, SEpTEmbER 5Th
monday morning
monday, 16:00-18:00
monday evening

pOSTER SESSION 2:
Days:
Time to display:
presentation time:
Time to uncover:

TuESDAy, SEpTEmbER 6Th
Tuesday morning
Tuesday, 16:10-18:10
Tuesday evening

pOSTER SESSION 3:
Days:
Time to display:
presentation time:
Time to uncover:

ThuRSDAy, SEpTEmbER 8Th
Thursday morning
Thursday, 16:10 - 18:10
Thursday evening

lATE pOSTERS
late posters have to be displayed on the proper poster panel (marked by EAC-ID number which was reported in the abstract acceptance notiﬁcation) during regular poster sessions.

European Aerosol Conference 2016

Tours, France

Page 25 of 1211

EAC2016 sEptEmbEr 4-9, 2016

inVitED spEAkErs
plENARy lECTuRES

21

pl1-mONDAy SEpTEmbER 5Th

pl2-TuESDAy SEpTEmbER 6Th

prof. urs Baltensberger
paul scherrer institute,
Laboratory of atmospheric Chemistry - Villigen, switzerland

prof. paolo milani
university of milano
Department of physics - milano, italy

title of Lecture: Formation and transformation of atmospheric
aerosols, and impact on health and climate

title of Lecture: Supersonic Cluster beam Deposition of Nanostructured Devices and Nanocomposites for biomedical and Clinical Applications

short CV: urs baltensperger started his aerosol research in his
phD, which he got from the university of Zurich in 1985. he has
been head of the newly founded laboratory of Atmospheric
Chemistry at the paul Scherrer Institute, Villigen, Switzerland
since 2000, and professor at ETh Zurich since 2006. he is advisor
of 18 currently ongoing phD theses. Within the Swiss National
Science Foundation he is a member of the presiding board and
chairman of the Specialized Committee for International Cooperation. he published more than 380 peer-reviewed publications
(of which 12 in Nature and Science) which received >18000 citations. he has an h-index of 70 and is a highly cited researcher.
he has obtained a number of awards, including the Fellow of
the American Geophysical union (2012), the Vilhelm bjerknes
Award of the European Geosciences union (2014), the Fuchs memorial Award of the International Aerosol Research Assembly
(2014), and the Spiers memorial Award of the Royal Society of
Chemistry (2016). his research focuses on ‘aerosols from cradle
to grave’, and includes studies on nucleation, secondary organic
aerosol formation from individual precursors as well as from
emission exhausts, aerosol source apportionment, health effects, as well as the aerosol impact on climate through aerosolradiation interaction and aerosol-cloud interaction.

short CV: paolo milani is Full professor at the Department of
physics of the university of milano. his research focuses on cluster-assembled nanostructured materials and their integration
on microfabricated platforms by exploiting the supersonic cluster beam deposition technology. he is active in the ﬁeld of nanostructured systems and devices for stretchable electronics,
optics, soft robotics, biotechnology and medicine. he has published more than 230 papers on refereed journals, several review papers and a monograph on supersonic cluster beam
deposition for the synthesis of nanostructured thin ﬁlms.
Currently, milani serves as Director of the Interdisciplinary Centre for
Nanostructured materials and Interfaces of the university of milano.
he is also Coordinator of the phD School in medical Nanotechnology
supported by the European School of molecular medicine and the
university of milano. he is co-editor of the Springer book series Carbon materials Chemistry and physics, regional editor for Europe of
the Journal of Nanoparticle Research, member of the editorial board
of Advances in physicsx and of kONA powder and particle Journal.
he is co-founder of three start-up companies: TEThIS spa active
in the ﬁeld of nanostructured systems for biomedical microdevices, WISE srl producing stretchable electronics for neuromodulation, and EOS srl producing optical systems for nanoparticle
sizing in biological media.
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inVitED spEAkErs
plENARy lECTuRES

pl3-WEDNESDAy SEpTEmbER 7Th

pl4-ThuRSDAy SEpTEmbER 8Th

prof. J. Brian a. mitchell
university of rennes i, France

prof. Kari Lethinen
university of Eastern Finland and Finnish meteorological
institute, Head of Department - Kuopio, Finland

title of Lecture: Free nanoparticle studies using synchrotron radiations
short CV: J. brian A. mitchell was born in Northern Ireland and
received his bsC hons. Degree and phD (in the ﬁeld of Atomic Collisions Research) from queen’s university, belfast. After graduation
he emigrated to Canada where, ﬁrst as a postoctoral research fellow and then as a research associate and ﬁnally as a Full professor,
he worked in and later directed the Atomic Collisions research
there, in a pioneering laboratory in the use of the merged Electron-Ion beam technique for the study of low energy, electronion collision processes. As an interim, during his early years in
North America, he spent two years at the brookhaven National
laboratory in New york, where he designed a molecular physics
beamline for the National light Source (NlS) synchrotron, under
development, at that time. While at brookhaven, and later again
in Canada, he developed an interest in combustion research, working on additives for smoke reduction in large ﬁres. This work led,
in collaboration with Imperial Oil, ExxON Chemical Co. and the uS
Air Force, to the development of « Tekﬂame », a low smoke product used for ﬁreﬁghter training.
In 1996, he returned to Europe to take up a professorship at the
university of Rennes I in brittany, France. his work on recombination continued there but in 2002, he returned again to synchrotron radiation, this time to study soot formation processes in
combustion using Small Angle x-Ray Scattering, x-Ray photoelectron Spectroscopy, and x-ray induced ionisation. he then extended this combustion work to the examination of
nanoparticle formation processes in other extreme environments such as microwave air plasmas, electrical arcs and laser
ablation plumes. Other research interests include the use of
mass spectrometry for buried oil detection, and ball lightning
Research. he has over 150 journal and conference articles published and is the co-author of a text book on heavy particle
Atomic Collisions.

title of Lecture: On theory, modelling and data analysis of atmospheric aerosol formation and growth
short CV: kari lehtinen received his degrees (m.Sc. 1992, lic.
Tech. 1993, ph.D. 1997) at helsinki university of Technology
(huT), Dept. Technical physics. before becoming professor of Atmospheric physics and Chemistry he was assistant of mechanics
and computational dynamics at huT, a researcher and a senior
researcher at VTT Energy and a senior researcher and a university
lecturer at helsinki university, Dept. Atmospheric Sciences. he
was a visiting scientist in uClA los Angeles in 1994-1995 and
university of minnesota minneapolis in 2000-2001.
The professorship is a joint position between uEF and the Finnish
meteorological Institute (FmI). In 2004-2013 lehtinen was head
of FmI kuopio unit, a research unit with research groups in atmospheric modeling, measurements and radiation as well as
aviation and military weather service. Since then, from Jan 2014,
he has been the head of uEF Department of Applied physics.
his main research interests are aerosol microphysics theory and
modeling related to various applications in atmospheric science,
nanomaterial synthesis and environmental health.
kari lehtinen has published more than 170 peer reviewed international journal Articles (2 in Science) and supervised 16
ph.D. theses. he is an editor of ‘Atmospheric Chemistry and physics' and and a member of FAAR, GAEF, AAAR and AGu. his teaching experience includes courses in computational dynamics,
aerosol physics and dynamics, transport phenomena, statistical
physics as well as basic undergraduate physics.
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pl5-FRIDAy SEpTEmbER 9Th
Dr. nathalie Heuzé-Vourc’h
national institute of Biomedical research
insErm, university of tours
tours, France
title of Lecture: Aerosoltherapy of monoclonal Antibodies for
Respiratory Diseases
short CV: Nathalie heuzé-Vourc’h (ph.D., INSERm CR1) is a senior research scientist at the National Institute of biomedical
Research in Tours, France. She co-leads a multidisciplinary team
in the Research Centre for Respiratory Diseases (CEpR, INSERm
u1100) dedicated on Aerosoltherapy and biologics for Respiratory Diseases (team 3). After graduating her phD in oncology in
France, she focused her research on lung diseases and obtained
a postdoctoral position in the Division of pulmonary and Critical
Care medicine (Dr Steven m. Dubinett) at uClA, California. She
gained interest in biotherapeutics working in a start-up (Agensys Inc., Santa monica, California) developing anticancer monoclonal antibodies and was recruited in 2005 by INSERm as a
young research scientist to continue working on this topic. Joining pr patrice Diot’s research group specialized on the delivery
of drug by aerosol in Tours oﬀered her new perspectives on her
research projects as she started investigating the local delivery
of monoclonal antibodies through the airways. She is currently
supervising several projects on the multifaceted aspects of the
delivery of biotherapeutics through the airways for treatments
of lung diseases, from formulation to preclinical safety, with
both academic and private partners. She is a member of the
labEx mAbImprove, labeled “laboratoire d’Excellence” as part
of the “Investment for the Future” project launched by the
French government and funded for 10 years, and co-lead one
of its research axis. presently, she is co-author of more than 40
publications.
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Program Overview
The field of Aerosol Science is very wide, ranging e.g. from aspects of particle
production to health effects; all were treated at the EAC 2016. Actually this
conference was five conferences in one. Throughout the conference program the
different fields of aerosol research were color coded in the following way:
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pROGRAmmE

sunDay 04 sEptEmBEr
monDay 05 sEptEmBEr

atmospHEriC aErosoL stuDiEs
aap: Atmospheric Aerosol processes
aErosoL tECHnoLogy
aBn: Aerosol based Nanotechnology / Ca: Combustion Aerosol / EE: Electrical Eﬀect
aErosoL mEasurEmEnt tECHniquEs
inst: Instrumentation/ pmx: pmx
aErosoL anD HEaLtH
inD: Indoor and working place aerosol/ iEH: Inhalation, Exposures and health
BasiC aErosoL proCEssEs
aC: Aerosol Chemistry/ am: Aerosol modelling/ FunD: Fundamentals
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sunDay 04 sEptEmBEr
18:00 - 20:00

WELCOME RECEPTION

Vinci Conference Center

monDay 05 sEptEmBEr
08:00 - 18:00

REGISTRATION

08:30 - 09:00

OPENING CEREMONY

PL1
09:00 - 10:00

Welcome Desk
Auditorium Pierre de Ronsard
atmospHEriC aErosoL stuDiEs

PLENARY LECTURE 1

Auditorium Pierre de Ronsard
FORmATION AND TRANSFORmATION OF ATmOSphERIC AEROSOlS, AND ImpACT ON hEAlTh AND ClImATE

Chairmen: Roberta VECCHI (Milan, ITALY), Birgit WEHNER (Leipzig, GERMANY)
Plenary Speaker: Urs BALTENSBERGER (Villigen, SWITZERLAND)

10:00 - 10:30 COFFEE BREAK Exhibition Hall
1-AAS-AAP1
10:30 - 12:30

atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

OpTICAl pROpERTIES AND REmOTE SENSING OF ATmOSphERIC AEROSOlS
Chairmen: Gilles BERGAMETTI (Créteil, FRANCE), Helmuth HORVATH (Vienna, AUSTRIA)

10:30 - 10:50
o1-aas-aap-01 Integrating chemical and optical properties of atmospheric aerosols depending on composition and sources; link
air quality-climate.
Marina EALO, Andrés ALASTUEY, Noemí PÉREZ, Anna RIPOLL, Xavier QUEROL, Grisa MOCNIK, Marco PANDOLFI

10:50 - 11:10
o1-aas-aap-02 A multi-year study of aerosol optical properties from four North American regions.
Patrick SHERIDAN, James SHERMAN, John OGREN, Elisabeth ANDREWS, Derek HAGEMAN, Lauren SCHMEISSER, Anne JEFFERSON, Sangeeta SHARMA

11:10 - 11:30
o1-aas-aap-03 Evaluation of the absorption Ångström exponents for traﬃc and wood burning in the Aethalometer based source
apportionment using radiocarbon measurements of ambient aerosol.
Peter ZOTTER, Andre PRÉVÔT, Hanna HERICH, Martin GYSEL, Imad EL-HADDAD, Yanlin ZHANG, Grisa MOCNIK, Christoph HÜGLIN, Urs BALTENSPERGER, Sönke SZIDAT

11:30 - 11:50
o1-aas-aap-04 high time-resolved measurements of ﬁne aerosol (pm2.5) in a hot-spot area during wintertime: multi-wavelength
optical absorption properties and source apportionment.
Vera BERNARDONI, Giulia CALZOLAI, Franco LUCARELLI, Dario MASSABÒ, Silvia NAVA, Paolo PRATI, Gianluigi VALLI, Roberta VECCHI

11:50 - 12:10
o1-aas-aap-05 Retrieving aerosol complex refractive index from IR and uV-visible extinction spectra: application to SiO2 particles
and volcanic ashes.
Patrice HUBERT, Hervé HERBIN, Olivier PUJOL, Lieven CLARISSE, Alexandre DEGUINE, Nicolas VISEZ, Denis PETITPREZ

12:10 - 12:30
o1-aas-aap-06 Internally mixed aerosols observed by individual particle analysis and eﬀect on optical properties.
Florin UNGA, Marie CHOËL, Yevgeny DERIMIAN, Karine DEBOUDT, Philippe GOLOUB

rEsErVE papEr / p1-aas-aap-035 Aerosol properties over the paris megacity monitored using a multi-wavelength Raman lidar.
Juan Antonio BRAVO-ARANDA, Christophe PIETRAS, Martial HAEFFELIN
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Auditorium Descartes

CARbONACEOuS AND bIOGENIC AEROSOlS
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Chairmen: Ulrike DUSEK (Groningen, THE NETHERLANDS), Martin GYSEL (Villigen Psi, SWITZERLAND)

10:30 - 10:50
o2-aas-aap-07 metaproteomic analysis of atmospheric aerosol samples.
Fobang LIU, Senchao LAI, Kathrin REINMUTH-SELZLE, Jan SCHEEL, Janine FRÖHLICH-NOWOISKY, Viviane DESPRÉS, Thorsten HOFFMANN, Ulrich PÖSCHL,
Christopher KAMPF

10:50 - 11:10
o2-aas-aap-08The results of long-term monitoring of atmospheric aerosols biogenic components at altitudes 500 – 7000 m in the
South of Western Siberia.
Alexander SAFATOV, Irina ANDREEVA, Galina BURYAK, Vladimir VECHKANOV, Irina VOROBYEVA, Sergei OL’KIN, Irina REZNIKOVA, Nadezhda SOLOVYANOVA,
Mickhail ARSHINOV, Boris BELAN, Geprgii IVLEV, Mickhail PANCHENKO, Denis SIMONENKOV, Gennadii TOLMACHEV

11:10 - 11:30
o2-aas-aap-09 Seasonal and spatial variation of organic composition and source contributions of ambient particulate matter in
the ultraﬁne and accumulation mode size range.
Fengxia LI, Erwin KARG, Jianwei GU, Josef CYRYS, Jürgen ORASCHE, Annette PETERS, Gülcin ABBASZADE, Ralf ZIMMERMANN, Jürgen SCHNELLE-KREIS

11:30 - 11:50
o2-aas-aap-10 quantitative analysis of long-term source contributions to the organic aerosol in Europe.
Kaspar R. DAELLENBACH, Giulia STEFENELLI, Carlo BOZZETTI, Athanasia VLACHOU, Paola FERMO, Raquel GONZALEZ, Andrea PIAZZALUNGA, Cristina
COLOMBI, Jay Gates SLOWIK, Federico BIANCHI, Francesco CANONACO, Urs BALTENSPERGER, Imad EL HADDAD, André S. H. PRÉVÔT

11:50 - 12:10
o2-aas-aap-11 Investigation of primary and secondary processes in the formation of oxy-pAhs and nitro- pAhs in paris (France) by
conjoining on-line and oﬀ-line measurements.
Deepchandra SRIVASTAVA, Olivier FAVEZ, Nicolas BONNAIRE, Emilie PERRAUDIN, Valerie GROS, Eric VILLENAVE, Alexandre ALBINET

12:10 - 12:30
o2-aas-aap-12 major sources of carbonaceous pm2.5 in Emilia Romagna Region (Northern Italy) from four–year observations.
Maria Chiara PIETROGRANDE, Dimitri BACCO, Silvia FERRARI, Isabella RICCIARDELLI, Fabiana SCOTTO, Arianna TRENTINI, Marco VISENTIN

rEsErVE papEr / p2-aas-aap-145 A new aethalometer model for pm source apportionment in mixed solid fuel environments.
Stig HELLEBUST, Paul BUCKLEY, Jovanna ARNDT, Eoin MCGILLICUDDY, Ian O'CONNOR, Grisa MOCNIK, Eleonora NICOLOSI, Paul QUINCEY, Gary FULLER, John WENGER

3-AT-ABN1
10:30 - 12:30

aErosoL tECHnoLogy

AEROSOL BASED NANOTECHNOLOGY
ChARACTERIZATION AND NOVEl mEASuREmENT TEChNIquES
Chairmen: George BISKOS (Delft, THE NETHERLANDS), Jyrki MÄKELÄ (Tampere, FINLAND)

10:30 - 10:50
o3-at-aBn-01 Characterization and modelling of a Novel particle Number Detector.
Mario Anton SCHRIEFL, Alexander BERGMANN, Martin FIERZ

10:50 - 11:10
o3-at-aBn-02 Introduction of the new Diﬀerential Aerodynamic particle Sizer (DApS).
Dennis KIESLER, Frank Einar KRUIS

11:10 - 11:30
o3-at-aBn-03 using aerosol instruments to study the residual particles formed in the liquid Flame Spray.
Juha HARRA, Sonja KUJANPÄÄ, Janne HAAPANEN, Paxton JUUTI, Jyrki MÄKELÄ

11:30 - 11:50
o3-at-aBn-04 Catalytic nanoparticles generated by a uV-mediated spark discharge generator.
Kaiqi HU, Stuart SCOTT, Adam BOIES

11:50 - 12:10
rEsErVE papEr / p2-at-aBn-021 Study of ZnO nanoparticle generation for long lasting exposure experiments.
Pavel MORAVEC, Jaroslav KUPČÍK

Room 1 (Level 2)
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10:30 - 12:30
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aErosoL tECHnoLogy

COMBUSTION AEROSOL

Room 2 (Level 2)

NEW mEASuREmENTS mEThODS OF SOOT pARTIClES FOR A bETTER mODElING
OF ThEIR FORmATION AND bEhAVIOR
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Chairmen: Stéphanie GAGNÉ (Ottawa, CANADA), Eric THERSSEN (Villeneuve D'ascq, FRANCE)

10:30 - 10:50
o4-at-Ca-01 Characterization of soot particles and their precursors in diﬀusion ﬂame of methane by in-situ laser diagnostics and
ex-situ laser desorption / ionization / mass spectrometry.
Eric THERSSEN, Cornelia IRIMIEA, Alessandro FACCINETTO, Yvain CARPENTIER, Cristian FOCSA

10:50 - 11:10
o4-at-Ca-02 Nascent Soot Formation by Agglomeration and Surface Growth.
Georgios A. KELESIDIS, Eirini GOUDELI, Sotiris E. PRATSINIS

11:10 - 11:30
o4-at-Ca-03 Application of a tri-thermal thermophoretic precipitator for the study of soot aggregates morphological inﬂuence on
their thermophoretic behaviour.
Lyes AIT ALI YAHIA, Evelyne GEHIN , Benoit SAGOT

11:30 - 11:50
o4-at-Ca-04 Comprehensive structural analysis of soot samples with diﬀerent OC content by means of hRTEm, FTIR spectroscopy
and Raman microspectroscopy.
Michaela ESS, Daniel FERRY, Elena KIREEVA, Reinhard NIESSNER, Francois-Xavier OUF, Natalia IVLEVA

11:50 - 12:10
o4-at-Ca-05 VuV characterization of soot particles and hydrogenated carbons of astrophysical interest.
Lisseth GAVILAN, T.k.c. LE, Ivan ALATA, Alexandre GIULIANI, Thomas PINO, Emmanuel DARTOIS

12:10 - 12:30
o4-at-Ca-06 marine black Carbon emissions: an instrument comparison.
Stéphanie GAGNÉ, Yu JIANG, Kevin THOMSON, Tak CHAN, Bryan COMER, Wayne MILLER, Kent JOHNSON

rEsErVE papEr / p1-at-Ca-030 Eﬀective density measurement of ultra-ﬁne particle emitted from residential coal combustion.
Zhen LI, Lei DUAN, Jingkun JIANG

rEsErVE papEr / p1-at-Ca-016 Thermal analysis of diesel emitted particulate matter.
Tibor AJTAI, Noémi UTRY, Máté PINTÉR, Gergely KISS-ALBERT, Gábor SZABÓ, Zoltán BOZÓKI

5-AT-EE
10:30 - 12:30

aErosoL tECHnoLogy

ELECTRICAL EFFECT
ChARGE EFFECTS AND pARTIClE GENERATION
Chairmen: Andrei BOLOGA (Karlsruhe, GERMANY), Caner YURTERI (Southampton, UK)

10:30 - 10:50
o5-at-EE-01 measurement of aerosol charge distributions.
Anssi JÄRVINEN, Paavo HEIKKILÄ, Jorma KESKINEN, Jaakko YLI-OJANPERÄ

10:50 - 11:10
o5-at-EE-02 A Study of Spark Discharger for Stability Control in high Frequency Region.
Seung Ryul NOH, Dongjoon LEE, Sei Jin PARK, Dae Seong KIM, Mansoo CHOI

11:10 - 11:30
o5-at-EE-03 Corona discharge in high temperature high pressure gases.
Andrei BOLOGA, Klaus WOLETZ, Hanns-Rudolf PAUR

11:30 - 11:50
o5-at-EE-04 modeling simple-jet mode EhDA droplets’ trajectories and spray pattern for a single nozzle system.
Obed ONDIMU, V. A. GANESAN, M. J. GATARI, J. C. M. MARIJNISSEN, L. L. M. AGOSTINHO

11:50 - 12:10
o5-at-EE-05 polymer particle formation by electrospray drying.
Eszter BODNÁR, Jordi GRIFOLL, Joan ROSELL-LLOMPART

Room 3 (Level 2)
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12:10 - 12:30
o5-at-EE-06 Dynamic 3D Nanoparticle Assembly Technique based on Electric-ﬁeld Assisted Aerosol lithography.
30

Hoseop CHOI, Wooik JUNG, Yoon-Ho JUNG, Kyungyeon HA, Dae Seong KIM, Mansoo CHOI

rEsErVE papEr / p1-at-EE-012 Electrohydrodynamic spraying from extractor-free one-dimensional arrays.
Nikolas SOCHORAKIS, Jordi GRIFOLL, Joan ROSELL-LLOMPART

12:30 - 14:00FREE LUNCH BREAK
6-AAS-AAP3
14:00 - 16:00

Vinci Conference Center
atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

OpTICAl pROpERTIES AND REmOTE SENSING OF ATmOSphERIC AEROSOlS
Chairmen: Maria Rita PERRONE (Lecce, ITALY), Patrick SHERIDAN (Boulder, USA)

14:00 - 14:20
o6-aas-aap-13The ﬁrst multi-year observation-based study of aerosol direct radiative forcing in the southern appalachian mountain
region of the southeast uS.
Sherman JAMES, Nicholas HALL, Chastity HOLT

14:20 - 14:40
o6-aas-aap-14 Global and regional trends of aerosols in the boundary layer and free troposphere using CAlIOp satellite observations
from 2007 to 2015.
Quentin BOURGEOIS, Annica EKMAN, Radovan KREJCI, Abhay DEVASTHALE

14:40 - 15:00
o6-aas-aap-15 Evaluation of aerosol vertical distribution from the emep model using earlinet measurements.
Svetlana TSYRO, Lucia MONA, Augustin MORTIER, Michael SCHULZ

15:00 - 15:20
o6-aas-aap-16 Optical and physicochemical properties of brown carbon aerosol: light scattering, FTIR extinction spectroscopy, and
hygroscopic growth.
Mingjin TANG, Jenn ALEXANDER, Deokhyeon KWON, Armando ESTILLORE, Olga LASKINA, Mark YOUNG, Kleiber PAUL

15:20 - 15:40
o6-aas-aap-17 The growth of sulfuric acid ﬁlms on mineral dust for stratospheric science; a laboratory and modelling study.
Rosalie SHEPHERD, Martin KING, Andy WARD, Francis POPE, Nicholas DAVIDSON, Matt WATSON, Don GRAINGER

15:40 - 16:00
o6-aas-aap-18 Detection and quantiﬁcation of water-based aerosols using active open-path FTIR.
Oz KIRA, Raphael LINKER, Yael DUBOWSKI

rEsErVE papEr / p1-aas-aap-044 Aerosol optical properties of Western mediterranean basin from multi-year AERONET data.
Jamel BENKHALIFA, Jean-François LÉON, Mabrouk CHAABANE

7-AAS-AAP4
14:00 - 16:00

atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Descartes

mARINE AEROSOlS AND AEROSOl SOuRCES
Chairmen: E. Douglas NILSSON (Stockholm, SWEDEN), Birgit WEHNER (Leipzig, GERMANY)

14:00 - 14:20
o7-aas-aap-20 Diﬀerent approaches for crustal and marine contribution estimates: which are the uncertainties?
Giulia CALZOLAI, Massimo CHIARI, Martina GIANNONI, Franco LUCARELLI, Silvia NAVA, Silvia BECAGLI, Rita TRAVERSI, Roberto UDISTI, Xavier QUEROL,
Fulvio AMATO, Celia ALVES, Casimiro PIO, Kostas ELEFTHERIADIS, Evangelia DIAPOULI

14:20 - 14:40
o7-aas-aap-21 Connecting marine productivity to sea-spray via nanoscale biological processes.
Darius CEBURNIS, Jurgita OVADNEVAITE, Dagmar STENGEL, Cristina FACCHINI, Roberto DANOVARO, Colin O'DOWD
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14:40 - 15:00
o7-aas-aap-22 modelling the impact of inland shipping on ambient air quality: some questions.
Sabine WURZLER, H. HEBBINGHAUS1, I. STECKELBACH, U. SENGER, T. SCHULZ, J. GEIGER, M. MEMMESHEIMER, H. JAKOBS

31

15:00 - 15:20
o7-aas-aap-23 A modeling perspective of the ChArmEx intensive campaign: organic aerosol formation.
Arineh CHOLAKIAN, Matthias BEEKMANN, Guillaume SIOUR, Isabelle COLL, Augustin COLETTE, Marchand NICOLAS, Stéphane SAUVAGE, Jean SCIARE, Valerie
GROS, Aurélie COLOMB, François GHEUSI

15:20 - 15:40
o7-aas-aap-24 Improving the representation of biomass burning emissions and their aging in the VbS-CAmx based on novel smog
chamber experiments conducted at wintertime temperatures.
Giancarlo CIARELLI, Imad EL HADDAD, Emily BRUNS, Urs BALTENSPERGER, Andre PREVOT, Sebnem AKSOYOGLU

15:40 - 16:00
rEsErVE papEr / p2-aas-aap-187 Sea spray aerosol ﬂuxes comparison: European Arctic vs. the baltic Sea.
Piotr MARKUSZEWSKI, Tomasz PETELSKI, Przemysław MAKUCH, Tymon ZIELIŃSKI, Paulina PAKSZYS

8-AAS-SS5
14:00 - 16:00

atmospHEriC aErosoL stuDiEs

SPECIAL SESSION 5: FUKUSHIMA

Room 1 (Level 2)

ChARACTERISTICS AND bEhAVIOuR OF FukuShImA AEROSOlS
Chairmen: Denis MARO (Cherbourg, FRANCE), Olivier MASSON (Cadarache, FRANCE)

14:00 - 14:20
o8-aas-ss5-01 Study of the formation of aerosols of Fps (I, Cs, mo) and control rod material (Cd) in conditions representative of the
RCS during a severe accident and consequences on gaseous iodine release.
Anne Cécile GRÉGOIRE, Emmanuel ASSAF, Sophie SOBANSKA

14:20 - 14:40
o8-aas-ss5-02 Atmospheric dispersion and ground deposition induced by the Fukushima Nuclear power plant accident.
Anne MATHIEU, A. QUEREL, O. SAUNIER, M. KAJINO, T. SEKIYAMA, I. KORSAKISSOK, R. PERILLAT, D. QUÉLO, K. ADACHI, T. MAKI, Y. IGARASHI, D. DIDIER

14:40 - 15:00
o8-aas-ss5-03 Activity size distribution of the Fukushima aerosol.
Jochen TSCHIERSCH, Takehisa OHKURA, Oliver MEISENBERG, Taeko SHINONAGA

15:00 - 15:20
o8-aas-ss5-04 Novel hypothesis for Fukushima re-suspension: biological processes.
Yasuhito IGARASHI, K. KITA, T. KINASE, T. MAKI, C. TAKENAKA, M. KAJINO, K. ADACHI, M. ISHIZUKA, T. T. SEKIYAMA, Y. ZAIZEN, K. NINOMIYA, H. OKOCHI, A. SORIMACHI

15:20 - 15:40
o8-aas-ss5-05 Releases of radioactive particles from the Fukushima Daiichi Npp site caused by debris removal operations. Georg
STEINHAUSER, T. NIISOE, K. H. HARADA, K. SHOZUGAWA, S. SCHNEIDER, H. A. SYNAL, C. WALTHER, M. CHRISTL, K. NANBA, H. ISHIKAWA, A. KOIZUMI

15:40 - 16:00
o8-aas-ss5-06long-term assessment of airborne radio-cesium after the Fukushima nuclear accident: re-suspension from soil and vegetation.
Mizuo KAJINO, Masahide ISHIZUKA, Yasuhito IGARASHI, Kazuyuki KITA, Chisato YOSHIKAWA, Masaru INATSU

9-AT-SS3
14:00 - 16:00

aErosoL tECHnoLogy

SPECIAL SESSION 3: SOOT

Room 2 (Level 2)

phySICO-ChEmICAl ChARACTERIZATION OF SOOT pARTIClES AND ThEIR EVOluTION
Chairmen: Sylvain PICAUD (Besancon, FRANCE), Jérôme YON (Saint Etienne Du Rouvray, FRANCE)

14:00 - 14:20
o9-at-ss3-01A detailed multivariate model for soot growth and coagulation based on particle volume, surface area, reactivity, and h/C ratio.
Achim WICK, Heinz PITSCH
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14:20 - 14:40
o9-at-ss3-02 Impact of fuel and driving cycle on the chemical composition of particulate matter emitted by various automobile engines.
32

Olga POPOVICHEVA, Elena KIREEVA, Natalia SHONIJA, Jaroslav SCHWARZ, Michal VOJTISEK, Cornelia IRIMIEA, Ismael Kenneth ORTEGA, Yvain CARPENTIER,
Cristian FOCSA

14:40 - 15:00
o9-at-ss3-03 particle Types Occuring in Fresh and processed Emissions from biomass Combustion.
Joakim PAGELS, Axel C ERIKSSON, Lindgren ROBERT, Christina ANDERSEN, Nielsen INGEBORG E, Jacob K NOJGAARD, Johan MARTINSSON, Erik AHLBERG,
Robin NYSTRÖM, Erik NORDIN, Vilhelm B MALMBORG, William H BRUNE, Erik SWIETLICKI, Birgitta SVENNINGSSON, Christoﬀer BOMAN

15:00 - 15:20
o9-at-ss3-04 Cloud condensation nuclei activation of Diesel and kerosene ﬂame soot particles aged in a smog chamber.
Symphorien GRIMONPREZ, Denis PETITPREZ, Pascale DESGROUX, Alessandro FACCINETTO, Sebastien BATUT, Lorenzo CAPONI, Matthieu CAZAUNAU, Edouard
PANGUI, Michel MAILLE, Paola FORMENTI, Jean-François DOUSSIN

15:20 - 15:40
o9-at-ss3-05 Interaction of chlorinated species with soot surfaces and inﬂuence on water adsorption. A theoretical study.
Carlos GARCIA-FERNANDEZ, Bastien RADOLA, Balazs FABIAN, Ludovic MARTIN-GONDRE, Sylvain PICAUD, Jean-Claude RAYEZ, Marie-Thérèse RAYEZ

15:40 - 16:00
o9-at-ss3-06 Soot oxidation and thermal stability of nanoparticles in ﬂames, a SAxS approach.
Jérôme YON, François-Xavier OUF, Nadine TEUSCHER, James Brian MITCHELL, Jean-Luc LE GARREC, Alexandre BESCOND, Werner BEAUMANN

rEsErVE papEr / p1-at-ss3-001 broadband measurements of the mass absorption coeﬃcient of soot emitted by an inverted methane diﬀusion ﬂame.
Lindsay RENBAUM-WOLFF, Al FISCHER, Taylor HELGESTAD, Andrew LAMBE, Geoﬀfrey SMITH, Christopher CAPPA, Arthur SEDLACEK, Paul DAVIDOVITS,
Timothy ONASCH, Andrew FREEDMAN

10-AT-SS1
14:00 - 16:00

aErosoL tECHnoLogy

SPECIAL SESSION 1: PLASMA

Room 3 (Level 2)

plASmA-bASED AEROSOl pROCESSES FOR ThE pRODuCTION AND COATING OF NANOpARTIClES
Chairmen: Jean-Pascal BORRA (Gif-Sur-Yvette, FRANCE), Alfred WEBER (Clausthal, GERMANY)

14:00 - 14:20
o10-at-ss1-01 plasma-based aerosol processes for the production of nanoscale materials.
Jean-Pascal BORRA

14:20 - 14:40
o10-at-ss1-02 On the diﬃculty to form alloy nanoparticles by interaction of spark discharges with electrode surfaces in dielectric
liquids.
Hiba KABBARA, Cédric NOËL, Jaafar GHANBAJA, Thierry BELMONTE

14:40 - 15:00
o10-at-ss1-03 Aerosol based manufacturing of single walled carbon nanotube thin ﬁlms for ﬂexible electronics applications.
Esko KAUPPINEN

15:00 - 15:20
o10-at-ss1-04 post-DbD-plasma silica coating of gasborne metal nanoparticles.
Alfred WEBER, Patrick POST, Nicolas JIDENKO, Jean-Pascal BORRA

15:20 - 15:40
o10-at-ss1-05 preparation of multifunctional organic-inorganic nanocomposite thin ﬁlms by aerosol-assisted atmospheric cold
plasma deposition.
Fiorenza FANELLI, Anna Maria MASTRANGELO, Francesco FRACASSI

15:40 - 16:00
o10-at-ss1-06 plasma based aerosol processes for nanocomposite thin ﬁlm deposition at low temperature and atmospheric pressure.
Francoise MASSINES, Paul BRUNET, Jean-Michel MARTINEZ, Rocio RINCON, Ali HENDAOUI, Laura GAUDY, Mohamed CHAKER

rEsErVE papEr / p2-at-ss1-001 From liquid conversion to nanoparticle synthesis by submerged spark discharges.
Hiba KABBARA, Cédric NOËL, Thierry BELMONTE
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16:00 - 16:30COFFEE BREAK
P1-AAS-AAP1
16:00 - 18:00

Exhibition Hall
atmospHEriC aErosoL stuDiEs

POSTER SESSION

Poster area

AEROSOl ClOuD INTERACTIONS
p1-aas-aap-001 Aerosol impact on fog microphysics.
Marie MAZOYER, Frédéric BURNET, Greg ROBERTS, Martial HAEFFELIN, Jean-Charles DUPONT, Thierry ELIAS

p1-aas-aap-003The eﬀects of ice nucleating particle types in the immersion mode on ice formation and precipitation
in a convective cloud: model simulations with COSmO-SpECS.
Karoline DIEHL, Verena GRÜTZUN, Jens STOLL, Martin SIMMEL, Ralf WOLKE

p1-aas-aap-004 Ice nucleating particles atmospheric concentration at San pietro Capoﬁume (Italy): local sources and long
range transport.
Matteo RINALDI, Franco BELOSI, Alessia NICOSIA, Gianni SANTACHIARA, Stefano DECESARI, Maria Cristina FACCHINI

p1-aas-aap-005 10 years of cloud droplet activation data from pallas GAW station in sub-Arctic Finland.
Niku KIVEKÄS, Eija ASMI, David BRUS, Mika KOMPPULA, Heikki LIHAVAINEN

p1-aas-aap-006 Determination of fog droplet deposition velocity based on weighing method.
Jackie TAV, Olivier MASSON, Pascal PAULAT, Thierry BOURRIANNE, Anne DE VISMES, Sébastien CONIL, Frédéric BURNET

p1-aas-aap-007 measurement of the steady state concentration of hydroxyl radicals in cloud water.
Audrey LALLEMENT, Virginie VINATIER, Martine SANCELME, Laurent DEGUILLAUME, Anne-Marie DELORT, Gilles MAILHOT

p1-aas-aap-008 Vertical proﬁling of aerosol and cloud properties during pallas Cloud Experiment 2015.
David BRUS, Priit TISLER, Konstantinos DOULGERIS, Ewan O’CONNOR, Komppula MIKA, Maria FILIOGLOU, Eija ASMI

p1-aas-aap-236 Analysis of aerosol properties dynamics in relation to the air mass transport during bAECC campaign.
Ksenia TABAKOVA, Veli-Matti KERMINEN, Pasi AALTO, Jenni KONTKANEN, Markku KULMALA, Tuukka PETÄJÄ

P1-AAS-AAP2
16:00 - 18:00

atmospHEriC aErosoL stuDiEs

POSTER SESSION

Poster area

ClImATE EFFECTS OF AEROSOlS AND GlObAl mODEllING
p1-aas-aap-009 Determination of the heating Rate of black carbon at high time resolution: a new methodology
for experimental measurements of source-identiﬁed radiative forcing eﬀects.
Luca FERRERO, Grisa MOCNIK, Sergio COGLIATI, Biagio DI MAURO, Roberto COLOMBO, Ezio BOLZACCHINI

p1-aas-aap-010 how wind and water temperature drives sea spray aerosol emissions, based on in situ eddy covariance ﬂuxes and compared to laboratory tank experiments.
E. Douglas NILSSON, E. M. MÅRTENSSON, M. SALTER, A. RUTGERSSON

p1-aas-aap-011 Dust and climat over kuwait.
Ismail SABBAH, Jean-François LÉON, Benjamin GUINOT

p1-aas-aap-012 A global simulation of brown carbon aerosol and its implications.
Rokjin PARK, D.s. JO, S. LEE, S. W. KIM

p1-aas-aap-013 black carbon aging and its impact on the spatial distribution and radiative forcing using a mRI global
climate model.
Naga OSHIMA, T. Y. TANAKA, T. KOSHIRO, H. KAWAI, M. DEUSHI, M. KOIKE

p1-aas-aap-014 Satellite remote sensing and in-situ data for assessment of aerosol climate eﬀects on.
Maria ZORAN, Roxana SAVASTRU, Dan SAVASTRU

p1-aas-aap-015 Estimation of errors in modelling of clear-sky direct aerosol radiative forcing in the Arctic due to planeparallel approach.
Anna ROZWADOWSKA, Izabela GORECKA, Michal CHILINSKI, Justyna LISOK, Przemyslaw MAKUCH, Krzysztof MARKOWICZ, Piotr MARKUSZEWSKI, Paulina PAKSZYS, Tomasz PETELSKI, Iwona STACHLEWSKA, Tymon ZIELINSKI
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NEW pARTIClE FORmATION
p1-aas-aap-016 Observation of new particle formation on Curonian Spit.
Genrik MORDAS, Kristina PLAUSKAITE, Nina PROKOPCIUK, Vadimas DUDOITIS, Vidmantas ULEVICIUS

p1-aas-aap-017 Neutral and ion-induced h2SO4 - h2O particle formation 2: ClOuD experimental data spanning all
atmospheric conditions.
Jonathan DUPLISSY, Joonas MERIKANTO, Anni MÄÄTTÄNEN, Henning HENSCHEL, Neil DONAHUE, David BRUS, Markku KULMALA, Hanna
VEHKAMÄKI

p1-aas-aap-018 Neutral and ion-induced h2SO4 - h2O particle formation 3: new improved parameterization.
Anni MÄÄTTÄNEN, Joonas MERIKANTO, Henning HENSCHEL, Jonathan DUPLISSY, Ismael K. ORTEGA, Hanna VEHKAMÄKI

p1-aas-aap-019 The ﬁrst global picture of observation-based estimate on continental boundary layer new particle
formation.
Tuomo NIEMINEN, Veli-Matti KERMINEN, Hanna MANNINEN, Tuukka PETÄJÄ, Markku KULMALA

p1-aas-aap-020 Observations of increased new-particle formation along horizontal roll vortices.
Janne LAMPILAHTI, Hanna MANNINEN, Riikka VÄÄNÄNEN, Katri LEINO, Antti MANNINEN, Stephany BUENROSTRO MAZON, Matti LESKINEN,
Tuukka PETÄJÄ, Markku KULMALA, Tuomo NIEMINEN

p1-aas-aap-021 links between chemical composition of positive and negative air ions.
Tiia-Ene PARTS, Urmas HÕRRAK, Kaupo KOMSAARE, Aare LUTS, Madis NOPPEL

p1-aas-aap-022First direct observations on sub-3 nm molecular clusters in lower atmosphere using airborne measurements.
Katri LEINO, Stephany MAZON, Riikka VÄÄNÄNEN, Janne LAMPILAHTI, Antti MANNINEN, Hanna MANNINEN, Tuukka PETÄJÄ, M. KULMALA

p1-aas-aap-023 On a meteor mechanism of aerosol formation in the upper atmosphere.
Oleksandr GIRIN

p1-aas-aap-024 Interactions between urban air and regional atmospheric nucleation.
Imre SALMA, Zoltan NÉMETH, Veli-Matti KERMINEN, Aalto PASI, Nieminen TUOMO, Tamás WEIDINGE, Ágnes MOLNÁ, Kornélia IMRE,
Markku KULMALA

p1-aas-aap-025 Computational approach for studying the participation of ketodiperoxy acids in atmospheric new
particle formation.
Nanna MYLLYS, Jonas ELM, Theo KURTÉN, Hanna VEHKAMÄKI

p1-aas-aap-026 Nanoparticle generations from the brake friction of subway train.
Hyeong-Gyu NAMGUNG, Tae-Suk OH, Sung-Joon BAE, Yeo Gyeong YUN, Soon-Bark KWON

p1-aas-aap-027 long-term analysis of non-cloudy new particle formation events over hyytiälä.
Lubna DADA, Tuomo NIEMINEN, Stephany B. MAZON, Pauli PAASONEN, Jenni KONTKANEN, Veli-Matti KERMINEN, Jaana BÄCK, Markku
KULMALA

p1-aas-aap-028 how does ionising radiation contribute to air ion formation in the lower atmosphere?
Chen XUEMENG, Veli-Matti KERMINEN, Pauli PAASONEN, Jussi PAATERO, Hanna MANNINEN, Tuukka PETÄJÄ, Markku KULMALA

p1-aas-aap-029 New particle formation events in a rural and an urban sites in po Valley, Italy.
Arianna TRENTINI, Dimitri BACCO, Fabiana SCOTTO, Vanes POLUZZI, Isabella RICCIARDELLI, Claudio MACCONE, Ari LAAKSONEN, Silvia FERRARI,
Jorma JOUTSENSAARI

p1-aas-aap-237 Chemical ionization of clusters formed from sulfuric acid and dimethylamine or diamines.
Coty JEN, Jun ZHAO, Peter MCMURRY, David HANSON

p1-aas-aap-238 Comparing night-time with day-time ion cluster events in a boreal forest.
Stephany BUENROSTRO MAZON, Jenni KONTKANEN, Hanna E. MANNINEN, Tuomo NIEMINEN, Veli-Matti KERMINEN, Markku KULMALA

p1-aas-aap-239 Nano-particle measurements downstream Vienna in the direct surroundings of an oil reﬁnery and the
Vienna airport.
Sophia BRILKE, Dominik STOLZENBURG, Victoria KAINZ, Bettina RAFFALT, Alexander MAYER, Andreas KROPF, Paul WINKLER
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OpTICAl pROpERTIES OF ATmOSphERIC AEROSOlS
p1-aas-aap-030 Aerosol optical properties package for the In-service Aircraft Global Observing System IAGOS: Setup
and ﬁrst airborne application.
Ulrich BUNDKE, Andrew FREEDMAN, Andreas HERBER, Ina MATTIS, Marcel BERG, Julia DE FARIA, Andreas PETZOLD

p1-aas-aap-031 Scattering properties of aerosols at an urban station over the Indo-Gangetic basin: meteorological
impacts and implications to regional climate.
Atul SRIVASTAVA, S TIWARI, Deewan Singh BISHT

p1-aas-aap-032 Aerosol absorption and single-scattering albedo measurements at a remote European site: evaluation of the CApS-pmssa monitor.
Joel C. CORBIN, Thomas MÜLLER, Birgit WEHNER, Thomas TUCH, Nicolas BUKOWIECKI, Urs BALTENSPERGER, Martin GYSEL

p1-aas-aap-033 Determination of the complex refractive index and microstructure of atmospheric aerosol using
the data on scattering and extinction of radiation.
Svetlana TERPUGOVA, Mikhail PANCHENKO, Victor UZHEGOV, Yuri PKHALAGOV

p1-aas-aap-034 Aerosol optical properties and bC mass concentration in Saint petersburg suburb.
Mikhail SVIRIDENKOV, Evgeniy NEBOSKO, Eugene MIKHAILOV

p1-aas-aap-035 Aerosol properties over the paris megacity monitored using a multi-wavelength Raman lidar.
Juan Antonio BRAVO-ARANDA, Christophe PIETRAS, Martial HAEFFELIN

p1-aas-aap-036 Study of columnar aerosol size distribution at mexico City.
Giovanni CARABALI, Mauro VALDÉS-BARRÓN, E. R. ESTÉVEZ, R. BONIFAZ, D. RIVEROS-ROSAS, F. VÁSQUEZ-GÁLVEZ

p1-aas-aap-037 Can we identify the aerosol chemical composition with spectral optical properties at the mCOh site
in the northern Indian Ocean? Friederike HÖPNER, Frida BENDER, Caroline LECK
p1-aas-aap-038 Aerosol optical properties by simultaneous nephelometer and aethalometer measurements.
Salvatore ROMANO, Mariarosaria CALVELLO, Francesco ESPOSITO, Giulia PAVESE, Pasquale BURLIZZI, Maria Rita PERRONE

p1-aas-aap-039 light absorption of brown carbon aerosol in the pRD region of China.
Jinfeng YUAN, Xiaofeng HUANG, Liming CAO, Jie CUI, Qiao ZHU, Congni HUANG, Zijuan LAN, Lingyan HE

p1-aas-aap-040 Equivalent Refractive Index of the urban background aerosol in Athens.
Stergios VRATOLIS, P. FETFATZIS, A. PAPAYANNIS, A. ARGYROULI, Kostas ELEFTHERIADIS

p1-aas-aap-041 Single scattering albedo observed at a high altitude location in the mediterranean coast.
Ramón CASTAÑER, Ramón CASTAÑER, Marco PANDOLFI, Marina EALO, Sandra CABALLERO, Nuria GALINDO, Juan GIL-MOLTÓ, José Francisco
NICOLÁS, Carlos PASTOR, Montserrat VAREA, Eduardo YUBERO, Andrés ALASTUEY, Javier CRESPO

p1-aas-aap-042 Chemical characterization and optical properties of submicron particles measured in m’bour, Senegal
during 2015/2016 dry season.
Laura-Hélèna RIVELLINI, Isabelle CHIAPELLO, Suzanne CRUMEYROLLE, Philippe GOLOUB, Thierry PODVIN, Emmanuel TISON, Véronique RIFFAULT

p1-aas-aap-043 morphology and Optical properties of mixed Aerosol particles.
Mehrnoush MOUSAVI FARD, Ulrich KRIEGER, Yinon RUDICH, Thomas PETER

p1-aas-aap-044 Aerosol optical properties of Western mediterranean basin from multi-year AERONET data.
Jamel BENKHALIFA, Jean-François LÉON , Mabrouk CHAABANE

p1-aas-aap-045 Variation of the aerosols properties observed in the mixing layer and in the free troposphere from
remote sensing and in-situ measurements performed at high altitude sites.
Aurelien CHAUVIGNÉ, Karine SELLEGRI, Maxime HERVO, Nadège MONTOUX, Patrick FREVILLE, Philippe GOLOUB, Diego ALIAGA, Fernando
VELARDE, Isabel MORENO, Marcos ANDRADE, Paolo LAJ

p1-aas-aap-046 Aerosol optical characteristics at Ouarzazate, morocco in 2012.
Mohammed DIOURI, Abdelouahid TAHIRI, Hanae STELI, Jamal BARKANI

p1-aas-aap-047 Aerosol cloud activation: optical properties at puijo semi-urban site.
Antti RUUSKANEN, Harri PORTIN, Sami ROMAKKANIEMI, Antti AROLA, Annele VIRTANEN, Kari E. J. LEHTINEN, Mika KOMPPULA, Ari LESKINEN

p1-aas-aap-048 Aerosol physical and Optical properties using Aerodynamic particle Sizer and Skyradiometer at
Seoul in 2013~2014. Seungjoo SONG, Jeongeun KIM, Sang-Sam LEE, Joo Wan CHA, Sang Boom RYOO
p1-aas-aap-049 Optical investigations of soot of diﬀerent maturity
Sandra TÖRÖK, Vilhelm MALMBORG, Johan SIMONSSON, Axel ERIKSSON, Johan MARTINSSON, Joakim PAGELS, Per-Erik BENGTSSON

35

European Aerosol Conference 2016

Tours, France

Page 45 of 1211

monDay 05 sEptEmBEr

p1-aas-aap-050 Optical and hygroscopic properties of long-range transported haze plumes over the korean peninsula
under the Asian continental outﬂows.
Jinsang JUNG, Joong Bo PARK
36

p1-aas-aap-240 Distribution, optical properties, and radiative eﬀect of pollution aerosols in the western mediterranean basin from TRAqA and SAFmED airborne observations.
Claudia DI BIAGIO, Cecile GAIMOZ, Noel GRAND, Gerard ANCELLET, Marc MALLET, Jean-Luc ATTIÉ, Matthias BEEKMAN, Agnes BORBON, Silvia
BUCCI, Federico FIERLI, Lionel DOPPLER, Philippe DUBUISSON, Jean-Christophe RAUT, Francois RAVETTA, Karine SARTELET, Paola FORMENTI

p1-aas-aap-241 Seasonal variability and North-South gradients of aerosol optical, microphysical and radiative properties in the western mediterranean.
Michaël SICARD, Ruben BARRAGAN, François DULAC, Lucas ALADOS-ARBOLEDAS, Marc MALLET

P1-AAS-AAP5
16:00 - 18:00
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phySICAl AND ChEmICAl pROpERTIES OF ATmOSphERIC AEROSOlS
p1-aas-aap-051 pm2.5 chemical composition at košetice; relation with seasons, meteorology, and size segregated
particle number concentration.
Jaroslav SCHWARZ, Michael CUSACK, Jindřich KARBAN, Eva CHALUPNÍČKOVÁ, Vladimír HAVRÁNEK, Jiří SMOLÍK, Vladimír ŽDÍMAL

p1-aas-aap-052 Characterization of secondary inorganic aerosol and their precursor gases at a suburban site in Northern France.
Roger ROIG RODELAS, Esperanza PERDRIX, Laurent ALLEMAN, Bruno MALET, Benoît HERBIN, Véronique RIFFAULT

p1-aas-aap-053 hygroscopicity of sub 30nm SOA particles during ClOuD10.
Angela BUCHHOLZ, Pasi MIETTINEN, Aki PAJUNOJA, Hao WANG, Arttu YLISIRNIÖ, Annele VIRTANEN

p1-aas-aap-054quantiﬁcation of imidazoles in ambient aerosol particles from diﬀerent environments in Europe and China.
Monique TEICH, Dominik VAN PINXTEREN, Simonas KECORIUS, Zhibin WANG, Herrmann HARTMUT

p1-aas-aap-055Changes in the aerosol size distribution depending on raindrop size distribution in león (Northwest Spain).
C. BLANCO-ALEGRE, A. CASTRO, A.i. CALVO, C.a. ALVES, Estela VICENTE, Fernández-González D., Alonso-Blanco E., R. FRAILE

p1-aas-aap-056 Seasonality of the chemical composition of pm1 over Cyprus using near real-time measurements.
Sources and geographic origins.
Iasonas STAVROULAS, Michael PIKRIDAS, Crysanthos SAVVIDES, Michael VREKOUSSIS, Nikolaos MIHALOPOULOS, Valerie GROS, Jean SCIARE

p1-aas-aap-057 Chemical and stable carbon isotope composition, sources and chemical processing of ﬁne aerosol
at urban, coastal and forest background sites.
Agne MASALAITE, Rupert HOLZINGER , Vidmantas REMEIKIS, Thomas RÖCKMANN, Ulrike DUSEK

p1-aas-aap-058 Aerosol classiﬁcation using a neural network algorithm.
Jeni VASILESCU, Doina NICOLAE, Camelia TALIANU, Luminita MARMUREANU

p1-aas-aap-059 hygroscopic properties of Fine Aerosol Dust particles over the background Site of Ag. marina in Cyprus.
Spyridon BEZANTAKOS, Michael PIKRIDAS, M. VREKOUSSIS, N. MIHALOPOULOS, J. SCIARE, George BISKOS

p1-aas-aap-060 Investigating the chemical composition and morphology of natural mineral dust samples.
Manolis ROMANIAS, Nitesh JOSHI, Mohamad ZEINEDDINE, Habib OURRAD, Marie CHOEL, Frédéric THEVENET, Véronique RIFFAULT

p1-aas-aap-061 Atmospheric aerosol volatility at a suburban and rural measurement site.
Lucie KUBELOVA, Petr VODICKA, Otakar MAKES, Jaroslav SCHWARZ, Vladimir ZDIMAL

p1-aas-aap-062 Researches on the source proﬁle of particulate matter in China.
Zhang WENJIE, Liu YAYONG, Zhao XUEYAN, Bai ZHIPENG , Yang WEN, Han BIN, Wang XINHUA

p1-aas-aap-063 Chemical composition of pm1, pm2.5-1 and pm10-2.5 in an urban environment.
Jana KOZAKOVA, Jaroslav SCHWARZ, Cecilia LEONI, Miroslav KLAN, Jan HOVORKA

p1-aas-aap-064Aerosol monitoring activities at the Navarino Environmental Observatory, a new ACTRIS site in the Eastern
mediterranean.
Evangelos GERASOPOULOS, Giorgos MANEAS, Nikolaos KALIVITIS, Aggelina METAXATOS, Eleni LIAKAKOU, Radovan KREJCI, Peter TUNVED,
Hans Christen HANSSON, Jean SCIARE, Nikolaos MIHALOPOULOS, Christos ZEREFOS

p1-aas-aap-065 Characterization of organic nitrates from biogenic and anthropogenic SOA: dimer formation and
relation to volatility.
Cameron FAXON, Julia HAMMES, Mattias HALLQUIST, Ravi PATHAK
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p1-aas-aap-066 proﬁling sources of airborne particulate matter at a background site in Gothenburg region.
Samuel Mwaniki GAITA, Charlotta NEJMAN, Johan BOMAN, Jan B.c. PETTERSSON, Karin PERSSON

p1-aas-aap-067Chemical characterization of pm2.5 and pm10 at ﬁve sites in Southern Italy during wintertime and spring.
Marinoni ANGELA, Bonasoni PAOLO, Cristofanelli PAOLO, Calidonna CLAUDIA ROBERTA , Ammoscato IVANO , Gulli DANIEL, Dinoi ADELAIDE,
Contini DANIELE, Cesari DANIELA, Sprovieri FRANCESCA, Andreoli V., Naccarato A., Tirimperio G., Chianese ELENA, Riccio ANGEO

p1-aas-aap-068 Similarities and discrepancies when surface and columnar aerosol data are jointly analysed in a
background environment.
Victoria CACHORRO, D. MATEOS, M. A. BURGOS, Y. S. BENNOUNA, C. TOLEDANO, R. GONZÁLEZ, C. VELASCO-MERINO, C. GUIRADO, B. TORRES,
A. CALLE, A. M. DE FRUTOS

p1-aas-aap-069 long term (1980- 2000) evolution of trace and crustal elements in Athens.
Vasiliki VASILATOU, M. SCOULLOS, Konstantinos ELEFTHERIADIS

p1-aas-aap-070 Ice nucleation activity of airplane soot surrogates in deposition mode investigated with the IDroNES set-up.
Raouf IKHENAZENE, Claire PIRIM, Yvain CARPENTIER, Cristian FOCSA, Bertrand CHAZALLON, Francois-Xavier OUF

p1-aas-aap-071 Variation of spectral properties of black carbon due to biomass burning.
Pratima GUPTA, S. SINGH, A. JANGID, Ranjit KUMAR

p1-aas-aap-072 Simulation of Atmospheric Cr Chemistry and physics.
Mehdi AMOUEI TORKMAHALLEH, Dhawal SHAH, Bekbol ALDAMZHAROV, Dinara KONAKBAYEVA, Assel BUKAYEVA, Zinetullina ALTYNGUL,
Marios FYRILLAS

p1-aas-aap-073 horizontal and vertical variation of particle concentration over Southern Finland.
Riikka VÄÄNÄNEN, Radovan KREJCI, Hanna E. MANNINEN, Antti MANNINEN, Janne LAMPILAHTI, Stephany B. MAZON, Tuomo NIEMINEN,
Taina YLI-JUUTI, Jenni KONTKANEN, Ari ASMI, Pasi P. AALTO, Petri KERONEN, Tuukka PETÄJÄ, Markku KULMALA

p1-aas-aap-074 Seasonal Variations in the Chemical Composition of Size Segregated Aerosols for Northwestern
black Sea Atmosphere of Turkey.
Fatma OZTURK, Keles MELEK, Soulemane Halif NGAGINE

p1-aas-aap-075 Study of fundamental physical and chemical parameters of atmospheric aerosols from aerial platforms research, manned and unmanned.
Susana OSUNA-ESTEBAN, Neves SEOANE-VIEIRA, Ángeles AGUILERA, J ÁNGEL-MARTÍNEZ, Ana CORRALES-SIERRA, Bartolomé MARQUÉSBALAGUER, Elena GONZÁLEZ-TORIL, Jose CANO-HERNÁNDEZ

p1-aas-aap-076 Simulation of aerosol chemical compositions in the Western mediterranean Sea.
Mounir CHRIT, Karine KATA SARTELET, Jean SCIARE, Jorge PEY, Nicolas MARCHAND, Karine SELLEGRI, Langley DEWITT

p1-aas-aap-077 Oﬀ line-measurement of Ice-Nucleating particles.
Franco BELOSI, J. SCHROD, A. NICOSIA, G. SANTACHIARA, F. PRODI, D. WEBER, H. BINGEMER

p1-aas-aap-078 photo-transformation of single NaNO3 particle and inﬂuence on their hygroscopic properties.
Samantha SENG, Fangqin GUO, Tomoki ISHIKAWA, Shoji ISHIZAKA, Yeny TOBON, Sophie SOBANSKA

p1-aas-aap-079 Inﬂuence of air mass origin on the chemical composition of pm10 at a mediterranean high mountain site.
Juan GIL-MOLTÓ, Nuria GALINDO, Montse VAREA, Javier CRESPO, Sandra CABALLERO, Jose F. NICOLÁS, Eduardo YUBERO, Ramón CASTAÑER,
Carlos PASTOR

p1-aas-aap-080 Impact of wood combustion in an open ﬁreplace on indoor residential air quality: Respirable Fraction.
A. CASTRO, A.i. CALVO, C. BLANCO, C.a. ALVES, E. COZ, M. DUARTE, Estela VICENTE, F. AMATO, X. QUEROL, R. FRAILE

p1-aas-aap-081Assessment of industrial contribution and ship emissions at an industrial and coastal site in Northern France.
Shouwen ZHANG, Véronique RIFFAULT, Sébastien DUSANTER, Marc FOURMENTIN, Hervé DELBARRE

p1-aas-aap-082 Spatial and Temporal Variation of Airborne particle Concentration in the yangtze River basin.
Lidia MORAWSKA, Jianmin CHEN, Rohan JAYARATNE, Xingnan YE, Chunlin LI

p1-aas-aap-083 Identiﬁcation of unknowns in atmospheric aerosols using comprehensive two-dimensional gas
chromatography-time-of-ﬂight mass spectrometer (GC×GC-TOF-mS).
So Hyeon JEON, Ji Yi LEE, Hyung Bae LIM, Yun Gyong AHN, Yong Pyo KIM

p1-aas-aap-084 2015 Eruption of mt. Aso in Japan and its impacts in Air quality over South korea.
Ryoo SANG-BOOM, Cha JOO WAN, Lee HEE CHOON, Cho JEONG HOON, Ko HEE JUNG , Park SUN-CHEON

p1-aas-aap-085 Surfactants in pm1 aerosols from boreal Northern Finland: importance for cloud droplet formation ?
Violaine GÉRARD, Barbara NOZIÈRE, Eija ASMI, Heikki LIHAVAINEN, Niku KIVEKÄS, Minna AURELA, David BRUS, Ludovic FINE, Amanda
Ann FROSSARD, Ronald Carl COHEN

p1-aas-aap-086 Detection of charged aerosols during the bExuS18 stratospheric ﬂight: main results and open questions.
Erika BRATTICH, Encarnacion SERRANO CASTILLO, Fabrizio GIULIETTI , Jean-Baptiste RENARD, Sachi TRIPATHI, Kunal GOSH, Laura TOSITTI
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p1-aas-aap-087 physical and chemical properties of aerosols and their impact on radiative forcing during iAREA
campaigns (Ny-Alesund, Spitsbergen).
Justyna LISOK, K M MARKOWICZ, C RITTER, P MAKUCH, S BECAGLI, R TRAVERSI, R UDISTI
38

p1-aas-aap-088 Direct measurements of Water Transport kinetics and Viscosity of Glassy Organic Aerosol.
Young SONG, Allen HADDRELL, Stephen INGRAM, Andrew RICKARDS, Rachael MILES, Frances MARSHALL, Jonathan REID

p1-aas-aap-089 Study of ozonolysis of ultrasonically levitated droplets containing unsaturated fatty acids.
Edna R. CABRERA-MARTINEZ, Christian PFRANG

p1-aas-aap-090The intense pm pollution episode in France during march 2015: multi-site approach and near real time data.
Jean-Eudes PETIT, Olivier FAVEZ, Tanguy AMODEO, Frederik MELEUX, Bertrand BESSAGNET, Laurent MENUT, Didier GRENIER, Benoit ROCQ,
Valérie GROS, Jean SCIARE

p1-aas-aap-091 Weekly periodicities of aerosol properties and impacts on irradiance measurements at the surface.
Maria Rita PERRONE, Silvia BECAGLI, Pasquale BURLIZZI, Fabio PALADINI, Salvatore ROMANO, Roberto UDISTI

p1-aas-aap-092 Cellulose particles as ice nuclei.
Matteo PIAZZA, Alessia NICOSIA, Franco PRODI, Gianni SANTACHIARA, Franco BELOSI

p1-aas-aap-093long-term study on the physical characteristics of polar aerosols at the king Sejong station, Antarctic peninsula.
Jaeseok KIM, Young Jun YOON, Yeontae GIM, Bang Yong LEE

p1-aas-aap-094 Real time measurements of submicrometer aerosols in Seoul, korea: Sources, characteristics, and
processing of organic aerosols during winter time.
Hwajin KIM, Qi ZHANG, Jin Young KIM

p1-aas-aap-242 Characterising black carbon along yangtze River in China.
Yu-Chieh TING, Dantong LIU, William MORGAN, James ALLAN, Hugh COE, Chunlin LI, Xinke WANG, Xingnan YE, Jianmin CHEN

p1-aas-aap-243 Impact of heat treatment and cloud cycling on the single particle chemical composition of soil dust.
Xiaoli SHEN, Ramakrishna RAMISETTY, Harald SAATHOFF , Thea SCHIEBEL, Kristina HÖHLER, Ottmar MÖHLER, Claudia MOHR

p1-aas-aap-244 Impact of heat treatment and cloud cycling on the single particle chemical composition of soil dust.
Xiaoli SHEN, Ramakrishna RAMISETTY, Harald SAATHOFF , Thea SCHIEBEL, Kristina HÖHLER, Ottmar MÖHLER, Claudia MOHR

P1-AAS-AAP6
16:00 - 18:00
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REmOTE SENSING OF AEROSOl pROpERTIES
p1-aas-aap-095 Study of aerosol spatial variability by means of a mobile observing system.
Ioana Elisabeta POPOVICI, Philippe GOLOUB, Thierry PODVIN, Luc BLAREL, Rodrigue LOISIL, Augustin MORTIER, Fabrice DUCOS, Christine
DEROO, Marie CHOEL, Suzanne CRUMEYROLLE, Stephane VICTORI, Natalie SOHNE

p1-aas-aap-096 Comparison of aerosol properties from lidar against the retrieved with GRASp algorithm using ceilometer and sunphotometer measurements as input.
Roberto ROMÁN, Victoria CACHORRO, Benjamín TORRES, David FUERTES, Alberto CAZORLA, Anton LOPATIN, Carlos TOLEDANO, Jose BENAVENT-OLTRA, Juan Luis GUERRERO-RASCADO, Oleg DUBOVIK, Antonio SERRANO, Francisco Jose OLMO, Maria Luisa CANCILLO, Angel
DE FRUTOS, Lucas ALADOS-ARBOLEDAS

p1-aas-aap-097Inferring aerosol properties and radiative forcing over gobabeb, namibia using ground based remote sensing.
Joseph ADESINA, Stuart PIKETH, Paola FORMENTI, Gillianm MAGGS-KÖLLING, Brent HOLBEN, Mikhail SOROKIN

p1-aas-aap-098 Study of aerosol properties stratiﬁcation in West Siberia by means of multi-wavelength lidar.
Svetlana SAMOILOVA, Iogannes PENNER, Yuri BALIN, Mikhail SVIRIDENKOV, Grigorii KOKHANENKO

p1-aas-aap-099 Remote sensing of pesticide spray drift: a tool for estimating and reducing air pollution from agriculture.
Oz KIRA, Yael DUBOWSKI, Raphael LINKER

p1-aas-aap-100 Imputation of missing aerosol data over Indian region.
Pratyush KUMAR, Prashant DAVE, Mani BHUSHAN

p1-aas-aap-101 lidar remote sensing of atmospheric aerosols: speciﬁc addressing of the carbon aerosol and new
particle formation events. Alain MIFFRE, Tahar MEHRI, Patrick RAIROUX
p1-aas-aap-245 Automatic processing of Raman lidar measurements for aerosol classiﬁcation.
Xiaoxia SHANG, Patrick CHAZETTE, Julien TOTEMS, Gérard ANCELLET, Jacques PELON , Cyrille FLAMANT , Eric HAMONOU, Alexandre MARPILLAT
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TRANSpORT AND TRANSFORmATION OF ATmOSphERIC AEROSOlS
p1-aas-aap-102Inﬂuence of breeze circulation on local wind climatology and AOD changes in Svalbard ords: kongsorden
and hornsund.
Małgorzata CISEK, Tomasz PETELSKI, Przemysław MAKUCH, Dorota GUTOWSKA, Jacek PISKOZUB, Tymon ZIELIŃSKI

p1-aas-aap-103Variability of size distribution measurements of atmospheric aerosol particles observed at Cabauw
over the period 2008-2014.
Dimitra MAMALI, Arnoud APITULEY, Bas HENZING, Herman RUSSCHENBERG, George BISKOS

p1-aas-aap-246 Eﬀectiveness of Various Control measures on Ambient pm2.5 Concentration in Taiwan.
Jiun-Horng TSAI, Ming-Yeh LEE

p1-aas-aap-247 Ensemble simulations of a meteorological ﬁeld and an aerosol plume dispersion validated by local
surface wind and Cs-137 observations.
Thomas SEKIYAMA, Mizuo KAJINO, Masaru KUNII

p1-aas-aap-104 modelling iodine interactions with atmospheric aerosol.
Camille FORTIN, Florent LOUIS, Valérie FÈVRE-NOLLET, Frédéric COUSIN, Laurent CANTREL, Patrick LEBÈGUE

p1-aas-aap-105 polychlorinated dibenzo-p-dioxin and dibenzofurans (pCDD/Fs) in cloud water collected on mt.
bamboo in northern Taiwan during the northeast monsoon season.
Yen-Yi LEE, Wen-Jhy LEE, Neng-Huei LIN, Lin-Chi WANG, Guo-Ping CHANG-CHIEN

p1-aas-aap-106 The role of EbC measurements in Zeppelin Station for identifying source areas of transported carbonaceous aerosol from lower latitudes.
Vasileios STATHOPOULOS, Eleftheriadis KONSTANTINOS

p1-aas-aap-107 modelling multiphase aerosol-cloud processing with the 3-D CTm COSmO-muSCAT: Application
for cloud events during hCCT-2010.
Roland SCHRÖDNER, Ralf WOLKE, Andreas TILGNER, Hartmut HERRMANN

p1-aas-aap-108 On-line measurements and air ﬂow modelling at/near bpART facility.
Imre SALMA, Zoltan NÉMETH, Tamás WEIDINGER, Boldizsár KOVÁCS, Kristóf GERGELY

p1-aas-aap-109 The pollution concentration spatial distribution along highway during rush hours.
Shin YU, N. H. HO, C. T. CHANG

p1-aas-aap-110 Evaluation of size-resolved elemental carbon emission in Europe and its inﬂuence on long-range
transportation.
Ying CHEN, Ya-Fang CHENG, Stephan NORDMANN, Wolfram BIRMILI, Denier Van Der Gon HUGO A C , Nan MA, Ralf WOLKE, Birgit WEHNER,
Jia SUN, Gerald SPINDLER, Qing MU, Ulrich PÖSCHL, Hang SU, Alfred WIEDENSOHLER

p1-aas-aap-111 Impact of shipping to atmospheric pollutants in four Adriatic-Ionian port-cities.
Eva MERICO, Andrea GAMBARO, Athanassios ARGIRIOU, Ana ALEBIC-JURETIC, Elena BARBARO, Daniela CESARI, Spiros DIMOPOULOS,
Adelaide DINOI, Antonio DONATEO, Elena GREGORIS, Athanasios KARAGIANNIDIS, Tatjana IVOSEVIC, Natalia LIORA, Dimitrios MELAS,
Boris MIFKA, Ivo ORLIC, Anastasia POUPKOU, Kristina SAROVIC, Daniele CONTINI

p1-aas-aap-112 Aerosol particle dry deposition velocities above environmental substrates: deposition vs emission.
Geoﬀrey PELLERIN, D. MARO, E. GEHIN, P. LAGUIONIE, D. HÉBERT, O. CONNAN, L. SOLIER

p1-aas-aap-113 Eddy covariance aerosol ﬂux measurements during the melpitz Column experiment.
Janine LÜCKERATH, Birgit WEHNER, Andreas HELD

p1-aas-aap-114 Deciphering origins of acidic pollutants in Svalbard - hansbreen case study.
Paulina PAKSZYS, Adam NAWROT , Krzysztof MIGAŁA, Bartłomiej LUKS

p1-aas-aap-115 Eﬀect of land use database using remote sensing data in air quality modeling.
Ken-Hui CHANG, Yi-Pin LIN, Chih-Yuan YU, Tu-Fu CHEN, Chang-Yu TSAI

p1-aas-aap-116 Aircraft observations: Vertical proﬁles of aerosol optical and physical properties above NE Spain.
Marina EALO, Marco PANDOLFI, Grisa MOCNIK, Noemí PÉREZ, Anna RIPOLL, Xavier QUEROL, Adolfo COMERÓN, Michael SICARD, Josep
Anton MORGUÍ, Andrés ALASTUEY

p1-aas-aap-117 Semi-quantitative methodology to assess eﬃciency of local air pollution abatement policies in
contrast to national or continental ones.
José Carlos CERRO, Víctor CERDÀ, Jorge PEY
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p1-aas-aap-118 long term measurements or radioactive tracers in Athens.
Ekaterini DALAKA, Marios ANAGNOSTAKIS, Konstantinos ELEFTHERIADIS

p1-aas-aap-119 modelling transformation of particle number size distributions from roadside into the urban background.

40

Lars GERLING, Stephan WEBER

p1-aas-aap-120 urban aerosol ﬂux measurements in Innsbruck, Austria.
Lisa VON DER HEYDEN, Malte Julian DEVENTER, Martin GRAUS, Thomas KARL, Andreas HELD

p1-aas-aap-121 On the role of topography on the planetary boundary layer inﬂuence at high altitude sites.
Martine COLLAUD COEN, Elisabeth ANDREWS

p1-aas-aap-122 Inﬂuence of mineral dust on changes of 7be concentrations in air as measured by CTbTO global
monitoring system. Jolanta KUSMIERCZYK-MICHULEC, Abdelhakim GHEDDOU
P1-AT-EE
16:00 - 18:00

aErosoL tECHnoLogy

POSTER SESSION

Poster area

AEROSOl TEChNOlOGy - ElECTRICAl EFFECT
p1-at-EE-001 Geometry eﬀect of a novel two-stage ESp with indirect charging method on collection eﬃciency against
ultraﬁne particles.
Yong-Jin KIM, Kim HAK-JOON, Bangwoo HAN, Chang-Gyu WOO

p1-at-EE-002 Observation of Zygosaccharomyces rouxii cells after pulsed electric ﬁeld.
Yuta NAKADA, Tomohiro OKU, Akinori ZUKERAN, Risei WADA, Jun SAWAI, Takashi INUI

p1-at-EE-003 Investigation of inactivation eﬀect by corona discharge using a ﬂuorescence microscope.
Ryo OI, Iori KOBAYASHI, Akinori ZYKERAN, Risei WADA, Jun SAWAI

p1-at-EE-004 Indoor bioaerosol monitoring using an electrostatic bioaerosol sampler and mAlDI-TOF mass spectrometer.
Hyeong Rae KIM, Hyeong Rae KIM, Ji-Woon PARK, Hyung Sun KIM, Dongeun YONG, Jungho HWANG

p1-at-EE-005 Development of unipolar charged nanoparticle generation via corona in situ generating spark discharger.
Seung Ryul NOH, Dae Seong KIM, Sei Jin PARK, Mansoo CHOI

p1-at-EE-006 A dust reduction system based on corona discharge and electric wind.
Jan C.M. MARIJNISSEN, Rein A. ROOS

p1-at-EE-007 A two-stage electrostatic indoor air puriﬁer with water-ﬁlm collection plates. bangwoo hAN, hakJoon kIm, Chang-Gyu WOO, Yong-Jin KIM
p1-at-EE-008 pIV measurement of particle behavior in hole type Electrostatic precipitator.
Hirotaka MIYASHITA, Takahumi KAMIJOU, Yoshiyasu EHARA, Joe ENOMOTO, Takashi INUI, Yukio AOKI

p1-at-EE-009 Simulation analysis of the ﬂow on hole-type Electrostatic precipitator.
Shumpei IBARAKI, Yutaro AMAYA, Yoshiyasu EHARA, Joe ENOMOTO, Takashi INUI, Yukio AOKI

p1-at-EE-010 Removal of pAhs emitted from diesel engine using an electrostatic precipitator.
Yuki NANJO, Takashi INUI, Kota MAYAHARA, Yoshihiro SAKUMA, Shinsuke SERIZAWA, Akinori ZUKERAN

p1-at-EE-011 Investigation of an Electrohydrodynamic Atomization system for use in Natural Gas odorization.
Varun AIYAR GANESAN, P. CITROEN, O. M. ONDIMU, R. BAHLMAN, J. C. M. MARIJNISSEN, L. L. F. AGOSTINHO

p1-at-EE-012 Electrohydrodynamic spraying from extractor-free one-dimensional arrays.
Nikolas SOCHORAKIS, Jordi GRIFOLL, Joan ROSELL-LLOMPART

p1-at-EE-013 Electrostatics of arrays of quasilinear electrospray plumes.
Jordi GRIFOLL, Nikolas SOCHORAKIS, Joan ROSELL-LLOMPART

p1-at-EE-014 morphologies of polymeric particles formed during electrocapillary instability of electrospray microdroplets.
Eszter BODNÁR, Jordi GRIFOLL, Joan ROSELL-LLOMPART

p1-at-EE-015 Activated carbon coated electrode for simultaneous dust and VOCs removal in a pilot-scale electrostatic
precipitator.
Sungyoun KIM, Min Ji KIM, Abdul AZIZ, Suho KIM, Kwang-Soo KIM

p1-at-EE-016 Analysis of particles movement enforced by electrodynamic force for dust removal using DEm Simulation
in indoors.
Young H. YOON, Sung Youn KIM, Kwang Soo KIM
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AEROSOl TEChNOlOGy - COmbuSTION AEROSOl
p1-at-Ca-001 Investigation of the nanosized coal particles formation and their role in combustion of methane-air
gas mixtures.
Sergey VALIULIN, Anatoli BAKLANOV, Sergei DUBTSOV, Andrew ONISCHUK, Pavel KOSHLYAKOV, Valeriy ZAMASCHIKOV, Aleksey KORZAVIN,
Dmitriy PALEEV

p1-at-Ca-002 Eﬀect of water-containing butanol addition to diesel–biodiesel blend on pAhs emissions emitted from a
diesel-generator.
Jen-Hsiung TSAI, Shui-Jen CHEN, Kuo-Lin HUANG, Wen-Yinn LIN, Guo-Ping CHANG-CHIEN, Chih-Chung LIN, Cheng-Hsien YANG

p1-at-Ca-003 pCDD/Fs emissions from a diesel engine generator fueled with blends of waste cooking oil-based biodiesel
and fossil diesel.
Jen-Hsiung TSAI, Shui-Jen CHEN, Kuo-Lin HUANG, Guo-Ping CHANG-CHIEN, Wen-Yinn LIN, Chih-Chung LIN, Chien-Wei FENG

p1-at-Ca-004 hybrid ﬁlter performance in residual biomass combustion pm emissions control.
David SANZ, E. ROJAS, J. J. RODRÍGUEZ-MAROTO, R. RAMOS, E. BORJABAD, R. ESCALADA, S. GARCÍA ALONSO, C. GUTIERREZ-CANAS, G.
ARAGON, I. MUGICA, I. IBARRA, I. CELADES, V. SANFELIX

p1-at-Ca-005 Secondary measures to reduce particulate and gaseous emissions from residential biomass combustion.
Estela VICENTE, J.p. RIBEIRO, L. TARELHO, M. DUARTE, C.a. ALVES

p1-at-Ca-006 behaviour of ZnO Nps during combustion processes of waste biomass: On-line, size-resolved elemental
analysis.
Debora FOPPIANO, Mohamed TARIK, Christian LUDWIG

p1-at-Ca-007 Eﬀect of wood pre-treatment on operating conditions and pm emissions during combustion at laboratory scale.
G. LEYSSENS, Guillaume SCHMIDT, G. TROUVÉ, C. SCHONNENBECK, F. CAZIER, D. DEWAELE, P. GENEVRAY, S. LABBÉ, F. BALAY, Y. DENANCE,
E. FAIVRE, C. LEDREFF, N. ADAM

p1-at-Ca-009 Reduction of ﬁne particle emissions from small scale biomass combustion by use of compact electrostatic precipitation module.
Andrei BOLOGA, Martin ECKER, Ulrich FREI, Hans-Peter RHEINHEIMER, Hanns-Rudolf PAUR

p1-at-Ca-010physical characteristics of particles in a large Chp plant boiler during co-combustion of coal and biomass pellets.
Fanni MYLLÄRI, Panu KARJALAINEN, Raili TAIPALE, Anna HÄYRINEN, Jani RAUTIAINEN , Liisa PIRJOLA, Risto HILLAMO, Jorma KESKINEN,
Topi RÖNKKÖ

p1-at-Ca-011 Towards an eﬀective control of trace emissions from agricultural waste combustion: ﬂy ash characterization versus thermodynamic modelling.
Gaizka ARAGON, Imara IBARRA, David SANZ, Enrique ROJAS, Jesus Javier RODRIGUEZ-MAROTO, Cristina GUTIERREZ-CANAS, Raquel
RAMOS, Elena BORJABAD, Ricardo ESCALADA, Irina CELADES, Vicenta SANFELIX

p1-at-Ca-012 Comparison of optical particle counter and cascade impactor gravimetric measurement methods for
the evaluation of separators used in blow-by applications.
Benoit SAGOT, Audrey FORTHOMME, Guillaume DE LA BOURDONNAYE

p1-at-Ca-013 Emissions from a marine engine operating on diﬀerent fuels and engine conditions.
Hendryk CZECH, Laarnie MÜLLER, Toni MIERSCH, Anne ULBRICH, Benjamin STENGEL, Simone Maria PIEBER, Martin SKLORZ, Thorsten
STREIBEL, Ralf ZIMMERMANN

p1-at-Ca-014 Volatile Organic Emissions from a Spark Ignition Engine during NEDC and high Speed.
Anne ULBRICH, Hendryk CZECH, Toni MIERSCH, Benjamin STENGEL, Thorsten STREIBEL, Ralf ZIMMERMANN

p1-at-Ca-015 Fine particulate matter from a Flex-Fuel Engine: NEDC and high Speed.
Toni MIERSCH, Hendryk CZECH, Gert JAKOBI, Benjamin STENGEL, Jürgen ORASCHE, Martin SKLORZ, Thorsten STREIBEL, Ralf ZIMMERMANN

p1-at-Ca-016 Thermal analysis of diesel emitted particulate matter.
Tibor AJTAI, Noémi UTRY, Máté PINTÉR, Gergely KISS-ALBERT, Gábor SZABÓ, Zoltán BOZÓKI

p1-at-Ca-017 Aged ship emissions before and after the decrease of the sulphur fuel content.
Magda PSICHOUDAKI, Cameron FAXON, Heino KUULUVAINEN, Michael LE BRETON, Håkan SALBERG, Åsa HALLQUIST, Erik THOMSON, Mattias HALLQUIST

p1-at-Ca-018“Excess” emissions of particulate matter from Eu gasoline engines.
Michal VOJTISEK, Martin PECHOUT, Luboš DITTRICH, Vít BERÁNEK
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p1-at-Ca-019 Exhaust particulate matter emissions of ethanol in comparison with gasoline and diesel fuels in a
heavy-duty compression ignition engine.
Mengqin SHEN, Vilhelm B MALMBORG, Sam SHAMUN, Bengt JOHANSSON, Martin TUNÉR , Per TUNESTÅL , Joakim PAGELS, Anders GUDMUNDSSON
p1-at-Ca-020 Dynamics of secondary breakup of an emulsiﬁed fuel drop. Oleksandr GIRIN

42

p1-at-Ca-021 Investigation of the release of engineered nanoparticles by waste incineration.
Werner BAUMANN, Manuela HAUSER, Inge-Maria LANG, Hartmut MÄTZING, Nadine TEUSCHER, Helmut SEIFERT, Hanns-Rudolf PAUR

p1-at-Ca-022 A methodological approach for evaluating the contribution of coal-ﬁred power plant to atmospheric
pm10 concentrations using pmF and Cmb receptor models.
Daniele CONTINI, Daniela CESARI, Carmela TORTORELLA, Silvana IACOBELLIS, Giancarlo POTENZA, Marianna CONTE, Antonio DONATEO

p1-at-Ca-023 Characterization of Exposure to metal from Furnace and Casting process in The Aluminum Smelter Industry.
Yen Hung LAI, Shunhui CHUNG, Rui Shu CHOU, Ying Fang WANG

p1-at-Ca-024Results from a measurement campaign in dismantling nuclear sites: a study of the false alarms emitted by CAm.
Grégoire DOUGNIAUX, Céline MONSNAGLANT-LOUVET, Anne-Laure TEPPE, Benoît MARCILLAUD, Bernadette DHIEUX LESTAEVEL, François
GENSDARMES, Nathalie MICHIELSEN, Sylvain BONDIGUEL, Benjamin BOUSSETTA, Gwendolyn QUENTEL

p1-at-Ca-025 Simulation of Aerosol formation in post Combustion CO2 Capture (pCCC) plants.
Mehdi AMOUEI TORKMAHALLEH, Yenglik KENGES, Meiirbek ISLAMOV

p1-at-Ca-027 A simulational and experimental attempt for a high temperature condensed nuclei magniﬁer based on long
chained alkanes. Martin KUPPER, Alexander BERGMANN, Jaroslaw KACZYNSKI, Martin KRAFT
p1-at-Ca-028 measurement of incipient soot particle size distributions down to nuclei size.
Runlong CAI, Quanxi TANG, Xiaoqing YOU, Jingkun JIANG

p1-at-Ca-029 Structural changes of combustion aerosol samples during a thermal-optical measurement protocol.
Theresa HALLER, Lorenz WITEK, Thomas HÄUSLER, Hinrich GROTHE, Regina HITZENBERGER

p1-at-Ca-030 Eﬀective density measurement of ultra-ﬁne particle emitted from residential coal combustion.
Zhen LI, Lei DUAN, Jingkun JIANG

p1-at-Ca-031markers of immature soot in the refractory mass spectrum obtained by the soot-particle aerosol mass spectrometer.
Vilhelm MALMBORG, Axel ERIKSSON, Sandra TÖRÖK, Per-Erik BENGTSSON, Joakim PAGELS

p1-at-Ca-032 monitoring and control of polybrominated diphenyl ether emissions during the cold start-up of a municipal solid waste incinerator.
Nicholas CHERUIYOT, Lin-Chi WANG, Wen-Jhy LEE, John MWANGI, Guo-Ping CHANG-CHIEN

p1-at-Ca-033 In situ Raman microspectroscopic analysis of soot during temperature-programmed oxidation.
Michaela ESS, Benedikt GROB, Natalia IVLEVA, Reinhard NIESSNER

p1-at-Ca-034 production and characterization of internally-mixed soot aerosols.
Alexander RINKENBURGER, Reinhard NIEßNER

p1-at-Ca-035 Solid particle investigations in the mainstream of 3R4F reference combustible cigarettes and the
Tobacco heating System ThS2.2.
Pascal PRATTE, Stéphane COSANDEY, Catherine GOUJON GINGLINGER

p1-at-Ca-036 high-temperature tandem diﬀerential mobility analysis on the oxidation of wood combustion soot particles.
Heikki LAMBERG, Olli SIPPULA, Ihalainen MIKA, Jarkko TISSARI, Jorma JOUTSENSAARI, Anna LÄHDE, Jorma JOKINIEMI

p1-at-Ca-038 Investigation of soot nanoparticles during liquid hydrocarbons combustion with water steam gasiﬁcation.
Olga BOROVKOVA, Anatoly BAKLANOV, Igor ANUFRIEV, Mikhail VIGRIYANOV, Vladimir LESCHEVICH, Oleg SHARYPOV

p1-at-Ca-039The Characteristics of particulate matter from industrial facilities using soild fuel in kOREA.
Keewon JANG, S. Y. LIM, S. H. HEO, H. C. KIM, J. H. KIM, S. B. LEE, J. H. HONG, Dae-Il KANG

P1-AT-SS1
16:00 - 18:00

aErosoL tECHnoLogy

POSTER SESSION

Poster area

plASmA-bASED AEROSOl pROCESSES
p1-at-ss1-001 From liquid conversion to nanoparticle synthesis by submerged spark discharges.
Hiba KABBARA, Cédric NOËL, Thierry BELMONTE

p1-at-ss1-002 Compared chemical compositions of grains and thin ﬁlms produced in an N2/Ch4 dusty plasma simulating
Titan’s aerosols.
Nathalie CARRASCO, François JOMARD, Jackie VIGNERON, Arnaud ETCHEBERRY, Guy CERNOGORA, Lisseth GAVILAN
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p1-at-ss1-003 post-plasma SiOx coatings of metal and metal oxide nanoparticles for enhanced thermal stability
and tunable photoactivity applications.
Patrick POST, Nicolas JIDENKO, Alfred WEBER, Jean-Pascal BORRA

p1-at-ss1-004 Synthesis of single digit nanoparticles with a dielectric barrier discharge at atmospheric pressure.
Alexander WERNER, Alfred WEBER

p1-at-ss1-005 Characterization of a post-DbD aerosol bipolar diﬀusion neutralizer for SmpS size distribution measurements.
Rémi MATHON, Nicolas JIDENKO, J-P BORRA

P1-AT-SS2
16:00 - 18:00

aErosoL tECHnoLogy

POSTER SESSION

Poster area

pROpERTIES AND ImpACT OF AIRCRAFT pARTICulATE EmISSIONS
p1-at-ss2-001 Chemical characterization of airplane soot: complete engine versus combustion chamber.
Ismael Kenneth ORTEGA, Cornelia IRIMIEA, David DELHAYE, Yvan CARPENTIER, Michael ZISKIND, François-Xavier OUF, François SALM,
Daniel GAFFIÉ, Jérome YON, Daniel FERRY, Eric THERSSEN, Xavier VANCASSEL, Cristian FOCSA

p1-at-ss2-002 The lille Ice Nucleation Chamber (lINC). progress toward the deﬁnition of an experimental protocol
and results of early measurements.
Alessandro FACCINETTO, Sébastien BATUT, Junteng WU, Denis PETITPREZ, Pascale DESGROUX

p1-at-ss2-004 Fuel eﬀects on non-volatile particulate matter aircraft gas turbine emissions.
Benjamin BREM, Lukas DURDINA, Ari SETYAN, Yu-Ying KUO, Jing WANG

P1-AT-SS3
16:00 - 18:00

aErosoL tECHnoLogy

POSTER SESSION

Poster area

phySICO-ChEmICAl ChARACTERIZATION OF SOOT pARTIClES AND ThEIR EVOluTION
p1-at-ss3-001 broadband measurements of the mass absorption coeﬃcient of soot emitted by an inverted methane
diﬀusion ﬂame.
Lindsay RENBAUM-WOLFF, Al FISCHER, Taylor HELGESTAD, Andrew LAMBE, Geoﬀfrey SMITH, Christopher CAPPA, Arthur SEDLACEK, Paul
DAVIDOVITS, Timothy ONASCH, Andrew FREEDMAN

p1-at-ss3-002 Characterization in the discharge of plants, of atmospheric emission of black carbon.
Cécile RAVENTOS, Isaline FRABOULET, Olivier FAVEZ, Jean POULLEAU, Amandine FIEVET, Pascal DUBOIS, Nicolas KAROSKI, Johany RINGUET,
Nadine ALLEMAND, Jean SCIARE, Nicolas BONNAIRE, P. HEASE

p1-at-ss3-003 Coupling ﬂuorescence anisotropy with laser-Induced Incandescence to highlight the presence of soot
particles, adsorbed organic compounds or in gas phase in diﬀusion and premixed ethylene/air ﬂames.
Guillaume LEFEVRE, Jérome YON

p1-at-ss3-004Water uptake by soot emitted during industrial ﬁres: physicochemical analysis and water sorption measurements.
Laura LINTIS, François-Xavier OUF, Hugues PRETREL, Alexis COPPALLE, Cécile VALLIÈRES

p1-at-ss3-005 particulate emissions produced from gas CAST, liquid fuel CAST, and ship diesel engine.
Laarnie MUELLER, Jürgen SCHNELLE-KREIS, Gert JAKOBI, Benjamin STENGEL, Lianpeng JING, Ralf ZIMMERMANN

43

European Aerosol Conference 2016

Tours, France

Page 53 of 1211

45

EAC2016 sEptEmbEr 4-9, 2016

pROGRAmmE

tuEsDay 06 sEptEmBEr

atmospHEriC aErosoL stuDiEs
aap: Atmospheric Aerosol processes
aErosoL tECHnoLogy
aBn: Aerosol based Nanotechnology / Ca: Combustion Aerosol / EE: Electrical Eﬀect
aErosoL mEasurEmEnt tECHniquEs
inst: Instrumentation/ pmx: pmx
aErosoL anD HEaLtH
inD: Indoor and working place aerosol/ iEH: Inhalation, Exposures and health
BasiC aErosoL proCEssEs
aC: Aerosol Chemistry/ am: Aerosol modelling/ FunD: Fundamentals
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tuEsDay 06 sEptEmBEr
08:00 - 18:00

47

REGISTRATION

Welcome Desk

PL2
08:30 - 09:30

aErosoL tECHnoLogy

PLENARY LECTURE 2

Auditorium Pierre de Ronsard
SupERSONIC CluSTER bEAm DEpOSITION OF NANOSTRuCTuRED DEVICES AND NANOCOmpOSITES
FOR bIOmEDICAl AND ClINICAl ApplICATIONS.

Chairmen: Jean-Pascal BORRA (Gif-Sur-Yvette, FRANCE), Sotiris E. PRATSINIS (Zurich, SWITZERLAND)
Plenary Speaker: Paolo MILANI (Milano, ITALY)

09:30 - 10:00COFFEE BREAK
11-AAS-AAP5
10:00 - 12:20

ATMOSPHERIC AEROSOL STUDIES

Exhibition Hall
atmospHEriC aErosoL stuDiEs
Auditorium Pierre de Ronsard

AEROSOlS, ClOuDS AND ClImATE
Chairmen: Annica EKMAN (Stockholm, SWEDEN), Ottmar MÖHLER (Karlsruhe, GERMANY)

10:00 - 10:20
o11-aas-aap-25 The ﬁfth international ice nucleation (FIN) workshops: overview and selected results.
Ottmar MÖHLER, Dan CZICZO, Paul DEMOTT, Naruki HIRANUMA, Markus PETTERS

10:20 - 10:40
o11-aas-aap-26 biomass burning and cloud interactions observed during the DC3 ﬁeld campaign over Colorado (uSA).
Suzanne CRUMEYROLLE, Luke ZIEMBA, Bruce ANDERSON, Tomas MIKOVINY, Andreas BEYERSDORF, Kenneth THORNHILL, Edward WINSTEAD, Kristopher
BEDKA, Armin WISTHALER, Richard MOORE, Gao CHEN, Carolyn BUTLER, Johnathan HAIR, Martha FENN

10:40 - 11:00
o11-aas-aap-27 Size distribution and black carbon content of ice residual particles in mixed-phase clouds at the high-alpine site
Jungfraujoch.
Martin GYSEL, Piotr KUPISZEWSKI, Marco ZANATTA, Stephan MERTES, Paul VOCHEZER, Gary LLOYD, Johannes SCHNEIDER, Ludwig SCHENK, Martin SCHNAITER, Urs BALTENSPERGER, Ernest WEINGARTNER

11:00 - 11:20
o11-aas-aap-28 microphysical properties of clouds and comparison of cloud probes’ performance during the pallas Cloud Experiments
(paCE).
Konstantinos - Matthaios DOULGERIS, Ari LESKINEN, Mika KOMPPULA, David BRUS

11:20 - 11:40
o11-aas-aap-29 The Free Troposphere as a Source of Arctic boundary layer Aerosol.
Adele IGEL, Ekman ANNICA, Leck CAROLINE, Julien SAVRE, Michael TJERNSTRÖM, Joseph SEDLAR

11:40 - 12:00
o11-aas-aap-30 The inﬂuence of biogenic aerosol particles on clouds and climate.
Roland SCHRÖDNER, Risto MAKKONEN, Vaughan PHILLIPS, Erik SWIETLICKI

12:00 - 12:20
o11-aas-aap-31 Global modelling of pre-industrial aerosol nucleation.
Hamish GORDON, Kamalika SENGUPTA, Jasper KIRKBY, Kenneth CARSLAW, The CLOUD COLLABORATION
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Chairmen: Rami ALFARRA (Manchester, UK), Guy COULSON (Auckland, NEW ZEALAND)

10:00 - 10:20
o12-aas-aap-32 Transformation of logwood combustion aerosols: implications for day and nighttime aging.
Petri TIITTA, Ari LESKINEN, Liqing HAO, Pasi YLI-PIRILÄ, Miika KORTELAINEN, Julija GRIGONYTE, Jarkko TISSARI, Heikki LAMBERG, Anni HARTIKAINEN, Kari
KUUSPALO, Aki-Matti KORTELAINEN, Annele VIRTANEN, Kari LEHTINEN, Mika KOMPPULA, Timothy ONASCH, Douglas WORSNOP, Andre PREVOT, Hendryk
CZECH, Ralf ZIMMERMANN, Jorma JOKINIEMI, Olli SIPPULA

10:20 - 10:40
o12-aas-aap-33 Chemical composition and mass closure of ambient aerosol in an urban environment over Athens, Greece: The role
of wintertime biomass burning on air pollution levels.
Christina THEODOSI, Maria TSAGKARAKI, Pavlos ZARMPAS, Despina PARASKEVOPOULOU, Panagiota NICOLAOU, Eleni LIAKAKOU, Maria LIANOU, Evangelos
GERASOPOULOS, Nikolaos MIHALOPOULOS

10:40 - 11:00
o12-aas-aap-34 linking SOA to precursor VOCs in domestic wood burning systems.
Giulia STEFENELLI, Amélie BERTRAND, Deepika BHATTU, Emily BRUNS, Nicolas MARCHAND, Thomas NUSSBAUMER, Simone PIEBER, Brice TEMIME-ROUSSEL,
Jun ZHOU, Peter ZOTTER, Imad EI HADDAD, Urs BALTENSPERGER, Andre PRÉVÔT, Josef DOMMEN, Jay SLOWIK

11:00 - 11:20
o12-aas-aap-35 Chemical characterization of laboratory-generated tar ball particles.
Ádám TÓTH, András HOFFER, Tibor AJTAI, Marianne BLAZSÓ, Zsuzsanna CZÉGÉNY, Gyula KISS, Mihály PÓSFAI, Péter SZABÓ, András GELENCSÉR

11:20 - 11:40
o12-aas-aap-36 Chemical characterization by TAG-AmS of the Organic Aerosol of wood combustion emissions: comparison of pellet
and logwood stoves.
Amelie BERTRAND, Giulia STEFENELLI, Emily BRUNS, Simone PIEBER, Brice TEMIME-ROUSSEL, Felix KLEIN, Jay SLOWIK, Andre PREVOT, Imad EL HADDAD,
Henri WORTHAM, Nicolas MARCHAND

11:40 - 12:00
o12-aas-aap-37 bonﬁre night 2014 in manchester uk: organic aerosol source apportionment (mE-2) and night-time chemistry.
Ernesto REYES-VILLEGAS, Michael PRIESTLEY, Ting YU-CHIEH, Sophie HASLETT, Thomas BANNAN, Michael LEBRETON, James ALLAN

12:00 - 12:20
o12-aas-aap-38 primary and secondary organic emissions of a pellet boiler.
Hendryk CZECH, Olli SIPPULA, Petri TIITTA, Miika KORTELAINEN, Simone Maria PIEBER, Julija GRIGONYTE, Thorsten STREIBEL, Ralf ZIMMERMANN

rEsErVE papEr / p2-aas-aap-143 Fast secondary aerosol formation in southern African biomass burning smoke.
Ville VAKKARI, Johan Paul BEUKES, Kerneels JAARS, Miroslav JOSIPOVIC, Andrew D. VENTER, Pieter G. VAN ZYL

13-AT-ABN2
10:00 - 12:20

aErosoL tECHnoLogy

AEROSOL BASED NANOTECHNOLOGY

Room 1 (Level 2)

SyNThESIS OF FuNCTIONAl NANOpARTIClES
Chairmen: Sotiris E. PRATSINIS (Zurich, SWITZERLAND), Andreas SCHMIDT-OTT (Delft, THE NETHERLANDS)

10:00 - 10:20
o13-at-aBn-07 Flame made indium-zinc oxide nanoparticles as photoanodes for eﬃcient DSSCs.
Melanie STANZEL, Andreas KUNZMANN, Rubén COSTA, Dirk M. GULDI, Wolfgang PEUKERT

10:20 - 10:40
o13-at-aBn-08 E-nose sensing of low-ppb formaldehyde in gas mixtures at high relative humidity for breath screening of lung
cancer and indoor air quality monitoring.
Andreas T. GÜNTNER, Vitaly KOREN, Kiran CHIKKADI, Marco RIGHETTONI, Sotiris E. PRATSINIS

10:40 - 11:00
o13-at-aBn-09 Synthesis and evaluation of liNi0.5mn1.5O4 particles by Aerosol Spray pyrolysis for next-generation li-ion cathode materials.
Georgios GKANAS, Georgia KASTRINAKI , Dimitrios ZARVALIS, Athanasios G. KONSTANDOPOULOS, Daniele VERSACI, Nerino PENAZZI, Silvia BODOARDO
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11:00 - 11:20
o13-at-aBn-10 palladium subnano-clusters on titania for solar photocatalytic NO removal.
Kakeru FUJIWARA, Ulrich MÜLLER, Sotiris PRATSINIS
49

11:20 - 11:40
o13-at-aBn-11 Nanoﬁnishing antimicrobial textiles by means of aerosol ﬁltration.
Jicheng FENG, Esther HONTAÑÓN, M BLANES, L SANTOS, Einar KRUIS, Meyer JOERG, X GUO, H NIRSCHL, G BISKOS, A SCHMIDT-OTT

11:40 - 12:00
o13-at-aBn-12 photoproduction of hydrogen with alloy plasmonic nanoparticles made with the spark-discharge particle generator.
Marco VALENTI, W. SMITH, G. BISKOS, Andreas SCHMIDT-OTT

12:00 - 12:20
o13-at-aBn-13 Generation of stainless steel nanoparticles using a spark discharge generator.
Calle PREGER, Linus LUDVIGSSON, Bengt MEULLER, Knut DEPPERT, Maria MESSING

14-AT-CA2
10:00 - 12:20

aErosoL tECHnoLogy

COMBUSTION AEROSOL

Room 2 (Level 2)

SOuRCE ChARACTERIZATION: FROm bIOmASS TO ENGINES RElATED EmISSIONS
Chairmen: Sanna SAARIKOSKI (Helsinki, FINLAND), Michal VOJTISEK (Praha, CZECH REPUBLIC)

10:00 - 10:20
o14-at-Ca-07 Exhaust particle characteristics and particle emission factors from a marine diesel engine with diﬀerent fuels.
Niina KUITTINEN, Panu KARJALAINEN, Päivi AAKKO-SAKSA, Hilkka TIMONEN, Pauli SIMONEN, Fanni MYLLÄRI, Hugo WIHERSAARI, Jorma KESKINEN, Topi
RÖNKKÖ

10:20 - 10:40
o14-at-Ca-08 Dependence of ship-engine aerosol emissions on fuel type: trace metals, black carbon, and light absorption.
Joel C. CORBIN, Amewu A. MENSAH, Marco ZANATTA, Simone PIEBER, Gert JAKOBI, Jürgen ORASCHE, Jay G. SLOWIK, Nivedita KUMAR, Imad EL HADDAD,
Felix KLEIN, Benjamin STENGEL, Ralf ZIMMERMANN, André S. H. PRÉVÔT, Urs BALTENSPERGER, Martin GYSEL

10:40 - 11:00
o14-at-Ca-09 Real-time investigation of primary particle emissions and secondary particle formation from a gasoline direct injection
vehicle.
Panu KARJALAINEN, Hilkka TIMONEN, Erkka SAUKKO, Heino KUULUVAINEN, Sanna SAARIKOSKI, Päivi AAKKO-SAKSA, Timo MURTONEN, Matthew BLOSS,
Miikka DAL MASO, Erik AHLBERG, Birgitta SVENNINGSSON, William Henry BRUNE, Risto HILLAMO, Jorma KESKINEN, Topi RÖNKKÖ

11:20 - 11:40
o14-at-Ca-10 Evolution of health and climate relevant in-cylinder diesel soot characteristics investigated with on-line aerosol mass
spectrometry.
Vilhelm B MALMBORG, Mengqin SHEN, Axel C ERIKSSON, Bjorn WALDHEIM, Yann GALLO, Johan MARTINSSON, Patrik NILSSON, Bengt JOHANSSON, Öivind
ANDERSSON, Joakim PAGELS

11:40 - 12:00
o14-at-Ca-11 Characterization of natural gas engine emission by aerosol mass spectrometer.
Sanna SAARIKOSKI, Hilkka TIMONEN, Timo MURTONEN, Hannu VESALA, Jenni ALANEN, Topi RÖNKKÖ, Risto HILLAMO, Teuvo MAUNULA, Kauko KALLINEN,
Satu KORHONEN, Kati LEHTORANTA

12:00 - 12:20
o14-at-Ca-12 The inﬂuence of temperature and humidity on the thermal stability of nanoparticles.
Nadine TEUSCHER, Werner BAUMANN, Manuela HAUSER, Hanns-Rudolf PAUR, Dieter STAPF

o14-at-Ca-13 An improved metric for biomass burning: novel semi-online experimental apparatus.
Alejandro KELLER, Heinz BURTSCHER

rEsErVE papEr / p1-at-Ca-018“Excess” emissions of particulate matter from Eu gasoline engines.
Michal VOJTISEK, Martin PECHOUT, Luboš DITTRICH, Vít BERÁNEK

rEsErVE papEr / p1-at-Ca-015 Fine particulate matter from a Flex-Fuel Engine: NEDC and high Speed.
Toni MIERSCH, Hendryk CZECH, Gert JAKOBI, Benjamin STENGEL, Jürgen ORASCHE, Martin SKLORZ, Thorsten STREIBEL, Ralf ZIMMERMANN
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15-AT-SS4
10:00 - 12:20

aErosoL tECHnoLogy

SPECIAL SESSION 4: FILTRATION AND GAS-PARTICLE SEPARATION

Room 3 (Level 2)

RECENT DEVElOpmENTS

50

Chairmen: Gerhard KASPER (Karlsruhe, GERMANY), Dominique THOMAS (Nancy, FRANCE)

10:00 - 10:20
o15-at-ss4-01 Determination of the ﬁltration eﬃciency for hVAC, hEpA and ulpA ﬁlters for nanoparticles ≥5 nm.
Christof ASBACH, Mölter-Siemens WOLFGANG, Ana Maria TODEA, André SCHMITZ, Frank SCHMIDT

10:20 - 10:40
o15-at-ss4-02 preliminary study on simulation and validation of the eﬀect of particle loading regarding ﬂow-induced deformation
of pleated porous ﬁlter media.
Alexander TRAUT, Martin LEHMANN, Beck ANDREAS, Manfred PIESCHE

10:40 - 11:00
o15-at-ss4-03 Determine particle precipitation at Synthetic Nonwoven Electrets: Experimental study and DNS Simulation.
Albert HELLMANN, Kilian SCHMIDT, Michael PITZ, Christof ASBACH, Stefan SCHUMACHER, Sergiy ANTONYUK

11:00 - 11:20
o15-at-ss4-04 A ﬁeld study on the optimum structure of cleanable media for along their service life challenged with periodicallyproduced high-concentration populations of ultraﬁne metallic particles.
Ricardo TUCHO, Gaizka ARAGON, Imara IBARRA, Iñaki MUGICA, Fernando VERGNIORY, Cristina GUTIERREZ-CANAS

11:20 - 11:40
o15-at-ss4-05 Inﬂuence of Real breathing Conditions on the Filtration Characteristics of Respirator Filters.
Andrew J. C. KING, S. ABISHEK, Benjamin J. MULLINS, Ryan MEAD-HUNTER

11:40 - 12:00
o15-at-ss4-06 modeling of the deep granular bed ﬁltration of nanoparticles.
Loïc WINGERT, Augustin CHARVET, Nathalie BARDIN-MONNIER, Denis BÉMER, Dominique THOMAS

12:00 - 12:20
o15-at-ss4-07 Evaluation of cyclones cutoﬀ diameters for blow-by gas cleaning applications.
Benoit SAGOT, Guillaume DE LA BOURDONNAYE, Audrey FORTHOMME

rEsErVE papEr / p2-at-ss4-006 modeling of submicron particles motion in planar dielectric barrier discharge type electrostatic precipitator.
Ayyoub ZOUAGHI, Noureddine ZOUZOU, Abdelouahab MEKHALDI, Rabah GOURI

12:20 - 13:50FREE LUNCH BREAK
16-AAS-AAP7
13:50 - 16:10

Vinci Conference Center
atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

NEW pARTIClE FORmATION
Chairmen: Michael BOY (Helsinki, FINLAND), Birgit WEHNER (Leipzig, GERMANY)

13:50 - 14:10
o16-aas-aap-39 Nucleation at high altitude: from the Alps to the Everest base Camp.
Federico BIANCHI, H. JUNNINEN, J. KONTKANEN, A. MARINONI, P. BONASONI, K. SELLEGRI, P. LAJ, J. DOMMEN, D. R. WORSNOP, M. KULMALA, U. BALTENSPERGER

14:10 - 14:30
o16-aas-aap-40 Observations of molecular clusters and nucleation mode particles in the Amazon.
Daniela WIMMER, Hanna MANNINEN , Stephany MAZON, John BACKMAN, Brito JOEL, Paulo ARTAXO, Markku KULMALA, Tuukka PETAJA

14:30 - 14:50
o16-aas-aap-41 Neutral and ion-induced h2SO4 - h2O particle formation 1: New theory.
Merikanto JOONAS, Duplissy JONATHAN, Määttänen ANNI, Henschel HENNING, Neil DONAHUE, David BRUS, Siegfried SCHOBESBERGER, Kulmala MARKKU,
Vehkamäki HANNA

14:50 - 15:10
o16-aas-aap-42 long-term study of New particle Formation (NpF) events as a source of Cloud Condensation Nuclei (CCN) concentrations in the urban background of Vienna.
Carmen DAMETO DE ESPANA, Carmen DAMETO DE ESPANA, Anna WONASCHUETZ, Gerhard STEINER , Harald SCHUH, Regina HITZENBERGER
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15:10 - 15:30
o16-aas-aap-43 highly oxygenated multifunctional organic compounds from anthropogenic precursors.
Ugo MOLTENI, Federico BIANCHI, Carla FREGE, Imad EL HADDAD, Felix KLEIN, Michel J. ROSSI, Josef DOMMEN, Urs BALTENSPERGER

15:30 - 15:50
o16-aas-aap-44 Ab initio nanoparticle sizing during new particle formation in precisely controlled chamber experiments.
Dominik STOLZENBURG, Katrianne LEHTIPALO, Robert WAGNER, Andrea OJDANIC, Paul WINKLER

15:50 - 16:10
o16-aas-aap-45 Spatial Extend of New particle Events over the mediterranean basin from multiple ground-based stations and
aircraft measurements.
Kévin BERLAND, Clermence ROSE, Jorge PEY, Anais CULOT, Thierry BOURRIANE, Greg ROBERTS, Nicolas MARCHAND, Nikos KALIVITIS, Nikos MIHALOPOULOS,
Karine SELLEGRI

rEsErVE papEr / p1-aas-aap-019The ﬁrst global picture of observation-based estimate on continental boundary layer new particle formation.
Tuomo NIEMINEN, Veli-Matti KERMINEN, Hanna MANNINEN, Tuukka PETÄJÄ, Markku KULMALA

17-AAS-AAP8
13:50 - 16:10

atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Descartes

DuSTS AND uRbAN AEROSOlS
Chairmen: Gary FULLER (London, UK), Ulas IM (Roskilde, DENMARK)

13:50 - 14:10
o17-aas-aap-46 New insight from the CAlIpSO mission on the retrieval of dust surface concentration in Western Africa.
Jean-François LÉON, Nadège MARTINY, Isabelle CHIAPELLO, Béatrice MARTICORENA

14:10 - 14:30
o17-aas-aap-47 Aerosol sources and inﬂuence of special activities in subway environments.
María Cruz MINGUILLÓN, Teresa MORENO, Cristina RECHE, Eladio DE MIGUEL, Marta CAPDEVILA, Xavier QUEROL

14:30 - 14:50
o17-aas-aap-48 Did policies to abate atmospheric emissions from traﬃc have a positive eﬀect on particulate matter in london?
using a large population of monitoring sites to investigate recent changes in ambient concentrations.
Font ANNA, Fuller GARY W.

14:50 - 15:10
o17-aas-aap-49 Simulation of seasonal inﬂuence on particle diversity and mixing state over Greater paris.
Zhu SHUPENG, N. Sartelet KARINE

15:10 - 15:30
o17-aas-aap-50 Origin of particulate matter and gaseous precursors in the paris megacity: Results from intensive campaigns, long
term measurements and modelling.
Matthias BEEKMANN , Hervé PETETIN, Qijie ZHANG, André S. H. PREVOT , Jean SCIARE , Valérie GROS , Véronique GHERSI, Amandine ROSSO , Monica CRIPPA
, Peter ZOTTER, Fredericke FREUTEL , Laurent POULAIN, Evelyne FRENEY, Karine SELLEGRI , Frank DREWNICK , Agnès BORBON , Hugo A. C. DENIER VAN DER
GON, Alfred WIEDENSOHLER , Spyros N. PANDIS , Urs BALTENSPERGER

15:30 - 15:50
o17-aas-aap-51 biofuel and fossil fuel contribution to carbonaceous aerosol from vehicular emissions in Sao paulo, brazil.
Beatriz OYAMA, Rupert HOLZINGER, Thomas RÖCKMANN, Pierre HERCKES, Harro MEIJER, Dusek ULRIKE

15:50 - 16:10
o17-aas-aap-52 prevalence of freshly generated particles during pollution episodes in Santiago de Chile.
Ernesto GRAMSCH, Reyes REYES, Yeanice VÁSQUEZ, Pedro OYOLA, María Angélica RUBIO

rEsErVE papEr / p2-aas-aap-198 Temporal variability of mineral dust in southern Tunisia: analysis of 2 years of pm10 concentration,
aerosol optical depth, and meteorology monitoring.
Christel BOUET, Mohamed Taieb LABIADH, Jean Louis RAJOT, Gilles BERGAMETTI, Béatrice MARTICORENA, Saâd SEKRAFI, Mohsen LTIFI, Anaïs FERON, Thierry
HENRY DES TUREAUX

51
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18-AT-ABN3
13:50 - 16:10

aErosoL tECHnoLogy

AEROSOL BASED NANOTECHNOLOGY

Room 1 (Level 2)

COATINGS, FIlmS AND NANOTubES

52

Chairmen: Einar KRUIS (Duisburg, GERMANY), Alfred WEBER (Clausthal, GERMANY)

13:50 - 14:10
o18-at-aBn-14 Aerosol synthesis of porous SiO2-Cobalt-catalyst for Fischer-Tropsch Synthesis (FTS).
Aurina MARTÍNEZ ARIAS, Alfred WEBER, Jannis RÖHRBEIN

14:10 - 14:30
o18-at-aBn-15 Aerosol based fabrication of polymer-Coated Inorganic Nanoparticles.
Jalal POOSTFOROOSHAN, Alireza BADIEI, Alfred WEBER

14:30 - 14:50
o18-at-aBn-16 Elaboration of Nanocomposite Coatings by Coupling Aerosol Jets and physical Vapour Deposition.
Olivier SUBLEMONTIER, Youri ROUSSEAU, Yann LECONTE, Nathalie HERLIN, Martine MAYNE

14:50 - 15:10
o18-at-aBn-17 morphology of deposits formed from electrospraying liquid suspensions.
Santiago MARTIN, Pedro L. GARCIA-YBARRA, Jose L. CASTILLO

15:10 - 15:30
o18-at-aBn-18 Aerosol synthesised single-walled carbon nanotube for conductive and transparent ﬁlm fabrication.
Albert NASIBULIN, Aleksandra GORKINA, Gilshteyn EVGENIA

15:30 - 15:50
o18-at-aBn-19The Nature of Carbon breakdown and Catalyst Nanoparticle Interaction in a Continuous Gas phase process for CNT Synthesis.
Christian HOECKER, Fiona SMAIL, Adam BOIES

15:50 - 16:10
o18-at-aBn-20 production of well dispersible single-wall carbon nanotubes via a “ﬂoating catalyst”-method.
F. TONI, Haichen XING, J. WALTER, V. STRAUß, T. J. NACKEN, C. DAMM, K. E. WIRTH, D. GULDI, W. PEUKERT

rEsErVE papEr / p2-at-aBn-020 New insights in the synthesis and applications of carbon nanotube sea urchins.
Jean DE LA VERPILLIERE, Michael DE VOLDER, Adam BOIES

19-AMT-INST1
13:50 - 16:10

aErosoL mEasurEmEnt tECHniquEs

INSTRUMENTATION

Room 2 (Level 2)

ElECTRICAl mEASuREmENT TEChNIquES
Chairmen: Christoph ASBACH (Duisburg, GERMANY), Martin FIERZ (Windisch, SWITZERLAND)

13:50 - 14:10
o19-amt-inst-01 Design and optimization of a medium Flow Diﬀerential mobility Analyzer (mFDmA).
Thore ROSENBERGER, Dennis KIESLER, Esther HONTANON, Einar KRUIS, Daniel FUENTES, Emilio RAMIRO

14:10 - 14:30
o19-amt-inst-02 miniature electrical nanoparticle detector for simultaneous mesaurement of particle number, average size and
lung-deposited surface area.
D. MEIER, D. EGLI, P. STEIGMEIER, H. BURTSCHER, Martin FIERZ

14:30 - 14:50
o19-amt-inst-03 Evaluation of CpmA-Electrometer Calibration method for black Carbon Aerosols.
Jordan TITOSKY, Ali MOMENIMOVAHED, Kevin THOMSON, Greg SMALLWOOD, Jason OLFERT

14:50 - 15:10
o19-amt-inst-04 Dynamic cutpoint switching of mobility analyzer for improved aerosol characterization.
Erkka SAUKKO, Laura SALO, Topi RÖNKKÖ, Kauko JANKA, Jorma KESKINEN

15:10 - 15:30
o19-amt-inst-05 Inﬂuence of sampling tubes on the measurement with unipolar diﬀusion chargers.
Christof ASBACH, Heinz KAMINSKI, Yvonne LAMBOY, Martin FIERZ, Ana Maria TODEA
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15:30 - 15:50
o19-amt-inst-06 Nanometer to micrometer measurements with a portable hybrid Device For Wide Range Aerosol Size Distributions.
Achim EDFELDER, Markus DR. PESCH
53

15:50 - 16:10
o19-amt-inst-07 Characterization of a new CpC and DmA for size distribution measurements down to 1nm.
Jacob SCHECKMAN, Mark STOLZENBURG, Hee-Siew HAN, Thomas KRINKE, Juergen SPIELVOGEL

rEsErVE papEr / p2-amt-inst-039 Comparison between the Experimental and Theoretical Resolution of a Simple Three Outlet
Diﬀerential mobility Analyzer.
Spyridon BEZANTAKOS, Maria GIAMARELOU, Konstantinos BARMPOUNIS, Jason OLFERT, George BISKOS

20-AT-SS2
13:50 - 16:10

aErosoL tECHnoLogy

SPECIAL SESSION 2: AIRCRAFT

Room 3 (Level 2)

pROpERTIES AND ImpACT OF AIRCRAFT pARTICulATE mATTER EmISSIONS
Chairmen: Prem LOBO (Rolla, USA), Xavier VANCASSEL (Palaiseau, FRANCE)

13:50 - 14:10
o20-at-ss2-01 ultraﬁne particle concentrations near an international airport.
Jan PETERS, Patrick BERGHMANS, Jo VAN LAER, Jeroen STAELENS, Olivier BRASSEUR

14:10 - 14:30
o20-at-ss2-02 The mERmOSE project: Characterization of particulate emissions of a commercial aircraft engine and a combustion
chamber section.
David DELHAYE, François-Xavier OUF, Daniel FERRY, Olivier PENANHOAT, Samuel PEILLON, François SALM, Xavier VANCASSEL, Ismael Kenneth ORTEGA,
Christian GUIN, Cristian FOCSA, Nadine HARIVEL, Daniel GAFFIÉ

14:30 - 14:50
o20-at-ss2-03 Non-volatile pm emissions from an in-production aircraft jet engine determined according to the requirements of a
new emission standard.
Lukas DURDINA, Benjamin BREM, Jing WANG

14:50 - 15:10
o20-at-ss2-04 measurements of Aircraft Engine Soot Emissions using a CApS pmssa monitor.
Timothy ONASCH, Kevin THOMSON, Lindsay RENBAUM-WOLFF , Richard MIAKE-LYE, Greg SMALLWOOD, Andrew FREEDMAN

15:10 - 15:30
o20-at-ss2-05 Structural and chemical study of collected aircraft soot and generated surrogates.
Iman MARHABA, Philippe PARENT, Carine LAFFON, Daniel FERRY, Jérôme YON, Alexandre BESCOND, François-Xavier OUF, Tom REGIER

15:30 - 15:50
o20-at-ss2-06 Chemical characterization of volatile organic compounds emitted by an aircraft turbine engine.
Ari SETYAN, Yu-Ying KUO, Benjamin BREM, Lukas DURDINA, Andreas GERECKE, Norbert HEEB, Regula HAAG, Jing WANG

15:50 - 16:10
o20-at-ss2-07 Chemical characterization of lubricant oil droplets emitted by an airplane engine.
Ismael Kenneth ORTEGA, Cornelia IRIMIEA, David DELHAYE, Yvan CARPENTIER, Xavier VANCASSEL, Cristian FOCSA

rEsErVE papEr / p1-at-ss2-002 The lille Ice Nucleation Chamber (lINC). progress toward the deﬁnition of an experimental protocol
and results of early measurements.
Alessandro FACCINETTO, Sébastien BATUT, Junteng WU, Denis PETITPREZ, Pascale DESGROUX

16:10 - 16:40COFFEE BREAK
P2-AAS-AAP1
16:10 - 18:10

Exhibition Hall
atmospHEriC aErosoL stuDiEs

POSTER SESSION
bIOAEROSOlS AND bIOmASS buRNING
p2-aas-aap-123 Real time bioaerosol detection by Surface plasmon Resonance
Igor E. AGRANOVSKI, O. USACHEVA, E. V. USACHEV

Poster area
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p2-aas-aap-124 Exploration of biological Aerosols at Agra over Indo-Gangetic basin.
Mamta , J SRIVASTAVA, G SATSANGI, Ranjit KUMAR

p2-aas-aap-125 Inﬂuence of a heavily polluted atmosphere on abundance of Fluorescent bioaerosol. A case study in beijing.
54

Oscar FAJARDO, Jingkun JIANG, Weizhou YAN, Jiming HAO

p2-aas-aap-126 Culturable microorganisms in high-altitude samples of atmospheric aerosol in the presence of local
forest ﬁres in the sampling area.
Vladimir VECHKANOV, Irina ANDREEVA, Alexander SAFATOV, Galina BURYAK, Boris BELAN, Denis SIMONENKOV

p2-aas-aap-127 Dynamic and thermodynamic forcing of bioaerosol spore production.
Roberto FRAILE, Ana CALVO, Amaya CASTRO, Delia FERNANDEZ, Alexis ATWOOD, Darrel BAUMGARDNER

p2-aas-aap-248Chemical composition and source identiﬁcation of ﬁne particle in coastal site of the mediterranean,Tipaza, Algeria.
Lyes RABHI, Abdelkader LEMOU, Riad LADJI, Jean SCIARE, Noureddine YASSAA, Nicolas BONNAIRE

p2-aas-aap-249 Composition of ﬁne particles in area of the mediterranean basin.
Abdelkader LEMOU, Lyes RABHI, Riad LADJI, Nicolas JOSÉ, Jean SCIARE, Nicolas BONNAIRE, Noureddine YASSAA

p2-aas-aap-250 Composition of ﬁne particles in area of the mediterranean basin.
Abdelkader LEMOU, Lyes RABHI, Riad LADJI, Nicolas JOSÉ, Jean SCIARE, Nicolas BONNAIRE, Noureddine YASSAA

p2-aas-aap-251 Characteristics of microorganisms in pm2.5 measured in Seoul and beijing using NGS (Next Generation Sequencing).
Eunha PARK, Sunghee LEE, Jongbae HEO, Seung-Muk YI, Ho KIM, Gwangpyo KO

p2-aas-aap-252 Composition of ﬁne particles in area of the mediterranean basin.
Abdelkader LEMOU, Lyes RABHI, Riad LADJI, Nicolas JOSÉ, Jean SCIARE, Nicolas BONNAIRE, Noureddine YASSAA, Abdelkader LEMOU

p2-aas-aap-128 long-term atmospheric measurements of benzene and Toluene in Athens during wintertime: Indications of ﬁnancial crisis inﬂuence on traﬃc and biomass burning emissions.
Basil PSILOGLOU, Eleni LIAKAKOU, Athanasios PALIATSOS, Nikolaos MIHALOPOULOS

p2-aas-aap-129 urban background aerosol monitoring (Athens center) with emphasis on biomass burning processes
during winter-time and implications on air quality.
Eleni LIAKAKOU, Evangelos GERASOPOULOS, Maria LIANOU, Christina THEODOSI, Despina PARASKEVOPOULOU, Iasonas STAVROULAS,
Aikaterini BOUGIATIOTI, Luciana FURTZIOU, Pavlos ZARMPAS, Basil PSILOGLOU, Jean SCIARE, Nikolaos MIHALOPOULOS

p2-aas-aap-130 Estimation of Residential Wood Combustion in urban and rural background.
Jacob NOJGAARD, Ole HERTEL, Thomas ELLERMANN

p2-aas-aap-131 particle water and ph in the city of Athens during wintertime and the role of biomass burning.
Aikaterini BOUGIATIOTI, Despina PARASKEVOPOULOU, Iasonas STAVROULAS, Luciana FOURTZIOU, Athanasios NENES, Nikolaos MIHALOPOULOS

p2-aas-aap-132 Source-resolved simulation of fresh and chemically-aged biomass burning emissions.
Laura POSNER, Spyros PANDIS, Georgia THEODORITSI, Ksakousti SKYLLAKOU

p2-aas-aap-133 Impact of wood burning on local scale pollution in a rural residential area.
Martine VAN POPPEL, J. VERCAUTEREN, P. MAETZ, O. PEETERS

p2-aas-aap-134 Carbon emission factors from wood combustion of improved cook stoves.
Zuhelen Veronica PADILLA BARRERA, Ricardo TORRES JARDÓN, Luis Gerardo RUIZ SUAREZ, Oscar PERALTA, Telma CASTRO, Luisa MOLINA

p2-aas-aap-135 Tar analyses from the household chimneys to identify the possible packaging waste burning in
small-scale heaters.
Marek MAASIKMETS, Hanna-Lii KUPRI, Erik TEINEMAA, Tarvo ARUMÄE

p2-aas-aap-136 Dangerous biomass burning emissions in highly populated regions in Vietnam.
Olga POPOVICHEVA, N. X. ANH, N. D. LOC, N. SHONIJA, K. ELEFTHERIADIS, E. DIAPOULI, G. ENGLING, L. BORGESE, M. ZONCA

p2-aas-aap-137 Emissions of wood stoves under real-life conditions.
Martine VAN POPPEL, J. VERCAUTEREN

p2-aas-aap-138 Investigation of biomass burning and biogenic Aerosols through molecular markers: measurements
from the Canadian NApS pm2.5 Speciation program.
Ewa DABEK-ZLOTORZYNSKA, Michal SUSKI, Ding LUYI

p2-aas-aap-139 Impact of wild forest ﬁres in Eastern Europe on aerosol composition and particle optical properties.
Tymon ZIELINSKI, Tomasz PETELSKI, Agata STRZALKOWSKA, Paulina PAKSZYS, Przemyslaw MAKUCH

p2-aas-aap-140 Canadian forest ﬁres and their eﬀect on aerosol optical properties measured over the European
Arctic in summer 2015.
Paulina PAKSZYS, Krzysztof MARKOWICZ, Christoph RITTER, Tymon ZIELINSKI, Roberto UDISTI, David CAPPELLETTI, Mauro MAZZOLA,
Masataka SHIOBARA, Olga ZAWADZKA , Justyna LISOK, Tomasz PETELSKI, Przemysław MAKUCH , Grzegorz KARASINSKI

European Aerosol Conference 2016

Tours, France

Page 63 of 1211

tuEsDay 6 sEptEmBEr

p2-aas-aap-141 Near-source and transported biomass burning aerosols from Indochina to Taiwan.
Chung-Te LEE, Charles C.-K. CHOU, Guenter ENGLING, Zhong-Ting CHUANG, Neng-Huei LIN

p2-aas-aap-142 Organic tracers in pm2.5 emitted from the combustion of pellets and agro-fuels in a stove.
55

C.a. ALVES, Estela VICENTE, S. ROCHA, A.m. VICENTE

p2-aas-aap-143 Fast secondary aerosol formation in southern African biomass burning smoke.
Ville VAKKARI, Johan Paul BEUKES, Kerneels JAARS, Miroslav JOSIPOVIC, Andrew D. VENTER, Pieter G. VAN ZYL

p2-aas-aap-144 Real-time emissions of biomass burning aerosol under controlled conditions.
Sophie HASLETT, Jan THOMAS, William MORGAN, Rory HADDEN, James ALLAN, Keïta SEKOU, Cathy LIOUSSE, Dantong LIU, Hugh COE

p2-aas-aap-253 Chemical Characterization of biomass-burning Aerosols in Remote Northern Thailand.
Ying I. TSAI, Ritthipond LAITUN, Khajornsak SOPAJAREE

P2-AAS-AAP2
16:10 - 18:10

atmospHEriC aErosoL stuDiEs

POSTER SESSION

Poster area

CARbONACEOuS AEROSOl IN ThE ATmOSphERE
p2-aas-aap-145 A new aethalometer model for pm source apportionment in mixed solid fuel environments.
Stig HELLEBUST, Paul BUCKLEY, Jovanna ARNDT, Eoin MCGILLICUDDY, Ian O'CONNOR, Grisa MOCNIK, Eleonora NICOLOSI, Paul QUINCEY,
Gary FULLER, John WENGER

p2-aas-aap-146 Identiﬁcation and 14C analysis of black carbon and elemental carbon in sediments.
Christian STEINER, Matthias VONWILLER, Gary SALAZAR, Soenke SZIDAT

p2-aas-aap-147 Eﬀects of suphuric acid and limonene ozonolysis products coatings on soot morphology and hygroscopicity.
Xiangyu PEI, Maria POULSEN, Axel ERIKSSON, Erik AHLBERG, Erik NORDIN, Joakim PAGELS, Birgitta SVENNINGSSON, Erik SWIETLICKI,
Mattias HALLQUIST, Ravi PATHAK

p2-aas-aap-148 The eﬀect of brown Carbon on thermal-optical analysis: a correction based on optical multi-wavelength analysis.
Dario MASSABÒ, Vera BERNARDONI, Maria Chiara BOVE, Paolo BROTTO, Lorenzo CAPONI, Gianluigi VALLI, Roberta VECCHI, Paolo PRATI

p2-aas-aap-149 Source Apportionment of Carbonaceous Aerosols in an Eastern mediterranean megacity, Istanbul:
Insights from Radiocarbon measurements.
Fatma OZTURK, Keles MELEK, Banu CETIN, Alper UNAL, Stephane SAUVAGE, Charbel AFIF, Agnes BORBON

p2-aas-aap-150 long term measurements of carbonaceous aerosols in pmx, barcelona, Spain-Inﬂuence of African dust.
Angeliki KARANASIOU, Catarina LEAL, Teresa MORENO, Noemi PEREZ, Andres ALASTUEY

p2-aas-aap-151 Seasonal variations of stable carbon isotopic composition of ﬁne atmospheric aerosol from three
distinct sites, lithuania.
Agne MASALAITE, Andrius GARBARAS, Genrikas MORDAS, Vidmantas ULEVICIUS , Vidmantas REMEIKIS

p2-aas-aap-152 proﬁling of organic matter in submicron aerosols using DRI thermal carbon analyzer and protonTransfer-Reaction mass Spectrometer.
Christian Mark SALVADOR, Charles C. -K. CHOU, M. -J. CHEN, W. -R. HUANG, S. -H. HUANG

p2-aas-aap-153 Attribution of aerosol light absorption to black carbon and brown carbon.
Sang-Woo KIM, C. CHO, D. JO, R.j. PARK, M. LEE, J.a. OGREN

p2-aas-aap-154 photophoretic transport of fractal-like soot aggregates in stratosphere.
Sergey BERESNEV, Luiza KOCHNEVA, Victor GRYAZIN, Maria VASILJEVA

p2-aas-aap-155 Specialized aerosol solver for calculation of photophoretic motion characteristics of soot aggregates
in stratosphere.
Victor GRYAZIN, Sergey BERESNEV, Luiza KOCHNEVA, Maria VASILJEVA

p2-aas-aap-156 Carbonaceous aerosol emissions from biomass burning cook stoves in western India.
Sarika DAVULURI, Maheshinderjeet GARG, Chandra VENKATARAMAN, Harish PHULERIA

p2-aas-aap-157 black carbon in pristine environment: a study of two hemispheres.
Darius CEBURNIS, Dantong LIU, Jurgita OVADNEVAITE, James ALLAN, Hugh COE, Manuel DALL'OSTO, Colin O'DOWD

p2-aas-aap-158 physicochemical and optical properties of combustion-generated particles from Ship Diesel Engines.
Hwajin KIM, Seongcheol JEONG, Jin HYOUN CHER , Jin Young KIM
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atmospHEriC aErosoL stuDiEs

POSTER SESSION

Poster area

SECONDARy ORGANIC AEROSOl
p2-aas-aap-159 Atmospheric transformation of volatile organic compounds released from small-scale wood combustion.
Anni HARTIKAINEN, Petri TIITTA, Pasi YLI-PIRILÄ, Ari LESKINEN, Miika KORTELAINEN, Jorma JOKINIEMI, Olli SIPPULA

p2-aas-aap-160 Fog and organic aerosol interaction: Chemistry, composition and signiﬁcance.
Abhishek CHAKRABORTY, Sachchida TRIPATHI, Tarun GUPTA, Barbara ERVENS, Manjula CANAGARATNA

p2-aas-aap-161Contributions of biogenic volatile organic compounds to the formation of secondary organic aerosols, lithuania.
Steigvilė BYČENKIENĖ, Kristina PLAUŠKAITĖ, Vidmantas ULEVICIUS

p2-aas-aap-162 Aqueous phase oligomerization of alpha, beta-unsaturated carbonyls and acids investigated using
ion mobility spectrometry coupled to mass spectrometry (ImS-mS).
Pascal RENARD, Sabrine TLILI, Sylvain RAVIER, Etienne QUIVET, Anne MONOD

p2-aas-aap-163Temperature depending emissions of biogenic secondary organic aerosol and relationship with bVOC.
Kristina PLAUŠKAITĖ, Julija PAURAITĖ, Steigvilė BYČENKIENĖ, Genrik MORDAS, Vidmantas ULEVICIUS

p2-aas-aap-164 Inﬂuence of isoprene emission on secondary organic aerosols near a source region: A case study
during the ChArmEx campaign simulated with the meso-scale meso-Nh model.
Maud LERICHE, Claire DELON, Pierre TULET, Corinne JAMBERT, Pierre DURAND, Agnès BORBON, Evelyn FRENEY, Aurélie COLOMB, Karine
SELLEGRI, Cécile GAIMOZ, Anais FERON, Sylvain TRIQUET

p2-aas-aap-165 Radical production from photosensitization of imidazoles, benzophenone and 4-bbA.
Pablo CORRAL ARROYO, Thorsten BARTELS-RAUSCH, Markus AMMANN

p2-aas-aap-166 Secondary organic aerosol formation from aircraft turbine engine exhaust.
Dogushan KILIC, Ru-Jin HUANG, Benjamin BREM, Lukas DURDINA, Imad EL HADDAD, Felix KLEIN, Avi LAVI, Simone PIEBER, Theo RINDLISBACHER, Yinon RUDICH, Jing WANG, Jay SLOWIK, Urs BALTENSPERGER, Andre PREVOT

p2-aas-aap-167 SOA formation from anthropogenic and biogenic precursors: comparison to outdoor chamber experiments, eﬀect of oligomerization and reactive uptake of aldehydes.
Florian COUVIDAT, Marta GARCIA-VIVANCO, Bertrand BESSAGNET

p2-aas-aap-168Wall losses during secondary organic aerosol formation and aging in an aluminium simulation chamber.
Claudia MOHR, Harald SAATHOFF, Wei HUANG, Xiaoli SHEN, Karl-Heinz NAUMANN

p2-aas-aap-169 Importance of solubility for climate impacts of organic aerosol.
Narges RASTAK, Ilona RIIPINEN, Aki PAJUNOJA, Juan Camilo ACOSTA NAVARRO, Yu Jun LEONG, K CERULLY, Athanasios NENES, Alf KIRKEVÅG,
David TOPPING, Annele VIRTANEN

p2-aas-aap-170 Semivolatile gas-phase compounds and organic aerosol composition measured by thermal-desorption proton-transfer-reaction mass-spectrometry (TD-pTR-mS).
Rupert HOLZINGER, Juliane FRY, Anwar KHAN, Stephanie SHAW

p2-aas-aap-171 Secondary organic aerosol emissions from a ﬂexi-fuel gasoline engine operated with gasolineethanol blends: ﬁrst results with the new photochemical emissions aging reactor.
Mika IHALAINEN, Petri TIITTA, Miika KORTELAINEN, Martin SKLORZ, Benjamin STENGEL, Laarnie MÜLLER, Kohlmeier VESTA, Gert JAKOBI,
Anni HARTIKAINEN, Thorsten STREIBEL, Ralf ZIMMERMANN, Jorma JOKINIEMI, Olli SIPPULA

p2-aas-aap-172 Development of Flow Reactor for Secondary Organic Aerosol Formation.
Zaeem BARBA, Jun-Hyun PARK, Ho-Jin LIM

p2-aas-aap-173 Formation of nitrogen-containing low volatile compounds from biogenic carbonyl compoundsamine reactions: A laboratory and ﬁeld study.
Geoﬀroy DUPORTE, Jevgeny PARSHINTSEV, Luis M. F. BARREIRA, Kari HARTONEN, Markku KULMALA, Marja-Liisa RIEKKOLA

p2-aas-aap-174 Impacts of diﬀerent representations of SOA on simulated trends: multi-model analysis in the framework of the Eurodelta-Trends exercise.
Valentin RAFFORT, Y. ROUSTAN, A. COLETTE, B. BESSAGNET, F. COUVIDAT, H. FAGERLI, S. TSYRO, P. WIND, M. GARCIA VIVANCO, M. THEOBALD, A.
MANDERS, K. MAR, T. BUTLER, N. OJHA, A. POZZER, M. MICEA, G. BRIGANTI, A. CAPPELLETTI, M. ADANI, M. D’ISIDORO, M. T. PAY, K. CUVELIER

p2-aas-aap-175 Applying multivariate statistical methods to herbivore induced plant volatile measurement data.
Santtu MIKKONEN, Angela BUCHHOLZ, Eetu KARI, Liqing HAO, Annele VIRTANEN, Celia FAIOLA

p2-aas-aap-176 Impact of seed composition and aerosol acidity on volatility of secondary organic aerosol compounds
formed from α-pinene ozonolysis.
Matthieu RIVA, Otso PERÄKYLÄ, Liine HEIKKINEN, Mikael EHN
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p2-aas-aap-177 Formation of highly Oxygenated multifunctional compounds and Secondary Organic Aerosol from
Oh- and O3-oxidation of alpha-pinene under diﬀerent environmental conditions.
Otso PERÄKYLÄ, Nina SARNELA, Chao YAN, Joel THORNTON, Emma D'AMBRO, Siegfried SCHOBESBERGER, Jiumeng LIU, John SHILLING, Mikael EHN

p2-aas-aap-178 Characterization of physical and Chemical properties of 3-methyl-1,2,3-butanetricarboxylic acid
(mbTCA) aerosol.
Evangelia KOSTENIDOU, Eleni KARNEZI, Rafal SZMIGIELSKI, Spyros PANDIS

p2-aas-aap-179 Determination of selected organic species in pm2.5 aerosol from a summer ﬁeld campaign at kpuszta, hungary.
Magda CLAEYS, X. CHI, W. WANG, F. YASMEEN, R. VERMEYLEN, W. MAENHAUT

p2-aas-aap-180 Chemical composition studies of laboratory-made α-pinene SOA by NmR.
Sarmite kATkEVICA, Andreas hElD
p2-aas-aap-181 Experimental determination of the partitioning coeﬃcient of important bVOC oxidation products
at the atmospheric simulation chamber SAphIR.
Georgios GKATZELIS, Philipp EICHLER, Thorsten HOHAUS, Martin KAMINSKI, Markus MÜLLER, Patrick SCHLAG, Sebastian SCHMITT, Ralf
TILLMANN, Robert WEGENER, Kang-Ming XU, Zhujun YU, Rupert HOLZINGER, Armin WISTHALER, Astrid KIENDLER-SCHARR

p2-aas-aap-182 photo-induced transformation of typical biomass burning organic species: a pathway to secondary
humic like Substances (huliS) formation.
Francesco BARSOTTI, François LESTREMAU, Caudine CHATELLIER, Davide VIONE, Alexandre ALBINET

p2-aas-aap-183 The impact of molecular structure and chemical functionality on aerosol hygroscopicity.
Reid JONATHAN, Alex COWLING, Rachael MILES, Aleks MARSH, Grazia ROVELLI

p2-aas-aap-184 high-NOx photooxidation of n-dodecane: Inﬂuence of temperature and relative humidity on secondary organic aerosol formation.
Houssni LAMKADDAM, Aline GRATIEN, Edouard PANGUI, Mathieu CAZAUNAU, Marc DAVID, Jean-Michel POLIENOR, Cécile GAIMOZ, Bénédicte PICQUET-VARAULT, Jean-François DOUSSIN

p2-aas-aap-185Characterization of primary and secondary wood emissions for diﬀerent combustion devices and conditions.
Deepika BHATTU, Giulia STEFENELLI, Peter ZOTTER, Jun ZHOU, Thomas NUSSBAUMER, Amelie BERTRAND, Nicolas MARChAND, b. TEMIME-ROUSSEL, Urs BALTENSPERGER, J. G. SLOWIK, A. S. H. PREVOT, I. Ei HADDAD, Josef DOMMEN

p2-aas-aap-186The Role of photochemistry in Secondary Aerosol Formation and Evolution during high particulate
matter Episodes at a Suburban Site in hong kong.
Yiming QIN, Yongjie LI, Dandan HUANG , Berto P. LEE, Chak K. CHAN

p2-aas-aap-254 Online atmospheric pressure chemical ionization high resolution mass spectrometry (ApCI-Orbitrap-mS²) for characterization of the SOA molecular composition.
Christoph ZUTH, Alexander VOGEL, Sara OCKENFELD, Thorsten HOFFMANN

p2-aas-aap-255 beneﬁts of cross modelling and ﬁeld measurement approaches on the evaluation of SOA distribution:
a case study in Grenoble, France.
Grazia LANZAFAME, Deepchandra SRIVASTAVA, Florian COUVIDAT, Olivier FAVEZ, Bertrand BESSAGNET, Alexandre ALBINET

p2-aas-aap-256The evolution of α-pinene SOA at low temperatures: What is the inﬂuence of warm and cold conditions during SOA formation on its chemical composition?
Wei HUANG, Harald SAATHOFF, Karl-Heinz NAUMANN, Aki PAJUNOJA, Annele VIRTANEN, Claudia MOHR

P2-AAS-AAP4
16:10 - 18:10
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mARINE AEROSOlS
p2-aas-aap-187 Sea spray aerosol ﬂuxes comparison: European Arctic vs. the baltic Sea.
Piotr MARKUSZEWSKI, Tomasz PETELSKI, Przemysław MAKUCH, Tymon ZIELIŃSKI, Paulina PAKSZYS

p2-aas-aap-188 Sea spray aerosol concentration comparison: European Arctic vs. the baltic Sea.
Tomasz PETELSKI, Piotr MARKUSZEWSKI, Przemysław MAKUCH, Tymon ZIELIŃSKI, Paulina PAKSZYS

p2-aas-aap-189 Chemical characterization of ambient aerosol over the Tyrrhenian Sea.
Maria CATRAMBONE, Stefano DALLA TORRE, Giulio ESPOSITO , Cinzia PERRINO

p2-aas-aap-190Implications of Interfacial photochemistry for Secondary Organic Aerosol Formation over Aquatic Environments.
Martin BRÜGGEMANN, Peter ALPERT, Raluca CIURARU, François BERNARD, Stephanie ROSSIGNOL, Liselotte TINEL, Sebastien PERRIER,
Yoan DUPART, D. James DONALDSON, Christian GEORGE
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p2-aas-aap-191 Cloud condensation nuclei (CCN) potential of Antarctic marine aerosols.
Kirsten FOSSUM, J. OVADNEVAITE, D. CEBURNIS, M. DALL’OSTO, R. SIMO, C. O’DOWD

p2-aas-aap-192 A case study of aerosol trace element deposition to moroccan coastal waters.
58

Rachel SHELLEY, Géraldine SARTHOU, Georges TYMEN, Rémi LOSNO, Luis TITO DE MORAIS, Raymond LAE, Ali BENRHA, Fatimazohra BOUTHIR

p2-aas-aap-193 Development of Combustion Device using Catalyst and Dielectric barrier Discharge.
Yusuke NOZAKI, Yoshiyasu EHARA, Joe ENOMOTO, Takashi INUI, Yukio AOKI

p2-aas-aap-194 Emission events characterization of marine aerosol in a shoreline site.
Antonio DONATEO, Matteo RINALDI, Marco PAGLIONE, Silvia SANDRINI, Jurgita OVADNEVAITE, Darius CEBURNIS, Daniele CONTINI

p2-aas-aap-195 Inﬂuence of hole Diameter on hole-type Electrostatic precipitator.
Shun YOKOYAMA, Kouta YANAGAWA, Yoshiyasu EHARA, Joe ENOMOTO, Takashi INUI, Yukio AOKI

p2-aas-aap-196 Vertical proﬁles of the aerosol eﬀective radius in the marine boundary layer over the baltic Sea.
Przemysław MAKUCH, Tomasz PETELSKI, Piotr MARKUSZEWSKI, Małgorzata CISEK, Tymon ZIELIŃSKI, Tadeusz STACEWICZ, Stefan SITAREK

p2-aas-aap-264 update on the Chemistry-Aerosol mediterranean Experiment (ChArmEx, 2010-2020).
François DULAC, E. HAMONOU, I. ANNESI-MAESANO, M. BEEKMANN, K. DESBOEUFS, L. EL AMRAOUI, P. FORMENTI, B. LAURENT, M. MALLET,
L. MENUT, M. MONIER, P. NABAT, J. B. RENARD, P. RICAUD, A. DI SARRA, S. SAUVAGE, J. SCIARE, K. SELLEGRI, M. SICARD, F. SOLMON, Other
CHARMEX PARTICIPANTS
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mINERAl DuST
p2-aas-aap-197using koschmieder theory to develop a simple proxy for suspended dust concentrations based on visual range.
Nic SURAWSKI, Spyros BEZANTAKOS, George BISKOS

p2-aas-aap-198 Temporal variability of mineral dust in southern Tunisia: analysis of 2 years of pm10 concentration,
aerosol optical depth, and meteorology monitoring.
Christel BOUET, Mohamed Taieb LABIADH, Jean Louis RAJOT, Gilles BERGAMETTI, Béatrice MARTICORENA, Saâd SEKRAFI, Mohsen LTIFI,
Anaïs FERON, Thierry HENRY DES TUREAUX

p2-aas-aap-199 Contribution and impact of desert dust outbreaks for a long-term period in a site of the Western
mediterranean basin.
D. MATEOS, Victoria CACHORRO, M. A. BURGOS, C. TOLEDANO, C. VELASCO-MERINO, R. GONZÁLEZ, C. GUIRADO, A. CALLE, A. M. DE FRUTOS

p2-aas-aap-200 Characterization of mineral dust aerosols: emphasis on columnar microphysical properties and surface mass concentration.
M. A. BURGOS, D. MATEOS, Victoria CACHORRO, C. TOLEDANO, A. M. DE FRUTOS

p2-aas-aap-201 levels of metals/metalloids of pm10 and pm2.5 generated by aeolian erosion of mining wastes of
former ﬂuorite mine in semi-arid climate: Case of hammam Zriba (Tunisia).
Chaima DJEBBI, Xavier QUEROL, Oriol FONT, Fredj CHAABANI

p2-aas-aap-202 Asbestos ﬁber disintegration to nanosize range.
miroslav klÁN, Jan hOVORkA
p2-aas-aap-203Indirect Estimation via Dispersion modelling of pm Emission Factors for Surface phosphate mining Activities.
Dmitry TARTAKOVSKY, Eli STERN, David BRODAY

p2-aas-aap-204 Dust events over kuwait inferred from micropulse lidar soundings.
Jean-François LÉON, Ismail SABBAH, Benjamin GUINOT, Faisal AL SHARIFI

p2-aas-aap-205 Decrease of tropospheric ozone concentrations associated with Saharan dust outbreaks.
Ruben SOLER, Jose NICOLAS, Sandra CABALLERO, Eduardo YUBERO, Javier CRESPO, Nuria GALINDO, Montse VAREA, Juan GIL-MOLTÓ,
Ramón CASTAÑER, Carlos PASTOR

p2-aas-aap-206Impact of Saharan dust outbreaks on the chemical composition of pm10 at mt. Aitana (southeastern Spain).
Nuria GALINDO, Eduardo YUBERO, Jose Francisco NICOLÁS, Montse VAREA, Ramón CASTAÑER, Domínguez CABALLERO, Juan GIL-MOLTÓ,
Carlos PASTOR, Javier CRESPO

p2-aas-aap-257 Global scale variability of the mineral dust longwave refractive index from new in situ chamber
measurements.
Claudia DI BIAGIO, Paola FORMENTI, Yves BALKANSKI, Lorenzo CAPONI, Mathieu CAZANAU, Edouard PANGUI, Emilie JOURNET, Sophie
NOWAK, Sandrine CAQUINEAU, Meinrat ANDREAE, Konrad KANDLER, Thuraya SAEED, Stuart PIKETH, David SEIBERT, Earle WILLIAMS,
Jean-Francois DOUSSIN
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p2-aas-aap-258 Estimate atmospheric ﬂuxes of nutrients and trace metals using an atmospheric deposition collection
system in the Western mediterranean Sea.
Fu YINGHE, Desboeufs KARINE, Vincent JULIE, Laurant BENOIT, Bon-Nguyen ELISABETH, Losno RÉMI, Dulac FRANÇOIS

p2-aas-aap-259 Evaluation of the impact of quarrying activities on pm concentration and chemical composition:
First results of the EmCAIR project.
Jean SCIARE, S. VERMEESCH, A. PATRON-ANQUEZ, K. OIKONOMOU, M. TSAGARAKI, N. MIHALOPOULOS

p2-aas-aap-260 Estimate atmospheric ﬂuxes of nutrients and trace metals using an atmospheric deposition collection
system in the Western mediterranean Sea.
Fu YINGHE, Desboeufs KARINE, Vincent JULIE, Bon-Nguyen ELISABETH, Laurant BENOIT, Losno RÉMI, Dulac FRANÇOIS

P2-AAS-AAP6
16:10 - 18:10
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p2-aas-aap-207 Eﬀects of maintenance works and ventilation settings on the pm concentrations in subway platforms.
Teresa MORENO, Cristina RECHE, Maricruz MINGUILLÓN, Vania MARTINS, Marta CAPDEVILA, Sonia CENTELLES, Eladio DE MIGUEL, Xavier QUEROL

p2-aas-aap-208 French Network on ultraﬁne particles monitoring: ﬁrst results.
Alexandre THOMASSON, P. Y. GUERNION, B. MESBAH, F. ROZE, Olivier LE BIHAN

p2-aas-aap-209 Continuous measurement of ambient aerosol liquid water content in beijing.
Oscar FAJARDO, Jiming HAO, Jingkun JIANG

p2-aas-aap-210 Study of brake wear particle emissions of a minivan on a chassis dynamometer.
Leonidas CHASAPIDIS, Theodoros GRIGORATOS, Alexandra ZYGOGIANNI, Apostolos TSAKIS, Francesco RICCOBONO, Athanasios KONSTANDOPOULOS

p2-aas-aap-211 Researches on atmospheric single particle characteristics during haze periods in October, 2014 in
beijing, China.
Bai ZHIPENG , Zhang WENJIE, Liu LANG, Zhang RUI, Han BIN, Yang WEN, Wang WAN

p2-aas-aap-212 Characterization of reactive oxygen species in airborne particles from São paulo megacity.
Gisele ROCHA, Xiaobi KUANG, Adlin SCOTT, Nilmara ALVES, Perola VASCONCELLOS, Suzanne PAULSON

p2-aas-aap-213 Determination of airborne polycyclic aromatic compounds exhausted from buses.
Aldenor SANTOS, Gisele ROCHA, Jailson ANDRADE

p2-aas-aap-214 Residential heating as main cause of urban air pollution; case study from the Czech Republic.
Miroslav KLAN, Cecilia LEONI, Jan HOVORKA, Jan BENDL

p2-aas-aap-215 Organic markers and compounds in pm1 aerosol in small town near prague (Czech Republic) in
winter 2016.
Kamil KRUMAL, Pavel MIKUSKA, Pavel COUFALIK, Zbynek VECERA

p2-aas-aap-216 The contribution of biomass burning to pAh concentrations in budapest in wintertime.
Gyula KISS, Diána LÉVAI, Tibor AJTAI, Kornélia IMRE, Ágnes MOLNÁR, Ádám TÓTH, András HOFFER

p2-aas-aap-217 balloon measurements of temperature, relative humidity, O3 and NOx vertical proﬁles and inversion
layer height observation in polluted urban atmosphere.
Jan BENDL, Vlasta ŠVECOVÁ, Jan HOVORKA

p2-aas-aap-218 Fine particle aerosol and black carbon in Suva, Fiji.
Cynthia ISLEY, P. F. NELSON, M. P. TAYLOR, F. MANI, M. MAATA, D. COHEN, E. STELCER, A. J. ATANACIO

p2-aas-aap-219 Characterisation of ambient ﬁne and ultraﬁne aerosol particulate matter in Suva, Fiji.
Cynthia ISLEY, P. F. NELSON, M. P. TAYLOR, M. MAZAHERI, F. FUOCO, L. MORAWSKA

p2-aas-aap-220 uFp concentrations over some grids of paired meteorological data.
Libor HEJKRLÍK, Helena PLACHÁ, Dáša RICHTEROVÁ

p2-aas-aap-221 Three years of balloon-borne and ground-based measurements of urban pollution by the light aerosol counter lOAC: assessment and perspective.
Jean-Baptiste RENARD, Jean-Charles DUPONT, Karine LEGER, Jérome GIACOMONI, Joris LEGLISE, Gwenael BERTHET, Benoit COUTE, Vincent
DUVERGER, Matthieu JEANNOT

p2-aas-aap-222 Direct observations of particulate matter dispersion over an urban area in helsinki.
Ville VAKKARI, Ewan J. O'CONNOR, Anne HIRSIKKO, Anu KOUSA
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p2-aas-aap-223 Source Apportionment of Atmospheric pm2.5 at a Coastal City in Southern Taiwan.
Sheng-Lun LIN, Hung-Yi LU, Wen-Jhy LEE, Guo-Ping CHANG-CHIEN

p2-aas-aap-224 Characteristics of wintertime carbonaceous aerosols in Seoul, korea.
60

Jeongeun KIM, Jeeyoung HAM, Hae-Jung LEE, Joowan CHA, Sang Boom RYOO

p2-aas-aap-225 physical characterization of tire wear particles emitted from eco-friendly tires under constant
driving speed.
Seokhwan LEE, Inyong PARK, Janghee LEE

p2-aas-aap-226 Organic and inorganic characterization of particulate matter collected in the vicinities of a petrochemical complex in São paulo, brazil.
Soﬁa CAUMO, Danilo CUSTÓDIO, Célia ALVES, Perola VASCONCELLOS

p2-aas-aap-227 Temporal and spatial particulate matter distribution in a complex hot spot.
Francisco J. GÓMEZ-MORENO, Begoña ARTIÑANO, Elias DIAZ RAMIRO, Sotiris VARDOULAKIS, Sani DIMITROULOPOULOU, Carlos YAGÜE,
Gregorio MAQUEDA, Carlos ROMÁN-CASCÓN, Mariano SASTRE, Rafael BORGE, Adolfo NARROS, Christina QUAASSDORFF, Enrique LATORRE

p2-aas-aap-228 Spatial Distribution of pm2.5-bound polycyclic Aromatic hydrocarbon (pAhs) over xi’an nine communities of northwest China.
Hongmei XU, J. J. CAO, M. L. GAO, B. GUINOT

p2-aas-aap-229 hopanes in particulate matter from two road tunnels of the São paulo metropolitan Area.
C.a. ALVES, A.m. VICENTE, S. ROCHA, P.c. VASCONCELOS, Estela VICENTE

p2-aas-aap-230 Outdoor pm2.5 and black carbon exposure assessment in mumbai urban slums.
Abhay ANAND, Harish PHULERIA

p2-aas-aap-231 urban air pollution dynamics assessment by use of 222Radon in the lower atmosphere.
Maria ZORAN, Roxana SAVASTRU, Dan SAVASTRU, Adrian DIDA

p2-aas-aap-235 Chemical Composition of Aerosols in a heavily Industrialized Region of Turkey, Dilovasi/kOCAElI.
Fatma OZTURK, Keles MELEK, Sema YURDAKUL, Banu CETIN

p2-aas-aap-261 molecular characterization of organic aerosol from European and Chinese cities: an ultrahigh resolution mass spectrometry study.
Kai WANG, Rujin HUANG, Christopher KAMPF, Yafang CHENG, Ulrich PÖSCHL, Thorsten HOFFMANN

p2-aas-aap-262 methodologies to Estimate of NOx Emission from mobile Sources in Republic of korea.
Na Kyung KIM, Ji Hyung HONG, Yong Pyo KIM

p2-aas-aap-263 bioaccessibility of metals in size fractions of road dust and roadside soils in the city of Turin (Italy).
Elio PADOAN, Fulvio AMATO, Franco AJMONE MARSAN

P2-AAS-AAP7
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AEROSOl AND RADIOACTIVITy
p2-aas-aap-232 The radioactivity of airborne volcanic ash.
Olivier MASSON, Jean-Christophe SABROUX, Donato D'AMICO, Magali BEGUIN-LEPRIEUR

p2-aas-aap-233 properties of depositional ﬂuxes of radionuclides at málaga (coastal mediterranean station).
Mª Concepcion DUEÑAS, E. GORDO, S. CAÑETE, E. LIGER, M. CABELLO, M. PÉREZ

p2-aas-aap-234 An alternative age constraint of snowpit at Dome Fuji, Antarctica by plutonium concentrations.
Heejin HWANG, Yeongcheol HAN, Jeonghoon LEE, Hideaki MOTOYAMA

P2-AMT-INST1
16:10 - 18:10

aErosoL mEasurEmEnt tECHniquEs
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Poster area

AEROSOl STANDARDS AND NEW DEVElOpmENTS
p2-amt-inst-001 Round- Robin evaluation of the methodology for ﬁltration eﬃciency tests in diﬀerent ﬁlter media
against nanoparticles.
Panagiota SACHINIDOU, Shawn S.c. CHEN, David Y.h. PUI, Paolo TRONVILLE, Thomas MOSIMANN, Mikael ERIKSSON, Jing WANG

p2-amt-inst-002 Generation of monomobile mobility standards with three aerosol neutralizers.
Iris BRODACZ, Manuel ORZAN, Lorenz WITEK, Harald SCHUH, Regina HITZENBERGER, Gerhard STEINER
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p2-amt-inst-003 Real-time Instrument for Aerosol mass Distribution measurement.
Modi CHEN, Francisco ROMAY, Lin LI, Amir NAQWI, Virgil MARPLE

p2-amt-inst-004 A novel probe to investigate corrosion relevant particles in boilers of waste incineration plants.
Stefan SCHUMACHER, Jörg LINDERMANN, Burkhard STAHLMECKE, Dirk JARZYNA, Amit KHOT, Thomas ZEINER, Till VAN DER ZWAAG, Hermann NORDSIECK, Ragnar WARNECKE, Christof ASBACH

p2-amt-inst-005 Comparison of the responses of a novel nanoparticle measurement device with commonly used
aerosol instruments.
Jani LESKINEN, Mika IHALAINEN, Erkka SAUKKO, Kauko JANKA, Jorma JOKINIEMI, Mirella MIETTINEN

p2-amt-inst-006 Coded ring sensor array for the local detection of charged particles.
Wolfgang MOELTER-SIEMENS, Siegfried OPIOLKA, Ahmed BANKODAD, Stefan HAEP, Christof ASBACH

p2-amt-inst-007 Single particle Extinction and Scattering (SpES) allows the characterization of aerosol optical properties.
Federico MARIANI, Lorenzo CREMONESI, Tiziano SANVITO, Bruno PAROLI, Alberto PULLIA, Marco POTENZA

p2-amt-inst-008 Design and calibration of non-sheathed butanol CpC sensitive to 1 nm particles.
David PICARD, Michel ATTOUI, Karine SELLEGRI

p2-amt-inst-009 Combustion aerosol standard generator for aeronautic fuel.
David DELHAYE, Ismael Kenneth ORTEGA, Lianpeng JING, David LEDUR, Daniel FERRY, Cornelia IRIMIEA, Claire PIRIM, Bertrand CHAZALLON,
Cristian FOCSA, François-Xavier OUF, François SALM, Xavier VANCASSEL

p2-amt-inst-010 A harmonized method for monitoring the Number Concentration of ultraﬁne particles in Atmospheric Aerosol.
Juergen SPIELVOGEL, Oliver BISCHOF, Jacob SCHECKMAN, Brian OSMONDSON, Hans-Georg HORN

p2-amt-inst-011 Experimental investigation of aerosol particle composition and growth rates.
Daniela WIMMER, Juha KANGASLUOMA, Paul WINKLER, Markku KULMALA, Tuukka PETAJA

p2-amt-inst-012 Aerosol Cu ultra Fine Nanoparticles Size by xRD vs bundle Diﬀusion batteries.
Stefano DI STASIO, Andrei ONISCHUK, Giuseppe MOCCI

p2-amt-inst-051 CFD simulations to enhance the performance of an axial mobility classiﬁer for ionic molecular clusters.
Markus LEIMINGER, Lukas FISCHER, Martin BREITENLECHNER, Werner JUD, Armin HANSEL, Gerhard STEINER

p2-amt-inst-013 Development of a miniature Electrical ultraﬁne particle Sizer (mini-eupS).
Qiaoling LIU, Da-Ren CHEN

p2-amt-inst-014 use of tubes made of electrostatic dissipative materials for sizing sub - 10 nm particles.
Nic SURAWSKI, Konstantinos BARMPOUNIS, Spyros BEZANTAKOS, George BISKOS

p2-amt-inst-015 precise determination of pm mass fractions with an advanced nephelometer.
Heinrich DR. IGLSEDER, Markus DR. PESCH, Mathias DR. BARTHEL, Volker ZIEGLER, Achim EDFELDER

P2-AMT-INST2
16:10 - 18:10
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INSTRumENT CAlIbRATION, ACCuRACy AND COmpARAbIlITy
p2-amt-inst-016 The accuracy of the DmA-Apm mass measurement for sub-50 nm nanoparticles.
Boxi LIAO, Neng-Chun TSENG, Chun-Wan CHEN, Shi-Nian UANG, Cheng-Yao CHEN, Chuen-Jinn TSAI

p2-amt-inst-017 Optimizing the particle counting eﬃciency of the Grimm 5.412 CpC for airborne sub 4nm particles
and clusters.
Manuel ORZAN, Iris BRODACZ, Lorenz WITEK, Harald SCHUH, Paul WINKLER, Regina HITZENBERGER, Gerhard STEINER

p2-amt-inst-018 Dynamic light scattering: a numerical standard.
Annie GARO, Sawitree SAENGkAEW
p2-amt-inst-019 A new data inversion algorithm for Scanning mobility particle Sizers.
Lars HUNZIKER, Felix LÜÖND , Kevin AUDERSET, Cédric BLASER, Konstantina VASILATOU

p2-amt-inst-021 The REDmAAS 2015 intercomparison campaign (CpC+ long/nano-SmpS+uFpm): First results.
Francisco J. GÓMEZ-MORENO, Elisabeth ALONSO, Begoña ARTIÑANO, Jesús RODRÍGUEZ-MAROTO, Enrique ROJAS, María PIÑEIRO IGLESIAS,
Puriﬁcación LÓPEZ MAHÍA, Noemí PÉREZ, Andrés ALASTUEY, Gloria TITOS, Lucas ALADOS-ARBOLEDA, Esther BORRÁS, Amalia MUÑOZ,
Torsten TRITSCHER, Enrique LATORRE

p2-amt-inst-022 Investigating measurement accuracy and precision of a commercial ice nuclei counter SpIN with
a series of mineral dust experiments.
Kimmo KORHONEN, Mika KOMPPULA, Kari LEHTINEN, Annele VIRTANEN
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p2-amt-inst-023 Determination of the uFp_3031 uncertainty on Number Concentration regarding Ambient Air
particle monitoring.
Olivier LE BIHAN, M. DALLE, Alexandre THOMASSON, F. PIN, B. MESBAH, P. BOURQUIN, O. FAVEZ
62

p2-amt-inst-024 Evaluation of accuracy of ﬁne particulate matter (pm10) automatic measuring instruments in the
air pollution monitoring network.
Hyon Ho KIM, Sang Bong HAN, Jae Yong LEE, Joong Bo PARK, Jung Seop ROH, Jin Sang JUNG, Sangil LEE

p2-amt-inst-025 Comparison of diﬀerent techniques for aerosol surface area size distribution measurements: CEpI,
ElpI and SmpS.
Maria GINI, Luis MENDES, Konstantinos ELEFTHERIADIS

p2-amt-inst-026 A calibration procedure adapted to measure in real-time droplet size distribution of e-cigarette
aerosols.
Pascal PRATTE, Stéphane COSANDEY, Catherine GOUJON GINGLINGER

p2-amt-inst-027 Real-time aerosol monitoring of lFS produced silver nanoparticles with DENSmO.
Paxton JUUTI, Janne HAAPANEN, Juha HARRA, Jyrki MÄKELÄ

p2-amt-inst-028 Comparison of condensation particle counters (CpCs) intended for workplace measurements.
Carsten MÖHLMANN, Volker NEUMANN, Christian MONZ, Dirk DAHMANN, Christof ASBACH, Heinz KAMINSKI, Ana Maria TODEA

P2-AMT-INST3
16:10 - 18:10

aErosoL mEasurEmEnt tECHniquEs

POSTER SESSION

Poster area

OpTICAl, ElECTRICAl AND GRAVImETRIC mEASuREmENT TEChNIquES
p2-amt-inst-029 mobile lidar measurement of anthropogenic atmospheric phenomenon.
Yunhui ZHENG

p2-amt-inst-030 Development of a photothermal interferometer for aerosol absorption measurements.
Staﬀan SJOGREN, Ernest WEINGARTNER, Heinz BURTSCHER

p2-amt-inst-031 quality of digital images as means of ambient ﬁne pm assessment.
Tamar YACOBI, Yael ETZION, Rohan JAYARATNE, Md Mahmudur RAHMAN, Lidia MORAWSKA, Barak FISHBAIN

p2-amt-inst-032 multi-angle scattering measurement chamber for structure factor measurement.
Zsoﬁa JURÁNYI, Markus LOEPFE, Heinz BURTSCHER

p2-amt-inst-033 On the use of the ﬁeld Sunset semi-continuous analyzer to measure equivalent black carbon
concentrations.
Nadezda ZIKOVA, Petr VODICKA, Wolfgang LUDWIG, Regina HITZENBERGER, Jaroslav SCHWARZ

p2-amt-inst-034 pulse-height Analysis with an unmodiﬁed monochromatic Condensation particle Counter.
Konstantinos BARMPOUNIS, Ananth RANJITHKUMAR, Andreas SCHMIDT-OTT, Michel ATTOUI, George BISKOS

p2-amt-inst-035 Detection of aerosols using laser-Induced breakdown Spectroscopy (lIbS).
Christophe DUTOUQUET

p2-amt-inst-036 A thermodenuder assisted dual-wavelength dual cell photoacoustic aerosol analyser with enhanced
source apportionment capability.
Máté PINTÉR, Noémi UTRY, Gábor GULYÁS, Gergely KISS-ALBERT, Tibor AJTAI, Gábor SZABÓ, Zoltán BOZÓKI

p2-amt-inst-037 A study of Saharan dust and biomass burning by using Raman liDAR and sun- photometer measurements in ShADOW2 campaign.
Qiaoyun HU, Philippe GOLOUB, Oleg DUBOVIK, Thierry PODVIN, Igor VESELOVSKII, Valentyn BOVCHALIUK, Anton LOPATIN, Benjamin
TORRES, Didier TANRÉ, Christine DEROO, Tatsiana LAPIONAK, Fabrice DUCOS, Aboubacry DIALLO, David FUERTES

p2-amt-inst-038 Real-time separation between aerosolized Staphylococcus epidermidis and polystyrene latex particle of similar size distribution.
Ali MOHAMADI NASRABADI, Jangseop HAN, Milad MASSOUDI FARID, Sang-Gu LEE, Jungho HWANG

p2-amt-inst-039 Comparison between the Experimental and Theoretical Resolution of a Simple Three Outlet Diﬀerential mobility Analyzer.
Spyridon BEZANTAKOS, Maria GIAMARELOU, L. HUANG, Konstantinos BARMPOUNIS, Jason OLFERT, George BISKOS

p2-amt-inst-040 Collection of submicron aerosols by a passive sampler system using corona-charged resin surfaces.
M. P. KHAIRUNNISA, Ferry FAIZAL, Yosuke YAMADA, Masao GEN, Naoya HAMA, I. Wuled LENGGORO

p2-amt-inst-041 ppI personal thoracic aerosol sampler performance.
Peter GÖRNER, Alexis BOIVIN, Sébastien BAU
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p2-amt-inst-052 New developments for fast, high resolution and transmission DmA measurements.
Luis Javier PEREZ-LORENZO, Gonzalo ARRANZ, Mario AMO-GONZALEZ, Heinz BURTSCHER, Rafael CUESTA, Juan FERNANDEZ DE LA MORA

P2-AMT-INST4
16:10 - 18:10

aErosoL mEasurEmEnt tECHniquEs

POSTER SESSION

Poster area

COmpARISON AND ImplEmENTATION OF mEASuREmENT mEThODS
p2-amt-inst-042 Ground-based and balloon-borne aerosol cross comparisons with the aerosol counter lOAC.
Damien VIGNELLES, Jean-Baptiste RENARD, Gwenaël BERTHET, Fabrice JEGOU, Vincent DUVERGER, Benoit COUTE, François DULAC, Paul
ZIEGER, Matthew SALTER, Jérome GIACOMONI, Adam BOURASSA, Doug DEGENSTEIN, Landon RIEGER, Matthieu JEANNOT

p2-amt-inst-043 Dustiness of nanomaterial powders: comparison between the small rotating drum and the vortex
shaker methods.
Claire DAZON, Olivier WITSCHGER, Sébastien BAU, Raphael PAYET, Alexis BOIVIN, Keld A. JENSEN, Elżbieta JANKOWSKA

p2-amt-inst-044 Inﬂuence of the thermal–optical temperature protocol in the determination of OC and EC concentrations on samples collected in the surroundings of a cement plant.
Eduardo YUBERO, Nuria GALINDO, Jose Francisco NICOLÁS, Montse VAREA, Ramón CASTAÑER, Caballero SANDRA, Juan GIL, Carlos PASTOR, Javier CRESPO

p2-amt-inst-045 OECD-WpmN Dossiers from the Sponsorship programme – Review of the results for particle size
and particle size distribution.
Harald BRESCH

p2-amt-inst-046 Real-time Air quality monitoring with a Novel Aerosol pm monitor.
Torsten TRITSCHER, Robert ANDERSON, Ralf STEINHEUER, Jürgen SPIELVOGEL, Oliver BISCHOF

p2-amt-inst-047 urban air quality measurements in Finland and China using a ppS-m sensor.
Miikka DAL MASO, Anssi JÄRVINEN, Jian GAO, Heino KUULUVAINEN, Sampo SAARI, Jarkko NIEMI, Liisa PIRJOLA, Kauko JANKA, Jorma KESKINEN

p2-amt-inst-048 measurement of the number concentration of nanoparticles in suspensions with the use of an
electrospray source coupled with a liquid ﬂow meter and a scanning mobility particle sizer.
Guillaume BAUR, Konstantina VASILATOU

p2-amt-inst-049 Collection of cast soot particles with a particle into liquid sampler (pils).
Lorenz WITEK, Theresa HALLER, Anna WONASCHÜTZ, Gerhard STEINER, Harald SCHUH, Hinrich GROTHE, Regina HITZENBERGER

p2-amt-inst-050 Development of photochemical chamber system for the laboratory characterization of primary
and secondary vehicular exhaust from bio-ethanol.
Pedro OYOLA, Vasileios PAPAPOSTOLOU, Reyes REYES, Yeanice VÁSQUEZ, Ernesto GRAMSCH, Joy LAWRENCE

p2-amt-inst-053 Comparison of continuous-wave lII (“Sp2”) and pulsed-shot lII response to rbC measurement.
Jinfeng YUAN, Joel CORBIN, Martin GYSEL

P2-AT-ABN
16:10 - 18:10

aErosoL tECHnoLogy

POSTER SESSION

Poster area

AEROSOl TEChNOlOGy - AEROSOl bASED NANOTEChNOlOGy
p2-at-aBn-001 precursor inﬂuence on the granulometric and optical properties of ﬂame made titania.
Melanie STANZEL, Maximilian DOMASCHKE, Wolfgang PEUKERT

p2-at-aBn-002 One-step synthesis of atomically dispersed palladium on ttitania for NO removal.
Kakeru FUJIWARA, Sotiris PRATSINIS

p2-at-aBn-003 Catalytic conversion of glycerol with reduced Co2AlO4 nanoparticles produced by ﬂame spray pyrolysis.
Anna LÄHDE, Luis MODESTO-LOPEZ, Tommi KARHUNEN, Ricardo CHIMENTÃO, Jordi LLORCA, Mayra GARCIA ÁLVAREZ, Francesc MEDINA,
Jorma JOKINIEMI

p2-at-aBn-004 Optimizing nanoparticle production with aerosol instruments for antibacterial and photocatalytic
nanocoatings by liquid Flame Spray.
Janne HAAPANEN, Juha HARRA, Paxton JUUTI, Inge Hald ANDERSEN, Marianne GUNELL, Ruut KUMMALA, Koﬁ BROBBEY, Erkki EEROLA,
Jarkko J. SAARINEN, Martti TOIVAKKA, Pentti HUOVINEN, Lars Pleth NIELSEN, Jyrki MÄKELÄ

p2-at-aBn-005 Tuning of indium antimony nanoparticles generated with spark discharge.
Linus LUDVIGSSON, Masoomeh GHASEMI, Kimberly DICK THELANDER, Jonas JOHANSSON, Sepideh GORJI GHALAMESTANI, Knut DEPPERT
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p2-at-aBn-006 Thin conductive layers from Cu nanopowders produced by arc discharge.
M.s. BISHADY, Matthias STEIN, Einar KRUIS

p2-at-aBn-007 high-yield synthesis of Al2O3 and SnO2 nanoparticles by the multi-spark discharge generator.
64

Alexey EFIMOV, Ivan VOLKOV, Anna LIZUNOVA, Dmitry MYLNIKOV, Victor IVANOV

p2-at-aBn-008 Reactivity and structual change of protectant-substituted Ag nanoplates with DNAs.
Syuji TAKEMOTO, K. IWAI, H. NANJO, M. MIYAGAWA, H. TANAKA

p2-at-aBn-009 Synthesis of pt-graphene/TiO2 nanocomposite with enhanced photocatalytic hydrogen production
eﬃciency via water splitting.
Dan-Dan ZHENG, Qian ZHANG, Chang-Tang CHANG

p2-at-aBn-010 New semiconductor oxide nanocomposites obtained by aerosol-assisted chemical vapor deposition.
Isabel SAYAGO, José Pedro SANTOS, José Luis FONTECHA, Maria Jesús FERNÁNDEZ, María Del Carmen HORRILLO, Manuel ALONSO

p2-at-aBn-011 Surface composition during sintering of silver-gold alloyed nanoparticles.
Eirini GOUDELI, Sotiris E. PRATSINIS

p2-at-aBn-012 Numerical modelling of nucleation processes in gas phase.
V. V. MAKSIMENKO, Valery ZAGAYNOV, A. A. LUSHNIKOV, I. E. AGRANOVSKI, N. P. KALASHNIKOV, N. A. KLYACHIN

p2-at-aBn-013 Combined mathematical model of submicron particle formation in continuously stirred tank reactor.
Artur GILFANOV, Wolfgang KOCH, Shamil ZARIPOV

p2-at-aBn-014 Theoretical model of CNT Aerogel Formation.
Christian HOECKER, De La Verpilliere JEAN, Brian GRAVES, Fiona SMAIL, Adam BOIES

p2-at-aBn-015 Arsenic Removal with phosphorene and Graphene.
Lin YU-JUNG, Cao WEN-ZHI, Ouyang TONG , Chang CHANG-TANG

p2-at-aBn-016 Controlled particle synthesis in a hot-wall reactor and controlled electrostatic manipulation of the
aggregation process.
David RASCHE, H. J. SCHMID

p2-at-aBn-017 Aerosol based Fabrication of Water Soluble polymer Nanospheres.
Masoom SHABAN, Alfred WEBER

p2-at-aBn-018 Eﬀective photon-photon interaction under light localization in a system of nanoparticles.
Vladimir MAKSIMENKO, V. A. ZAGAYNOV, Igor E. AGRANOVSKI

p2-at-aBn-019SnO2 particles synthesized by sol-gel and Aerosol Spray pyrolysis for next-generation li-ion anode materials.
Georgios GKANAS, Georgia KASTRINAKI , Dimitrios ZARVALIS, Athanasios G. KONSTANDOPOULOS, Daniele VERSACI, Nerino PENAZZI,
Silvia BODOARDO

p2-at-aBn-020 New insights in the synthesis and applications of carbon nanotube sea urchins.
Jean DE LA VERPILLIERE, Michael DE VOLDER, Adam BOIES

p2-at-aBn-021 Study of ZnO nanoparticle generation for long lasting exposure experiments.
Pavel MORAVEC, Jaroslav KUPČÍK

p2-at-aBn-022 Synthesis of solid solutions ln-Fe-O using aerosol spray pyrolysis method.
Anastasia GOLDT, Albert NASIBULIN

p2-at-aBn-023 Clusters of Ag and Cu from a Through-Flow Spark Generator.
Tobias PFEIFFER, Joonas VANHANEN, Juha KANGASLUOMA

p2-at-aBn-024 Generation of alloyed nanoparticles by spark discharge.
Alex MUNTEAN, Moritz WAGNER, Jörg MEYER, Martin SEIPENBUSCH

p2-at-aBn-025 Development of the technique for the synthesis of the hEpA ﬁlter composite material.
Ivan MIK, Vasily GOREV

p2-at-aBn-026 Aerosol based tandem mass-mobility analysis of colloidal suspensions.
Derek OBERREIT, Siqin HE, Vivek RAWAT, Seongho JEON, Chris HOGAN

p2-at-aBn-027 The ph eﬀect on gas-born Ag nanoparticles capturing into the pVp solutions.
Naomi SAKONO, Kazuki OMORI, Aoi SHIMIZU, Masao KITA

p2-at-aBn-028 Separation of Nano particles from cutting ﬂuids by using nonwoven materials.
Steﬀen BLEI, Madeleine BERGER, Ralf HEIDENREICH, Barbara SCHIMANZ
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Poster area

FIlTRATION AND GAS-pARTIClE SEpARATION
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p2-at-ss4-001 Estimating the service life time of the cabin air ﬁlters used in automobiles based on tests of loading
capacity and ﬁltration eﬃciency.
Xu HE, Benjamin BREM, Jing WANG

p2-at-ss4-002 Inﬂuence of humidity and temperature on bag ﬁlter performances for incineration fumes treatment.
Rachid BOUDHAN, Laurence LE COQ, Aurélie JOUBERT, Kamal GUERAOUI, Danielle VENDITTIC, Sylvain DURECU

p2-at-ss4-003 Simultaneous removal of soot and NOx from biomass boiler fumes over catalytic sintered ﬁlter.
Guillaume TESQUET, A. VILLOT, A. GUYON, F. TRESSE, L. LE COQ

p2-at-ss4-004 The assessment of eﬃciency of ﬂow through type room air cleaners.
Vladimir VECHKANOV, Alexander SAFATOV, Galina BURYAK, Dmitrii TRUBITSYN, Vitalii FOLTS

p2-at-ss4-005Simulation of the inertial deposition of the aerosol particles in the ﬁbrous ﬁlters considering particle rebounding.
Wei LI, Shengnan SHEN, Hui LI, Sen LIU, Mang CAI, Xiaotie ZHANG

p2-at-ss4-006 modeling of submicron particles motion in planar dielectric barrier discharge type electrostatic precipitator.
Ayyoub ZOUAGHI, Noureddine ZOUZOU, Abdelouahab MEKHALDI, Rabah GOURI

p2-at-ss4-007 Visualization of nanoparticles deposits onto spherical collectors.
Loïc WINGERT, Augustin CHARVET, Stéphanie PACAULT, Charlotte GODOY, Quentin RIBEYRE, Nathalie BARDIN-MONNIER, Dominique THOMAS

p2-at-ss4-008 Inﬂuence of ﬁbrous media heterogeneity on pressure drop and ﬁltration eﬃciency.
Selven RUNGIAH, Jean-Christophe APPERT-COLLLIN, Philippe VROMAN, Dominique THOMAS

p2-at-ss4-009 Trickle bed applied to the treatment of blast furnace dust.
Guillemette THIEFFRY, Augustin CHARVET, Nathalie BARDIN-MONNIER, Dominique THOMAS

p2-at-ss4-010 multichannel-pDmS-denuders as a tool for SVOC aerosol sampling.
Vesta KOHLMEIER, George DRAGAN, Erwin KARG, Jürgen SCHNELLE-KREIS, Dietmar BREUER, Patricia FORBES, Ralf ZIMMERMANN

p2-at-ss4-011 Novel application of particulate ﬁlters: coupling with a biogas steam reformer reactor.
Souzana LORENTZOU, N. VLACHOS, G. PANTOLEONTOS, . DELOGLOU, E. DASKALOS, A. G. KONSTANDOPOULOS

p2-at-ss4-012 Nuclear aerosols agglomeration under the eﬀect of intense acoustic ﬁelds.
Rosario DELGADO TARDÁGUILA, Luis E. HERRANZ, Manuel ALEIXANDRE, Enrique RIERA

19:00 - 21:00

WELCOME RECEPTION by the Mayor of Tours

CITY HALL
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atmospHEriC aErosoL stuDiEs
aap: Atmospheric Aerosol processes
aErosoL tECHnoLogy
aBn: Aerosol based Nanotechnology / Ca: Combustion Aerosol / EE: Electrical Eﬀect
aErosoL mEasurEmEnt tECHniquEs
inst: Instrumentation/ pmx: pmx
aErosoL anD HEaLtH
inD: Indoor and working place aerosol/ iEH: Inhalation, Exposures and health
BasiC aErosoL proCEssEs
aC: Aerosol Chemistry/ am: Aerosol modelling/ FunD: Fundamentals
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08:00 - 13:00 REGISTRATION
PL3
08:30 - 09:30

Welcome Desk
aErosoL mEasurEmEnt tECHniquEs

PLENARY LECTURE 3

Auditorium Pierre de Ronsard

FREE NANOpARTIClE STuDIES uSING SyNChROTRON RADIATIONS.
Chairmen: Christoph ASBACH (Duisburg, GERMANY), Jose L CASTILLO (Madrid, SPAIN)
Plenary Speaker: J. Brian A. MITCHELL (Rennes, FRANCE)

09:30 - 10:10

AWARD SESSION AWARD CEREmONy

Auditorium Pierre de Ronsard

Jean Bricard Price (ASFERA)
SMOLUCHOWSKI Award (GAeF)
International Aerosol Fellow Award (IARA)

10:10 - 10:40COFFEE BREAK
21-AAS-AAP9
10:40 - 13:00

Exhibition Hall
atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

SOA - hIGhly OxIDISED mOlECulES (hOm) AND ThEIR ROlE IN SOA FORmATION
Chairmen: Alexandre ALBINET (Verneuil En Halatte, FRANCE), Matti RISSANEN (Helsinki, FINLAND)

10:40 - 11:00
o21-aas-aap-53 molecular analysis of aerosol compositions in ClOuD chamber experiments using uhplC-Orbitrap-mS.
Christoph ZUTH, Alexander VOGEL, John NOWAK, Douglas WORSNOP, Jasper KIRKBY, Thorsten HOFFMANN

11:00 - 11:20
o21-aas-aap-54 Reactive oxygen species from secondary organic aerosol decomposition in water.
Haijie TONG, Andrea M. ARANGIO, Pascale S. J. LAKEY, Thomas BERKEMEIER, Fobang LIU, Christopher J. KAMPF, William H. BRUNE, Ulrich PÖSCHL, Manabu SHIRAIWA

11:20 - 11:40
o21-aas-aap-55 molecular Characterization of biogenic SOA using online Extractive Electrospray Ionization mass Spectrometry: On
the fate of condensed phase ElVOC.
Felipe LOPEZ-HILFIKER, Veronika POSPISILOVA, Ugo MOLTENI, Mao XIAO, Josef DOMMEN, Andre PREVOT, Urs BALTENSPERGER, Jay SLOWIK

11:40 - 12:00
o21-aas-aap-56 highly-oxidized multifunctional compounds (hOm) from oxidation of aromatics.
Matti RISSANEN, O. GARMASH, I. PULLINEN, E. KLEIST, J. WILDT, M. LE BRETON, C. J. PERCIVAL, T. F. MENTEL, M. EHN

12:00 - 12:20
o21-aas-aap-57Real-time detection of highly oxidized organosulfates and SOA marker compounds during the F–bEACh 2014 ﬁeld study.
Martin BRÜGGEMANN, Laurent POULAIN, Andreas HELD, Torsten STELZER, Christoph ZUTH, Stefanie RICHTERS, Anke MUTZEL, Yoshiteru IINUMA, Dominik
VAN PINXTEREN, Sarmite KATKEVICA, Réne RABE, Hartmut HERRMANN, Thorsten HOFFMANN

12:20 - 12:40
o21-aas-aap-58 highly oxidized molecule formation and role in new particles formation and growth.
Pontus ROLDIN, E. HERMANSSON, D. MOGENSEN, F. SÖDERBERG, S. SMOLANDER, L. ZHOU, A. RUSANEN, B. K. BAINY, M. RISSANEN, N. KIVEKÄS, R. VÄÄNÄNEN,
E. SWIETLICKI, T. KURTÉN, M. EHN, Michael BOY

12:40 - 13:00
o21-aas-aap-59 Representation of SOA formation in air quality models: a new parameterization developed on explicit simulations.
Victor LANNUQUE, Marie CAMREDON, Florian COUVIDAT, Yuyi S. LA, Richard VALORSO, Alma HODZIC, Sasha MADRONICH, Bertrand BESSAGNET, Bernard AUMONT

rEsErVE papEr / p2-aas-aap-173 Formation of nitrogen-containing low volatile compounds from biogenic carbonyl compoundsamine reactions: A laboratory and ﬁeld study.
Geoﬀroy DUPORTE, Jevgeny PARSHINTSEV, Luis M. F. BARREIRA, Kari HARTONEN, Markku KULMALA, Marja-Liisa RIEKKOLA
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Chairmen: Roland SCHRÖDNER (Lund, SWEDEN), Bernadett WEINZIERL (Vienna, AUSTRIA)

10:40 - 11:00
o22-aas-aap-60 pm trends in europe: multi-modal and monitoring assessment.
Svetlana TSYRO, Astrid MANDERS, Augustin COLETTE, Bertrand BESSAGNET, Hilde FAGERLI, Kees CUVELIER, Marta Garcia VIVANCO, Mihaela MIRCEA, MariaTeresa PAY, Kathleen MAR, Yelva ROUSTAN, Valentin RAFFORT

11:00 - 11:20
o22-aas-aap-61 Impact of emissions and boundary conditions on pm levels over Europe as simulated by a multi-model ensemble
in frame of AqmEII3.
Ulas IM, Kaj M. HANSEN, Camilla GEELS, Jesper H. CHRISTENSEN, Jørgen BRANDT, Eﬁsio SOLAZZO, Ummugulsum ALYUZ, Alessandra BALZARINI, Rocio BARO,
Roberto BELLASIO, Roberto BIANCONI, Johannes BIESER, Augustin COLETTE, Gabriele CURCI, Johannes FLEMMING, Xavier FRANCIS, Andrea FRASER, Pedro
JIMENEZ-GUERRERO, Nutthida KITWIROON, Guido PIROVANO, Luca POZZOLI, Marje PRANK, Rebecca A. ROSE, Ranjeet SOKHI, Paulo TUCCELLA, Alper UNAL,
Marta GARCIA VIVANCO, Christian HOGREFE, Stefano GALMARINI

11:20 - 11:40
o22-aas-aap-62 Top-down aircraft-based measurements of emissions of particles from surface mining facilities in the Alberta oil
sands region, Canada.
Shao-Meng LI

11:40 - 12:00
o22-aas-aap-64 pm2.5 source apportionment and transport cluster analysis in Gothenburg, Sweden.
Peter MOLNÁR, Lin TANG, Karin SJÖBERG, Janine WICHMANN

12:00 - 12:20
o22-aas-aap-65Vertical measurements of aerosol number concentrations and optical properties and the relation to remote sensing
during “melpitz Column 2015”.
Birgit WEHNER, S. DÜSING, T. MÜLLER, H. BAARS, J. CORBIN, M. GYSEL, N. BUKOWIECKI, B. ALTSTÄDTER, A. LAMPERT, H. SIEBERT, Team MELPITZ

12:20 - 12:40
o22-aas-aap-66 Driving factors for aerosol decadal variability at a background station of 2180m altitude.
R.k. HOODA, A.-P. HYVÄRINEN, Niku KIVEKÄS, J.-P. PIETIKÄINEN, John BACKMAN, Mika KOMPPULA, Heikki LIHAVAINEN

12:40 - 13:00
rEsErVE papEr / p1-aas-aap-121 On the role of topography on the planetary boundary layer inﬂuence at high altitude sites.
Martine COLLAUD COEN, Elisabeth ANDREWS

23-AH-IND1
10:40 - 13:00

aErosoL anD HEaLtH

INDOOR AND WORKING PLACE AEROSOL

Room 1 (Level 2)

INDOOR AEROSOlS
Chairmen: Ian COLBECK (Colchester, UK), Congrong HE (Brisbane, AUSTRALIA)

10:40 - 11:00
o23-aH-inD-01 I/O aerosol characterization in a kindergarten.
Jakub ONDRÁČEK, Nicholas TALBOT, Michael CUSACK, Vladimír ŽDÍMAL, Jaroslav SCHWARZ

11:00 - 11:20
o23-aH-inD-02 quantifying trace elements in the emitted particulate matter during cooking using an electric stove.
Soudabeh GORJINEZHAD, Aiymgul KERIMRAY, Mehdi AMOUEI TORKMAHALLEH, Melek KELES, Fatma OZTURK, Philip HOPKE

11:20 - 11:40
o23-aH-inD-03 Cooking with condiments an important source of terpenes in indoor environments.
Felix KLEIN, Naomi FARREN, Carlo BOZZETTI, Kaspar DÄLLENBACH, Dogushan KILIC, Nivedita K. KUMAR, Simone M. PIEBER, Jay G. SLOWIK, Rosemary
TUTHILL, Jacquelin HAMILTON, Urs BALTENSPERGER, Andre S.h. PRÉVÔT, Imad EL HADDAD

11:40 - 12:00
o23-aH-inD-04 Excluding Non-Occupancy Data Improves Exposure Assessment in Indoor Environments.
Aneta WIERZBICKA, Mats BOHGARD, Joakim PAGELS, Andreas DAHL, Jakob LÖNDAHL, Tareq HUSSEIN, Erik SWIETLICKI
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12:00 - 12:20
o23-aH-inD-05 Nearly Zero Energy buildings and Indoor Exposures to Ambient pm.
Otto HÄNNINEN, Riikka SORJAMAA, Arja ASIKAINEN

12:20 - 12:40
o23-aH-inD-06 Feasibility of combining airborne pollutant measurements with spatially resolved infrared thermography to develop
a novel tool for indoor air quality investigations.
Gediminas MAINELIS, Calderon LEONARDO, Nirmala THOMAS, Mengyang GUO, Prarthana RAJA, Maryann SORENSEN-ALLACCI, Deborah PLOTNIK, Jennifer
SENICK, Jie GONG, Clinton ANDREWS

12:40 - 13:00
o23-aH-inD-07 Forecasting particulate matter concentrations in an indoor environment.
Rachid OUARET, Anda IONESCU, Viorel PETREHUS, Yves CANDAU, Olivier RAMALHO

rEsErVE papEr / p3-aH-inD-002The application of the ventilation and air conditioning system to stabilize the air quality parameters
in hospital operating rooms.
Tomasz JANKOWSKI, Magda MŁYNARCZYK

24-AMT-INST2
10:40 - 13:00

aErosoL mEasurEmEnt tECHniquEs

INSTRUMENTATION

Room 2 (Level 2)

TEChNIquES FOR AmbIENT AEROSOl ChARACTERIZATION
Chairmen: Markus PESCH (Ainring, GERMANY), Olivier WITSCHGER (Vandoeuvre, FRANCE)

10:40 - 11:00
o24-amt-inst-08 Optical characterization and deployment of a distributed low-cost wireless particle sensor network.
Jiayu LI, Yang WANG, Pratim BISWAS

11:00 - 11:20
o24-amt-inst-09 Comparison of three miniaturized aerosol-absorption instruments, under ambient and controlled conditions.
Michael PIKRIDAS, Spyros BEZANTAKOS, Grisa MOČNIK, Christos KELESHIS, Fred BRECHTEL, Eleni LIAKAKOU, Franci BASTARDI, Luka DRINOVEC, Alexandra
TSEKERI, Mihalis VREKOUSSIS, George BISKOS, Vasilis AMIRIDIS, Nikolaos MIHALOPOULOS, Jean SCIARE

11:20 - 11:40
o24-amt-inst-10 multi-instrument optical closure study: laboratory and ﬁeld approaches.
Julia PERIM DE FARIA, Ulrich BUNDKE, Thomas MENTEL, Timothy B. ONASCH, Andrew FREEDMAN, Andreas PETZOLD

11:40 - 12:00
o24-amt-inst-12 Characterization of Atmospheric Ions at the high Alpine Station Jungfraujoch (Switzerland).
Carla FREGE, Federico BIANCHI, Ugo MOLTENI, Heikki JUNNINEN, Tröstl JASMIN, Stephan HENNE, Michel ROSSI, Erik HERRMANN, Mikko SIPILA, Josef
DOMMEN, Urs BALTENSPERGER

12:00 - 12:20
o24-amt-inst-13 Analysis of particulate matter collected on quartz-ﬁlters using laser-desorption/ionization-time-of-ﬂight mass
spectrometry.
Kaspar R. DAELLENBACH, Imad EL HADDAD, Lassi KARVONEN, Jay Gates SLOWIK, Joel C. CORBIN, Maarten Frans HERINGA, Samuel M. LUEDIN, Valentin
PFLUEGER, Guido VOGEL, Urs BALTENSPERGER, André S. H. PRÉVÔT

12:02 - 12:40
o24-amt-inst-14 Analysis of functional groups in atmospheric aerosols by infrared spectroscopy: ElnetplS model for statistical selection of relevant absorption bands for OC predictions.
Matteo REGGENTE, Giulia RUGGERI, Adele KUZMIAKOVA, Ann M. DILLNER, Satoshi TAKAHAMA

12:40 - 13:00
rEsErVE papEr / p2-amt-inst-047 urban air quality measurements in Finland and China using a ppS-m sensor.
Miikka DAL MASO, Anssi JÄRVINEN, Jian GAO, Heino KUULUVAINEN, Sampo SAARI, Jarkko NIEMI, Liisa PIRJOLA, Kauko JANKA, Jorma KESKINEN
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aErosoL mEasurEmEnt tECHniquEs

PMX

Room 3 (Level 2)

ChEmICAl mARkERS FOR SOuRCE AppORTIONmENT ANAlySES

72

Chairmen: Konstantinos ELEFTHERIADIS (Attiki, GREECE), María Cruz MINGUILLÓN (Barcelona, SPAIN)

10:40 - 11:00
o25-amt-pmx-01 Size-segregated long-term chemical analysis and source apportionment of the organic aerosol in the Northern
hemisphere using oﬄine aerosol mass spectrometry.
Imad EL HADDAD, Kaspar DAELLENBACH, Carlo BOZZETTI, Athanasia VLACHOU, Jay SLOWIK, Ru-Jin HUANG, Jean-Luc JAFFREZO, Paola FERMO, Josef DOMMEN, Urs BALTENSPERGER, Andre PREVOT

11:00 - 11:20
o25-amt-pmx-02 A comprehensive source apportionment data analysis for ACSm data.
Francesco CANONACO, Y. SOSEDOVA, K. DÄLLENBACH, J. G. SLOWIK, I. EL HADDAD, Carlo BOZZETTI, U. BALTENSPERGER, A. S. H. PRÉVÔT

11:20 - 11:40
o25-amt-pmx-03 Source attribution of particulate sulfate concentrations at chosen measurement stations in Europe by the use of
the CmAq chemistry transport model.
Daniel NEUMANN, Volker MATTHIAS, Armin AULINGER, Markus QUANTE, Johannes BIESER

11:40 - 12:00
o25-amt-pmx-04 local and external sources of sulfate, primary and secondary organic aerosol and submicron particles at urban
sites in New york City and long Island.
Mauro MASIOL, Philip HOPKE, Dirk FELTON, Brian FRANK, Oliver RATTIGAN

12:00 - 12:20
o25-amt-pmx-05 Day-night diﬀerences in the sources of carbonaceous aerosol determined by 14C measurements at a regional
background site.
Dusek ULRIKE, Elise BROEKEMA, Rupert HOLZINGER, Thomas RÖCKMANN, Harro MEIJER

12:20 - 12:40
o25-amt-pmx-06 Inﬂuence of source speciﬁc black carbon production and meteorology on spatio-temporal distribution of black
carbon concentration in Central-European basin.
Luka DRINOVEC, Asta GREGORIČ, Irena JEŽEK, Rahela ŽABKAR, Jure CEDILNIK, Griša MOČNIK

12:40 - 13:00
o25-amt-pmx-07 Sources of the pm10 aerosol in Flanders, belgium, and re-evaluation of the contribution from wood burning.
Willy MAENHAUT, R. VERMEYLEN, M. CLAEYS, J. VERCAUTEREN, E. ROEKENS

rEsErVE papEr / p3-amt-pmx-004 Comparison of Rochester aerosol sources at two periods of time using combined size distribution
and air pollutant data.
Fereshteh EMAMI, Philip HOPKE, David CHALUPA, David RICH

13:00 - 14:30FREE LUNCH BREAK
13:00 - 14:30

EAA BOARD MEETING

Vinci Conference Center
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atmospHEriC aErosoL stuDiEs
aap: Atmospheric Aerosol processes
aErosoL tECHnoLogy
aBn: Aerosol based Nanotechnology / Ca: Combustion Aerosol / EE: Electrical Eﬀect
aErosoL mEasurEmEnt tECHniquEs
inst: Instrumentation/ pmx: pmx
aErosoL anD HEaLtH
inD: Indoor and working place aerosol/ iEH: Inhalation, Exposures and health
BasiC aErosoL proCEssEs
aC: Aerosol Chemistry/ am: Aerosol modelling/ FunD: Fundamentals
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08:00 - 18:00

77

REGISTRATION

Welcome Desk

PL4
08:30 - 09:30

BasiC aErosoL proCEssEs

PLENARY LECTURE 4

Auditorium Pierre de Ronsard
ON ThEORy, mODEllING AND DATA ANAlySIS OF ATmOSphERIC AEROSOl FORmATION AND GROWTh.

Chairmen: Michael BOY (Helsinki, FINLAND), Martin GYSEL (Villigen Psi, SWITZERLAND)
Plenary Speaker: Kari LETHINEN (Kuopio, FINLAND)

09:30 - 09:40EAC2017 LAUNCH

Auditorium Pierre de Ronsard

09:40 - 10:00COFFEE BREAK
26-AAS-AAP11
10:00 - 12:20

Exhibition Hall
atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

phySICAl AND ChEmICAl pROpERTIES I
Chairmen: Rupert HOLZINGER (Utrecht, THE NETHERLANDS), Jean-Christophe SABROUX (Saclay, FRANCE)

10:00 - 10:20
o26-aas-aap-67 Characterization of organic low-, semi-, intermediate- and volatile organic compounds from four-stroke ship engine
emissions: implications for atmospheric processing.
Simone PIEBER, Zhao YUNLIANG, Jürgen ORASCHE, Benjamin STENGEL, Hendryk CZECH, Joel C. CORBIN, Imad EL HADDAD, Felix KLEIN, Dogushan KILIC,
Jay G. SLOWIK, Neil DONAHUE, Allen ROBINSON, Ralf ZIMMERMANN, Urs BALTENSPERGER, André S. H. PRÉVÔT

10:20 - 10:40
o26-aas-aap-68 Reﬁnement of gas-particle equilibrium partitioning: Detailed SOA composition, viscosity and diﬀusion measurements.
Kelly PEREIRA, Jacqui HAMILTON, Allen HADDRELL, Richard LIDSTER, Young SONG, David TOPPING, Jonathan REID

10:40 - 11:00
o26-aas-aap-69 Investigating Organic Nitrogen Chemistry in Atmospheric particles using high Resolution Aerosol mass Spectrometry.
Qi ZHANG, Xinlei GE, Yele SUN, Shan ZHOU

11:00 - 11:20
o26-aas-aap-70 Glass forming aerosol systems – precursors, processes and glassy products.
Hans Peter DETTE, T. KOOP, J. LESSMEIER, M. QI, A. GODT

11:20 - 11:40
o26-aas-aap-71 quantiﬁcation of stable radicals and reactive oxygen species in atmospheric aerosols by Electron paramagnetic
Resonance spectroscopy.
Andrea ARANGIO, H. TONG, U. PÖSCHL, M. SHIRAIWA

11:40 - 12:00
o26-aas-aap-72 Characteristics and formation mechanism of severe autumn hazes in beijing.
Tao MA, Hiroshi FURUTANI, Kouki MAEDA, Michisato TOYODA, Fengkui DUAN, Kebin HE, Takashi KIMOTO

12:00 - 12:20
o26-aas-aap-73 Formation of secondary organic aerosols from biogenic precursors: A case study over an Isoprene emitting forest.
Evelyn FRENEY, Karine SELLEGRI, Regis DUPUY, Kouji ADACHI, Agnes BORBON, Aurelie COLOMB, Corinne JAMBERT, Laeticia BOUVIER

rEsErVE papEr / p1-aas-aap-057 Chemical and stable carbon isotope composition, sources and chemical processing of ﬁne aerosol
at urban, coastal and forest background sites.
Agne MASALAITE, Rupert HOLZINGER, Vidmantas REMEIKIS, Thomas RÖCKMANN, Ulrike DUSEK
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atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Descartes

uRbAN AEROSOlS AND WOOD buRNING ImpACTS

78

Chairmen: Gary FULLER (London, UK), Ulas IM (Roskilde, DENMARK)

10:00 - 10:20
o27-aas-aap-74 multi-year long investigation of atmospheric nucleation in urban environments.
Németh ZOLTÁN, Imre SALMA

10:20 - 10:40
o27-aas-aap-75 Size-segregated particle turbulent ﬂuxes measurements in an urban area in Italy.
Marianna CONTE, Antonio DONATEO, Fabio Massimo GRASSO, Daniele CONTINI

10:40 - 11:00
o27-aas-aap-76 Volatility of urban background ultraﬁne atmospheric aerosol particles in Athens, Greece.
Luís MENDES, Maria GINI, George BISKOS, Konstantinos ELEFTHERIADIS

11:00 - 11:20
o27-aas-aap-77 Spatially and temporally detailed indoor and outdoor woodsmoke detection.
Nadezda ZIKOVA, Philip HOPKE, David CHALUPA, David RICH, Andrea FERRO

11:20 - 11:40
o27-aas-aap-78 Community observation networks for woodsmoke: Rangiora 2015 pilot study.
Ian LONGLEY, Guy COULSON, Sam EDWARDS, Gustavo OLIVARES, Elizabeth SOMERVELL, Sally GRAY

11:40 - 12:00
o27-aas-aap-79 biomass burning inﬂuence in the urban environment of southern Spain.
María Cruz MINGUILLÓN, Juan Andrés CASQUERO-VERA, Gloria TITOS, Hassan LYAMANI, Lucas ALADOS-ARBOLEDAS, Francisco José OLMO, Xavier QUEROL,
Andrés ALASTUEY

12:00 - 12:20
o27-aas-aap-80 large-scale intensive study of light absorption by urban aerosol in the Athens metropolitan Area.
Athina-Cerise KALOGRIDIS, Prodromos FEFTATZIS, Maria GINI, Stergios VRATOLIS, Joel C. CORBIN, Martin GYSEL, Eleni LIAKAKOU, Nicolaos MIHALOPOULOS,
Konstantinos ELEFTHERIADIS

rEsErVE papEr / p2-aas-aap-214 Residential heating as main cause of urban air pollution; case study from the Czech Republic.
Miroslav KLAN, Cecilia LEONI, Jan HOVORKA, Jan BENDL

28-AH-IEH1
10:00 - 12:20

INHALATION EXPOSURE AND HEALTH

aErosoL anD HEaLtH
Room 1 (Level 2)

TOxIC mEChANISmS AND bIOlOGICAl RESpONSES TO AEROSOl COmpONENTS
Chairmen: Otto HÄNNINEN (Helsinki, FINLAND), Ralf ZIMMEREMANN (Rostock, GERMANY)

10:00 - 10:20
o28-aH-iEH-01 pm pollution : taking into account of bioaccessibility into acellular assays for health impact assessment.
Aude CALAS, Aude CALAS, Gaëlle UZU, Stephan HOUDIER, Jean MARTINS, Jean-Luc JAFFREZO

10:20 - 10:40
o28-aH-iEH-02 pm pollution : Oxidative potential of pm10 in the Arve Valley (France) - comparison of two diﬀerent assays measurement.
Gaëlle UZU, Gaëlle UZU, Aude CALAS, Ana OLIETE, Christina DUNSTER, Frank KELLY, Jean MARTINS, Jean-Luc JAFFREZO

10:40 - 11:00
o28-aH-iEH-03 Evaluating the toxicity of airborne particulate by measuring oxidative potential with spectrophotometric a-cellular assays.
Marco VISENTIN, Antonella PAGNONI, Maria Chiara PIETROGRANDE

11:00 - 11:20
o28-aH-iEH-04 Reactive oxygen species: links between particle chemical composition, emission sources and oxidation reactivity.
Jun ZHOU, Emily Anne BRUNS, Peter ZOTTER, Roman FRÖHLICH, Stefenelli GIULIA, Manuel KRAPF, Wang QIYUAN, Miriam ELSER, Deepika BHATTU, Rujin
HUANG, Slowik JAY GATES, Cao JUNJI, Nussbaumer THOMAS, Geiser MARIANNE, Urs BALTENSPERGER, Andre PREVOT, Imad HADDAD, Josef DOMMEN
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11:20 - 11:40
o28-aH-iEH-05 Comparative analysis of the toxic responses of organic extracts from diesel/biodiesel engine emissions in human
lung bEAS-2b cells.
Helena LIBALOVA, Kristyna VRBOVA, Tana BRZICOVA, Jitka STOLCPARTOVA, Michal VOJTISEK-LOM, Vit BERANEK, Miroslav CIGANEK, Jiri NECA, Miroslav MACHALA, Jan TOPINKA

11:40 - 12:00
o28-aH-iEH-06 Studying the biological eﬀects of combustion aerosols on air/liquid-interface exposed human and murine lung cells
within the hICE-project: Composition and molecular biological eﬀects of emissions from wood combustion, ship emissions and car engines.
Ralf ZIMMERMANN, T. G. DITTMAR, T. KANASHOVA, J. BUTERS, S. ÖDER, H. PAUR, C. SCHLAGER, S. MÜLHOPT, M. DILGER, C. WEIß, S. DIABATE, H. HARNDORF,
B. STENGEL, R. RABE, K. HILLER, S. C. SAPCCARIU, K. A. BERUBE, A. J. WLODARCYZK, B. MICHALKE, T. KREBS, M. KELBG, J. TIGGESBÄUMKER, T. STREIBEL, E.
KARG, S. SCHOLTES, J. SCHNELLE-KREIS, J. LINTELMANN, M. SKLORZ, M. ARTEAGA SALAS, S. KLINGBEIL, J. ORASCHE, P. RICHTHAMMER, L. MÜLLER, A. RHEDA,
J. PASSIG, T. GRÖGER, G. ABBASZADE, C. RADISCHAT, S. SMITA, T. TORVELA, P. TIITTA, M. KORTELAINEN, H. LAMBERG, J. TISSARI, A. LESKINEN, P. JALAVA, M.
R. HIRVONEN, S. KASURINEN, O. SIPPULA, J. JOKINIEMI

12:00 - 12:20
o28-aH-iEH-07 Correlations between the toxicity and optical properties of atmospheric aerosol measured by self-developed photoacoustic and supplementary instrumentation.
Noémi UTRY, Máté PINTÉR, Tibor AJTAI, Gergely KISS-ALBERT, Andrea PALÁGYI , László MANCZINGER, Csaba VÁGVÖLGYI, Kornélia IMRE, Beatrix JANCSEKTÚRÓCZI, András GELENCSÉR, Gábor SZABÓ, Zoltán BOZÓKI

rEsErVE papEr / p3-aH-iEH-013 Eﬀect of airborne particulate matter on oxidative stress, pro-inﬂammatory response and intracellular calcium signaling in pulmonary artery endothelial cells.
Juliette DEWEIRDT, C. GUIBERT, M.B. CROBEDDU, J. SCIARE, A. BAEZA-SQUIBAN, J.Pp. SAVINEAU, B. MULLER, J.F. QUIGNARD, Isabelle BAUDRIMONT

29-AMT-INST3
10:00 - 12:20

aErosoL mEasurEmEnt tECHniquEs

INSTRUMENTATION

Room 2 (Level 2)

mEASuREmENT TEChNIquES FOR SpECIAl ApplICATIONS
Chairmen: Attila NAGY (Budapest, HUNGARY), Wladyslaw SZYMANSKI (Vienna, AUSTRIA)

10:00 - 10:20
o29-amt-inst-15Time resolved measurement of the size distribution of pharmaceutical aerosols under realistic respiratory conditions.
Attila NAGY, Attila KEREKES, Aladár CZITROVSZKY

10:20 - 10:40
o29-amt-inst-16 Eﬀect of exhaust oxygen concentration on the performance of a catalytic stripper.
Jacob SWANSON, Hans-Joachim SCHULZ, Adam BOIES

10:40 - 11:00
o29-amt-inst-17 Reliable detection of volcanic ash with dual-wavelength light scattering.
Ernest WEINGARTNER, Zsoﬁa JURANYI, Heinz BURTSCHER

11:00 - 11:20
o29-amt-inst-18 Advances in Detection of Volcanic Ash from Commercial Aircraft.
Darrel BAUMGARDNER, Alexis ATWOOD, Matt FREER, Konradin WEBER, Andreas VOGEL, Tobias POHL

11:20 - 11:40
o29-amt-inst-19Direct surface tension and viscosity measurements of aqueous-organic aerosol droplets from particle coalescence measurements.
Reid JONATHAN, Bryan BZDEK, Rachael MILES, Allen HADDRELL, A. Donald HALL

11:40 - 12:00
o29-amt-inst-20 Characterization of optically-trapped submicron aerosol particles by ultraviolet broadband light scattering.
Kıvanç ESAT, Grégory DAVID, Irina RITSCH, Ruth SIGNORELL

12:00 - 12:20
o29-amt-inst-21 photoacoustic investigations on single optically levitated aerosol droplets.
Christoph HAISCH, Johannes W. CREMER, Thaler KLEMENS, Ruth SIGNORELL

rEsErVE papEr / p2-amt-inst-004 A novel probe to investigate corrosion relevant particles in boilers of waste incineration plants.
Stefan SCHUMACHER, Jörg LINDERMANN, Burkhard STAHLMECKE, Dirk JARZYNA, Amit KHOT, Thomas ZEINER, Till VAN DER ZWAAG, Hermann NORDSIECK,
Ragnar WARNECKE, Christof ASBACH
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30-BAP-SS7
10:00 - 12:20

BasiC aErosoL proCEssEs

SPECIAL SESSION 7: RESUSPENSION

Room 3 (Level 2)

AEROSOl RESuSpENSION by AIRFlOW

80

Chairmen: François GENSDARMES (Saclay, FRANCE), Ana VIDALES (San Luis, ARGENTINA)

10:00 - 10:40 [keynote lecture]
o30-Bap-ss7-01The development and application of kinetic models for the resuspension of small particles in turbulent boundary layers.
Michael W REEKS

10:40 - 11:00
o30-Bap-ss7-02 A stochastic approach for multilayer deposition and resuspension in turbulent ﬂows.
Jean-Pierre MINIER, Christophe HENRY

11:00 - 11:20
o30-Bap-ss7-03 Capability of the monte Carlo method to simulate resuspension phenomena.
Jesica Gisele BENITO, Ana María VIDALES, Rodolfo Omar UÑAC, Karina VALENZUELA ARACENA, Irene IPPOLITO

11:20 - 11:40
o30-Bap-ss7-04 Experimental data on particles re-suspension and adhesion forces for reﬁning a re suspension model – Application
to the dust issue in ITER fusion tokamak.
Anthony RONDEAU, Audrey ROYNETTE, Jean-Christophe SABROUX, François GENSDARMES, Eric CHASSEFIÈRE

11:40 - 12:00
o30-Bap-ss7-05 local experimental study of microparticles resuspension mechanisms in ventilated duct under accelerated ﬂow.
Debba DJIHAD, Debba DJIHAD, Theron FÉLICIE, Camille SOLLIEC, Le-Coq LAURENCE

12:00 - 12:20
o30-Bap-ss7-06 Fire-induced airborne release of radioactive particles: development and validation of a phenomenological model.
Ouf FX, Simon DELCOUR, Mickael PATRY, François SALM, Nathalie AZEMA, Laurent FERRY, José-Marie LOPEZ-CUESTA

rEsErVE papEr / p3-Bap-ss7-001 Role of particle size and surface roughness on intermolecular interactions during particle resuspension from a turbulent ﬂow.
Soﬁa Eirini CHATOUTSIDOU, Yannis DROSSINOS, Mihalis LAZARIDIS

12:20 - 13:50

EAA WORKING GROUP CHAIRS MEETING

12:20 - 13:50FREE LUNCH BREAK
31-AAS-AAP13
13:50 - 16:10

Vinci Conference Center
atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Pierre de Ronsard

phySICAl AND ChEmICAl pROpERTIES II
Chairmen: Andre PRÉVÔT (Villigen, SWITZERLAND), Sabine WURZLER (Essen, GERMANY)

13:50 - 14:10
o31-aas-aap-81 Aerosol physical and chemical properties in the several sites of the GoAmazon 2014/15 Experiment: From biogenic
to urban air pollution.
Paulo ARTAXO, Henrique BARBOSA, Joel F. BRITO, Samara CARBONE, Scot MARTIN, M. O. ANDREAE

14:10 - 14:30
o31-aas-aap-82 low-level reference size distributions of 137Cs and naturally occurring radionuclides at a low dusty rural site, France.
Olivier MASSON, Franck GINER, Pascal PAULAT, Anne DE VISMES-OTT

14:30 - 14:50
o31-aas-aap-83 A preliminary research of pollution characteristics and health risk Assessment of typical heavy metal in pm2.5 in
24 Chinese cities.
Zhang WENJIE, Xie CHEN, Bai ZHIPENG , Yang WEN, Wang WAN, Zhao XUEYAN

14:50 - 15:10
o31-aas-aap-84 Aerosol physical-chemical properties in Southern West Africa: Recent ﬁndings using the SAFIRE ATR42 aircraft
within the DACCIWA project.
Joel BRITO, Evelyn FRENEY, Sellegri KARINE, Borbon AGNES, Colomb AURÉLIE , Régis DUPUY , Schwarzenboeck ALFONS
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15:10 - 15:30
o31-aas-aap-85Toxic semivolatile substances (pAhs, their nitro and oxy derivatives, brominated ﬂame retardants) in ambient particulate matter in the inner tropics, India: Gas-particle parti-tioning and wash-out by monsoon rains.
81

Gerhard LAMMEL, Pourya SHAHPOURY, Sachin GUNTHE, Ondrej AUDY, Jiri KOHOUTEK, Petr KUKUCKA, Akila MUTHALAGU

15:30 - 15:50
o31-aas-aap-86 Insights into the seasonal variations, meteorological eﬀects, and source characteristics of aerosol particle composition in yangtze River Delta (yRD) region, China.
Lili TANG, Hongxia YU, Y. J. ZHANG, A. J. DING

15:50 - 16:10
o31-aas-aap-87 5-year continuous on-line monitoring of the submicron aerosol chemical composition at the SIRTA-lSCE ACTRIS
supersite (paris area, France).
Yunjiang ZHANG, Olivier FAVEZ, Valerie GROS, Jean-E. PETIT, Francois TRUONG, Tanguy AMODEO, Vincent CRENN, Albinet ALEXANDRE, Sciare JEAN

rEsErVE papEr / p1-aas-aap-090 The intense pm pollution episode in France during march 2015: multi-site approach and near
real time data.
Jean-Eudes PETIT, Olivier FAVEZ, Tanguy AMODEO, Frederik MELEUX, Bertrand BESSAGNET, Laurent MENUT, Didier GRENIER, Benoit ROCQ, Valérie GROS, Jean SCIARE

32-AAS-AAP14
13:50 - 16:10

atmospHEriC aErosoL stuDiEs

ATMOSPHERIC AEROSOL STUDIES

Auditorium Descartes

SOA - FORmATION AND TRANSFORmATION pROCESSES
Chairmen: Andreas HELD (Bayreuth, GERMANY), Sebastian Harald SCHMITT (Juelich, GERMANY)

13:50 - 14:10
o32-aas-aap-88 The eﬀect of pine weevils on VOC emissions from scots pine saplings.
Eetu KARI, Celia FAIOLA, Angela BUCHHOLZ, Kristiina KINNUNEN, Aishat AYELOTAN, Minna KIVIMÄENPÄÄ, Pasi YLI-PIRILÄ, Jarmo K. HOLOPAINEN, Annele VIRTANEN

14:10 - 14:30
o32-aas-aap-89 linking In-Canopy Volatile Organic Compound Reactivity to Nocturnal New particle Formation.
Julien KAMMER, Pierre-Marie FLAUD, Jean-Marc BONNEFOND, Didier GARRIGOU, Emilie PERRAUDIN, Eric LAMAUD, Eric VILLENAVE

14:30 - 14:50
o32-aas-aap-90 Aging of a-pinene ﬁrst-generation ozonolysis products formed under low- and high-NOx conditions.
Ningxin WANG, Evangelia KOSTENIDOU, Neil DONAHUE, Spyros PANDIS

14:50 - 15:10
o32-aas-aap-91 Distinguishing diﬀerent sources of organic aerosol in the particulate phase by application of deuterated precursors
in chamber studies.
Sebastian Harald SCHMITT, Birger BOHN, Hendrik FUCHS, Anna NOVELLI, Thorsten HOHAUS, Martin KAMINSKI, Franz ROHRER, Ralf TILLMANN, Robert WEGENER, Zhujun YU, Defeng ZHAO, Andreas WAHNER, Astrid KIENDLER-SCHARR

15:10 - 15:30
o32-aas-aap-92 Insights into fossil vs. non-fossil SOA from online TOT-14C analysis.
Soenke SZIDAT, Konstantinos AGRIOS, Gary SALAZAR

15:30 - 15:50
o32-aas-aap-93 SOA production from isoprene ozonolysis at low and high Rh.
Claudia FUCHS, Hoyle CHRISTOPHER ROBERT, Joel C. CORBIN, Andrea C. WAGNER, Mario SIMON, Alexander VOGEL, Martin HEINRITZI, Anne-Kathrin BERNHAMMER, Martin BREITENLECHNER , Josef DOMMEN, Martin GYSEL, Urs BALTENSPERGER

15:50 - 16:10
o32-aas-aap-94 Explicit modeling of SOA formation during smog chamber experiments: impact of the competition between gas/wall
and gas/particle partitioning.
Yuyi S. LA, Marie CAMREDON, Paul J. ZIEMANN, Richard VALORSO, Aiko MATSUNAGA, Victor LANNUQUE, Julia LEE-TAYLOR, Alma HODZIC, Sasha MADRONICH,
Bernard AUMONT

rEsErVE papEr / p2-aas-aap-184 high-NOx photooxidation of n-dodecane: Inﬂuence of temperature and relative humidity on
secondary organic aerosol formation.
Houssni LAMKADDAM, Aline GRATIEN, Edouard PANGUI, Mathieu CAZAUNAU, Marc DAVID, Jean-Michel POLIENOR, Cécile GAIMOZ, Bénédicte PICQUET-VARAULT, Jean-François DOUSSIN
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33-AH-SS8
13:50 - 16:10

aErosoL anD HEaLtH

SPECIAL SESSION 8: INHALATION EXPOSURE AND HEALTH

Room 1 (Level 2)

AEROSOl ExpOSuRES FOR TOxICOlOGICAl AND ThERApEuTIC STuDIES

82

Chairmen: Arkadiusz KUCZAJ (Neuchâtel, SWITZERLAND), Otmar SCHMID (Neuherberg/munich, GERMANY)

13:50 - 14:10
o33-aH-ss8-01 Dosimetry tools, approaches and applications for tobacco and next generation product testing.
David THORNE, Marianna GACA, John MCAUGHEY, Jason ADAMSON

14:10 - 14:30
o33-aH-ss8-02 In-vitro characterization of failure related emissions of small batteries.
Detlef RITTER, Wolfgang KOCH, Annette BITSCH

14:30 - 14:50
o33-aH-ss8-03 An eﬀective inhalation system for preclinical pulmonary drug delivery in mice.
Winfried MÖLLER, Andreas STELZL, Isabel HERRMANN, Gunter EDER, Oliver EICKELBERG, Otmar SCHMID

14:50 - 15:10
o33-aH-ss8-04 Experimental model to investigate aerosol drug delivery and pharmacokinetics in pulmonary medicine.
Antoine GUILLON, P. LHOMMET, J. PARDESSUS, C. BOIXEL, J. MONTHARU, V. SCHUBNEL, R. H. BLANCHARD, C. BATTUT, F. PERROT, D. MARCHAND, B. PLANTE,
C. AUBERT, G. ROSEAU, F. PATIN, R. RESPAUD, C. PARENT, L. BERNARD, A. DUDZICKI, E. GUILLOT, M. DE MONTE, P. JANIAK, Nathalie HEUZÉ-VOURC'H

15:10 - 15:30
o33-aH-ss8-05 Aerosols and their considerations in diﬀerent regulations.
Annette BITSCH, Detlef RITTER , Wolfgang KOCH

15:30 - 15:50
o33-aH-ss8-06 Eulerian modeling of polydisperse aerosol deposition in a realistic cast of the human upper respiratory tract. Edo
FREDERIX, Arkadiusz KUCZAJ, Markus NORDLUND, Bernard GEURTS

15:50 - 16:10
o33-aH-ss8-07 A model for assessment of alveolar dimensions from recovery of inhaled nanoparticles.
Jakob LÖNDAHL, Jonas JAKOBSSON, David M. BRODAY, H. Laura AALTONEN, Per WOLLMER

rEsErVE papEr / p3-aH-ss8-013 Is there any synergy in the observed health eﬀects due to exposure to particles and noise? Results
from DINO study - controlled chamber exposure.
Aneta WIERZBICKA, Maria ALBIN, Mats BOHGARD, Axel ERIKSSON, Inger HAGERMAN, Christina ISAXON, Patrik NILSSON, Joakim PAGELS, Jenny RISSLER,
Yiyi XU, Anders GUDMUNDSSON

34-AMT-INST4
13:50 - 16:10

aErosoL mEasurEmEnt tECHniquEs

INSTRUMENTATION

Room 2 (Level 2)

CAlIbRATION AND ADVANCEmENTS OF ExISTING TEChNIquES
Chairmen: Oliver BISCHOF (Aachen, GERMANY), François-Xavier OUF (Saclay, FRANCE)

13:50 - 14:10
o34-amt-inst-22 Characterization and development of a fast mixing type particle counter.
Joonas ENROTH, Juha KANGASLUOMA, Frans KORHONEN, Markku KULMALA, Michel ATTOUI, Tuukka PETÄJÄ

14:10 - 14:30
o34-amt-inst-23 Working-ﬂuid dependent response of ultraﬁne condensation particle counters to biogenic nanoparticles.
Andrea OJDANIC, Dominik STOlZENbuRG, paulus bAuER, paul WINklER
14:30 - 14:50
o34-amt-inst-24 Intercomparison of Condensation particle Counters challenged by steady-state airborne DEhS particles produced
in a “calibration tool” setup.
Sébastien BAU, André TOUSSAINT, Raphaël PAYET, Olivier WITSCHGER

14:50 - 15:10
o34-amt-inst-25 Detection near 1-nm with a laminar-ﬂow, water-based condensation particle counter.
Susanne HERING, Gregory LEWIS, Steven SPEILMAN, Arantzazu EIGUREN-FERNANDEZ, Nathan KREISBERG, Chongai KUANG, Michel ATTOUI
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15:10 - 15:30
o34-amt-inst-26 Development of an Online Extractive Electrospray Ionization Time of Flight mass Spectrometer (EESI-TOF): Application to Atmospheric Aerosol.
83

Felipe LOPEZ-HILFIKER, Veronika POSPISILOVA, Josef DOMMEN, Andre PREVOT, Urs BALTENSPERGER, Jay SLOWIK

15:30 - 15:50
o34-amt-inst-28 Aerosol concentration calibration method for particle sizes from 1 to 8 microns.
Jay EVERSOLE, Vasanthi SIVAPRAKASAM, John TUCKER, David SILCOTT, Jesse LINNELL, Frank MACDONALD, Miles OWEN

15:50 - 16:10
rEsErVE papEr / p2-amt-inst-025 Comparison of diﬀerent techniques for aerosol surface area size distribution measurements:
CEpI, ElpI and SmpS.
Maria GINI, Luis MENDES, Konstantinos ELEFTHERIADIS

35-BAP-AC1
13:50 - 16:10

BasiC aErosoL proCEssEs

AEROSOL CHEMISTRY

Room 3 (Level 2)

bIOGENIC SECONDARy ORGANIC AEROSOl
Chairmen: Claudia MOHR (Eggenstein-Leopoldshafen, GERMANY), Satoshi TAKAHAMA (Lausanne, SWITZERLAND)

13:50 - 14:10
o35-Bap-aC-01 Characteristics of peroxides in secondary organic aerosols.
Josef DOMMEN, Manuel KRAPF, Imad EL HADDAD, Emily A. BRUNS, Ugo MOLTENI, Kaspar R. DAELLENBACH, Andre S.h. PRÉVÔT, Urs BALTENSPERGER

14:10 - 14:30
o35-Bap-aC-02 high resolution mass spectrometry characterisation of peroxycarboxylic acids as ROS and ElVOC proxies.
Sarah STEIMER, Ivan KOURTCHEV, Markus KALBERER

14:30 - 14:50
o35-Bap-aC-03 Gas and particle phase characterization of limonene ozonolysis products and their role in SOA formation.
Julia HAMMES, Cameron FAXON, Anna LUTZ, Ravi Kant PATHAK, Thomas MENTEL, Mattias HALLQUIST

14:50 - 15:10
o35-Bap-aC-04 particle phase composition of low-NOx isoprene SOA: Eﬀect of seed acidity and relative humidity.
Janine SCHINDELKA, Yoshiteru IINUMA, Anke MUTZEL, Hartmut HERRMANN

15:10 - 15:30
o35-Bap-aC-05 Chemistry, morphology, and cloud activation: Chemical composition measurements of α-pinene SOA at low temperatures with a FIGAERO-CImS.
Claudia MOHR, Harald SAATHOFF, Aki PAJUNOJA, Annele VIRTANEN, Robert WAGNER, Wei HUANG

15:30 - 15:50
o35-Bap-aC-06 Eﬀects of inorganic salt aerosol on the oxidation state of secondary organic aerosols — α-pinene ozonolysis.
Dandan HUANG, Xuan ZHANG, John SEINFELD, Chak CHAN

15:50 - 16:10
o35-Bap-aC-07 Volatility distribution and viscosity eﬀects in evaporation of a-pinene SOA.
Taina YLI-JUUTI, Aki PAJUNOJA, Celia FAIOLA, Olli-Pekka TIKKANEN, Angela BUCHHOLZ, Olli VÄISÄNEN, Eetu KARI, Liqing HAO, Otso PERÄKYLÄ, Olga GARMASH, Mikael EHN, Manabu SHIRAIWA, Kari LEHTINEN, Annele VIRTANEN

rEsErVE papEr / p3-Bap-aC-019 modelling the interaction of semi-volatile organic compounds with multiphase aerosol particles
using polyparameter linear free energy relationships.
pourya ShAhpOuRy, Sophie TOmAZ, Emilie pERRAuDIN, Eric VIllENAVE, Alexandre AlbINET, Zoran kITANOVSkI, Gerhard lAmmEl

16:10 - 16:40COFFEE BREAK
P3-AMT-PMx
16:10 - 18:10

Exhibition Hall
aErosoL mEasurEmEnt tECHniquEs

POSTER SESSION

Poster area

SOuRCE AppORTIONmENT AND DATA INTERpRETATION, ANAlySIS AND SAmplING
p3-amt-pmx-002 The error in pm measurements caused by water vapour adsorption of the ﬁlter material.
Gyula KISS, Kornélia IMRE, Ágnes MOLNÁR, Ádám TÓTH
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p3-amt-pmx-003 particle loss and loaded particle mass eﬀects on the collection eﬃciency of the Well Impactor Ninety-Six pm2.5 sampling inlet.
Cuc LE, Chuen-Jinn TSAI
84

p3-amt-pmx-004 Comparison of Rochester aerosol sources at two periods of time using combined size distribution
and air pollutant data.
Fereshteh EMAMI, Philip HOPKE, David CHALUPA, David RICH

p3-amt-pmx-005 GAW global site hohenpeißenberg –how has the aerosol load changed over the years?
Johanna ESSER-GIETL, Michael ELSASSER, Harald FLENTJE, Adele HENKE, Werner THOMAS

p3-amt-pmx-006 Receptor modelling for multiple time resolved species: European air pollution hot spot.
Petra POKORNA, Jan HOVORKA, Jan TOPINKA, Yongjing ZHAO, Philip HOPKE

p3-amt-pmx-007 Characterization of atmospheric pm2.5 in southern taiwan.
Chong-Yu TSENG, Sheng-Lun LIN, Wen-Jhy LEE, John MWANGI

p3-amt-pmx-008 Characterization of atmospheric pm2.5 in southern taiwan.
Chong-Yu TSENG, Sheng-Lun LIN, Wen-Jhy LEE, John MWANGI

p3-amt-pmx-009 high-resolution sampling, analysis and source apportionment of particulate matter at Woolston,
Christchurch, New Zealand.
Perry DAVY, Vincent SALOMON, William TROMPETTER, Travis ANCELET

p3-amt-pmx-010 Chemical characterization of submicron organic aerosol sources in po Valley by advanced spectroscopic techniques.
Marco PAGLIONE, Stefania GILARDONI, Stefano DECESARI, Nicola ZANCA, Matteo RINALDI, Silvia SANDRINI, Lara GIULIANELLI, Silvia FERRARI, Vanes POLUZZI, Maria Cristina FACCHINI, Sandro FUZZI

p3-amt-pmx-011 Source apportionment in a complex environment by developed positive matrix Factorization: advantages and limitations.
Florie CHEVRIER, Irena JEŽEK, Grisa MOČNIK, Guillaume BRULFERT, Jean-Luc JAFFREZO, Jean-Luc BESOMBES

p3-amt-pmx-012The inﬂuence of meteorology of indoor pm2.5 concentration: application of advanced modelling techniques.
Luiz FALCÃO, Samuel CLIFFORD, Mandana MAZAHERI, David BRODAY, Lidia MORAWSKA

p3-amt-pmx-013 Identiﬁcation of the main sources of pm10 impacting the north of France: a comprehensive source
apportionment study with pmF5 at ﬁve sampling sites.
Diogo OLIVEIRA, Veronique RIFFAULT, Esperanza PERDRIX, Stephane SAUVAGE, Olivier FAVEZ

p3-amt-pmx-014 Estimation of major source of organic compounds in the ambient aerosols over Seoul.
Sang Hee HAN, Yong Pyo KIM, Ji Yi LEE

p3-amt-pmx-015 Trends of pm source contributions and chemical tracers in NE Spain during 2004 - 2014: A multiexponential approach.
Marco PANDOLFI, Andrés ALASTUEY, Noemi PÉREZ, Cristina RECHE, Iria CASTRO, Victor SHATALOV, Xavier QUEROL

p3-amt-pmx-016 Three-way positive matrix Factorization analysis of pm10 in brisbane, Australia.
Godwin AYOKO, Rohan JAYARATNE, Sandya MUMMULLAGE

p3-amt-pmx-017 Estimation of the aerosols sources in a high polluted metropolitan area.
Luminita MARMUREANU, Jeni VASILESCU, Anca NEMUC, Livio BELEGANTE

p3-amt-pmx-018 Combining traditional aerosol source apportionment studies based in 24 hours oﬀ line analysis
with real time AmS measurements.
José Carlos CERRO, Jorge PEY, Noemí PÉREZ, Víctor CERDÀ, H. Langley DEWITT, Stig HELLEBUST, Miriam ELSER, André PRÉVÔT, Brice TEMIME-ROUSSEL, Nicolas MARCHAND

p3-amt-pmx-019 Characterization of winter organic and inorganic aerosols in Galway, Ireland with an Aerosol Chemical Speciation monitor.
Chunshui LIN, Jurgita OVADNEVAITE, Darius CEBURNIS, Huang RUJIN, Colin O'DOWD

p3-amt-pmx-020 Online measurements of aerosol composition at GAW measurement site hohenpeißenberg, Germany and local wood waste burning emission.
Michael ELSASSER, Johanna ESSER-GIETL, Harald FLENTJE, Björn BRIEL, Werner THOMAS

p3-amt-pmx-021application of factor analysis in the assessment of pm10 enrichment of troposphere following precipitation.
Tomasz OLSZOWSKI

p3-amt-pmx-022 A simulation method for estimating the accuracy of aerosol source apportionment by dual wavelength optical absorption measurement.
Károly SIMON, Noémi UTRY, Gábor GULYÁS, Tibor AJTAI, Gábor SZABÓ, Zoltán BOZÓKI
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p3-amt-pmx-023 Comparative air quality assessment at the street level with a mobile laboratory.
Esperanza PERDRIX, Nathalie REDON, André WROBLEWSKI, Laurent ALLEMAN, Véronique RIFFAULT

p3-amt-pmx-024 Characterization of submicron aerosol in prague by source apportionment analysis of combined
AmS data.
Otakar MAKEŠ, Petr VODIČKA, Jaroslav SCHWARZ, Vladimír ŽDÍMAL

p3-amt-pmx-026 packaging waste burning tracers in residential wood combustion area.
Hanna-Lii KUPRI, Marek MAASIKMETS, Riin REBANE, Erik TEINEMAA, Tarvo ARUMÄE, Viktoria VORONOVA

p3-amt-pmx-027 Source apportionment study and modelling of air pollutants from residential heating in Tartu.
Marek MAASIKMETS, Erik TEINEMAA, Hannes KEERNIK, Hanna-Lii KUPRI

p3-amt-pmx-028 particulate matter variability sources in an open-plan oﬃce: comparison of two monitoring campaigns.
Rachid OUARET, Anda IONESCU, Viorel PETREHUS, Yves CANDAU, Olivier RAMALHO

p3-amt-pmx-029 Coagulation versus chemical processing in a single particle mass spectral data set.
Paul REITZ, Sören R. ZORN, Tabitha GWISDORF, Stefan H. TRIMBORN, Achim M. TRIMBORN

p3-amt-pmx-030 how to quantify similarity of aerosol mass spectra?
Mikko ÄIJÄLÄ, Heikki JUNNINEN, Tuukka PETÄJÄ, Markku KULMALA, Douglas WORSNOP, Mikael EHN

p3-amt-pmx-031 An evaluation of analytical quality for selected pAh measurements in ashes/particles from combustion of agricultural and forestry waste biomass.
Susana GARCÍA-ALONSO, Rosa María PÉREZ-PASTOR, David SANZ RIVERA, Enrique ROJAS GARCÍA, Jesús Javier RODRÍGUEZ MAROTO

p3-amt-pmx-032 Surface Chemical Structure of Isolated Aerosols by x-ray photoelectron Spectroscopy.
Olivier SUBLEMONTIER, Saﬁa BENKOULA, Damien AUREAU, Christophe NICOLAS, Mina PATANEN, Harold KINTZ, Xiaojing LIU, Marc-Andre GAVEAU,
Jean-Luc LE GARREC, Emmanuel ROBERT, Flory-Anne BARREDA, Arnaud ETCHEBERRY, Cécile REYNAUD, James Brian MITCHELL, Catalin MIRON

p3-amt-pmx-033 AVEC plots: a new way to visualise EC/OC thermograms.
Eleonora NICOLOSI, Paul QUINCEY, Gary FULLER

p3-amt-pmx-034 mixing state of primary and secondary inorganic aerosols by cryo-TSEm-EDS.
Sarah GUILBAUD, Karine DEBOUDT, Pascal FLAMENT, Marc FOURMENTIN

p3-amt-pmx-035 Characterization of airplane soot surrogates using Raman spectroscopy.
Raouf IKHENAZENE, Claire PIRIM, Yvain CARPENTIER, Cristian FOCSA, Bertrand CHAZALLON, Francois-Xavier OUF, Ismael ORTEGA

p3-amt-pmx-036 Design/performance test of a headset-mounted minisampler for inhalable dust.
Göran LIDÉN, Julia ZÁBORI

p3-amt-pmx-037 Description of the GOA-uva in situ aerosol measurement station.
Sandra MOGO, Juan Francisco LÓPEZ, Victoria CACHORRO, Ángel DE FRUTOS, Renata MARTINS, Miguel MEDEIROS, Anita COSTA, Alberto
MARCOS, Edgar CONCEIÇÃO, Luís NEVES

p3-amt-pmx-038 performances of the CIp 10-m personal sampler: new laboratory and ﬁeld investigations.
Xavier SIMON, Sébastien BAU, Alexis BOIVIN, Philippe DUQUENNE, Olivier WITSCHGER, Peter GÖRNER

p3-amt-pmx-039 Impact of soot physico-chemical properties in sampling line losses measurements.
David DELHAYE, Ismael Kenneth ORTEGA, Vincent PLANA, Xavier VANCASSEL

p3-amt-pmx-040 Contamination induced by the use of pTFE lines in aeronautic soot sampling.
Ismael Kenneth ORTEGA, Cornelia IRIMIEA, David DELHAYE, Claire PIRIM, Cristian FOCSA, Xavier VANCASSEL

p3-amt-pmx-041 Evaluation of diﬀerent sampling methods for TEm-analysis to characterizesingle digit aerosol nanoparticles.
Alexander WERNER, Alfred WEBER

p3-amt-pmx-042 multi-site Concentration Field method applied to the outputs of a comprehensive source apportionment study (pmF) in the north of France.
Diogo OLIVEIRA, Veronique RIFFAULT, Esperanza PERDRIX, Stephane SAUVAGE, Olivier FAVEZ

p3-amt-pmx-043 Aerosol size distribution of outdoor and indoor subway station depending on outdoor wind speed.
Sechan PARK, Minhae KIM, Tae-Suk OH, Sung-Joon BAE, Yeo Gyeong YUN, Soon-Bark KWON

p3-amt-pmx-044 Evaluation of self-developed separation methods for oc-ec analysis in aerosol particles against a
standard method in dependence of sampling frequency and with regard to 14c analysis.
Katrin ZENKER, Matthias VONWILLER, Sönke SZIDAT, Giulia CALZOLAI, Martina GIANNONI, Vera BERNARDONI, Aleksandra JEDYNSKA,
Bas HENZING, Harro MEIJER, Ulrike DUSEK

p3-amt-pmx-045 Identiﬁcation of main sources of pm2.5 during winter at a suburban site in Douai, Northern France.
Roger ROIG RODELAS, Esperanza PERDRIX, Emmanuel TISON, Benoît HERBIN, Véronique RIFFAULT

85
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p3-amt-pmx-046 Source apportionment of pm2.5 collected in a traﬃc site and in an urban background site in Athens,
Greece: Comparison of the chemical proﬁles and the contributions.
Manousos MANOUSAKAS, Evangelia DIAPOULI, Thomas MAGGOS, Dikaia SARAGA, Kyriaki BAIRACHTARI, Franco LUCARELLI, Giulia CALZOLAI, Silvia NAVA, Xavier QUEROL, Fulvio AMATO, Angeliki KARANASIOU, Konstantinos ELEFTHERIADIS

86

p3-amt-pmx-047 modeling the sensitivities and intra-instrument kinetics of an iodide-based chemical ionization
mass spectrometer for a set of organic and inorganic compounds.
Siddharth IYER, Felipe LOPEZ-HILFIKER, Ben H. LEE, Joel A. THORNTON, Theo KURTEN

p3-amt-pmx-048 Improving the Detection Eﬃciency of Condensation particle Counters for sub-2nm particles: The
Temperature Window Eﬀect.
Konstantinos BARMPOUNIS, Ananth RANJITHKUMAR, Andreas SCHMIDT-OTT, George BISKOS, Michel ATTOUI

p3-amt-pmx-049 Source apportionment of carbonaceous aerosols in East Asia based on radiocarbon and molecular
marker analyses.
Takuma MIYAKAWA, Yuichi KOMAZAKI, Fumikazu TAKETANI, Xiaole PAN, Zifa WANG, Yugo KANAYA

p3-amt-pmx-050 Application of three dimensional source contribution function (3D-pSCF) for levoglucosan at Seoul.
In Sun KIM, Yong Pyo KIM, Daehyun WEE, Ji Yi LEE

p3-amt-pmx-051 Road dust emission factors and source apportionment in Turin (Italy).
Elio PADOAN, Franco AJMONE MARSAN , Xavier QUEROL, Fulvio AMATO

p3-amt-pmx-052 Spatiotemporal variations of source contributions to ambient ﬁne particles in Seoul, korea.
Jongbae HEO, Seung-Muk YI

p3-amt-pmx-053 Size distribution of particulate n-Alkanes and polycyclic Aromatic hydrocarbons in urban and industrial areas in Algiers, Algeria.
Riad LADJI, Catia BALDUCCI, Angelo CECINATO, Noureddine YASSAA

p3-amt-pmx-054 Seasonal variations in the size distribution of elements and ions in the po Valley.
Daniele FRASCA, Silvia CANEPARI , Maria Luisa ASTOLFI, Melissa MARCOCCIA, Elena RANTICA , Cinzia PERRINO

p3-amt-pmx-055 Access to ACTRIS observations, calibrations and services.
Sabine PHILIPPIN, Gelsomina PAPPALARDO, Paolo LAJ, Team ACTRIS

P3-AH-SS6
16:10 - 18:10

aErosoL anD HEaLtH

POSTER SESSION

Poster area

bIOAEROSOl
p3-aH-ss6-001 Continuous bioaerosol sampling using inertial microﬂuidics.
Jungan CHOI, Jung JAEHEE

p3-aH-ss6-002 New insight about bioaerosol exposure in Waste Sorting plants: Exposure levels, size distribution,
and biodiversity of airborne microorganisms.
Philippe DUQUENNE, Xavier SIMON, Jodelle DEGOIS, Catherine COULAIS, Véronique KOEHLER, Guylaine GREFF

p3-aH-ss6-003 Sorting of household plastic packaging : new instructions are associated with changes in exposure
to bioaerosols in materials recovery facilities.
Olivier SCHLOSSER, Isabelle DEPORTES, Brigitte FACON, Eric FROMONT

p3-aH-ss6-004 Characterization of biosurfactants from cloud microorganisms.
Pascal RENARD, Martine SAMCELME, Isabelle CANET, Mounir TRAIKIA, Virginie VINATIER, Laurent DEGUILLAUME, Anne Marie DELORT

p3-aH-ss6-005 Investigations on legionella containing aerosols: set-up of a model shower aerosol chamber.
Bettina KIWULL, Anika WUNDERLICH, Sandra WALSER, Bernadett BARTHA, Bernhard BRENNER, Stefanie HUBER, Christian LÜCK, Christiane
HÖLLER, Caroline HERR, Michael SEIDEL, Reinhard NIESSNER

p3-aH-ss6-006 Respiratory viruses’ behaviours on ﬁlters of air handling units.
Victor BANDALY, Pierre LE CANN, Yves ANDRES

p3-aH-ss6-007 Indoor dust as a template to assess indoor aerosol bacteria contamination.
Yanis GUENOUNE, Pierre LE CANN

p3-aH-ss6-008 Application of aqueous ozone spray on suppression of indoor bioaerosols.
Chin-Hsiang LUO, S. YANG, T. Y. LIU, Y. Y. CHEN, Z. H. YAN

p3-aH-ss6-009 Eﬃciency of a free-standing air cleaner in reducing children’s exposure to fungal spores.
Tiina REPONEN, Jennie COX, Reshmi INDUGULA, Chris WOLFE, Kelechi ISIUGO, Patrick RYAN, Sergey A. GRINSHPUN, Michael YERMAKOV,
Anna ŁAWNICZEK-WAŁCZYK, Steve VESPER
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p3-aH-ss6-010 Ozone-induced chemical modiﬁcations of pollen coating.
Nicolas VISEZ, Sylvie GOSSELIN, Jinane FARAH, Denis PETITPREZ, Moomen BAROUDI

p3-aH-ss6-011 ChAmbRe – the development of an atmosferic simulation chamber for bioaerosol studies and aerosol
optical properties investigation.
Paolo BROTTO, Elena GATTA, Franco PARODI, Maria Chiara BOVE, Dario MASSABÒ, Valerio VIGO, Paolo PRATI

p3-aH-ss6-012 Rapid monitoring of bioaerosols in industrial, agricultural and urban environments.
Ferguson ROBERT , A. DUMBRELL, C. WHITBY, I. COLBECK

p3-aH-ss6-013 Real time detection and characterization of bioaerosols from environmental sources.
Zaheer Ahmad NASIR, Sean TYRREL

p3-aH-ss6-014 molDemould – molecular detection of airborne mould by microﬂuidic qpCR.
Verena UNTERWURZACHER, Clara POGNER, Walter PULVERER, Joseph STRAUSS, Markus GORFER

p3-aH-ss6-015 Airborne bacteria in hospital operating theatres during surgery.
Malin ALSVED, Anette CIVILIS, Peter EKOLIND, Ann TAMMELIN, Anette ERICHSEN ANDERSSON, Jonas JAKOBSSON, Tobias SVENSSON,
Matts RAMSTORP, Tina SANTL TEMKIV, Mats BOHGARD

p3-aH-ss6-017 The eﬀect of ﬁlter-based sampling parameters on abundance and diversity of indoor bioaerosols.
Nikoletta GRYDAKI, Ian COLBECK, Corinne WHITBY

p3-aH-ss6-018 Applications of Electrospray - Diﬀerential mobility Analysis (ES-DmA) to nano(bio)particles measurements in the health ﬁeld.
François GAIE-LEVREL, Noémie CLOUET-FORAISON, Dimitri BRINET, Myriam TAVERNA, Julia KAFFY, Sandrine ONGERI, Vincent DELATOUR

P3-AH-SS8
16:10 - 18:10

aErosoL anD HEaLtH

POSTER SESSION

Poster area

AEROSOl ExpOSuRES FOR TOxICOlOGICAl AND ThERApEuTIC STuDIES
p3-aH-ss8-001 lung deposition of nanoparticles in COpD patients and healthy subjects compared to clinical lung
function tests and computed tomography.
Jonas Karl Fredrik JAKOBSSON, Hanni Laura AALTONEN, Hanna NICKLASSON, Per WOLLMER, Jakob LÖNDAHL

p3-aH-ss8-002 Responses of normal and diseased airway epithelia to diﬀerent particle types at ambient concentration levels.
Marianne GEISER, Manuel KRAPF, Lisa KÜNZI, Sandrine ALLENBACH, Jun ZHOU, Imad EL HADDAD, Emily A. BRUNS, Urs BALTENSPERGER,
Josef DOMMEN

p3-aH-ss8-003 particle deposition model for the balb/c mouse resüiratory tract.
Werner HOFMANN, Renate WINKLER-HEIL

p3-aH-ss8-004 Toll like receptor mediated proinﬂammatory response to environmental respirable aerosol (Carbon
Nano particles) in primary bronchial epithelial cells.
Swapna UPADHYAY, Jie JI, Koustav GANGULY, Per GERDE, Lena PALMBERG

p3-aH-ss8-005 Eﬀects of cerium oxide nanoparticle aerosol on human lung cells exposed at the Air-liquid-Interface.
Sonja MUELHOPT, Silvia DIABATÉ, Christoph SCHLAGER, Marco DILGER, Sivakumar MURUGADOSS, Tobias KREBS, Selina TANG, Pete GOODEN

p3-aH-ss8-006 Development and validation of an inhalation system suitable for rodent exposure to carbon nanotubes.
Frédéric COSNIER, Sébastien BAU, Stéphane GROSSMANN, Stéphane VITON, Hervé NUNGE, Raphaël PAYET, Alexis BOIVIN, Olivier WITSCHGER, Laurent GATE

p3-aH-ss8-007 Generation and monitoring of laser printer Aerosols for an in-vivo Exposure Study with human probands.
Stefan SEEGER, Miriam EHRET, Britta HERBIG, Rudolf JÖRRES, Stefan KARRASCH, Jeanette LANGNER, Dennis NOWAK, Rudolf SCHIERL

p3-aH-ss8-008 Reproducible aerosol generation for mass balance studies and dosimetry investigation with low particle masses.
Sonja MUELHOPT, Christoph SCHLAGER, Wilson KAN, Hanns-Rudolf PAUR

p3-aH-ss8-010 A portable, automated online instrument to quantify reactive oxygen species (ROS) in ambient aerosol.
Francis WRAGG, Raymond FRESHWATER, Green DAVID, Christina DUNSTER, Frank KELLY, Markus KALBERER

p3-aH-ss8-011 Nanoparticle Delivery to living Cells Supported by Thermophoresis.
Dirk BROßELL, Silke STEINBORN, Gunter LINSEL, Andreas SCHMIDT-OTT

p3-aH-ss8-012 Characterization of Aeroneb vibrating mesh nebulizers and implications for AlICE-Cloud technology.
Katharina WIELAND, Winfried MÖLLER, Andreas STELZL, Gunter EDER, Otmar SCHMID
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p3-aH-ss8-013 Is there any synergy in the observed health eﬀects due to exposure to particles and noise? Results
from DINO study - controlled chamber exposure.
Aneta WIERZBICKA, Maria ALBIN, Mats BOHGARD, Axel ERIKSSON, Inger HAGERMAN, Christina ISAXON, Patrik NILSSON, Joakim PAGELS,
Jenny RISSLER, Yiyi XU, Anders GUDMUNDSSON
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P3-AH-IEH
16:10 - 18:10

aErosoL anD HEaLtH

POSTER SESSION

Poster area

AEROSOl AND hEAlTh - INhAlATION ExpOSuRE AND hEAlTh
p3-aH-iEH-002 Gas-phase fabrication of biomedical nanomaterials for theranostics.
Georgios A. SOTIRIOU

p3-aH-iEH-003 Nebulized aerosol deposition in a realistic nasal cast during inhalation and exhalation.
Laurent VECELLIO, M. FRANCIS, D. LE PENNEC, Gerallt WILLIAMS, E. DUCLOS, P. DIOT

p3-aH-iEH-004 Characterization of the aerosol applied for pressurized Intraperitoneal Aerosol Chemotherapy (pIpAC).
Daniel GÖHLER, Veria KHOSRAWIPOUR, Tanja KHOSRAWIPOUR, David DIAZ-CARBALLO, Thomas FALKENSTEIN, Jürgen ZIEREN, Michael
STINTZ, Urs GIGER-PABST

p3-aH-iEH-005 Fungal fragments: additional exposure burden in Norwegian sawmill industry.
K. Anani AFANOU, Wijnand EDUARD, Anne STRAUMFORS

p3-aH-iEH-006 The Eﬀect of North Wind on Airborne microbial Community During Winter in beijing.
Weizhuo YAN, Buying WANG, Changyi XIE, Runlong CAI, Yunfeng YANG, Jingkun JIANG

p3-aH-iEH-007 Connections between pm10, pollen and atmospheric pollutants at león (Spain).
A.i. CALVO, A. CASTRO, C.a. ALVES, Fernández-González D., C. BLANCO-ALEGRE, R.m. VALENCIA-BARRERA, A.m. VEGA-MARAY, Estela VICENTE, R. FRAILE

p3-aH-iEH-008 The dependence of uV induced degradation rates of bacterial on aerosol particle size.
Jerry CABALO

p3-aH-iEH-009 Design and performance of personal Electrostatic bioaerosol Sampler (pEbS).
Gediminas mAINElIS, Taewon hAN
p3-aH-iEH-010 Adjuvant Function of Diesel and Toner particles in the Development of Allergies.
Fangxia SHEN, I. BELLINGHAUSEN, J. SALOGA, K. BECKER, F. LIU, C. J. KAMPF, S. LAI, D. SCHUPPAN, Lucas KURT, Pöschl ULRICH

p3-aH-iEH-011 personal ultraﬁne particle dose–response relationship for school children.
Mandana MAZAHERI, Samuel CLIFFORD, Wafaa Nabil EZZ, Lidia MORAWSKA, Guy MARKS

p3-aH-iEH-012 Impact on the nervous system of aerosols released from nanocomposite materials under stress use :
The “Release_NanoTox” project.
Stéphane DELABY, François GAIE-LEVREL, Marlène WIART, Anna BENCSIK

p3-aH-iEH-013 Eﬀect of airborne particulate matter on oxidative stress, pro-inﬂammatory response and intracellular
calcium signaling in pulmonary artery endothelial cells.
Juliette DEWEIRDT, C. GUIBERT, M.b. CROBEDDU, J. SCIARE, A. BAEZA-SQUIBAN, J.p. SAVINEAU, B. MULLER, J.f. QUIGNARD, Isabelle BAUDRIMONT

p3-aH-iEH-014 long-term monitoring of pm2.5-bound nickel (Ni) in an urban environment in xi’an, Northwestern
China. Hongmei XU, J. J. CAO, B. GUINOT

p3-aH-iEH-015 usefulness of normal or diseased human bronchial epithelial cell models diﬀerentiated at air-liquid
interface to study the eﬀects of air pollution-derived pm4.
Bérénice LECLERCQ, Mélanie HAPPILLON, Sébastien ANTHÉRIEU, Laurent ALLEMAN, Esperanza PERDRIX, Jean-Marc LO GUIDICE, Patrice
CODDEVILLE, Guillaume GARÇON

p3-aH-iEH-016 physicochemical characteristics, mutagenicity, genotoxicity and clastogenicity of atmospheric aerosols
under industrial and rural inﬂuence.
Pamela N. MELKI, Frédéric LEDOUX, Samer AOUAD, Sylvain BILLET, Bilal EL-KHOURY, Yann LANDKOCZ, Dominique COURCOT, Roula M.
ABDEL-MASSIH

p3-aH-iEH-017 Chemical composition and in vitro short-term exposure to air pollution ﬁne and ultraﬁne particles
induced cytotoxicity and metabolic activation of organic compounds in a human lung cell line.
Mireille BORGIE, Frédéric LEDOUX, Anthony VERDIN, Zeina DAGHER, Fabrice CAZIER, Pirouz SHIRALI, Maurizio GUALTIERI, Hélène GREIGE,
Dominique COURCOT

p3-aH-iEH-018 In-vitro measurements of regional nasal deposition eﬃciency of particles ranging from 20 to 500 nm.
Der-Jen HSU, Hsin-Yi LIN
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p3-aH-iEH-019 hygroscopic growth modelling for hygroscopic nanometric aerosols in the human respiratory tract.
Laurent BOUDIN, C. RIGAULT, Laurent VECELLIO

p3-aH-iEH-020 physical characteristics of cigarette smoke and e-cigarette aerosol, inhalation conditions and their
implications for dose.
John MCAUGHEY, Caner U YURTERI, Ross CABOT, Lukas PICHELSTORFER, Renate WINKLER-HEIL, Werner HOFMANN

p3-aH-iEH-022 Floor dust pAhs inside university lecture rooms, oﬃces and workshop.
Androniki MARAGKIDOU, Y. MA, O. JAGHBEIR, D. FAOURI, S. HARRAD, A. AL-HUNAITI, S. ARAR, K. HÄMERI, T. HUSSEIN

p3-aH-iEH-023The development and characterization of a novel cell-based biosensor for the functional screening of bioaerosols.
Shagun KHERA, Sean TYRREL, Allan BENNETT, Vikram SHARMA, Simon JACKSON, Gyuri FEJER

p3-aH-iEH-025The impact of polybrominated diphenyl ethers in the classroom dust on the health of the elementary
school’s children.
Shun-I SHIH, H. R. CHAO, Y. Y. GUO, C. H. LIN, S. M. HUANG, C. G. SHY

p3-aH-iEH-026 An integrated approach for conducting long-term pm2.5 exposure and health risk assessment for residents.
Chi Hsuan CHOU, Y. C. CHEN, M. Y. LIN, L. H. LANG, H. T. HSU, Perng Jy TSAI

p3-aH-iEH-027 Vertical proﬁle of primary and Secondary pesticide drift following orchard ground application.
Ohad ZIVAN, Yael DUBOWSKI, Yardena RAVIV

p3-aH-iEH-028 Study of mycotoxins aerosolized during the shaking of hays contaminated with Stachybotrys chartarum.
Marjorie DRAGHI, Brankica ALEKSIC, Sylviane BAILLY, Marlène LACROIX, Sébastien RITOUX, Jean-Denis BAILLY, Enric ROBINE

p3-aH-iEH-029 Trace elements bioaccessibility in ﬁne particles from the urban area of lille (France).
Bérénice LECLERCQ, Laurent ALLEMAN, Guillaume GARÇON, Patrice CODDEVILLE

p3-aH-iEH-030 Safe production and use of nanomaterials in the ceramic industry.
Mar VIANA, Ana Soﬁa FONSECA, Xavier QUEROL, Andrés ALASTUEY, Germán F. DE LA FUENTE, Carlos ESTEPA, Eliseo MONFORT, Ana LÓPEZ
LILAO, María José IBÁÑEZ, Joao GOMES, Paula ALBUQUERQUE, Helder ESTEVES, Rosa M MIRANDA, Joao P. TEIXEIRA, Sonia FRAGA, Simion
SIMON, Eugene BYCHKOV, George BISKOS

p3-aH-iEH-031 physico-chemical and toxicological properties of the Zn containing nanoparticles.
Oskari USKI, Tiina TORVELA, Olli SIPPULA, Tommi KARHUNEN, Hanna KOPONEN, Sirpa PERÄNIEMI, Pasi JALAVA, Mikko HAPPO, Jorma
JOKINIEMI, Maija-Riitta HIRVONEN, Anna LÄHDE

p3-aH-iEH-032 bioaerosol biodiversity in waste sorting plant: feasibility and uncertainty measurement.
Jodelle DEGOIS, F. CLERC, X. SIMON, C. BONTEMPS, P. LEBLOND, P. DUQUENNE

p3-aH-iEH-033 particle emissions from cutting of concrete.
Lars HILLEMANN, Stephan GROßE, Markus BERGER, Ralf ZIMMERMANN, Michael STINTZ

p3-aH-iEH-034 Inhalation toxicology facilities at RIVm for human, animal, and cell exposures to nanomaterials and
particulate air pollution.
John BOERE, Paul FOKKENS, Wolfgang KREYLING, Miriam GERLOFS-NIJLAND, Flemming CASSEE

p3-aH-iEH-035 particulate matter measurements in macedonia for health impact assessment.
Rumrich ISABELL KATHARINA, Mirjana DIMOVSKA, Dragan GJORGJEV, Sari LAPPI, Raimo O SALONEN, Aneta STEFANOVSKA, Nikola GOLUBOV , Otto HÄNNINEN

p3-aH-iEH-036 Endothelial responses of the alveolar barrier in vitro in a realistic dose-controlled exposure to diesel
exhaust particulate matter.
Sebastian KLEIN, Elisa MOSCHINI, Sebastien CAMBIER, Sylvain LEGAY, Jennifer HENNEN, Tommaso SERCHI, Inge NELISSEN, Andreas KREIN,
Brunhilde BLÖMEKE, Arno GUTLEB

P3-AH-IND
16:10 - 18:10

aErosoL anD HEaLtH

POSTER SESSION

Poster area

AEROSOl AND hEAlTh - INDOOR AND WORkING plACE AEROSOl
p3-aH-inD-001 pm2.5 mass concentrations and lung functioning of factory workers.
Zulﬁqar ALI, Muhammad Ahsan ASHRAF, Tanveer Ali KHAN, Irfan ZAINAB, Zaidi ZONA, Zaheer Ahmad NASIR, Ian COLBECK

p3-aH-inD-002 The application of the ventilation and air conditioning system to stabilize the air quality parameters
in hospital operating rooms.
Tomasz JANKOWSKI, Magda MŁYNARCZYK

p3-aH-inD-003 uV-C decontamination of aerosolized and surface bound single spores and bioclusters.
Jana KESAVAN
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p3-aH-inD-004 Characteristics of particles concentration in a paediatric intensive care unit (pICu).
Congrong HE, Ian MACKAY, K. RAMSAY, Z. LIANG, T. KIDD, L. KNIBBS, G. JOHNSON, M. COULTHARD, D. LONG, T. WILLIAMS, C. WAINWRIGHT,
L. MORAWSKA
90

p3-aH-inD-005 Short asbestos ﬁber levels in indoor environments.
Laurent MARTINON, C. MANDIN, F. CHAVENTRÉ, F. VALLENTIN, T. BROWN, G. BOULANGER

p3-aH-inD-006 multi-zone measurement of particle number/mass and black carbon concentrations in a hVAC building equipped with a printer room.
Soﬁa Eirini CHATOUTSIDOU, Norbert SERFOZO, Thodoros GLYTSOS, Mihalis LAZARIDIS

p3-aH-inD-007 Aerosol and gaseous emissions from a desktop 3D printer.
Luís MENDES, Anneli KANGAS, Kirsi KUKKO, Bjarke MØLGAARD, Arto SÄÄMÄNEN, Tomi KANERVA, Iñigo ITUARTE, Marika HUHTINIEMI,
Helene STOCKMANN-JUVALA, Jouni PARTANEN, Kaarle HÄMERI, Konstantinos ELEFTHERIADIS, Anna-Kaisa VIITANEN

p3-aH-inD-008 Indoor epidemiological study: eﬀects of pollutant on respiratory diseases.
Ivano SALIMBENE, Ornella SALIMBENE, Crescenzo SCHETTINI

p3-aH-inD-009particulate matter concentrations and chemical composition in the European underground transport system.
Silvia BRINI, Silvia CANEPARI, Giorgio CATTANI, Francesca DE MAIO, Alessandro DI MENNO DI BUCCHIANICO, Arianna LEPORE

p3-aH-inD-010 Source strengths of ﬁne particulate matter during various domestic activities.
Sidra SAFDAR, Zulﬁqar ALI, Nimra AFZAL, Ian COLBECK, Zaheer Ahmad NASIR

p3-aH-inD-011 Regional deposition of particles in a model of human lungs: A comparison of numerical simulation
and experimental results.
Frantisek LIZAL, Jakub ELCNER, Miloslav BELKA, Jan JEDELSKY, Miroslav JICHA

p3-aH-inD-012 Filter bypass aﬀecting the performance of hVAC systems.
Sergey GRINSHPUN, Michael YERMAKOV, It MUKHAMETZANOV, Shamil ZARIPOV, Vf SHARAFUTDINOV

p3-aH-inD-013 Numerical Investigation on Airborne Transmission of Expiratory Droplets between Two Standing manikins.
Li LIU, Peter V NIELSEN, Li YUGUO, Wang YI, Fu LINZHI, Yang YANG

p3-aH-inD-014 A study on exposure levels to aerosol particles during the journey of a subway passenger.
Minhae KIM, Sechan PARK, Seung-Won RYU, Soon-Bark KWON

p3-aH-inD-015 In-Car Filter Eﬃciency of hVAC Systems with real Ambient Aerosols in beijing.
Markus DR. PESCH, Volker ZIEGLER, Martin LANGE, Konradin PROF. DR. WEBER, Christian FISCHER, Alexander FRÜHSORGER, Christian
ROßKOPF

p3-aH-inD-016 Nanoparticle fraction of the inhalable dust in gas tungsten arc welding of stainless steel and manual
grinding of steel.
Maija LEPPÄNEN, Jani LESKINEN, Anneli KANGAS, Tomi KANERVA, Anna-Kaisa VIITANEN, Arto SÄÄMÄNEN, Jorma JOKINIEMI, Mirella
MIETTINEN

p3-aH-inD-017 Impact of train braking systems on pm10 mass concentrations in the paris subway.
Romain MOLLE, S. MAZOUÉ

p3-aH-inD-018 uptake of Semi-volatile Organic Compounds onto Ammonium Sulfate particles.
Axel ERIKSSON, Annette KRAIS, Clausen PER AXEL, Jonas JAKOBSSON, Aneta WIERZBICKA, Jakob LÖNDAHL, Anders GUDMUNDSSON, Joakim PAGELS, Christina ANDERSEN

p3-aH-inD-019 Cigarette smoke dose equivalence : human airways versus the in vitro air-liquid interface.
John MCAUGHEY, Jason ADAMSON, Caner U YURTERI

p3-aH-inD-020 Attrition and dustiness of silicon carbide particles in solar energy capture and storage.
Somik CHAKRAVARTY, Pablo GARCÍA-TRIÑANES, Olivier LE BIHAN, Martin MORGENEYER

p3-aH-inD-021 Numerical study on the interpersonal exhaled droplet transport in a classroom.
Yang YANG, Guillaume DA, Li LIU, Evelyne GEHIN, Stephane DELABY, Sebastien RITOUX, Thi Lan HA, Enric ROBINE, Mahamadou ABDOU
TANKARI, Gilles LEFEBVRE

p3-aH-inD-022 Computational ﬂuid dynamics of indoor aerosols – modelling the ventilation eﬀect on indoor air quality.
M. TOMÉ, C. ALVES

p3-aH-inD-023 Emission Characteristics of Terpenols in pm2.5 Aerosol Emitted from Incense burning.
Su-Ching KUO, Ying I. TSAI

p3-aH-inD-024 Eﬀectiveness of local exhaust ventilation in removing nanoparticles in workplaces.
Evelien FRIJNS, Jan PETERS, Maida DOMAT, Carlos FITO, Patrick BERGHMANS

p3-aH-inD-025 Occupational exposure parameters for characterization of nanoparticulate matter.
Žanna MARTINSONE, Ilona PAVLOVSKA, Inese MARTINSONE, Anita SEILE, Ivars VANADZINS
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p3-aH-inD-026 An experimental study for thermal eﬃciency and indoor air quality in a subway.
K. M. KOO, H. S. PARK, Youngjin SEO

P3-BAP-SS7
16:10 - 18:10

BasiC aErosoL proCEssEs

POSTER SESSION

Poster area

bASIC AEROSOl pROCESSES - SpECIAl SESSION: RESuSpENSION
p3-Bap-ss7-001 Role of particle size and surface roughness on intermolecular interactions during particle resuspension from a turbulent ﬂow.
Soﬁa Eirini CHATOUTSIDOU, Yannis DROSSINOS, Mihalis LAZARIDIS

p3-Bap-ss7-002 particle entrainment due solely to electrostatic forces.
Samuel PEILLON, M. SOW

p3-Bap-ss7-003 CFD simulations of particle resuspension due to human walking.
Laurent RICCIARDI, Zakaria MANA, Francois GENSDARMES, Thomas GELAIN, Marc RABAUD, Catherine MONIER, Gaelle LE MEUR, Francois
FEUILLEBOIS

p3-Bap-ss7-004 Source apportionment of pm10 in paris: a focus on traﬃc resuspension.
Fulvio AMATO, Olivier FAVEZ, Marco PANDOLFI, Andres ALASTUEY, Xavier QUEROL, Sophie MOUKHTAR, Benjamin BRUGE , Verlhac STEPHANE, Bonnaire NICOLAS, Tiphaine LEPRIOL, Jf PETIT, Jag ORZA, Jean SCIARE

p3-Bap-ss7-005 Evaluation of dispersed single-wall carbon nanotubes produced by “ﬂoating catalyst”-method.
F. TONI, Haichen XING, J. WALTER, V. STRAUß, T. J. NACKEN, C. DAMM, K. E. WIRTH, D. GULDI, W. PEUKERT

P3-BAP-FUND1
16:10 - 18:10

BasiC aErosoL proCEssEs

POSTER SESSION

Poster area

AEROSOl DyNAmICS, COAGulATION AND FIlTRATION
p3-Bap-FunD-001 multivariate modeling of Soot particles with the hybrid method of moments.
Raymond LANGER, Achim WICK, Michael MUELLER, Heinz PITSCH

p3-Bap-FunD-002 limitation of water accommodation on organic-coated water surfaces.
Gozde ERGIN, Satoshi TAKAHAMA

p3-Bap-FunD-003 Sedimentation of aerosols and drift of single particles at resonance oscillations in tubes.
Damir GUBAIDULLIN, Rinat ZARIPOV, Liudmila TKACHENKO

p3-Bap-FunD-004 Investigation of local meteorology on particule and back carbon atmospheric concentrations in
the alpine valley.
Julie ALLARD, Florie CHEVRIER, Irena JEZEK, Grisa MOCNIK, Jean-Luc JAFFREZO, Guillaume BRULFERT, Jean-Paul LAURENT, Jean-Luc BESOMBES

p3-Bap-FunD-005The Eﬀect of primary particle polydispersity in the Evolving Agglomerate Structure and Size Distribution.
Eirini GOUDELI, Maximilian L. EGGERSDORFER, Sotiris E. PRATSINIS

p3-Bap-FunD-006 On the validity of the projected-area approximation of the equivalent mobility radius of powerlaw aggregates.
Anastasios MELAS, Lorenzo ISELLA, Athanasios G. KONSTANDOPOULOS, Yannis DROSSINOS

p3-Bap-FunD-007 Numerical study of the dispersion of carbon nanoparticles in the near wake of a cylinder.
Keita NAMAMOUDOU SIDIKI, Mehel AMINE, Murzyn FRÉDÉRIC, Diourte BADIÉ, Taniere ANNE

p3-Bap-FunD-008 Instability of accelerating aerosol surface.
Oleksandr GIRIN

p3-Bap-FunD-009 Determination of particle penetration from knowledge of the fully developed concentration
proﬁle in laminar ﬂow tubes.
Manuel ALONSO

p3-Bap-FunD-010 A pre-ﬁlter for Thermal Desorption Tubes.
Chien-Yu CHANG, Yu-Mei KUO, Sheng-Hsiu HUANG, Ching-Hwa CHEN, Cheng-Yao CHEN, Chih-Chieh CHEN

p3-Bap-FunD-011 Filtration characteristic on diﬀerent charging conditions of ﬁlter.
Y. C. CHENG, J. Y. SYU, Y. Y. KAO, C. T. WANG, T. M. TU, S. J. CHEN, K. H. CHANG, Wen-Yinn LIN

p3-Bap-FunD-012 On-line and Oﬀ-line pulse-jet Filter Cleaning of long Filter bags.
Joonmok SHIM, Hyun-Seol PARK
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p3-Bap-FunD-013 Importance of Can Velocity for Test of bag Filter Dust Collector.
Hyun-Seol PARK, Yun Haeng JOE, Joonmok SHIM

p3-Bap-FunD-014 Aerosol concentration vs. loading rate as the determining parameter for the pressure drop of oil
mist ﬁlters.

92

Heinrich E. KOLB, Jörg MEYER, Gerhard KASPER

p3-Bap-FunD-015 VOCs and particles removal with TiO2 Fibers prepared by electrospinning.
Tasi-Yu YANG, Nhat Thien NGUYEN, Chang-Tang CHANG

p3-Bap-FunD-016 Filtration eﬃciency of bubble scrubbers.
Lucija BOSKOVIC, R. BRADDOCK, R. CROPP

p3-Bap-FunD-017 Eﬀect of Dust Concentration on Filter Cleaning in a pulse-jet bag Filter.
Joonmok SHIM, Yun Haeng JOE, Hyun-Seol PARK

p3-Bap-FunD-018 Slip velocity measurement of particles inside a pleated hEpA ﬁlter.
Youssef ALILOU, Soleiman BOURROUS, Nathalie BARDIN MONNIER , Thomas GELAIN, Pascal LEMAITRE, Dominique THOMAS

p3-Bap-FunD-019 Eﬀect of particle diﬀusion loss on coagulation in a tube.
Manuel ALONSO, Jose Pedro SANTOS

p3-Bap-FunD-020 Agglomeration of polydisperse primary particles in the Free molecular Regime.
Eirini GOUDELI, Maximilian L. EGGERSDORFER, Sotiris E. PRATSINIS

p3-Bap-FunD-021 Eﬀect of Charge on particle Coagulation in the Atmosphere.
Kunal GHOSH, S.n TRIPATHI, Manish JOSHI, Y.s MAYYA, Arshad KHAN, B.k SAPRA

p3-Bap-FunD-022Direct simulation monte Carlo method for acoustic agglomeration of pm2.5 under standing-wave conditions.
Fengxian FAN, M. J. ZHANG, X. H. HU, M. X. SU

p3-Bap-FunD-043 Numerical analysis on annual energy consumption in semiconductor manufacturing cleanrooms
with diﬀerent types of humidiﬁcation techniques.
Won-Il SONG, Kyung-Hoon YOO, Kyung-Eung TAE, Yong-Sik KIM, Oh-Myung KWON

p3-Bap-FunD-044 A comparative experiment on energy consumption in cleanrooms with indoor water spray humidiﬁcation and steam humidiﬁcation systems.
Won-Il SONG, Kyung-Hoon YOO, Ki-Cheol KIM, Kyung-Eung TAE, Yong-Sik KIM, Oh-Myung KWON

P3-BAP-FUND2
16:10 - 18:10

BasiC aErosoL proCEssEs

POSTER SESSION

Poster area

phySICAl AND OpTICAl pROpERTIES OF AEROSOlS; NuClEATION AND GROWTh
p3-Bap-FunD-023 Impact of relative humidity on the yield and physical state of α-pinene soa.
Matt HAGREEN, George MARSTON, Christian PFRANG

p3-Bap-FunD-024 measurement of the charge distributions of 4-70 nm aerosols.
Martin Bødker ENGHOFF, Jacob SVENSMARK, Henrik SVENSMARK

p3-Bap-FunD-025 Water adsorption on organic aerosols: modeling at a molecular scale.
Bastien RADOLA, Sylvain PICAUD, Delphine VARDANEGA, Pal JEDLOVSZKY

p3-Bap-FunD-026 Inﬂuence of the humidity on the sticking of hO2 on fatty acids aerosols: a molecular dynamics study.
Delphine VARDANEGA, S. BRIQUEZ, D. DUFLOT, M. MONNERVILLE, Céline TOUBIN

p3-Bap-FunD-027 CCN activity of black carbon particles coated with organics of varying solubility.
Maryam DALIRIAN, Arttu YLISIRNIÖ, Angela BUCHHOLZ, Annele VIRTANEN, Ilona RIIPINEN

p3-Bap-FunD-028 hygroscopicity of sub-30 nm DmA-sulfuric acid mixture particles in sub-saturated conditions –
comparison of model predictions and measurements.
Olli-Pekka TIKKANEN, Hao WANG, Eemeli HOLOPAINEN, Liqing HAO, Olli VÄISÄNEN, Aki PAJUNOJA, Annele VIRTANEN, Taina YLI-JUUTI

p3-Bap-FunD-029 molecular collision frequency with a dipole-dipole interaction.
Matti ALA-LAHTI, Hanna VEHKAMÄKI, Oona KUPIAINEN-MÄÄTTÄ, Roope HALONEN

p3-Bap-FunD-030 Simulating new particle formation in boreal forest conditions in the ClOuD chamber.
Katrianne LEHTIPALO, Lubna DADA, Jenni KONTKANEN, Tuomo NIEMINEN, Chao YAN, Robert WAGNER, Jonathan DUPLISSY, Hamish GORDON, Jasper KIRKBY, Urs BALTENSPERGER, Markku KULMALA

p3-Bap-FunD-031 Soot primary particle Size by Agglomeration and Surface Growth.
Georgios A. KELESIDIS, Eirini GOUDELI, Sotiris E. PRATSINIS
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p3-Bap-FunD-032Investigation of nucleation thresholds in the reactions of ozone with Volatile Organic Compounds (VOCs).
Tomasz GIERCZAK, Layal FAYAD, Jiarong LI, Alexandre TOMAS, Véronique RIFFAULT

p3-Bap-FunD-033 production of ultraﬁne particles during Concrete Fracture.
Lidia MORAWSKA, Prashant KUMAR, Nassib JABBOUR, Rohan JAYARATNE, Graham JOHNSON, Joel ALROE, Erik UHDE, Tunga SALTHAMMER,
Luke CRAVIGAN, Ehsan Majd FAGHIHI

p3-Bap-FunD-034The cloud expansion due to the Stefan outﬂow at nonisothermal condensation in multi-component
vapour-gas mixture.
Alexander SHCHEKIN, Anatoly KUCHMA, Darya MARTYUKOVA

p3-Bap-FunD-035 Investigating the role of ions in new particle formation in the ClOuD chamber.
Robert WAGNER, Lubna DADA, Katrianne LEHTIPALO, Jenni KONTKANEN, Tuomo NIEMINEN, Hanna E. MANNINEN, Lauri AHONEN, Chao
YAN, Jonathan DUPLISSY, Jasper KIRKBY, Markku KULMALA

p3-Bap-FunD-036 Simulation of vapour phase supersaturation and pm formation during heating commercial cooking oils.
Mehdi AMOUEI TORKMAHALLEH, Ulmeken KAIBALDIYEVA, Aida KADYRBAYEVA

p3-Bap-FunD-037 use of the measured volume scattering function for extrapolation to angular ranges inaccessible
to measurement.
Helmuth HORVATH

p3-Bap-FunD-038 The measurements of light scattering from a single pmmA particle.
Y. C. CHENG, Y. Y. KAO, J. Y. SYU, C. T. WANG, S. H. HUANG, S. J. CHEN, C. C. CHEN, Wen-Yinn LIN

p3-Bap-FunD-039 uV-VIS depolarization of mineral dust particles at exact backscattering angle: laboratory experiment and comparison with T-matrix numerical simulations.
Alain MIFFRE, Tahar MEHRI, Patrick RAIROUX

p3-Bap-FunD-040linking structural and chemical characteristics of soot particles to their optical absorption in the uv-visible.
Iman MARHABA, Daniel FERRY, Philippe PARENT, Carine LAFFON, Jérôme YON, Alexandre BESCOND, François-Xavier OUF, Tom Z. REGIER

p3-Bap-FunD-041 Source apportionment of brown carbon from urban ambient aerosols.
Nivedita KRISHNA KUMAR, Imad EL HADDAD, Kaspar DÄLLENBACH , André S. H. PRÉVÔT , Jay SLOWIK, Urs BALTENSPERGER

p3-Bap-FunD-042 performance Testing of a handheld Nebulizer.
Yu-Mei KUO, Sheng-Hsiu HUANG, Tsung-Han YANG, Ning YU, Chih-Chieh CHEN

P3-BAP-AC
16:10 - 18:10

BasiC aErosoL proCEssEs

POSTER SESSION

Poster area

bASIC AEROSOl pROCESSES - AEROSOl ChEmISTRy
p3-Bap-aC-001 Investigation of higher molecular organic compounds in a city waste incineration ash and comparison
with real samples by single particle laser desorption bipolar mass spectrometry.
Christof BARTH, Klaus-Peter HINZ, Bernhard SPENGLER

p3-Bap-aC-002 Single particle chemical analysis of various laboratory generated aerosols by using newly developed
single particle mass spectrometer.
Kihong PARK, Donggeun LEE, Hee-Joo CHO

p3-Bap-aC-003 Determination of dicarboxylic acids in atmospheric aerosols using continuous Aerosol Counterﬂow
Two-Jets unit.
Pavel MIKUŠKA, Lukáš ČAPKA, Kamil KŘŮMAL, Zbyněk VEČEŘA

p3-Bap-aC-004 quantiﬁcation of organic and inorganic particles by lAAp-ToF-mS.
Rachel GEMAYEL, Brice TEMIME-ROUSSEL, Stig HELLEBUST, Henri WORTHAM, Saso GLIGOROVSKI

p3-Bap-aC-005 Consolidation of equivalence between EDxRF and GF-AAS analytical techniques for particulate matter
on ﬁlter samples.
Vasiliki VASILATOU, Manousos Ioannis MANOUSAKAS , Vasiliki KANTARELOU, Konstantinos ELEFTHERIADIS

p3-Bap-aC-006 Implications of inorganic salt interferences on Aerodyne AmS and ACSm organic aerosol composition studies.
Simone PIEBER, Imad EL HADDAD, Jay G. SLOWIK, Manjula R. CANAGARATNA, John T. JAYNE, Stephen M. PLATT, Carlo BOZZETTI, Kaspar
R. DAELLENBACH, Roman FRÖHLICH, Athanasia VLACHOU, Felix KLEIN, Josef DOMMEN, Branka MILJEVIC, Jose L JIMENEZ, Doug R. WORSNOP, Urs BALTENSPERGER, André S. H. PRÉVÔT

p3-Bap-aC-007 An Automated baseline Correction method for Atmospheric Aerosol Infrared Spectra Collected on
polytetraﬂuoroethylene (Teﬂon) Filters.
Adele KUZMIAKOVA, Ann DILLNER, Satoshi TAKAHAMA

93
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p3-Bap-aC-008 ACmCC: Aerosol Chemical monitor Calibration Centre: An overview of the recent intercomparison exercise.
Evelyn FRENEY, Olivier FAVEZ, Valerie GROSE, Jean SCIARE, Tanguy AMEDEO, Francois TRUONG, John JAYNE, Philip CROTEAU, Leah WILLIAMS

94

p3-Bap-aC-009 Improvements of the laser two-step mass spectrometry (l2mS) technique for the surface analysis
of aerosol particles using VuV coherent sources.
Yvain CARPENTIER, Cornelia IRIMIEA, Ismael-Kenneth ORTEGA, Claire PIRIM, Bertrand CHAZALLON, Michael ZISKIND, Alessandro FACCINETTO, Cristian FOCSA

p3-Bap-aC-010 possibility of drastically enhancing the capture capability of CO2 with ammonia through the control
of drop size distribution.
M. K. CHO, M. K. CHOI, J. W. LEE

p3-Bap-aC-011 Aqueous-phase formation of methylnitrocatechols as important SOA tracers of biomass burning organic aerosols.
Kristijan VIDOVIĆ, Irena GRGIĆ, Sanja FRKA, Martin ŠALA, Ana KROFLIČ

p3-Bap-aC-012molecular level study of palmitic acid substrate on nacl(100): physical phenomena of atmospheric interest.
Josip LOVRIĆ, S. BRIQUEZ, D. DUFLOT, M. MONNERVILLE, C. TOUBIN

p3-Bap-aC-013 heterogeneous interaction of volatile organic compounds with natural mineral dust surfaces under
simulated atmospheric conditions.
Manolis ROMANIAS, Mohamad ZEINEDDINE, Vincent GAUDION, Frédéric THEVENET, Véronique RIFFAULT

p3-Bap-aC-014 Gas–particle partitioning of gaseous elemental mercury.
Uday KURIEN, Hu ZHENZHONG, Ashu DASTOOR, Parisa ARIYA

p3-Bap-aC-015 The interaction of water with aircraft soot and their surrogates.
Iman MARHABA, Philippe PARENT, Carine LAFFON, Daniel FERRY, François-Xavier OUF, Tom REGIER

p3-Bap-aC-016 Aerosol formation during the condensation of fast pyrolysis vapours.
Yannik ILLE, Nicolaus DAHMEN, Karlheinz SCHABER

p3-Bap-aC-017 Aerosol formation in a double-stage acid recovery process.
Philipp HAMBERGER, Karlheinz SCHABER

p3-Bap-aC-018 highly Oxidized RO2 Radicals and Consecutive products from the Ozonolysis of Three Sesquiterpenes.
Stefanie RICHTERS, Hartmut HERRMANN, Torsten BERNDT

p3-Bap-aC-019 modelling the interaction of semi-volatile organic compounds with multiphase aerosol particles
using polyparameter linear free energy relationships.
Pourya SHAHPOURY, Sophie TOMAZ, Emilie PERRAUDIN, Eric VILLENAVE, Alexandre ALBINET , Zoran KITANOVSKI, Gerhard LAMMEL

p3-Bap-aC-020 Water Interactions with Organic Surfaces Studied with the Environmental molecular beam method.
Soﬁa M. JOHANSSON, Xiangrui KONG, Panos PAPAGIANNAKOPOULOS, Erik S. THOMSON, Jan B.c. PETTERSSON

p3-Bap-aC-021 Cfd modelling of aerosol deposition in ventilation ducts.
Thomas GELAIN, Jérôme RICHARD, Laurent RICCIARDI

p3-Bap-aC-022 Comparison of nanosecond and femtosecond laser ablation in a single particle mass spectrometer.
Ramakrishna RAMISETTY, Ahmed ABDELMONEM, Xiaoli SHEN, Harald SAATHOFF, Thomas LEISNER, Claudia MOHR

p3-Bap-aC-023 horiba pm2.5 elemental continuous analysis in ambiant air.
Jean-Clair BALLOT

p3-Bap-aC-024 Chemical modiﬁcation of particles containing peroxides due to mixing with particles containing ammonium iodide detected by aerosol mass spectrometry.
Marcel WELOE, Thorsten HOFFMANN

p3-Bap-aC-025 Autooxidation reaction study of photolyzed iodoalkanes under atmospheric conditions.
Dominik PITTON, Hoﬀmann THORSTEN

18:30 - 19:00BUS DEPARTURE
19:00 - 23:00

CONFERENCE DINNER

Vinci Conference Center
La Grange de Meslay
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atmospHEriC aErosoL stuDiEs
aap: Atmospheric Aerosol processes
aErosoL tECHnoLogy
aBn: Aerosol based Nanotechnology / Ca: Combustion Aerosol / EE: Electrical Eﬀect
aErosoL mEasurEmEnt tECHniquEs
inst: Instrumentation/ pmx: pmx
aErosoL anD HEaLtH
inD: Indoor and working place aerosol/ iEH: Inhalation, Exposures and health
BasiC aErosoL proCEssEs
aC: Aerosol Chemistry/ am: Aerosol modelling/ FunD: Fundamentals
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08:00 - 12:00

REGISTRATION

PL5
08:30 - 09:30

99

Welcome Desk
aErosoL anD HEaLtH

PLENARY LECTURE 5

Auditorium Pierre de Ronsard

AEROSOlThERApy OF mONOClONAl ANTIbODIES FOR RESpIRATORy DISEASES.
Chairmen: Patrice DIOT (Tours, FRANCE), Werner HOFMANN (Salzburg, AUSTRIA)
Plenary Speaker: Nathalie HEUZÉ-VOURC’H (Tours, FRANCE)

09:30 - 09:45

BEST POSTERS AWARDS

Auditorium Pierre de Ronsard

09:45 - 10:10 COFFEE BREAK
36-AH-IEH2
10:10 - 12:30

INHALATION EXPOSURE AND HEALTH

Exhibition Hall
aErosoL anD HEaLtH
Auditorium Pierre de Ronsard

hEAlTh, INFECTIOuS DISEASES AND hOSpITAl ENVIRONmENT
Chairmen: Otto HÄNNINEN (Helsinki, FINLAND), Christina ISAXON (SWEDEN)

10:10 - 10:30
036-aH-iEH-08 Surgical smoke aerosol: exposure assessment and respiratory protection.
Sergey GRINSHPUN, Shuang GAO, Michael YERMAKOV, Yousef ELMASHAE, Tiina REPONEN, Richard KOEHLER

10:30 - 10:50
o36-aH-iEH-09 Indoor air quality in French hospitals: physical-chemical results.
Estelle BAURES, Fabien MERCIER, Pierre LE CANN, Olivier BLANCHARD, Emilie SURGET, Jean-Pierre GANGNEUX, Arnaud FLORENTIN

10:50 - 11:10
o36-aH-iEH-11 Airborne biological particles and allergy.
Michel THIBAUDON, Gilles OLIVER

11:10 - 11:30
o36-aH-iEH-13 Next generation instrumentation to study infectious species on an aerosol.
Allen HADDRELL, Mara OTERO-FERNANDEZ, Jonathan REID

11:30 - 11:50
o36-aH-iEH-14 performing Inhalation Exposures using Infectious microorganisms and Toxins: Conducting Them Safely, Accurately,
and Reproducibly.
Roy BARNEWALL

11:50 - 12:10
rEsErVE papEr / p3-aH-iEH-010 Adjuvant Function of Diesel and Toner particles in the Development of Allergies.
Fangxia SHEN, I. BELLINGHAUSEN, J. SALOGA, K. BECKER, F. LIU, C. J. KAMPF, S. LAI, D. SCHUPPAN, Lucas KURT, Pöschl ULRICH

12:10-12:30
rEsErVE papEr / p3-aH-ss6-015 Airborne bacteria in hospital operating theatres during surgery.
Malin ALSVED, Anette CIVILIS, Peter EKOLIND, Ann TAMMELIN, Anette ERICHSEN ANDERSSON, Jonas JAKOBSSON, Tobias SVENSSON, Matts RAMSTORP, Tina
SANTL TEMKIV, Mats BOHGARD
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FUNDAMENTAL

Auditorium Descartes

NuClEATION AND GROWTh

100

Chairmen: Hanna VEHKAMÄKI (Helsinki, FINLAND), Paul WINKLER (Vienna, AUSTRIA)

10:10 - 10:30
o37-Bap-FunD-01 Atomistic modeling of heterogeneous nucleation of ice.
Olli PAKARINEN, Tuomo PONKKONEN, Hanna VEHKAMÄKI

10:30 - 10:50
o37-Bap-FunD-02 heterogeneous vapor uptake by single atom ions of both polarities using a diﬀerential mobility analyzer – mass
spectrometer (DmS-mS).
Anne MAISSER, Jikku THOMAS, Christopher HOGAN

10:50 - 11:10
o37-Bap-FunD-03 Surface tension of sulfur nanoparticles as determined from nucleation experiments.
Sergey VALIULIN, Andrew ONISCHUK, Stefano DI STASIO, Sergey VOSEL, Anatoli BAKLANOV, Vladimir KARASEV

11:10 - 11:30
o37-Bap-FunD-04 On the temperature dependence of heterogeneous nucleation of n-butanol vapor on silver and sodium chloride
nanoparticles.
Tauber CHRISTIAN, Paul WAGNER, Paul WINKLER

11:30 - 11:50
o37-Bap-FunD-05 heterogeneous nucleation onto ions and neutralized ions - insights into sign-preference.
Juha KANGASLUOMA, Samodurov ALEXANDER, Attoui MICHEL, Alessandro FRANCHIN, Heikki JUNNINEN, Frans KORHONEN, Theo KURTEN, Hanna VEHKAMÄKI, Mikko SIPILÄ, Katrianne LEHTIPALO, Douglas WORSNOP, Tuukka PETÄJÄ, Markku KULMALA

11:50 - 12:10
o37-Bap-FunD-06 Chemical composition of (cluster) ions observed by Api-TOF during nucleation.
Mao XIAO, Federico BIANCHI, Carla FREGE, Sarnela NINA, Chao YAN, Olga GARMASH, Tuija JOKINEN, Heikki JUNNINEN, Ugo MOLTENI, Wei NIE, Lauriane
QUÉLÉVER, Matti RISSANEN, Markku KULMALA, Mikko SIPILÄ, Douglas WORSNOP, Urs BALTENSPERGER, Josef DOMMEN

12:10 - 12:30
o37-Bap-FunD-07 Simulation of the Size-Composition Distribution of Atmospheric Nanoparticles over Europe.
David PATOULIAS, Christos FOUNTOUKIS, Ilona RIIPINEN, Spyros PANDIS

rEsErVE papEr / p3-Bap-FunD-002 limitation of water accommodation on organic-coated water surfaces.
Gozde ERGIN, Satoshi TAKAHAMA

38-AH-SS6
10:10 - 12:30

aErosoL anD HEaLtH

SPECIAL SESSION 6: BIOAEROSOLS

Room 1 (Level 2)

bIOAEROSOlS
Chairmen: Philippe DUQUENNE (Vandoeuvre-Lès-Nancy, FRANCE), Enric ROBINE (Champs-sur-Marne, FRANCE)

10:10 - 10:30
o38-aH-ss6-01 Fungi in indoor air – sources, exposure and health eﬀects.
Tiina REPONEN

10:30 - 10:50
o38-aH-ss6-02 microorganisms from clouds: Interactions with h2O2.
Anne Marie DELORT, Nolwenn WIRGOT, Audrey LALLEMENT, Mickael VAITILINGOM, Laurent DEGUILLAUME, Martine SAMCELME, Pierre AMATO, Virginie VINATIER

10:50 - 11:10
o38-aH-ss6-03 A new bioaerosol chamber for validation of bioaerosol samplers.
Clara POGNER, Verena UNTERWURZACHER, Anja KONLECHNER, Markus GORFER, Manfred HINKER, Annette KOLK, Leander MÖLTER, Joseph STRAUSS, Sabine GOLLER

11:10 - 11:30
o38-aH-ss6-04 Seasonal variation of airborne bacterial and fungal communities in diﬀerent size fractions in an urban and a semiurban residential environment using molecular techniques.
Nikoletta GRYDAKI, Ian COLBECK, Corinne WHITBY
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11:30 - 11:50
o38-aH-ss6-05 Gradient of bioaerosol impaction/deposition deﬁned by biomimetic passive sensors.
Jean Jacques GODON, Amandine GALÈS, Eric LATRILLE, Jean-Philippe STEYER, Nathalie WÉRY
101

11:50 - 12:10
o38-aH-ss6-06 Improved endotoxin detection and characterisation from biowaste and intensive agriculture.
Sean TYRREL, Simon JACKSON, Enda HAYES, Toni GLADDING, Allan BENNETT

12:10 - 12:30
o38-aH-ss6-07 Characterisation of bioaerosols and evaluation of biological risks at the workplace: recent advances and perspectives.
Philippe DUQUENNE

rEsErVE papEr / p3-aH-iEH-009 Design and performance of personal Electrostatic bioaerosol Sampler (pEbS).
Gediminas MAINELIS, Taewon HAN

39-AMT-PMX2
10:10 - 12:30

aErosoL mEasurEmEnt tECHniquEs

PMX

Room 2 (Level 2)

SOuRCE AppORTIONmENT TOOlS AND ApplICATIONS
Chairmen: Franco LUCARELLI (Sesto Fiorentino, ITALY), Nikos MIHALOPOULOS (Heraklion - Crete, GREECE)

10:10 - 10:30
o39-amt-pmx-08 Nitrogen's stable isotopes as a proxy to determine ammonium sources in pm using a monte Carlo's simulation.
Samuel WEBER, Benjamin GOLLY, Olivier FAVEZ, Sebastien CONIL, Joël SAVARINO, Jean-Luc JAFFREZO

10:30 - 10:50
o39-amt-pmx-09 Source apportionment of pm2.5 in the balkan region: Identiﬁcation of major emission sources and variability of
source chemical proﬁles.
Evangelia DIAPOULI, Manousos-Ioannis MANOUSAKAS, Vasiliki KANTARELOU, Niko CIVICI, Kresimir SEGA, Ivan BESLIC, Silvije DAVILA, Konstantinos ELEFTHERIADIS

10:50 - 11:10
o39-amt-pmx-10 Study of pm10 in a polluted area in Tuscany in the proximity of a waste incinerator.
Franco LUCARELLI, Giulia CALZOLAI, Massimo CHIARI, Silvia NAVA, Martina GIANNONI, Silvia BECAGLI, Roberto UDISTI, Valter BARRERA

11:10 - 11:30
o39-amt-pmx-11 Source apportionment of ambient particle number concentrations in central los Angeles using positive matrix
factorization (pmF).
Mohammad Hossei SOWLAT, Sina HASHEMINASSAB, Constantinos SIOUTAS

11:30 - 11:50
o39-amt-pmx-12 The Source Apportionment Delta tool.
Denise PERNIGOTTI, Claudio A. BELIS

11:50 - 12:10
o39-amt-pmx-13 harmonized pm source apportionment on a large set of various French sites using constrained positive matrix
Factorization.
Dalia SALAMEH, Olivier FAVEZ, Benjamin GOLLY, Jean Luc BESOMBES, Laurent ALLEMAN, Alexandre ALBINET, Jean Luc JAFFREZO

12:10 - 12:30
o39-amt-pmx-14 Inter-comparison of pmF and Cmb receptor models for pm10 source apportionment in three sites in central Italy.
Daniela CESARI, Silvana IACOBELLIS, Antonio DONATEO, Giancarlo POTENZA, Carmela TORTORELLA, Marianna CONTE, Daniele CONTINI

40-BAP-AC2
10:10 - 12:30

BasiC aErosoL proCEssEs

AEROSOL CHEMISTRY
ANThROpOGENIC INFluENCE ON SECONDARy ORGANIC AEROSOl
Chairmen: Martin BRÜGGEMANN (Mainz, GERMANY), Ismael Kenneth ORTEGA COLOMER (Palaiseau, FRANCE)

10:10 - 10:30
o40-Bap-aC-08 On the (trans)formation of secondary biomass burning aromatic pollutants in the atmosphere.
Ana KROFLIČ, Janine SCHINDELKA, Olaf BÖGE, Hartmut HERRMANN

Room 3 (Level 2)
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10:30 - 10:50
o40-Bap-aC-09 Identiﬁcation of methynitrocatechols in atmospheric particulate matter: quantum chemical calculations and experimental evidence.
102

Sanja FRKA, Martin ŠALA, Ana KROFLIČ, Matej HUŠ, Alen ČUSAK, Irena GRGIĆ

10:50 - 11:10
o40-Bap-aC-10 Ageing of the chemical ﬁngerprint at the molecular level of emissions generated by wood burning: a smog chamber study.
Amelie BERTRAND, Giulia STEFENELLI, Emily BRUNS, Simone PIEBER, Brice TEMIME-ROUSSEL, Felix KLEIN, Jay SLOWIK, Andre PREVOT, Imad EL HADDAD,
Henri WORTHAM, Nicolas MARCHAND

11:10 - 11:30
o40-Bap-aC-11 Investigation of SOA from Anthropogenic precursors using online Extractive Electrospray Ionization mass Spectrometry.
Veronika POSPISILOVA, Felipe LOPEZ-HILFIKER, Deepika BHATTU, Felix KLEIN, Marteen HERINGA, Emily BRUNS, Andre PREVOT, Urs BALTENSPERGER, Jay SLOWIK

11:30 - 11:50
o40-Bap-aC-12 measurements of toxic nitramines and nitrosamines in particles formed during the photochemical degradation of
amine emissions from co2 capture plants.
Naomi FARREN, William UNSWORTH, Liang ZHU, Tomas MIKOVINY, Barbara D'ANNA, Armin WISTHALER, Wen TAN, Claus NIELSEN, Jacqueline HAMILTON

11:50 - 12:10
o40-Bap-aC-13 photochemical reaction at the air-water interface and eﬀect on atmospheric nitric oxide.
Nathalie HAYECK, Stéphanie ROSSIGNOL, Peter ALPERT, Sébastien PERRIER, Martin BRÜGGEMANN, Liselotte TINEL, Monica PASSANANTI, Christian GEORGE

12:10 - 12:30
o40-Bap-aC-14 Gas phase diﬀusion coeﬃcients of atmospheric reactive trace gases and knudsen numbers for gas uptake calculations.
Mingjin TANG, Manabu SHIRAIWA, Ulrich PÖSCHL, Tony COX, Markus KALBERER

rEsErVE papEr / p3-Bap-aC-017 Aerosol formation in a double-stage acid recovery process.
Philipp HAMBERGER, Karlheinz SCHABER

12:30 - 14:00 FREE LUNCH BREAK
41-AH-IEH3
14:00 - 15:40

INHALATION EXPOSURE AND HEALTH

Vinci Conference Center
aErosoL anD HEaLtH
Auditorium Pierre de Ronsard

pROCESSES AND bEhAVIOR OF AEROSOl pARTIClES IN ThE RESpIRATORy TRACT
Chairmen: Werner HOFMANN (Salzburg, AUSTRIA), Otto HÄNNINEN (Helsinki, FINLAND)

14:00 - 14:20
o41-aH-iEH-15 Aerosol dynamics model for the hygroscopic growth of NaCl particles and resulting deposition in the human lung.
Renate WINKLER-HEIL, Werner HOFMANN, Lukas PICHELSTORFER

14:20 - 14:40
o41-aH-iEH-16 The penetration of polystyrene particles through the airways investigated by accelerator mass spectrometry.
Viktoriya SEMEYKINA, Ekaterina PARKHOMCHUK, Alexandra SELIVANOVA, Dayana GULEVICH, Anatoly BAKLANOV, Andrei TARATAYKO, Sergei RASTIGEEV,
Vasiliy PARKHOMCHUK

14:40 - 15:00
o41-aH-iEH-17 Chemical characterization of size-resolved ﬁne particles in human exhaled breath by using single particle aerosol
mass spectrometry.
Xue LI, Lei HUANG, Zhengxu HUANG, Zhen ZHOU

15:00 - 15:20
o41-aH-iEH-18 Deposition of industrial aerosols in the human respiratory tract.
Mona MOUSTAFA, Werner HOFMANN, Imre BALASHAZY, Agnes JOKAY, Peter FURI, Blanka CZITROVSZKY, Arpad FARKAS

15:20 - 15:40
o41-aH-iEH-19 Development of a drug and device for an eﬃcient alveolar delivery of a neutralizing monoclonal antibody to treat
pulmonary intoxication to ricin.
Renaud RESPAUD, Denis MARCHAND, Thibaut PELAT, Kam-Meng TCHOU-WONG, Chad J. ROY, Christelle PARENT, Philippe THULLIER, Emmanuelle GUILLOTCOMBE, Laurent VECELLIO, Nathalie HEUZÉ-VOURC’H
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rEsErVE papEr / p3-aH-iEH-020 physical characteristics of cigarette smoke and e-cigarette aerosol, inhalation conditions and their
implications for dose.
John MCAUGHEY, Caner U YURTERI, Ross CABOT, Lukas PICHELSTORFER, Renate WINKLER-HEIL, Werner HOFMANN
103

42-BAP-FUND2
14:00 - 15:40

BasiC aErosoL proCEssEs

FUNDAMENTAL

Auditorium Descartes

STRuCTuRE AND DyNAmICS OF NANOpARTIClES
Chairmen: Yannis DROSSINOS (Ispra, ITALY), Eirini GOUDELI (Zurich, SWITZERLAND)

14:00 - 14:20
o42-Bap-FunD-08 The crystal structure and sintering of coalescing gold nanoparticles and its alloys.
Eirini GOUDELI, Sotiris E. PRATSINIS

14:20 - 14:40
o42-Bap-FunD-09 Computational modelling of oleic acid at the air–water interface.
Jana GESSNER, Christian PFRANG, David NUTT

14:40 - 15:00
o42-Bap-FunD-10 3D Computational Fluid Dynamics modelling of Direct ultraviolet photoionization and Charge Recombination of
ultraﬁne particles.
Robert NISHIDA, Adam BOIES, Simone HOCHGREB

15:00 - 15:20
o42-Bap-FunD-11 Spreading of an aerosol cloud heated by illumination.
Daniyar BALAPANOV, Andrei VEDERNIKOV, Jürgen BLUM

15:20 - 15:40
o42-Bap-FunD-12 modeling aerosol scavenging by drops: from microphysical CFD simulations to a global collection kernel.
Gaël CHERRIER, Emmanuel BELUT, Anne TANIERE, Nicolas RIMBERT, Fabien GERARDIN

rEsErVE papEr / p3-Bap-FunD-001 multivariate modeling of Soot particles with the hybrid method of moments.
Raymond LANGER, Achim WICK, Michael MUELLER, Heinz PITSCH

43-AH-IND2
14:00 - 15:40

aErosoL anD HEaLtH

INDOOR AND WORKING PLACE AEROSOL

Room 1 (Level 2)

ExpOSuRE AND hEAlTh
Chairmen: Aneta WIERZBICKA (Lund, SWEDEN), Olivier WITSCHGER (Nancy, FRANCE)

14:00 - 14:20
o43-aH-inD-09 Dynamic properties of exhaled e-cigarette aerosol vs. conventional cigarette smoke.
Ari SETYAN, Tadas PRASAUSKAS, Dainius MARTUZEVICIUS, Grant O'CONNELL, Xavier CAHOURS, Stéphane COLARD

14:20 - 14:40
o43-aH-inD-11 Exposure Assessment of Nanomaterials at production sites based on Short Time Sampling: methodology & Strategy
of the STS-EA approach.
Christophe BRESSOT, Tanga JAYABALAN, G. FAYET, O. AGUERRE-CHARIOL, Neeraj SHANDILYA

14:40 - 15:00
o43-aH-inD-12 Conceptual considerations to establish a framework on release for nanomaterials.
Thomas A.j. KUHLBUSCH, Heinz KAMINSKI, Araceli SÁNCHEZ JIMÉNEZ, Yaobo DING, Martie VAN TONGEREN, Michael RIEDIKER, Simon CLAVAGUERA, Henk
GOEDE, Burkhard STAHLMECKE

15:00 - 15:20
rEsErVE papEr / p3-aH-inD-003 uV-C decontamination of aerosolized and surface bound single spores and bioclusters.
Jana KESAVAN

15:20 - 15:40
rEsErVE papEr / p3-aH-iEH-022 Floor dust pAhs inside university lecture rooms, oﬃces and workshop.
Androniki MARAGKIDOU, Y. MA, O. JAGHBEIR, D. FAOURI, S. HARRAD, A. AL-HUNAITI, S. ARAR, K. HÄMERI, T. HUSSEIN
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aErosoL mEasurEmEnt tECHniquEs

PMX

Room 2 (Level 2)

pmx ChARACTERIZATION: SOuRCES AND pROCESSES

104

Chairmen: Véronique RIFFAULT (Douai, FRANCE), Jaroslav SCHWARZ (Prague, CZECH REPUBLIC)

14:00 - 14:20
o44-amt-pmx-15 Real-time chemical characterization of submicron particles in m’bour, Senegal during the 2015 dry season.
Laura-Hélèna RIVELLINI, Véronique RIFFAULT, Isabelle CHIAPELLO, Emmanuel TISON, Marc FOURMENTIN

14:20 - 14:40
o44-amt-pmx-16 Scale-Dependent Spatiotemporal patterns of ﬁne pm concentrations.
Yael ETZION, David M. BRODAY

14:40 - 15:00
o44-amt-pmx-17 Controlling air pollution at construction sites.
Gary FULLER, Anna FONT

15:00 - 15:20
o44-amt-pmx-18 Origins of pm10 in northern coast of France: a one year study to estimate maritime contributions in the Strait of Dover.
Cloe ROCHE, Frédéric LEDOUX, Mireille BORGIE, Gilles DELMAIRE, Gilles ROUSSEL, Matthieu PUIGT, Dominique COURCOT

15:20 - 15:40
rEsErVE papEr / p3-amt-pmx-005 GAW global site hohenpeißenberg –how has the aerosol load changed over the years?
Johanna ESSER-GIETL, Michael ELSASSER, Harald FLENTJE, Adele HENKE, Werner THOMAS

45-BAP-AC3
14:00 - 15:40

BasiC aErosoL proCEssEs

AEROSOL CHEMISTRY

Room 3 (Level 2)

mEThODS AND TEChNIquES FOR AEROSOl ChARACTERISATION
Chairmen: Josef DOMMEN (Villigen, SWITZERLAND), Sarah STEIMER (Cambridge, UK)

14:00 - 14:20
o45-Bap-aC-15 A new on-line monitor for in-situ, time-resolved characterization of the ability of ambient particles to generate
reactive oxygen species.
Arantzazu EIGUREN-FERNANDEZ, Arantzazu EIGUREN-FERNANDEZ, Nathan KREISBERG, Susanne HERING

14:20 - 14:40
o45-Bap-aC-16 Finding the building blocks of atmospheric nucleation clusters - the nanoTOF project.
Gerhard STEINER, Martin BREITENLECHNER, Werner JUD, Lukas FISCHER, Markus LEIMINGER, Armin HANSEL

14:40 - 15:00
o45-Bap-aC-17 Computational tools for functional group analysis of organic aerosols.
Satoshi TAKAHAMA, Matteo REGGENTE, Giulia RUGGERI, Adele KUZMIAKOVA, Fabian BERNHARD, Barron HENDERSON, Ann DILLNER

15:00 - 15:20
o45-Bap-aC-18 Single aerosol particle composition using vibrational spectroscopy.
Jay EVERSOLE, Vasanthi SIVAPRAKASAM, Matthew HART, Paul LANE, Johnathan RICHARDSON, Brien SAAR, William HERZOG

15:20 - 15:40
o45-Bap-aC-19 Elemental composition of ambient aerosols measured in high temporal resolution with an online x-ray ﬂuorescence
spectrometer.
Markus FURGER, Jay SLOWIK, Mari Cruz MINGUILLON, Roman FROEHLICH, Christoph HUEGLIN, Chris KOCH, Krag PETTERSON, Urs BALTENSPERGER, Andre PREVOT

rEsErVE papEr / p3-Bap-aC-009 Improvements of the laser two-step mass spectrometry (l2mS) technique for the surface analysis
of aerosol particles using VuV coherent sources.
Yvain CARPENTIER, Cornelia IRIMIEA, Ismael-Kenneth ORTEGA, Claire PIRIM, Bertrand CHAZALLON, Michael ZISKIND, Alessandro FACCINETTO, Cristian FOCSA

15:40 - 16:00

CONFERENCE CLOSURE

Auditorium Pierre de Ronsard
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AuThOR INDEx
unDErstanD tHE CoDEs
the codes have a speciﬁc 4 section format : xx-xx-xx-xx
1st section: type of presentation
Ox : oral session n°x
p1 : poster session / monday 05 September
p2 : poster session / Tuesday 06 September
p3 : poster session / Thursday 08 September
2nd section: topic code
AAS: atmospheric aerosol studies
AT: Aerosol Technology
AmT: Aerosol measurement Techniques
AAp: atmospheric aerosol processes
Ah: Aerosol and health
bAp: basic aerosol processes
3rd section: working group or special session code
AAS: atmospheric aerosol studies
AbN: Aerosol based nanotechnology
AC: aerosol chemistry
AT: Aerosol technology
EE: Electrical eﬀect
FuND: Fundamental
IEh: Inhalation exposure and health
IND: Indoor and working place aerosol
INST: Instrumentation
pmx : pmx
SS1 : Special Session 1: plasma
SS2 : Special Session 2: Aircraft
SS3 : Special Session 3: Soot
SS5 : Special Session 6: Fukushima
SS4 : Special Session 4: Filtration and gas-particle separation
SS6 : Special Session 6: bioaerosols
SS7 : Special Session 7: Resuspension
SS8 : Special Session 8: Inhalation exposures and health
4th section: the presentation number in the session
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A
Aakko-Saksa, päivi
132

O14-AT-CA-07,
O14-AT-CA-09
Aalto, pasi p.
p1-AAS-AAp-073,
p1-AAS-AAp-236
Aaltonen, hanni laura O33-Ah-SS8-07,
p3-Ah-SS8-001
Abbaszade, Gülcin
O2-AAS-AAp-09,
O28-Ah-IEh-06
Abdel-massih, Roula m. p3-Ah-IEh-016
Abdelmonem, Ahmed p3-bAp-AC-022
Abdou Tankari, mahamadou
p3-Ah-IND-021
Abishek, S.
O15-AT-SS4-05
Acosta Navarro, Juan Camilo
p2-AAS-AAp-169
Team Actris
p3-AmT-pmx-055
Adachi, kouji
O8-AAS-SS5-02,
O8-AAS-SS5-04,
O26-AAS-AAp-73
Adam, N.
p1-AT-CA-007
Adamson, Jason
O33-Ah-SS8-01,
p3-Ah-IND-019
Adani, m.
p2-AAS-AAp-174
Adesina, Joseph
p1-AAS-AAp-097
Afanou, k. Anani
p3-Ah-IEh-005
Aﬁf, Charbel
p2-AAS-AAp-149
Afzal, Nimra
p3-Ah-IND-010
Agostinho, l. l. F.
p1-AT-EE-011
Agostinho, l. l. m.
O5-AT-EE-04
Agranovski, Igor E. p2-AAS-AAp-123,
p2-AT-AbN-012,
p2-AT-AbN-018
Agrios, konstantinos O32-AAS-AAp-92
Aguerre-Chariol, O.
O43-Ah-IND-11
Aguilera, Ángeles
p1-AAS-AAp-075
Ahlberg, Erik
O9-AT-SS3-03,
O14-AT-CA-09,
p2-AAS-AAp-147
Ahn, yun Gyong
p1-AAS-AAp-083
Ahonen, lauri
p3-bAp-FuND-035
äijälä, mikko
p3-AmT-pmx-030
Ait Ali yahia, lyes
O4-AT-CA-03
Aiyar Ganesan, Varun
p1-AT-EE-011
Ajmone marsan, Franco
p2-AAS-AAp-263,
p3-AmT-pmx-051
Ajtai, Tibor
O12-AAS-AAp-35,
O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AAS-AAp-216,
p2-AmT-INST-036,
p3-AmT-pmx-022
Aksoyoglu, Sebnem O7-AAS-AAp-24
Al Shariﬁ, Faisal
p2-AAS-AAp-204
Alados-Arboledas, lucas
O27-AAS-AAp-79,
p1-AAS-AAp-096,
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p1-AAS-AAp-241,
p2-AmT-INST-021
Ala-lahti, matti
p3-bAp-FuND-029
Alanen, Jenni
O14-AT-CA-11
Alastuey, Andrés
O1-AAS-AAp-01,
O27-AAS-AAp-79,
O43-Ah-IND-10,
p1-AAS-AAp-041,
p1-AAS-AAp-116,
p2-AAS-AAp-150,
p2-AmT-INST-021,
p3-Ah-IEh-030,
p3-AmT-pmx-015,
p3-bAp-SS7-004
Alata, Ivan
O4-AT-CA-05
Albin, maria
p3-Ah-SS8-013
Albinet, Alexandre
O2-AAS-AAp-11,
O39-AmT-pmx-13,
p2-AAS-AAp-182,
p2-AAS-AAp-255,
p3-bAp-AC-019
Albuquerque, paula
p3-Ah-IEh-030
Aldamzharov, bekbol p1-AAS-AAp-072
Alebic-Juretic, Ana p1-AAS-AAp-111
Aleixandre, manuel
p2-AT-SS4-012
Aleksic, brankica
p3-Ah-IEh-028
Alexander, Jenn
O6-AAS-AAp-16
Alexander, Samodurov
O37-bAp-FuND-05
Alexandre, Albinet O31-AAS-AAp-87
Alfons, Schwarzenboeck
O31-AAS-AAp-84
Al-hunaiti, A.
p3-Ah-IEh-022
Ali, Zulﬁqar
p3-Ah-IND-001,
p3-Ah-IND-010
Aliaga, Diego
p1-AAS-AAp-045
Alilou, youssef
p3-bAp-FuND-018
Allan, James
O12-AAS-AAp-37,
p1-AAS-AAp-242,
p2-AAS-AAp-144,
p2-AAS-AAp-157
Allard, Julie
p3-bAp-FuND-004
Allelein, h. J.
p1-AT-CA-026
Alleman, laurent O39-AmT-pmx-13,
p1-AAS-AAp-052,
p3-Ah-IEh-015,
p3-Ah-IEh-029,
p3-AmT-pmx-023
Allemand, Nadine
p1-AT-SS3-002
Allenbach, Sandrine p3-Ah-SS8-002
Alonso, Elisabeth
p2-AmT-INST-021
Alonso, manuel
p2-AT-AbN-010,
p3-bAp-FuND-009,
p3-bAp-FuND-019
Alonso-blanco, E.
p1-AAS-AAp-055
Alpert, peter
O40-bAp-AC-13,
p2-AAS-AAp-190
Alroe, Joel
p3-bAp-FuND-033
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Alsved, malin
p3-Ah-SS6-015
Altstädter, b.
O22-AAS-AAp-65
Altyngul, Zinetullina p1-AAS-AAp-072
Alves, C.
p3-Ah-IND-022
Alves, C.a.
p1-AAS-AAp-055,
p1-AAS-AAp-080,
p1-AT-CA-005,
p2-AAS-AAp-142,
p2-AAS-AAp-229,
p3-Ah-IEh-007
Alves, Célia
O7-AAS-AAp-20,
p2-AAS-AAp-226
Alves, Nilmara
p2-AAS-AAp-212
Alyuz, ummugulsum O22-AAS-AAp-61
Amato, Fulvio
O7-AAS-AAp-20,
p1-AAS-AAp-080,
p2-AAS-AAp-263,
p3-AmT-pmx-046,
p3-AmT-pmx-051,
p3-bAp-SS7-004
Amato, pierre
O38-Ah-SS6-02
Amaya, yutaro
p1-AT-EE-009
Amedeo, Tanguy
p3-bAp-AC-008
Amenitsch, heinz
O3-AT-AbN-06
Amine, mehel
p3-bAp-FuND-007
Amiridis, Vasilis
O24-AmT-INST-09
Ammann, markus
p2-AAS-AAp-165
Amodeo, Tanguy
O31-AAS-AAp-87,
p1-AAS-AAp-090
Amo-Gonzalez, mario
p2-AmT-INST-052
Amouei Torkmahalleh, mehdi
O23-Ah-IND-02,
p1-AAS-AAp-072,
p1-AT-CA-025,
p3-bAp-FuND-036
Anagnostakis, marios p1-AAS-AAp-118
Anand, Abhay
p2-AAS-AAp-230
Ancelet, Travis
p3-AmT-pmx-009
Ancellet, Gerard
p1-AAS-AAp-240,
p1-AAS-AAp-245
Andersen, Christina
O9-AT-SS3-03,
p3-Ah-IND-018
Andersen, Inge hald p2-AT-AbN-004
Anderson, bruce
O11-AAS-AAp-26
Anderson, Robert
p2-AmT-INST-046
Andersson, Öivind
O14-AT-CA-10
Andrade, Jailson
p2-AAS-AAp-213
Andrade, marcos
p1-AAS-AAp-045
Andreae, m. O.
O31-AAS-AAp-81
Andreae, meinrat
p2-AAS-AAp-257
Andreas, beck
O15-AT-SS4-02
Andreeva, Irina
O2-AAS-AAp-08,
p2-AAS-AAp-126
Andreoli, V.
p1-AAS-AAp-067
Andres, yves
p3-Ah-SS6-006
Andrews, Clinton
O23-Ah-IND-06
Andrews, Elisabeth O1-AAS-AAp-02,
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p1-AAS-AAp-121
Angela, marinoni
p1-AAS-AAp-067
Ángel-martínez, J
p1-AAS-AAp-075
Angeo, Riccio
p1-AAS-AAp-067
Anh, N. x.
p2-AAS-AAp-136
Anna, Font
O17-AAS-AAp-48
Anne, Taniere
p3-bAp-FuND-007
Annesi-maesano, I. p2-AAS-AAp-264
Anni, määttänen
O16-AAS-AAp-41
Annica, Ekman
O11-AAS-AAp-29
Anthérieu, Sébastien p3-Ah-IEh-015
Antonyuk, Sergiy
O15-AT-SS4-03
Anufriev, Igor
p1-AT-CA-038
Aoki, yukio
p1-AT-EE-008,
p1-AT-EE-009,
p2-AAS-AAp-193,
p2-AAS-AAp-195
Aouad, Samer
p3-Ah-IEh-016
Apituley, Arnoud
p1-AAS-AAp-103
Appel, Oliver
O34-AmT-INST-27
Appert-Colllin, Jean-Christophe
p2-AT-SS4-008
Aragon, G.
p1-AT-CA-004
Aragon, Gaizka
O15-AT-SS4-04,
p1-AT-CA-011
Arangio, Andrea
O26-AAS-AAp-71
Arangio, Andrea m. O21-AAS-AAp-54
Arar, S.
p3-Ah-IEh-022
Argiriou, Athanassios p1-AAS-AAp-111
Argyrouli, A.
p1-AAS-AAp-040
Ariya, parisa
p3-bAp-AC-014
Arndt, Jovanna
p2-AAS-AAp-145
Arola, Antti
p1-AAS-AAp-047
Arranz, Gonzalo
p2-AmT-INST-052
Arshinov, mickhail
O2-AAS-AAp-08
Artaxo, paulo
O16-AAS-AAp-40,
O31-AAS-AAp-81
Arteaga Salas, m.
O28-Ah-IEh-06
Artiñano, begoña
p2-AAS-AAp-227,
p2-AmT-INST-021
Arumäe, Tarvo
p2-AAS-AAp-135,
p3-AmT-pmx-026
Asbach, Christof
O15-AT-SS4-01,
O15-AT-SS4-03,
O19-AmT-INST-05,
p2-AmT-INST-004,
p2-AmT-INST-006,
p2-AmT-INST-028
Ashraf, muhammad Ahsan
p3-Ah-IND-001
Asikainen, Arja
O23-Ah-IND-05
Asmi, Ari
p1-AAS-AAp-073
Asmi, Eija
p1-AAS-AAp-005,
p1-AAS-AAp-008,
p1-AAS-AAp-085
Assaf, Emmanuel
O8-AAS-SS5-01
Astolﬁ, maria luisa p3-AmT-pmx-054
Atanacio, A. J.
p2-AAS-AAp-218

Attié, Jean-luc
Attoui, michel

Atwood, Alexis
Aubert, C.
Auderset, kevin
Audy, Ondrej
Aulinger, Armin
Aumont, bernard
Aureau, Damien
Aurela, minna
Ayelotan, Aishat
Ayoko, Godwin
Azema, Nathalie
Aziz, Abdul
B
baars, h.
bacco, Dimitri
bäck, Jaana
backman, John
badié, Diourte
badiei, Alireza
bae, Sung-Joon
baeza-Squiban, A.
bahlman, R.
bailly, Jean-Denis
bailly, Sylviane
bainy, b. k.
bairachtari, kyriaki
baklanov, Anatoli

balapanov, Daniyar
balashazy, Imre
balay, F.
balducci, Catia
balin, yuri
balkanski, yves
ballot, Jean-Clair
baltensperger, urs
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p1-AAS-AAp-240
O34-AmT-INST-22,
O34-AmT-INST-25,
p2-AmT-INST-008,
p2-AmT-INST-034,
p3-AmT-pmx-048
O29-AmT-INST-18,
p2-AAS-AAp-127
O33-Ah-SS8-04
p2-AmT-INST-019
O31-AAS-AAp-85
O25-AmT-pmx-03
O21-AAS-AAp-59,
O32-AAS-AAp-94
p3-AmT-pmx-032
p1-AAS-AAp-085
O32-AAS-AAp-88
p3-AmT-pmx-016
O30-bAp-SS7-06
p1-AT-EE-015
O22-AAS-AAp-65
O2-AAS-AAp-12,
O44-AmT-pmx-19,
p1-AAS-AAp-029
p1-AAS-AAp-027
O16-AAS-AAp-40,
O22-AAS-AAp-66
p3-bAp-FuND-007
O18-AT-AbN-15
p1-AAS-AAp-026,
p3-AmT-pmx-043
p3-Ah-IEh-013
p1-AT-EE-011
p3-Ah-IEh-028
p3-Ah-IEh-028
O21-AAS-AAp-58
p3-AmT-pmx-046
O3-AT-AbN-06,
O37-bAp-FuND-03,
O41-Ah-IEh-16,
p1-AT-CA-001,
p1-AT-CA-038
O42-bAp-FuND-11
O41-Ah-IEh-18
p1-AT-CA-007
p3-AmT-pmx-053
p1-AAS-AAp-098
p2-AAS-AAp-257
p3-bAp-AC-023
O1-AAS-AAp-03,
O2-AAS-AAp-10,
O7-AAS-AAp-24,
O11-AAS-AAp-27,
O12-AAS-AAp-34,
O14-AT-CA-08,
O16-AAS-AAp-39,
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O16-AAS-AAp-43,
O17-AAS-AAp-50,
O21-AAS-AAp-55,
O23-Ah-IND-03,
O24-AmT-INST-12,
O24-AmT-INST-13,
O25-AmT-pmx-01,
O25-AmT-pmx-02,
O26-AAS-AAp-67
balzarini, Alessandra O22-AAS-AAp-61
bandaly, Victor
p3-Ah-SS6-006
bankodad, Ahmed p2-AmT-INST-006
bannan, Thomas
O12-AAS-AAp-37
barba, Zaeem
p2-AAS-AAp-172
barbaro, Elena
p1-AAS-AAp-111
barbosa, henrique O31-AAS-AAp-81
bardin-monnier, Nathalie
O15-AT-SS4-06,
p2-AT-SS4-007,
p2-AT-SS4-009,
p3-bAp-FuND-018
barkani, Jamal
p1-AAS-AAp-046
barmpounis, konstantinos
p2-AmT-INST-014,
p2-AmT-INST-034,
p2-AmT-INST-039,
p3-AmT-pmx-048
barnewall, Roy
O36-Ah-IEh-14
baro, Rocio
O22-AAS-AAp-61
baroudi, moomen
p3-Ah-SS6-010
barragan, Ruben
p1-AAS-AAp-241
barreda, Flory-Anne p3-AmT-pmx-032
barreira, luis m. F.
p2-AAS-AAp-173
barrera, Valter
O39-AmT-pmx-10
barsotti, Francesco p2-AAS-AAp-182
bartels-Rausch, Thorsten
p2-AAS-AAp-165
barth, Christof
p3-bAp-AC-001
bartha, bernadett
p3-Ah-SS6-005
barthel, mathias
p2-AmT-INST-015
bastardi, Franci
O24-AmT-INST-09
batenburg, Anneke O34-AmT-INST-27
battut, C.
O33-Ah-SS8-04
batut, Sébastien
O9-AT-SS3-04,
p1-AT-SS2-002
bau, Sébastien
O34-AmT-INST-24,
p2-AmT-INST-041,
p2-AmT-INST-043,
p3-Ah-SS8-006,
p3-AmT-pmx-038
baudrimont, Isabelle p3-Ah-IEh-013
bauer, paulus
O34-AmT-INST-23
baumann, Werner
O14-AT-CA-12,
p1-AT-CA-021
baumgardner, Darrel O29-AmT-INST-18,
p2-AAS-AAp-127
baur, Guillaume
p2-AmT-INST-048
baures, Estelle
O36-Ah-IEh-09

133

European Aerosol Conference 2016

beaumann, Werner
becagli, Silvia
134

O9-AT-SS3-06
O7-AAS-AAp-20,
O39-AmT-pmx-10,
p1-AAS-AAp-087,
p1-AAS-AAp-091
becker, k.
p3-Ah-IEh-010
bedka, kristopher
O11-AAS-AAp-26
beekman, matthias p1-AAS-AAp-240
beekmann, m.
p2-AAS-AAp-264
beekmann, matthias O7-AAS-AAp-23,
O17-AAS-AAp-50
beguin-leprieur, magali
p2-AAS-AAp-232
belan, boris
O2-AAS-AAp-08,
p2-AAS-AAp-126
belegante, livio
p3-AmT-pmx-017
belis, Claudio A.
O39-AmT-pmx-12
belka, miloslav
p3-Ah-IND-011
bellasio, Roberto
O22-AAS-AAp-61
bellinghausen, I.
p3-Ah-IEh-010
belmonte, Thierry
O10-AT-SS1-02,
p1-AT-SS1-001
belosi, Franco
p1-AAS-AAp-004,
p1-AAS-AAp-077,
p1-AAS-AAp-092
belut, Emmanuel O42-bAp-FuND-12
bémer, Denis
O15-AT-SS4-06
benavent-Oltra, Jose p1-AAS-AAp-096
bencsik, Anna
p3-Ah-IEh-012
bender, Frida
p1-AAS-AAp-037
bendl, Jan
p2-AAS-AAp-214,
p2-AAS-AAp-217
bengtsson, per-Erik p1-AAS-AAp-049,
p1-AT-CA-031
benito, Jesica Gisele O30-bAp-SS7-03
benkhalifa, Jamel
p1-AAS-AAp-044
benkoula, Saﬁa
p3-AmT-pmx-032
bennett, Allan
O38-Ah-SS6-06,
p3-Ah-IEh-023
bennouna, y. S.
p1-AAS-AAp-068
benoit, laurant
p2-AAS-AAp-258,
p2-AAS-AAp-260
benrha, Ali
p2-AAS-AAp-192
beranek, Vit
O28-Ah-IEh-05,
p1-AT-CA-018
beresnev, Sergey
p2-AAS-AAp-154,
p2-AAS-AAp-155
berg, marcel
p1-AAS-AAp-030
bergametti, Gilles
p2-AAS-AAp-198
berger, madeleine
p2-AT-AbN-028
berger, markus
p3-Ah-IEh-033
berghmans, patrick
O20-AT-SS2-01,
p3-Ah-IND-024
bergmann, Alexander O3-AT-AbN-01,
p1-AT-CA-027
berkemeier, Thomas O21-AAS-AAp-54
berland, kévin
O16-AAS-AAp-45
bernard, François
p2-AAS-AAp-190

bernard, l.
bernardoni, Vera

Tours, France

O33-Ah-SS8-04
O1-AAS-AAp-04,
p2-AAS-AAp-148,
p3-AmT-pmx-044
berndt, Torsten
p3-bAp-AC-018
bernhammer, Anne-kathrin
O32-AAS-AAp-93
bernhard, Fabian
O45-bAp-AC-17
berthet, Gwenael
p2-AAS-AAp-221,
p2-AmT-INST-042
bertrand, Amélie
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O40-bAp-AC-10,
p2-AAS-AAp-185
berube, k. A.
O28-Ah-IEh-06
bescond, Alexandre
O9-AT-SS3-06,
O20-AT-SS2-05,
p3-bAp-FuND-040
beslic, Ivan
O39-AmT-pmx-09
besombes, Jean-luc O39-AmT-pmx-13,
p3-AmT-pmx-011,
p3-bAp-FuND-004
bessagnet, bertrand O21-AAS-AAp-59,
O22-AAS-AAp-60,
p1-AAS-AAp-090,
p2-AAS-AAp-167,
p2-AAS-AAp-174,
p2-AAS-AAp-255
beukes, Johan paul p2-AAS-AAp-143
beyersdorf, Andreas O11-AAS-AAp-26
bezantakos, Spyridon p1-AAS-AAp-059,
p2-AmT-INST-039
bezantakos, Spyros O24-AmT-INST-09,
p2-AAS-AAp-197,
p2-AmT-INST-014
bhattu, Deepika
O12-AAS-AAp-34,
O28-Ah-IEh-04,
O40-bAp-AC-11,
p2-AAS-AAp-185
bhushan, mani
p1-AAS-AAp-100
bianchi, Federico
O2-AAS-AAp-10,
O16-AAS-AAp-39,
O16-AAS-AAp-43,
O24-AmT-INST-12,
O37-bAp-FuND-06
bianconi, Roberto
O22-AAS-AAp-61
bieser, Johannes
O22-AAS-AAp-61,
O25-AmT-pmx-03
billet, Sylvain
p3-Ah-IEh-016
bin, han
p1-AAS-AAp-062,
p2-AAS-AAp-211
bingemer, h.
p1-AAS-AAp-077
birmili, Wolfram
O7-AAS-AAp-19,
p1-AAS-AAp-110
bischof, Oliver
p2-AmT-INST-010,
p2-AmT-INST-046
bishady, m.s.
p2-AT-AbN-006
bisht, Deewan Singh p1-AAS-AAp-031

Page 113 of 1211

autHor inDEx

biskos, George

O13-AT-AbN-11,
O13-AT-AbN-12,
O24-AmT-INST-09,
O27-AAS-AAp-76,
p1-AAS-AAp-059,
p1-AAS-AAp-103,
p2-AAS-AAp-197,
p2-AmT-INST-014,
p2-AmT-INST-034,
p2-AmT-INST-039,
p3-Ah-IEh-030,
p3-AmT-pmx-048
biswas, pratim
O24-AmT-INST-08
bitsch, Annette
O33-Ah-SS8-02,
O33-Ah-SS8-05
blanchard, Olivier
O36-Ah-IEh-09
blanchard, R. h.
O33-Ah-SS8-04
blanco, C.
p1-AAS-AAp-080
blanco-Alegre, C.
p1-AAS-AAp-055,
p3-Ah-IEh-007
blanes, m
O13-AT-AbN-11
blarel, luc
p1-AAS-AAp-095
blaser, Cédric
p2-AmT-INST-019
blazsó, marianne
O12-AAS-AAp-35
blei, Steﬀen
p2-AT-AbN-028
blömeke, brunhilde
p3-Ah-IEh-036
bloss, matthew
O14-AT-CA-09
blum, Jürgen
O42-bAp-FuND-11
bodnár, Eszter
O5-AT-EE-05,
p1-AT-EE-014
bodoardo, Silvia
O13-AT-AbN-09,
p2-AT-AbN-019
boere, John
p3-Ah-IEh-034
böge, Olaf
O40-bAp-AC-08
bohgard, mats
O23-Ah-IND-04,
p3-Ah-SS6-015,
p3-Ah-SS8-013
bohn, birger
O32-AAS-AAp-91
boies, Adam
O3-AT-AbN-04,
O18-AT-AbN-19,
O29-AmT-INST-16,
O42-bAp-FuND-10,
p2-AT-AbN-014,
p2-AT-AbN-020
boivin, Alexis
p2-AmT-INST-041,
p2-AmT-INST-043,
p3-Ah-SS8-006,
p3-AmT-pmx-038
boixel, C.
O33-Ah-SS8-04
bologa, Andrei
O5-AT-EE-03,
p1-AT-CA-009
bolzacchini, Ezio
p1-AAS-AAp-009
boman, Christoﬀer
O9-AT-SS3-03
boman, Johan
p1-AAS-AAp-066
bonasoni, p.
O16-AAS-AAp-39
bondiguel, Sylvain
p1-AT-CA-024
bonifaz, R.
p1-AAS-AAp-036
bonnaire, Nicolas
O2-AAS-AAp-11,

European Aerosol Conference 2016

p1-AT-SS3-002,
p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252,
p3-bAp-SS7-004
bonnefond, Jean-marc
O32-AAS-AAp-89
bon-Nguyen, Elisabeth
p2-AAS-AAp-258,
p2-AAS-AAp-260
bontemps, C.
p3-Ah-IEh-032
borbon, Agnès
O17-AAS-AAp-50,
O26-AAS-AAp-73,
O31-AAS-AAp-84,
p1-AAS-AAp-240,
p2-AAS-AAp-149,
p2-AAS-AAp-164
borge, Rafael
p2-AAS-AAp-227
borgese, l.
p2-AAS-AAp-136
borgie, mireille
O44-AmT-pmx-18,
p3-Ah-IEh-017
borjabad, Elena
p1-AT-CA-004,
p1-AT-CA-011
borovkova, Olga
p1-AT-CA-038
borra, Jean-pascal
O10-AT-SS1-01,
O10-AT-SS1-04,
p1-AT-SS1-003,
p1-AT-SS1-005
borrás, Esther
p2-AmT-INST-021
borrmann, Stephan O34-AmT-INST-27
boskovic, lucija
p3-bAp-FuND-016
boudhan, Rachid
p2-AT-SS4-002
boudin, laurent
p3-Ah-IEh-019
bouet, Christel
p2-AAS-AAp-198
bougiatioti, Aikaterini
p2-AAS-AAp-129,
p2-AAS-AAp-131
boulanger, G.
p3-Ah-IND-005
bourassa, Adam
p2-AmT-INST-042
bourgeois, quentin
O6-AAS-AAp-14
bourquin, p.
p2-AmT-INST-023
bourriane, Thierry
O16-AAS-AAp-45
bourrianne, Thierry p1-AAS-AAp-006
bourrous, Soleiman p3-bAp-FuND-018
boussetta, benjamin
p1-AT-CA-024
bouthir, Fatimazohra p2-AAS-AAp-192
bouvier, laeticia
O26-AAS-AAp-73
bovchaliuk, Valentyn p2-AmT-INST-037
bove, maria Chiara p2-AAS-AAp-148,
p3-Ah-SS6-011
boy, michael
O21-AAS-AAp-58
bozóki, Zoltán
O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AmT-INST-036,
p3-AmT-pmx-022
bozzetti, Carlo
O2-AAS-AAp-10,
O23-Ah-IND-03,

Tours, France

O25-AmT-pmx-01,
O25-AmT-pmx-02,
p3-bAp-AC-006
braddock, R.
p3-bAp-FuND-016
brandt, Jørgen
O22-AAS-AAp-61
brasseur, Olivier
O20-AT-SS2-01
brattich, Erika
p1-AAS-AAp-086
bravo-Aranda, Juan Antonio
p1-AAS-AAp-035
brechtel, Fred
O24-AmT-INST-09
breitenlechner, martin
O32-AAS-AAp-93,
O45-bAp-AC-16,
p2-AmT-INST-051
brem, benjamin
O20-AT-SS2-03,
O20-AT-SS2-06,
p1-AT-SS2-004,
p2-AAS-AAp-166,
p2-AT-SS4-001
brenner, bernhard
p3-Ah-SS6-005
bresch, harald
p2-AmT-INST-045
bressot, Christophe
O43-Ah-IND-11
breuer, Dietmar
p2-AT-SS4-010
briel, björn
p3-AmT-pmx-020
briganti, G.
p2-AAS-AAp-174
brilke, Sophia
p1-AAS-AAp-239
brinet, Dimitri
p3-Ah-SS6-018
brini, Silvia
p3-Ah-IND-009
briquez, S.
p3-bAp-AC-012,
p3-bAp-FuND-026
brito, Joel
O16-AAS-AAp-40,
O31-AAS-AAp-81,
O31-AAS-AAp-84
brobbey, koﬁ
p2-AT-AbN-004
brodacz, Iris
p2-AmT-INST-002,
p2-AmT-INST-017
broday, David
p2-AAS-AAp-203,
p3-AmT-pmx-012
broday, David m.
O33-Ah-SS8-07,
O44-AmT-pmx-16
broekema, Elise
O25-AmT-pmx-05
broßell, Dirk
p3-Ah-SS8-011
brotto, paolo
p2-AAS-AAp-148,
p3-Ah-SS6-011
brown, T.
p3-Ah-IND-005
bruge, benjamin
p3-bAp-SS7-004
brüggemann, martin O21-AAS-AAp-57,
O40-bAp-AC-13,
p2-AAS-AAp-190
brulfert, Guillaume p3-AmT-pmx-011,
p3-bAp-FuND-004
brune, William h.
O9-AT-SS3-03,
O14-AT-CA-09,
O21-AAS-AAp-54
brunet, paul
O10-AT-SS1-06
bruns, Emily A.
O7-AAS-AAp-24,
O12-AAS-AAp-34,
O12-AAS-AAp-36,

Page 114 of 1211

autHor inDEx

O28-Ah-IEh-04,
O35-bAp-AC-01,
O40-bAp-AC-10,
O40-bAp-AC-11,
p3-Ah-SS8-002
brus, David
O11-AAS-AAp-28,
O16-AAS-AAp-41,
p1-AAS-AAp-005,
p1-AAS-AAp-008,
p1-AAS-AAp-017,
p1-AAS-AAp-085
brzicova, Tana
O28-Ah-IEh-05
bucci, Silvia
p1-AAS-AAp-240
buchholz, Angela
O32-AAS-AAp-88,
O35-bAp-AC-07,
p1-AAS-AAp-053,
p2-AAS-AAp-175,
p3-bAp-FuND-027
buckley, paul
p2-AAS-AAp-145
buenrostro mazon, Stephany
p1-AAS-AAp-020,
p1-AAS-AAp-238
bukayeva, Assel
p1-AAS-AAp-072
bukowiecki, Nicolas O22-AAS-AAp-65,
p1-AAS-AAp-032
bundke, ulrich
O24-AmT-INST-10,
p1-AAS-AAp-030
burgos, m. A.
p1-AAS-AAp-068,
p2-AAS-AAp-199,
p2-AAS-AAp-200
burlizzi, pasquale
p1-AAS-AAp-038,
p1-AAS-AAp-091
burnet, Frédéric
p1-AAS-AAp-001,
p1-AAS-AAp-006
burtscher, heinz
O14-AT-CA-13,
O19-AmT-INST-02,
O29-AmT-INST-17,
p2-AmT-INST-030,
p2-AmT-INST-032,
p2-AmT-INST-052
buryak, Galina
O2-AAS-AAp-08,
p2-AAS-AAp-126,
p2-AT-SS4-004
buters, J.
O28-Ah-IEh-06
butler, Carolyn
O11-AAS-AAp-26
butler, T.
p2-AAS-AAp-174
byčenkienė, Steigvilė p2-AAS-AAp-161,
p2-AAS-AAp-163
bychkov, Eugene
p3-Ah-IEh-030
bzdek, bryan
O29-AmT-INST-19
C
C.m. marijnissen, Jan
p1-AT-EE-006
Caballero, Domínguez p2-AAS-AAp-206
Caballero, Sandra
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AmT-INST-044

135

European Aerosol Conference 2016

136

Cabalo, Jerry
p3-Ah-IEh-008
Cabello, m.
p2-AAS-AAp-233
Cabot, Ross
p3-Ah-IEh-020
Cabrera-martinez, Edna R.
p1-AAS-AAp-089
Cachorro, Victoria
p1-AAS-AAp-068,
p1-AAS-AAp-096,
p2-AAS-AAp-199,
p2-AAS-AAp-200,
p3-AmT-pmx-037
Cahours, xavier
O43-Ah-IND-09
Cai, mang
p2-AT-SS4-005
Cai, Runlong
p1-AT-CA-028,
p3-Ah-IEh-006
Calas, Aude
O28-Ah-IEh-01,
O28-Ah-IEh-02
Calle, A.
p1-AAS-AAp-068,
p2-AAS-AAp-199
Calvello, mariarosaria p1-AAS-AAp-038
Calvo, A.i.
p1-AAS-AAp-055,
p1-AAS-AAp-080,
p3-Ah-IEh-007
Calvo, Ana
p2-AAS-AAp-127
Calzolai, Giulia
O1-AAS-AAp-04,
O7-AAS-AAp-20,
O39-AmT-pmx-10,
p3-AmT-pmx-044,
p3-AmT-pmx-046
Cambier, Sebastien
p3-Ah-IEh-036
Camredon, marie
O21-AAS-AAp-59,
O32-AAS-AAp-94
Canagaratna, manjula p2-AAS-AAp-160
Canagaratna, manjula R.
p3-bAp-AC-006
Cancillo, maria luisa p1-AAS-AAp-096
Candau, yves
O23-Ah-IND-07,
p3-AmT-pmx-028
Canepari, Silvia
p3-Ah-IND-009,
p3-AmT-pmx-054
Canet, Isabelle
p3-Ah-SS6-004
Cañete, S.
p2-AAS-AAp-233
Cano-hernández, Jose p1-AAS-AAp-075
Canonaco, Francesco O2-AAS-AAp-10,
O25-AmT-pmx-02
Cantrel, laurent
p1-AAS-AAp-104
Cao, J. J.
p2-AAS-AAp-228,
p3-Ah-IEh-014
Cao, liming
p1-AAS-AAp-039
Capdevila, marta
O17-AAS-AAp-47,
p2-AAS-AAp-207
Čapka, lukáš
p3-bAp-AC-003
Caponi, lorenzo
O9-AT-SS3-04,
p2-AAS-AAp-148,
p2-AAS-AAp-257
Cappa, Christopher
p1-AT-SS3-001
Cappelletti, A.
p2-AAS-AAp-174
Cappelletti, David
p2-AAS-AAp-140
Caquineau, Sandrine p2-AAS-AAp-257

Carabali, Giovanni
Carbone, Samara
Caroline, leck
Carpentier, yvain

Tours, France

p1-AAS-AAp-036
O31-AAS-AAp-81
O11-AAS-AAp-29
O4-AT-CA-01,
O9-AT-SS3-02,
p1-AAS-AAp-070,
p3-AmT-pmx-035,
p3-bAp-AC-009
Carpentier, yvan
O20-AT-SS2-07,
p1-AT-SS2-001
Carrasco, Nathalie
p1-AT-SS1-002
Carslaw, kenneth
O11-AAS-AAp-31
Casquero-Vera, Juan Andrés
O27-AAS-AAp-79
Cassee, Flemming
p3-Ah-IEh-034
Castañer, Ramón
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
Castillo, Jose l.
O18-AT-AbN-17
Castro, A.
p1-AAS-AAp-055,
p1-AAS-AAp-080,
p3-Ah-IEh-007
Castro, Amaya
p2-AAS-AAp-127
Castro, Iria
p3-AmT-pmx-015
Castro, Telma
p2-AAS-AAp-134
Catrambone, maria p2-AAS-AAp-189
Cattani, Giorgio
p3-Ah-IND-009
Caumo, Soﬁa
p2-AAS-AAp-226
Cazanau, mathieu
p2-AAS-AAp-257
Cazaunau, mathieu p2-AAS-AAp-184
Cazaunau, matthieu
O9-AT-SS3-04
Cazier, F.
p1-AT-CA-007
Cazier, Fabrice
p3-Ah-IEh-017
Cazorla, Alberto
p1-AAS-AAp-096
Ceburnis, Darius
O7-AAS-AAp-21,
p2-AAS-AAp-157,
p2-AAS-AAp-191,
p2-AAS-AAp-194,
p3-AmT-pmx-019
Cecinato, Angelo
p3-AmT-pmx-053
Cedilnik, Jure
O25-AmT-pmx-06
Celades, Irina
p1-AT-CA-004,
p1-AT-CA-011
Centelles, Sonia
p2-AAS-AAp-207
Cerdà, Víctor
p1-AAS-AAp-117,
p3-AmT-pmx-018
Cernogora, Guy
p1-AT-SS1-002
Cerro, José Carlos
p1-AAS-AAp-117,
p3-AmT-pmx-018
Cerully, k
p2-AAS-AAp-169
Cesari, Daniela
O39-AmT-pmx-14,
p1-AAS-AAp-067,
p1-AAS-AAp-111,
p1-AT-CA-022
Cetin, banu
p2-AAS-AAp-149,
p2-AAS-AAp-235

Page 115 of 1211

autHor inDEx

Cha, Joo Wan
p1-AAS-AAp-048
Cha, Joowan
p2-AAS-AAp-224
Chaabane, mabrouk p1-AAS-AAp-044
Chaabani, Fredj
p2-AAS-AAp-201
Chaker, mohamed
O10-AT-SS1-06
Chakraborty, Abhishek p2-AAS-AAp-160
Chakravarty, Somik
p3-Ah-IND-020
Chalupa, David
O27-AAS-AAp-77,
p3-AmT-pmx-004
Chalupníčková, Eva p1-AAS-AAp-051
Chan, Chak
O35-bAp-AC-06
Chan, Chak k.
p2-AAS-AAp-186
Chan, Tak
O4-AT-CA-06
Chang, Chang-Tang p1-AAS-AAp-109,
p2-AT-AbN-009,
p2-AT-AbN-015,
p3-bAp-FuND-015
Chang, Chien-yu
p3-bAp-FuND-010
Chang, k. h.
p3-bAp-FuND-011
Chang, ken-hui
p1-AAS-AAp-115
Chang-Chien, Guo-pingp1-AAS-AAp-105,
p1-AT-CA-002,
p1-AT-CA-003,
p1-AT-CA-032,
p2-AAS-AAp-223
Chao, h. R.
p3-Ah-IEh-025
Charvet, Augustin
O15-AT-SS4-06,
p2-AT-SS4-007,
p2-AT-SS4-009
Chasapidis, leonidas p2-AAS-AAp-210
Chasseﬁère, Eric
O30-bAp-SS7-04
Chatellier, Caudine p2-AAS-AAp-182
Chatoutsidou, Soﬁa Eirinip3-Ah-IND-006,
p3-bAp-SS7-001
Chauvigné, Aurélien p1-AAS-AAp-045
Chaventré, F.
p3-Ah-IND-005
Chazallon, bertrand p1-AAS-AAp-070,
p2-AmT-INST-009,
p3-AmT-pmx-035,
p3-bAp-AC-009
Chazette, patrick
p1-AAS-AAp-245
Chen, C. C.
p3-bAp-FuND-038
Chen, Cheng-yao
p2-AmT-INST-016,
p3-bAp-FuND-010
Chen, Chih-Chieh p3-bAp-FuND-010,
p3-bAp-FuND-042
Chen, Ching-hwa p3-bAp-FuND-010
Chen, Chun-Wan
p2-AmT-INST-016
Chen, Da-Ren
p2-AmT-INST-013
Chen, Gao
O11-AAS-AAp-26
Chen, Jianmin
p1-AAS-AAp-082,
p1-AAS-AAp-242
Chen, m. -J.
p2-AAS-AAp-152
Chen, modi
p2-AmT-INST-003
Chen, S. J.
p3-bAp-FuND-011,
p3-bAp-FuND-038
Chen, Shawn S.c.
p2-AmT-INST-001
Chen, Shui-Jen
p1-AT-CA-002,

European Aerosol Conference 2016

p1-AT-CA-003
Chen, Tu-Fu
p1-AAS-AAp-115
Chen, xie
O31-AAS-AAp-83
Chen, y. C.
p3-Ah-IEh-026
Chen, y. y.
p3-Ah-SS6-008
Chen, ying
p1-AAS-AAp-110
Cheng, y. C.
p3-bAp-FuND-011,
p3-bAp-FuND-038
Cheng, yafang
p2-AAS-AAp-261
Cheng, ya-Fang
p1-AAS-AAp-110
Cherrier, Gaël
O42-bAp-FuND-12
Cheruiyot, Nicholas
p1-AT-CA-032
Chevrier, Florie
p3-AmT-pmx-011,
p3-bAp-FuND-004
Chi, x.
p2-AAS-AAp-179
Chianese, Elena
p1-AAS-AAp-067
Chiapello, Isabelle O17-AAS-AAp-46,
O44-AmT-pmx-15,
p1-AAS-AAp-042
Chiari, massimo
O7-AAS-AAp-20,
O39-AmT-pmx-10
Chikkadi, kiran
O13-AT-AbN-08
Chilinski, michal
p1-AAS-AAp-015
Chimentão, Ricardo
p2-AT-AbN-003
Cho, C.
p2-AAS-AAp-153
Cho, hee-joo
p3-bAp-AC-002
Cho, m. k.
p3-bAp-AC-010
Choël, marie
O1-AAS-AAp-06,
p1-AAS-AAp-060,
p1-AAS-AAp-095
Choi, hoseop
O5-AT-EE-06
Choi, Jungan
p3-Ah-SS6-001
Choi, m. k.
p3-bAp-AC-010
Choi, mansoo
O5-AT-EE-02,
O5-AT-EE-06,
p1-AT-EE-005
Cholakian, Arineh
O7-AAS-AAp-23
Chou, Charles C. -k. p2-AAS-AAp-141,
p2-AAS-AAp-152
Chou, Chi hsuan
p3-Ah-IEh-026
Chou, Rui Shu
p1-AT-CA-023
Christensen, Jesper h. O22-AAS-AAp-61
Christian, Tauber
O37-bAp-FuND-04
Christl, m.
O8-AAS-SS5-05
Chrit, mounir
p1-AAS-AAp-076
Chuang, Zhong-Ting p2-AAS-AAp-141
Chung, Shunhui
p1-AT-CA-023
Ciarelli, Giancarlo
O7-AAS-AAp-24
Ciganek, miroslav
O28-Ah-IEh-05
Cisek, małgorzata
p1-AAS-AAp-102,
p2-AAS-AAp-196
Citroen, p.
p1-AT-EE-011
Ciuraru, Raluca
p2-AAS-AAp-190
Civici, Niko
O39-AmT-pmx-09
Civilis, Anette
p3-Ah-SS6-015
Claeys, magda
O25-AmT-pmx-07,
p2-AAS-AAp-179
Clarisse, lieven
O1-AAS-AAp-05

Tours, France

Claudia Roberta, Calidonna
p1-AAS-AAp-067
Clavaguera, Simon
O43-Ah-IND-12
Clerc, F.
p3-Ah-IEh-032
Cliﬀord, Samuel
p3-Ah-IEh-011,
p3-AmT-pmx-012
Clouet-Foraison, Noémie
p3-Ah-SS6-018
Coddeville, patrice
p3-Ah-IEh-015,
p3-Ah-IEh-029
Coe, hugh
p1-AAS-AAp-242,
p2-AAS-AAp-144,
p2-AAS-AAp-157
Cogliati, Sergio
p1-AAS-AAp-009
Cohen, D.
p2-AAS-AAp-218
Cohen, Ronald Carl p1-AAS-AAp-085
Colard, Stéphane
O43-Ah-IND-09
Colbeck, Ian
O38-Ah-SS6-04,
p3-Ah-IND-001,
p3-Ah-IND-010,
p3-Ah-SS6-012,
p3-Ah-SS6-016,
p3-Ah-SS6-017
Colette, Augustin
O7-AAS-AAp-23,
O22-AAS-AAp-60,
O22-AAS-AAp-61,
p2-AAS-AAp-174
Coll, Isabelle
O7-AAS-AAp-23
Collaud Coen, martine p1-AAS-AAp-121
Colomb, Aurélie
O7-AAS-AAp-23,
O26-AAS-AAp-73,
O31-AAS-AAp-84,
p2-AAS-AAp-164
Colombi, Cristina
O2-AAS-AAp-10
Colombo, Roberto
p1-AAS-AAp-009
Comer, bryan
O4-AT-CA-06
Comerón, Adolfo
p1-AAS-AAp-116
Conceição, Edgar
p3-AmT-pmx-037
Conil, Sébastien
O39-AmT-pmx-08,
p1-AAS-AAp-006
Connan, O.
p1-AAS-AAp-112
Conte, marianna
O27-AAS-AAp-75,
O39-AmT-pmx-14,
p1-AT-CA-022
Contini, Daniele
O27-AAS-AAp-75,
O39-AmT-pmx-14,
p1-AAS-AAp-067,
p1-AAS-AAp-111,
p1-AT-CA-022,
p2-AAS-AAp-194
Coppalle, Alexis
p1-AT-SS3-004
Corbin, Joel C.
O14-AT-CA-08,
O22-AAS-AAp-65,
O24-AmT-INST-13,
O26-AAS-AAp-67,
O27-AAS-AAp-80,
O32-AAS-AAp-93,

Page 116 of 1211

autHor inDEx

p1-AAS-AAp-032,
p2-AmT-INST-053
Corral Arroyo, pablo p2-AAS-AAp-165
Corrales-Sierra, Ana p1-AAS-AAp-075
Cosandey, Stéphane
p1-AT-CA-035,
p2-AmT-INST-026
Cosnier, Frédéric
p3-Ah-SS8-006
Costa, Anita
p3-AmT-pmx-037
Costa, Rubén
O13-AT-AbN-07
Coufalik, pavel
p2-AAS-AAp-215
Coulais, Catherine
p3-Ah-SS6-002
Coulson, Guy
O27-AAS-AAp-78
Coulthard, m.
p3-Ah-IND-004
Courcot, Dominique O44-AmT-pmx-18,
p3-Ah-IEh-016,
p3-Ah-IEh-017
Cousin, Frédéric
p1-AAS-AAp-104
Coute, benoit
p2-AAS-AAp-221,
p2-AmT-INST-042
Couvidat, Florian
O21-AAS-AAp-59,
p2-AAS-AAp-167,
p2-AAS-AAp-174,
p2-AAS-AAp-255
Cowling, Alex
p2-AAS-AAp-183
Cox, Jennie
p3-Ah-SS6-009
Cox, Tony
O40-bAp-AC-14
Coz, E.
p1-AAS-AAp-080
Cravigan, luke
p3-bAp-FuND-033
Cremer, Johannes W. O29-AmT-INST-21
Cremonesi, lorenzo p2-AmT-INST-007
Crenn, Vincent
O31-AAS-AAp-87
Crespo, Javier
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
Crippa, monica
O17-AAS-AAp-50
Crobeddu, m.b.
p3-Ah-IEh-013
Cropp, R.
p3-bAp-FuND-016
Croteau, philip
p3-bAp-AC-008
Crumeyrolle, Suzanne O11-AAS-AAp-26,
p1-AAS-AAp-042,
p1-AAS-AAp-095
Cuesta, Rafael
p2-AmT-INST-052
Cui, Jie
p1-AAS-AAp-039
Culot, Anais
O16-AAS-AAp-45
Curci, Gabriele
O22-AAS-AAp-61
Cusack, michael
O23-Ah-IND-01,
p1-AAS-AAp-051
Čusak, Alen
O40-bAp-AC-09
Custódio, Danilo
p2-AAS-AAp-226
Cuvelier, kees
O22-AAS-AAp-60,
p2-AAS-AAp-174
Cyrys, Josef
O2-AAS-AAp-09
Czech, hendryk
O12-AAS-AAp-32,
O12-AAS-AAp-38,
O26-AAS-AAp-67,
p1-AT-CA-013,

137

European Aerosol Conference 2016

138

p1-AT-CA-014,
p1-AT-CA-015
Czégény, Zsuzsanna O12-AAS-AAp-35
Cziczo, Dan
O11-AAS-AAp-25
Czitrovszky, Aladár O29-AmT-INST-15
Czitrovszky, blanka
O41-Ah-IEh-18
D
D’isidoro, m.
p2-AAS-AAp-174
Da, Guillaume
p3-Ah-IND-021
Dabek-Zlotorzynska, Ewa
p2-AAS-AAp-138
Dada, lubna
p1-AAS-AAp-027,
p3-bAp-FuND-030,
p3-bAp-FuND-035
Daellenbach, kaspar R.
O2-AAS-AAp-10,
O24-AmT-INST-13,
O25-AmT-pmx-01,
O35-bAp-AC-01,
p3-bAp-AC-006
Dagher, Zeina
p3-Ah-IEh-017
Dahl, Andreas
O23-Ah-IND-04
Dahmann, Dirk
p2-AmT-INST-028
Dahmen, Nicolaus
p3-bAp-AC-016
Dal maso, miikka
O14-AT-CA-09,
p2-AmT-INST-047
Dalaka, Ekaterini
p1-AAS-AAp-118
Dalirian, maryam p3-bAp-FuND-027
Dall’osto, m.
p2-AAS-AAp-191
Dalla Torre, Stefano p2-AAS-AAp-189
Dalle, m.
p2-AmT-INST-023
Dällenbach, k.
O25-AmT-pmx-02
Dällenbach, kaspar
O23-Ah-IND-03,
p3-bAp-FuND-041
Dall'osto, manuel
p2-AAS-AAp-157
D'ambro, Emma
p2-AAS-AAp-177
Dameto De Espana, Carmen
O16-AAS-AAp-42
D'amico, Donato
p2-AAS-AAp-232
Damm, C.
O18-AT-AbN-20,
p3-bAp-SS7-005
Daniel, Gulli
p1-AAS-AAp-067
D'anna, barbara
O40-bAp-AC-12
Danovaro, Roberto
O7-AAS-AAp-21
Dartois, Emmanuel
O4-AT-CA-05
Daskalos, E.
p2-AT-SS4-011
Dastoor, Ashu
p3-bAp-AC-014
Dave, prashant
p1-AAS-AAp-100
David, Green
p3-Ah-SS8-010
David, Grégory
O29-AmT-INST-20
David, marc
p2-AAS-AAp-184
Davidovits, paul
p1-AT-SS3-001
Davidson, Nicholas
O6-AAS-AAp-17
Davila, Silvije
O39-AmT-pmx-09
Davuluri, Sarika
p2-AAS-AAp-156
Davy, perry
p3-AmT-pmx-009
Dazon, Claire
p2-AmT-INST-043

De Faria, Julia
De Frutos, A. m.

Tours, France

p1-AAS-AAp-030
p1-AAS-AAp-068,
p2-AAS-AAp-199,
p2-AAS-AAp-200
De Frutos, Ángel
p1-AAS-AAp-096,
p3-AmT-pmx-037
De la bourdonnaye, Guillaume
O15-AT-SS4-07,
p1-AT-CA-012
De la Fuente, Germán F.
p3-Ah-IEh-030
De la Verpilliere, Jean p2-AT-AbN-014,
p2-AT-AbN-020
De maio, Francesca
p3-Ah-IND-009
De miguel, Eladio
O17-AAS-AAp-47,
p2-AAS-AAp-207
De monte, m.
O33-Ah-SS8-04
De Vismes, Anne
p1-AAS-AAp-006
de Vismes-Ott, Anne O31-AAS-AAp-82
De Volder, michael
p2-AT-AbN-020
Deboudt, karine
O1-AAS-AAp-06,
p3-AmT-pmx-034
Decesari, Stefano
p1-AAS-AAp-004,
p3-AmT-pmx-010
Degenstein, Doug
p2-AmT-INST-042
Degois, Jodelle
p3-Ah-IEh-032,
p3-Ah-SS6-002
Deguillaume, laurent O38-Ah-SS6-02,
p1-AAS-AAp-007,
p3-Ah-SS6-004
Deguine, Alexandre O1-AAS-AAp-05
Delaby, Stéphane
p3-Ah-IEh-012,
p3-Ah-IND-021
Delatour, Vincent
p3-Ah-SS6-018
Delbarre, hervé
p1-AAS-AAp-081
Delcour, Simon
O30-bAp-SS7-06
Delgado Tardáguila, Rosario
p2-AT-SS4-012
Delhaye, David
O20-AT-SS2-02,
O20-AT-SS2-07,
p1-AT-SS2-001,
p2-AmT-INST-009,
p3-AmT-pmx-039,
p3-AmT-pmx-040
Delmaire, Gilles
O44-AmT-pmx-18
Deloglou, D.
p2-AT-SS4-011
Delon, Claire
p2-AAS-AAp-164
Delort, Anne-marie O38-Ah-SS6-02,
p1-AAS-AAp-007,
p3-Ah-SS6-004
Demott, paul
O11-AAS-AAp-25
Denance, y.
p1-AT-CA-007
Denier Van Der Gon, hugo A C
p1-AAS-AAp-110
O17-AAS-AAp-50
Deportes, Isabelle
p3-Ah-SS6-003
Deppert, knut
O13-AT-AbN-13,
p2-AT-AbN-005

Page 117 of 1211

Derimian, yevgeny
Deroo, Christine

xx

O1-AAS-AAp-06
p1-AAS-AAp-095,
p2-AmT-INST-037
Desboeufs, k.
p2-AAS-AAp-264
Desboeufs, karine p2-AAS-AAp-258,
p2-AAS-AAp-260
Desgroux, pascale
O9-AT-SS3-04,
p1-AT-SS2-002
Després, Viviane
O2-AAS-AAp-07
Dette, hans peter
O26-AAS-AAp-70
Deushi, m.
p1-AAS-AAp-013
Devasthale, Abhay
O6-AAS-AAp-14
Deventer, malte Julian p1-AAS-AAp-120
Dewaele, D.
p1-AT-CA-007
Deweirdt, Juliette
p3-Ah-IEh-013
Dewitt, h. langley p3-AmT-pmx-018
Dewitt, langley
p1-AAS-AAp-076
Dhieux lestaevel, bernadette
p1-AT-CA-024
Di biagio, Claudia
p1-AAS-AAp-240,
p2-AAS-AAp-257
Di mauro, biagio
p1-AAS-AAp-009
Di menno Di bucchianico, Alessandro
p3-Ah-IND-009
Di Sarra, A.
p2-AAS-AAp-264
Di Stasio, Stefano
O3-AT-AbN-06,
O37-bAp-FuND-03,
p2-AmT-INST-012
Diabate, S.
O28-Ah-IEh-06
Diabaté, Silvia
p3-Ah-SS8-005
Diallo, Aboubacry
p2-AmT-INST-037
Diapouli, Evangelia O7-AAS-AAp-20,
O39-AmT-pmx-09,
p2-AAS-AAp-136,
p3-AmT-pmx-046
Diaz Ramiro, Elias
p2-AAS-AAp-227
Diaz-Carballo, David
p3-Ah-IEh-004
Dick Thelander, kimberly
p2-AT-AbN-005
Dida, Adrian
p2-AAS-AAp-231
Didier, D.
O8-AAS-SS5-02
Diehl, karoline
p1-AAS-AAp-003
Dilger, marco
O28-Ah-IEh-06,
p3-Ah-SS8-005
Dillner, Ann
O45-bAp-AC-17,
p3-bAp-AC-007
Dillner, Ann m.
O24-AmT-INST-14
Dimitroulopoulou, Sanip2-AAS-AAp-227
Dimopoulos, Spiros p1-AAS-AAp-111
Dimovska, mirjana
p3-Ah-IEh-035
Ding, A. J.
O31-AAS-AAp-86
Ding, yaobo
O43-Ah-IND-12
Dinoi, Adelaide
p1-AAS-AAp-067,
p1-AAS-AAp-111
Diot, p.
p3-Ah-IEh-003
Diouri, mohammed p1-AAS-AAp-046
Dittmar, T. G.
O28-Ah-IEh-06
Dittrich, luboš
p1-AT-CA-018

European Aerosol Conference 2016

Djebbi, Chaima
p2-AAS-AAp-201
Djihad, Debba
O30-bAp-SS7-05
Domaschke, maximilian p2-AT-AbN-001
Domat, maida
p3-Ah-IND-024
Dommen, Josef
O12-AAS-AAp-34,
O16-AAS-AAp-39,
O16-AAS-AAp-43,
O21-AAS-AAp-55,
O24-AmT-INST-12,
O25-AmT-pmx-01,
O28-Ah-IEh-04,
O32-AAS-AAp-93,
O34-AmT-INST-26,
O35-bAp-AC-01,
O37-bAp-FuND-06,
p2-AAS-AAp-185,
p3-Ah-SS8-002,
p3-bAp-AC-006
Donahue, Neil
O16-AAS-AAp-41,
O26-AAS-AAp-67,
O32-AAS-AAp-90,
p1-AAS-AAp-017
Donaldson, D. James p2-AAS-AAp-190
Donateo, Antonio
O27-AAS-AAp-75,
O39-AmT-pmx-14,
p1-AAS-AAp-111,
p1-AT-CA-022,
p2-AAS-AAp-194
Doppler, lionel
p1-AAS-AAp-240
Dougniaux, Grégoire
p1-AT-CA-024
Doulgeris, konstantinos - matthaios
O11-AAS-AAp-28,
p1-AAS-AAp-008
Doussin, Jean-François O9-AT-SS3-04,
p2-AAS-AAp-184,
p2-AAS-AAp-257
Dragan, George
p2-AT-SS4-010
Draghi, marjorie
p3-Ah-IEh-028
Dragoneas, Antonis O34-AmT-INST-27
Drewnick, Frank
O17-AAS-AAp-50
Drinovec, luka
O24-AmT-INST-09,
O25-AmT-pmx-06
Drossinos, yannis p3-bAp-FuND-006,
p3-bAp-SS7-001
Duan, Fengkui
O26-AAS-AAp-72
Duan, lei
p1-AT-CA-030
Duarte, m.
p1-AAS-AAp-080,
p1-AT-CA-005
Dubois, pascal
p1-AT-SS3-002
Dubovik, Oleg
p1-AAS-AAp-096,
p2-AmT-INST-037
Dubowski, yael
O6-AAS-AAp-18,
p1-AAS-AAp-099,
p3-Ah-IEh-027
Dubtsov, Sergei
p1-AT-CA-001
Dubuisson, philippe p1-AAS-AAp-240
Duclos, E.
p3-Ah-IEh-003
Ducos, Fabrice
p1-AAS-AAp-095,

Tours, France

p2-AmT-INST-037
Dudoitis, Vadimas
p1-AAS-AAp-016
Dudzicki, A.
O33-Ah-SS8-04
Dueñas, mª Concepcion
p2-AAS-AAp-233
Duﬂot, D.
p3-bAp-AC-012,
p3-bAp-FuND-026
Dulac, François
p1-AAS-AAp-241,
p2-AAS-AAp-258,
p2-AAS-AAp-260,
p2-AAS-AAp-264,
p2-AmT-INST-042
Dumbrell, A.
p3-Ah-SS6-012
Dunster, Christina
O28-Ah-IEh-02,
p3-Ah-SS8-010
Dupart, yoan
p2-AAS-AAp-190
Duplissy, Jonathan O16-AAS-AAp-41,
p1-AAS-AAp-017,
p1-AAS-AAp-018,
p3-bAp-FuND-030,
p3-bAp-FuND-035
Dupont, Jean-Charles p1-AAS-AAp-001,
p2-AAS-AAp-221
Duporte, Geoﬀroy
p2-AAS-AAp-173
Dupuy, Regis
O26-AAS-AAp-73,
O31-AAS-AAp-84
Duquenne, philippe O38-Ah-SS6-07,
p3-Ah-IEh-032,
p3-Ah-SS6-002,
p3-AmT-pmx-038
Durand, pierre
p2-AAS-AAp-164
Durdina, lukas
O20-AT-SS2-03,
O20-AT-SS2-06,
p1-AT-SS2-004,
p2-AAS-AAp-166
Durecu, Sylvain
p2-AT-SS4-002
Dusanter, Sébastien p1-AAS-AAp-081
Dusek, ulrike
O17-AAS-AAp-51,
O25-AmT-pmx-05,
p1-AAS-AAp-057,
p3-AmT-pmx-044
Düsing, S.
O22-AAS-AAp-65
Dutouquet, Christophe
p2-AmT-INST-035
Duverger, Vincent
p2-AAS-AAp-221,
p2-AmT-INST-042
E
Ealo, marina
Ecker, martin
Eder, Gunter
Edfelder, Achim
Eduard, Wijnand
Edwards, Sam

O1-AAS-AAp-01,
p1-AAS-AAp-041,
p1-AAS-AAp-116
p1-AT-CA-009
O33-Ah-SS8-03,
p3-Ah-SS8-012
O19-AmT-INST-06,
p2-AmT-INST-015
p3-Ah-IEh-005
O27-AAS-AAp-78

Page 118 of 1211

xx

Eerola, Erkki
p2-AT-AbN-004
Eﬁmov, Alexey
p2-AT-AbN-007
Eggersdorfer, maximilian l.
p3-bAp-FuND-005,
p3-bAp-FuND-020
Egli, D.
O19-AmT-INST-02
Ehara, yoshiyasu
p1-AT-EE-008,
p1-AT-EE-009,
p2-AAS-AAp-193,
p2-AAS-AAp-195
Ehn, mikael
O21-AAS-AAp-56,
O21-AAS-AAp-58,
O35-bAp-AC-07,
p2-AAS-AAp-176,
p2-AAS-AAp-177,
p3-AmT-pmx-030
Ehret, miriam
p3-Ah-SS8-007
Ei haddad, Imad
O12-AAS-AAp-34
Eichler, philipp
p2-AAS-AAp-181
Eickelberg, Oliver
O33-Ah-SS8-03
Eiguren-Fernandez, Arantzazu
O34-AmT-INST-25,
O45-bAp-AC-15
Ekman, Annica
O6-AAS-AAp-14
Ekolind, peter
p3-Ah-SS6-015
El Amraoui, l.
p2-AAS-AAp-264
El haddad, I.
O25-AmT-pmx-02
El haddad, Imad
O2-AAS-AAp-10,
O7-AAS-AAp-24,
O12-AAS-AAp-36,
O14-AT-CA-08,
O16-AAS-AAp-43,
O23-Ah-IND-03,
O24-AmT-INST-13,
O25-AmT-pmx-01,
O26-AAS-AAp-67,
O35-bAp-AC-01,
O40-bAp-AC-10,
p2-AAS-AAp-166,
p3-Ah-SS8-002,
p3-bAp-AC-006,
p3-bAp-FuND-041
Elcner, Jakub
p3-Ah-IND-011
Eleftheriadis, konstantinos
O27-AAS-AAp-76,
O27-AAS-AAp-80,
O39-AmT-pmx-09,
p1-AAS-AAp-069,
p1-AAS-AAp-106,
p1-AAS-AAp-118,
p2-AAS-AAp-136,
p2-AmT-INST-025,
p3-Ah-IND-007,
p3-AmT-pmx-046,
p3-bAp-AC-005
Eleftheriadis, kostas O7-AAS-AAp-20,
p1-AAS-AAp-040
El-haddad, Imad
O1-AAS-AAp-03

139

European Aerosol Conference 2016

140

Elias, Thierry
p1-AAS-AAp-001
El-khoury, bilal
p3-Ah-IEh-016
Ellermann, Thomas p2-AAS-AAp-130
Elm, Jonas
p1-AAS-AAp-025
Elmashae, yousef
O36-Ah-IEh-08
Elsasser, michael
p3-AmT-pmx-005,
p3-AmT-pmx-020
Elser, miriam
O28-Ah-IEh-04,
p3-AmT-pmx-018
Emami, Fereshteh p3-AmT-pmx-004
Enghoﬀ, martin bødker
p3-bAp-FuND-024
Engling, Guenter
p2-AAS-AAp-136,
p2-AAS-AAp-141
Enomoto, Joe
p1-AT-EE-008,
p1-AT-EE-009,
p2-AAS-AAp-193,
p2-AAS-AAp-195
Enroth, Joonas
O34-AmT-INST-22
Ergin, Gozde
p3-bAp-FuND-002
Erichsen Andersson, Anette
p3-Ah-SS6-015
Eriksson, Axel
O9-AT-SS3-03,
O14-AT-CA-10,
p1-AAS-AAp-049,
p1-AT-CA-031,
p2-AAS-AAp-147,
p3-Ah-IND-018,
p3-Ah-SS8-013
Eriksson, mikael
p2-AmT-INST-001
Ervens, barbara
p2-AAS-AAp-160
Esat, kıvanç
O29-AmT-INST-20
Escalada, R.
p1-AT-CA-004
Escalada, Ricardo
p1-AT-CA-011
Esposito, Francesco p1-AAS-AAp-038
Esposito, Giulio
p2-AAS-AAp-189
Ess, michaela
O4-AT-CA-04,
p1-AT-CA-033
Esser-Gietl, Johanna p3-AmT-pmx-005,
p3-AmT-pmx-020
Estepa, Carlos
p3-Ah-IEh-030
Esteves, helder
p3-Ah-IEh-030
Estévez, E. R.
p1-AAS-AAp-036
Estillore, Armando
O6-AAS-AAp-16
Etcheberry, Arnaud
p1-AT-SS1-002,
p3-AmT-pmx-032
Etzion, yael
O44-AmT-pmx-16,
p2-AmT-INST-031
Eversole, Jay
O34-AmT-INST-28,
O45-bAp-AC-18
Evgenia, Gilshteyn
O18-AT-AbN-18
Ezz, Wafaa Nabil
p3-Ah-IEh-011
F
Fabian, balazs
O9-AT-SS3-05
Facchini, Cristina
O7-AAS-AAp-21
Facchini, maria Cristina
O44-AmT-pmx-19,

Tours, France

p1-AAS-AAp-004,
p3-AmT-pmx-010
Faccinetto, Alessandro O4-AT-CA-01,
O9-AT-SS3-04,
p1-AT-SS2-002,
p3-bAp-AC-009
Facon, brigitte
p3-Ah-SS6-003
Fagerli, hilde
O22-AAS-AAp-60,
p2-AAS-AAp-174
Faghihi, Ehsan majd p3-bAp-FuND-033
Faiola, Celia
O32-AAS-AAp-88,
O35-bAp-AC-07,
p2-AAS-AAp-175
Faivre, E.
p1-AT-CA-007
Faizal, Ferry
p2-AmT-INST-040
Fajardo, Oscar
p2-AAS-AAp-125,
p2-AAS-AAp-209
Falcão, luiz
p3-AmT-pmx-012
Falkenstein, Thomas
p3-Ah-IEh-004
Fan, Fengxian
p3-bAp-FuND-022
Fanelli, Fiorenza
O10-AT-SS1-05
Faouri, D.
p3-Ah-IEh-022
Farah, Jinane
p3-Ah-SS6-010
Farkas, Arpad
O41-Ah-IEh-18
Farren, Naomi
O23-Ah-IND-03,
O40-bAp-AC-12
Favez, Olivier
O2-AAS-AAp-11,
O31-AAS-AAp-87,
O39-AmT-pmx-08,
O39-AmT-pmx-13,
p1-AAS-AAp-090,
p1-AT-SS3-002,
p2-AAS-AAp-255,
p2-AmT-INST-023,
p3-AmT-pmx-013,
p3-AmT-pmx-042,
p3-bAp-AC-008,
p3-bAp-SS7-004
Faxon, Cameron
O35-bAp-AC-03,
p1-AAS-AAp-065,
p1-AT-CA-017
Fayad, layal
p3-bAp-FuND-032
Fayet, G.
O43-Ah-IND-11
Feftatzis, prodromos O27-AAS-AAp-80
Fejer, Gyuri
p3-Ah-IEh-023
Félicie, Theron
O30-bAp-SS7-05
Felton, Dirk
O25-AmT-pmx-04
Feng, Chien-Wei
p1-AT-CA-003
Feng, Jicheng
O13-AT-AbN-11
Fenn, martha
O11-AAS-AAp-26
Fermo, paola
O2-AAS-AAp-10,
O25-AmT-pmx-01
Fernandez De la mora, Juan
p2-AmT-INST-052
Fernandez, Delia
p2-AAS-AAp-127
Fernández, maria Jesús p2-AT-AbN-010
Fernández-González, D.
p1-AAS-AAp-055,

Page 119 of 1211

Feron, Anais
Ferrari, Silvia

Ferrero, luca
Ferro, Andrea
Ferry, Daniel

Ferry, laurent
Fetfatzis, p.
Feuillebois, Francois
Fèvre-Nollet, Valérie
Fierli, Federico
Fierz, martin
Fievet, Amandine
Filioglou, maria
Fine, ludovic
Fischer, Al
Fischer, Christian
Fischer, lukas
Fishbain, barak
Fito, Carlos
Flamant, Cyrille
Flament, pascal
Flaud, pierre-marie
Flemming, Johannes
Flentje, harald
Florentin, Arnaud
Focsa, Cristian

Fokkens, paul
Folts, Vitalii
Fonseca, Ana Soﬁa
Font, Anna
Font, Oriol
Fontecha, José luis
Foppiano, Debora

xx

p3-Ah-IEh-007
p2-AAS-AAp-164,
p2-AAS-AAp-198
O2-AAS-AAp-12,
O44-AmT-pmx-19,
p1-AAS-AAp-029,
p3-AmT-pmx-010
p1-AAS-AAp-009
O27-AAS-AAp-77
O4-AT-CA-04,
O20-AT-SS2-02,
O20-AT-SS2-05,
p1-AT-SS2-001,
p2-AmT-INST-009,
p3-bAp-AC-015,
p3-bAp-FuND-040
O30-bAp-SS7-06
p1-AAS-AAp-040
p3-bAp-SS7-003
p1-AAS-AAp-104
p1-AAS-AAp-240
O3-AT-AbN-01,
O19-AmT-INST-02,
O19-AmT-INST-05
p1-AT-SS3-002
p1-AAS-AAp-008
p1-AAS-AAp-085
p1-AT-SS3-001
p3-Ah-IND-015
O45-bAp-AC-16,
p2-AmT-INST-051
p2-AmT-INST-031
p3-Ah-IND-024
p1-AAS-AAp-245
p3-AmT-pmx-034
O32-AAS-AAp-89
O22-AAS-AAp-61
p3-AmT-pmx-005,
p3-AmT-pmx-020
O36-Ah-IEh-09
O4-AT-CA-01,
O9-AT-SS3-02,
O20-AT-SS2-02,
O20-AT-SS2-07,
p1-AAS-AAp-070,
p1-AT-SS2-001,
p2-AmT-INST-009,
p3-AmT-pmx-035,
p3-AmT-pmx-040,
p3-bAp-AC-009
p3-Ah-IEh-034
p2-AT-SS4-004
O43-Ah-IND-10,
p3-Ah-IEh-030
O44-AmT-pmx-17
p2-AAS-AAp-201
p2-AT-AbN-010
p1-AT-CA-006

European Aerosol Conference 2016

Forbes, patricia
Formenti, paola

p2-AT-SS4-010
O9-AT-SS3-04,
p1-AAS-AAp-097,
p1-AAS-AAp-240,
p2-AAS-AAp-257,
p2-AAS-AAp-264
Forthomme, Audrey O15-AT-SS4-07,
p1-AT-CA-012
Fortin, Camille
p1-AAS-AAp-104
Fossum, kirsten
p2-AAS-AAp-191
Fountoukis, Christos O37-bAp-FuND-07
Fourmentin, marc O44-AmT-pmx-15,
p1-AAS-AAp-081,
p3-AmT-pmx-034
Fourtziou, luciana
p2-AAS-AAp-131
Fraboulet, Isaline
p1-AT-SS3-002
Fracassi, Francesco
O10-AT-SS1-05
Fraga, Sonia
p3-Ah-IEh-030
Fraile, R.
p1-AAS-AAp-055,
p1-AAS-AAp-080,
p3-Ah-IEh-007
Fraile, Roberto
p2-AAS-AAp-127
Franchin, Alessandro O37-bAp-FuND-05
Francis, m.
p3-Ah-IEh-003
Francis, xavier
O22-AAS-AAp-61
Frank, brian
O25-AmT-pmx-04
Frasca, Daniele
p3-AmT-pmx-054
Fraser, Andrea
O22-AAS-AAp-61
Frédéric, murzyn
p3-bAp-FuND-007
Frederix, Edo
O33-Ah-SS8-06
Freedman, Andrew
O20-AT-SS2-04,
O24-AmT-INST-10,
p1-AAS-AAp-030,
p1-AT-SS3-001
Freer, matt
O29-AmT-INST-18
Frege, Carla
O16-AAS-AAp-43,
O24-AmT-INST-12,
O37-bAp-FuND-06
Frei, ulrich
p1-AT-CA-009
Freney, Evelyn
O17-AAS-AAp-50,
O26-AAS-AAp-73,
O31-AAS-AAp-84,
p2-AAS-AAp-164,
p3-bAp-AC-008
Freshwater, Raymond p3-Ah-SS8-010
Freutel, Fredericke O17-AAS-AAp-50
Freville, patrick
p1-AAS-AAp-045
Frijns, Evelien
p3-Ah-IND-024
Frka, Sanja
O40-bAp-AC-09,
p3-bAp-AC-011
Fröhlich, Roman
O28-Ah-IEh-04,
O45-bAp-AC-19,
p3-bAp-AC-006
Fröhlich-Nowoisky, Janine
O2-AAS-AAp-07
Fromont, Eric
p3-Ah-SS6-003
Frossard, Amanda Ann p1-AAS-AAp-085
Frühsorger, Alexander p3-Ah-IND-015

Fry, Juliane
Fuchs, Claudia
Fuchs, hendrik
Fuentes, Daniel
Fuertes, David
Fujiwara, kakeru
Fuller, Gary
Fuller, Gary W.
Fuoco, F.
Furger, markus
Furi, peter
Furtziou, luciana
Furutani, hiroshi
Fuzzi, Sandro
Fyrillas, marios
G
Gaca, marianna
Gaﬃé, Daniel

Tours, France

p2-AAS-AAp-170
O32-AAS-AAp-93
O32-AAS-AAp-91
O19-AmT-INST-01
p1-AAS-AAp-096,
p2-AmT-INST-037
O13-AT-AbN-10,
p2-AT-AbN-002
O44-AmT-pmx-17,
p2-AAS-AAp-145,
p3-AmT-pmx-033
O17-AAS-AAp-48
p2-AAS-AAp-219
O45-bAp-AC-19
O41-Ah-IEh-18
p2-AAS-AAp-129
O26-AAS-AAp-72
p3-AmT-pmx-010
p1-AAS-AAp-072

O33-Ah-SS8-01
O20-AT-SS2-02,
p1-AT-SS2-001
Gagné, Stéphanie
O4-AT-CA-06
Gaie-levrel, François p3-Ah-IEh-012,
p3-Ah-SS6-018
Gaimoz, Cécile
p1-AAS-AAp-240,
p2-AAS-AAp-164,
p2-AAS-AAp-184
Gaita, Samuel mwanikip1-AAS-AAp-066
Galès, Amandine
O38-Ah-SS6-05
Galindo, Nuria
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
Gallo, yann
O14-AT-CA-10
Galmarini, Stefano O22-AAS-AAp-61
Gambaro, Andrea
p1-AAS-AAp-111
Ganesan, V. A.
O5-AT-EE-04
Gangneux, Jean-pierre O36-Ah-IEh-09
Ganguly, koustav
p3-Ah-SS8-004
Gao, Jian
p2-AmT-INST-047
Gao, m. l.
p2-AAS-AAp-228
Gao, Shuang
O36-Ah-IEh-08
Garbaras, Andrius
p2-AAS-AAp-151
García Alonso, S.
p1-AT-CA-004
Garcia Álvarez, mayra p2-AT-AbN-003
Garcia Vivanco, marta O22-AAS-AAp-61,
p2-AAS-AAp-174
García-Alonso, Susana p3-AmT-pmx-031
Garcia-Fernandez, Carlos O9-AT-SS3-05
García-Triñanes, pablo p3-Ah-IND-020
Garcia-Vivanco, marta p2-AAS-AAp-167
Garcia-ybarra, pedro l. O18-AT-AbN-17
Garçon, Guillaume
p3-Ah-IEh-015,
p3-Ah-IEh-029

Page 120 of 1211

xx

Garg, maheshinderjeet
p2-AAS-AAp-156
O21-AAS-AAp-56,
O35-bAp-AC-07,
O37-bAp-FuND-06
Garo, Annie
p2-AmT-INST-018
Garrigou, Didier
O32-AAS-AAp-89
Gatari, m. J.
O5-AT-EE-04
Gate, laurent
p3-Ah-SS8-006
Gatta, Elena
p3-Ah-SS6-011
Gaudion, Vincent
p3-bAp-AC-013
Gaudy, laura
O10-AT-SS1-06
Gaveau, marc-Andre p3-AmT-pmx-032
Gavilan, lisseth
O4-AT-CA-05,
p1-AT-SS1-002
Ge, xinlei
O26-AAS-AAp-69
Geels, Camilla
O22-AAS-AAp-61
Gehin, E.
p1-AAS-AAp-112
Gehin, Evelyne
O4-AT-CA-03,
p3-Ah-IND-021
Geiger, J.
O7-AAS-AAp-22
Geiser, marianne
p3-Ah-SS8-002
Gelain, Thomas
p3-bAp-AC-021,
p3-bAp-FuND-018,
p3-bAp-SS7-003
Gelencsér, András
O12-AAS-AAp-35,
O28-Ah-IEh-07
Gemayel, Rachel
p3-bAp-AC-004
Gen, masao
p2-AmT-INST-040
Genevray, p.
p1-AT-CA-007
Gensdarmes, François O30-bAp-SS7-04,
p1-AT-CA-024,
p3-bAp-SS7-003
Geoﬀfrey, Smith
p1-AT-SS3-001
George, Christian
O40-bAp-AC-13,
p2-AAS-AAp-190
Gérard, Violaine
p1-AAS-AAp-085
Gerardin, Fabien
O42-bAp-FuND-12
Gerasopoulos, Evangelos
O12-AAS-AAp-33,
p1-AAS-AAp-064,
p2-AAS-AAp-129
Gerde, per
p3-Ah-SS8-004
Gerecke, Andreas
O20-AT-SS2-06
Gergely, kristóf
p1-AAS-AAp-108
Gerling, lars
p1-AAS-AAp-119
Gerlofs-Nijland, miriam p3-Ah-IEh-034
Gessner, Jana
O42-bAp-FuND-09
Geurts, bernard
O33-Ah-SS8-06
Ghanbaja, Jaafar
O10-AT-SS1-02
Ghasemi, masoomeh p2-AT-AbN-005
Gheddou, Abdelhakim p1-AAS-AAp-122
Ghersi, Véronique
O17-AAS-AAp-50
Gheusi, François
O7-AAS-AAp-23
Ghosh, kunal
p3-bAp-FuND-021
Giacomoni, Jérome p2-AAS-AAp-221,
p2-AmT-INST-042
Giamarelou, maria p2-AmT-INST-039
Garmash, Olga

141

European Aerosol Conference 2016

Giannoni, martina
142

O7-AAS-AAp-20,
O39-AmT-pmx-10,
p3-AmT-pmx-044
Gierczak, Tomasz
p3-bAp-FuND-032
Giger-pabst, urs
p3-Ah-IEh-004
Gil, Juan
p2-AmT-INST-044
Gilardoni, Stefania O44-AmT-pmx-19,
p3-AmT-pmx-010
Gilfanov, Artur
p2-AT-AbN-013
Gil-moltó, Juan
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206
Gim, yeontae
p1-AAS-AAp-093
Giner, Franck
O31-AAS-AAp-82
Gini, maria
O27-AAS-AAp-76,
O27-AAS-AAp-80,
p2-AmT-INST-025
Girin, Oleksandr
p1-AAS-AAp-023,
p1-AT-CA-020,
p3-bAp-FuND-008
Giulia, Stefenelli
O28-Ah-IEh-04
Giulianelli, lara
p3-AmT-pmx-010
Giuliani, Alexandre
O4-AT-CA-05
Giulietti, Fabrizio
p1-AAS-AAp-086
Gjorgjev, Dragan
p3-Ah-IEh-035
Gkanas, Georgios
O13-AT-AbN-09,
p2-AT-AbN-019
Gkatzelis, Georgios p2-AAS-AAp-181
Gladding, Toni
O38-Ah-SS6-06
Gligorovski, Saso
p3-bAp-AC-004
Glytsos, Thodoros
p3-Ah-IND-006
Godon, Jean Jacques O38-Ah-SS6-05
Godoy, Charlotte
p2-AT-SS4-007
Godt, A.
O26-AAS-AAp-70
Goede, henk
O43-Ah-IND-12
Göhler, Daniel
p3-Ah-IEh-004
Goldt, Anastasia
p2-AT-AbN-022
Goller, Sabine
O38-Ah-SS6-03
Golly, benjamin
O39-AmT-pmx-08,
O39-AmT-pmx-13
Goloub, philippe
O1-AAS-AAp-06,
p1-AAS-AAp-042,
p1-AAS-AAp-045,
p1-AAS-AAp-095,
p2-AmT-INST-037
Golubov, Nikola
p3-Ah-IEh-035
Gomes, Joao
p3-Ah-IEh-030
Gómez-moreno, Francisco J.
p2-AAS-AAp-227,
p2-AmT-INST-021
Gong, Jie
O23-Ah-IND-06
González, R.
p1-AAS-AAp-068,
p2-AAS-AAp-199
Gonzalez, Raquel
O2-AAS-AAp-10
González-Toril, Elena p1-AAS-AAp-075
Gooden, pete
p3-Ah-SS8-005
Gordo, E.
p2-AAS-AAp-233

Gordon, hamish

Tours, France

O11-AAS-AAp-31,
p3-bAp-FuND-030
Gorecka, Izabela
p1-AAS-AAp-015
Gorev, Vasily
p2-AT-AbN-025
Gorfer, markus
O38-Ah-SS6-03,
p3-Ah-SS6-014
Gorji Ghalamestani, Sepideh
p2-AT-AbN-005
Gorjinezhad, Soudabeh O23-Ah-IND-02
Gorkina, Aleksandra O18-AT-AbN-18
Görner, peter
p2-AmT-INST-041,
p3-AmT-pmx-038
Gosh, kunal
p1-AAS-AAp-086
Gosselin, Sylvie
p3-Ah-SS6-010
Goudeli, Eirini
O4-AT-CA-02,
O42-bAp-FuND-08,
p2-AT-AbN-011,
p3-bAp-FuND-005,
p3-bAp-FuND-020,
p3-bAp-FuND-031
Goujon Ginglinger, Catherine
p1-AT-CA-035,
p2-AmT-INST-026
Gouri, Rabah
p2-AT-SS4-006
Grainger, Don
O6-AAS-AAp-17
Gramsch, Ernesto
O17-AAS-AAp-52,
p2-AmT-INST-050
Grand, Noel
p1-AAS-AAp-240
Grasso, Fabio massimo O27-AAS-AAp-75
Gratien, Aline
p2-AAS-AAp-184
Graus, martin
p1-AAS-AAp-120
Graves, brian
p2-AT-AbN-014
Gray, Sally
O27-AAS-AAp-78
Greﬀ, Guylaine
p3-Ah-SS6-002
Grégoire, Anne Cécile O8-AAS-SS5-01
Gregorič, Asta
O25-AmT-pmx-06
Gregoris, Elena
p1-AAS-AAp-111
Greige, hélène
p3-Ah-IEh-017
Grenier, Didier
p1-AAS-AAp-090
Grgić, Irena
O40-bAp-AC-09,
p3-bAp-AC-011
Grifoll, Jordi
O5-AT-EE-05,
p1-AT-EE-012,
p1-AT-EE-013,
p1-AT-EE-014
Grigonyte, Julija
O12-AAS-AAp-32,
O12-AAS-AAp-38
Grigoratos, Theodoros p2-AAS-AAp-210
Grimonprez, Symphorien O9-AT-SS3-04
Grinshpun, Sergey
O36-Ah-IEh-08,
p3-Ah-IND-012,
p3-Ah-SS6-009
Grob, benedikt
p1-AT-CA-033
Gröger, T.
O28-Ah-IEh-06
Gros, Valérie
O2-AAS-AAp-11,
O7-AAS-AAp-23,
O17-AAS-AAp-50,
O31-AAS-AAp-87,

Page 121 of 1211

xx

p1-AAS-AAp-056,
p1-AAS-AAp-090
Grose, Valerie
p3-bAp-AC-008
Große, Stephan
p3-Ah-IEh-033
Grossmann, Stéphane p3-Ah-SS8-006
Grothe, hinrich
p1-AT-CA-029,
p2-AmT-INST-049
Grützun, Verena
p1-AAS-AAp-003
Gryazin, Victor
p2-AAS-AAp-154,
p2-AAS-AAp-155
Grydaki, Nikoletta
O38-Ah-SS6-04,
p3-Ah-SS6-016,
p3-Ah-SS6-017
Gu, Jianwei
O2-AAS-AAp-09
Gualtieri, maurizio
p3-Ah-IEh-017
Gubaidullin, Damir p3-bAp-FuND-003
Gudmundsson, Anders p1-AT-CA-019,
p3-Ah-IND-018,
p3-Ah-SS8-013
Guenoune, yanis
p3-Ah-SS6-007
Gueraoui, kamal
p2-AT-SS4-002
Guernion, p. y.
p2-AAS-AAp-208
Guerrero-Rascado, Juan luis
p1-AAS-AAp-096
Guibert, C.
p3-Ah-IEh-013
Guilbaud, Sarah
p3-AmT-pmx-034
Guillon, Antoine
O33-Ah-SS8-04
Guillot, E.
O33-Ah-SS8-04
Guillot-Combe, Emmanuelle
O41-Ah-IEh-19
Guin, Christian
O20-AT-SS2-02
Guinot, benjamin
p1-AAS-AAp-011,
p2-AAS-AAp-204,
p2-AAS-AAp-228,
p3-Ah-IEh-014
Guirado, C.
p1-AAS-AAp-068,
p2-AAS-AAp-199
Guldi, D.
O18-AT-AbN-20,
p3-bAp-SS7-005
Guldi, Dirk m.
O13-AT-AbN-07
Gulevich, Dayana
O41-Ah-IEh-16
Gulyás, Gábor
p2-AmT-INST-036,
p3-AmT-pmx-022
Gunell, marianne
p2-AT-AbN-004
Gunthe, Sachin
O31-AAS-AAp-85
Güntner, Andreas T.
O13-AT-AbN-08
Guo, Fangqin
p1-AAS-AAp-078
Guo, mengyang
O23-Ah-IND-06
Guo, x
O13-AT-AbN-11
Guo, y. y.
p3-Ah-IEh-025
Gupta, pratima
p1-AAS-AAp-071
Gupta, Tarun
p2-AAS-AAp-160
Gutierrez-Canas, Cristina
O15-AT-SS4-04,
p1-AT-CA-004,
p1-AT-CA-011
Gutleb, Arno
p3-Ah-IEh-036
Gutowska, Dorota
p1-AAS-AAp-102

European Aerosol Conference 2016

Guyon, A.
Gwisdorf, Tabitha
Gysel, martin

H
ha, kyungyeon
ha, Thi lan
haag, Regula
haapanen, Janne

p2-AT-SS4-003
p3-AmT-pmx-029
O1-AAS-AAp-03,
O11-AAS-AAp-27,
O14-AT-CA-08,
O22-AAS-AAp-65,
O27-AAS-AAp-80,
O32-AAS-AAp-93,
p1-AAS-AAp-032,
p2-AmT-INST-053

O5-AT-EE-06
p3-Ah-IND-021
O20-AT-SS2-06
O3-AT-AbN-03,
p2-AmT-INST-027,
p2-AT-AbN-004
haddad, I. Ei
p2-AAS-AAp-185
haddad, Imad
O28-Ah-IEh-04
hadden, Rory
p2-AAS-AAp-144
haddrell, Allen
O26-AAS-AAp-68,
O29-AmT-INST-19,
O36-Ah-IEh-13,
p1-AAS-AAp-088
haeﬀelin, martial
p1-AAS-AAp-001,
p1-AAS-AAp-035
haep, Stefan
p2-AmT-INST-006
hageman, Derek
O1-AAS-AAp-02
hagen, Donald E.
p3-Ah-SS8-009
hagerman, Inger
p3-Ah-SS8-013
hagreen, matt
p3-bAp-FuND-023
hair, Johnathan
O11-AAS-AAp-26
haisch, Christoph
O29-AmT-INST-21
hak-Joon, kim
p1-AT-EE-001
hall, A. Donald
O29-AmT-INST-19
hall, Nicholas
O6-AAS-AAp-13
haller, Theresa
p1-AT-CA-029,
p2-AmT-INST-049
hallquist, Åsa
p1-AT-CA-017
hallquist, mattias
O35-bAp-AC-03,
p1-AAS-AAp-065,
p1-AT-CA-017,
p2-AAS-AAp-147
halonen, Roope
p3-bAp-FuND-029
ham, Jeeyoung
p2-AAS-AAp-224
hama, Naoya
p2-AmT-INST-040
hamberger, philipp
p3-bAp-AC-017
hämeri, k.
p3-Ah-IEh-022
hämeri, kaarle
p3-Ah-IND-007
hamilton, Jacquelin O23-Ah-IND-03
hamilton, Jacqueline O40-bAp-AC-12
hamilton, Jacqui
O26-AAS-AAp-68
hammes, Julia
O35-bAp-AC-03,
p1-AAS-AAp-065
hamonou, E.
p2-AAS-AAp-264
hamonou, Eric
p1-AAS-AAp-245
han, bangwoo
p1-AT-EE-001,

Tours, France

p1-AT-EE-007
han, hee-Siew
O19-AmT-INST-07
han, Jangseop
p2-AmT-INST-038
han, Sang bong
p2-AmT-INST-024
han, Sang hee
p3-AmT-pmx-014
han, Taewon
p3-Ah-IEh-009
han, yeongcheol
p2-AAS-AAp-234
hank, marcus
O24-AmT-INST-11
hanna, Vehkamäki O16-AAS-AAp-41
hänninen, Otto
O23-Ah-IND-05,
p3-Ah-IEh-035
hansel, Armin
O45-bAp-AC-16,
p2-AmT-INST-051
hansen, kaj m.
O22-AAS-AAp-61
hanson, David
p1-AAS-AAp-237
hansson, hans Christen
p1-AAS-AAp-064
hao, Jiming
p2-AAS-AAp-125,
p2-AAS-AAp-209
hao, liqing
O12-AAS-AAp-32,
O35-bAp-AC-07,
p2-AAS-AAp-175,
p3-bAp-FuND-028
happillon, mélanie
p3-Ah-IEh-015
happo, mikko
p3-Ah-IEh-031
harada, k. h.
O8-AAS-SS5-05
harivel, Nadine
O20-AT-SS2-02
harndorf, h.
O28-Ah-IEh-06
harra, Juha
O3-AT-AbN-03,
p2-AmT-INST-027,
p2-AT-AbN-004
harrad, S.
p3-Ah-IEh-022
hart, matthew
O45-bAp-AC-18
hartikainen, Anni
O12-AAS-AAp-32,
p2-AAS-AAp-159,
p2-AAS-AAp-171
hartmut, herrmann p1-AAS-AAp-054
hartonen, kari
p2-AAS-AAp-173
hasheminassab, Sina O39-AmT-pmx-11
haslett, Sophie
O12-AAS-AAp-37,
p2-AAS-AAp-144
hauser, manuela
O14-AT-CA-12,
p1-AT-CA-021
häusler, Thomas
p1-AT-CA-029
havránek, Vladimír p1-AAS-AAp-051
hayeck, Nathalie
O40-bAp-AC-13
hayes, Enda
O38-Ah-SS6-06
häyrinen, Anna
p1-AT-CA-010
he, Congrong
p3-Ah-IND-004
he, kebin
O26-AAS-AAp-72
he, lingyan
p1-AAS-AAp-039
he, Siqin
p2-AT-AbN-026
he, xu
p2-AT-SS4-001
hease, p.
p1-AT-SS3-002
hebbinghaus, h.
O7-AAS-AAp-22
hébert, D.
p1-AAS-AAp-112
hee Choon, lee
p1-AAS-AAp-084
hee Jung, ko
p1-AAS-AAp-084

Page 122 of 1211

heeb, Norbert
heidenreich, Ralf
heikkilä, paavo
heikkinen, liine
heinritzi, martin
hejkrlík, libor
held, Andreas

xx

O20-AT-SS2-06
p2-AT-AbN-028
O5-AT-EE-01
p2-AAS-AAp-176
O32-AAS-AAp-93
p2-AAS-AAp-220
O21-AAS-AAp-57,
p1-AAS-AAp-113,
p1-AAS-AAp-120,
p2-AAS-AAp-180
helgestad, Taylor
p1-AT-SS3-001
hellebust, Stig
p2-AAS-AAp-145,
p3-AmT-pmx-018,
p3-bAp-AC-004
hellmann, Albert
O15-AT-SS4-03
hendaoui, Ali
O10-AT-SS1-06
henderson, barron
O45-bAp-AC-17
henke, Adele
p3-AmT-pmx-005
henne, Stephan
O24-AmT-INST-12
hennen, Jennifer
p3-Ah-IEh-036
henning, henschel O16-AAS-AAp-41
henry Des Tureaux, Thierry
p2-AAS-AAp-198
henry, Christophe
O30-bAp-SS7-02
henschel, henning p1-AAS-AAp-017,
p1-AAS-AAp-018
henzing, bas
p1-AAS-AAp-103,
p3-AmT-pmx-044
heo, Jongbae
p2-AAS-AAp-251,
p3-AmT-pmx-052
heo, S. h.
p1-AT-CA-039
herber, Andreas
p1-AAS-AAp-030
herbig, britta
p3-Ah-SS8-007
herbin, benoît
p1-AAS-AAp-052,
p3-AmT-pmx-045
herbin, hervé
O1-AAS-AAp-05
herckes, pierre
O17-AAS-AAp-51
herich, hanna
O1-AAS-AAp-03
hering, Susanne
O34-AmT-INST-25,
O45-bAp-AC-15
heringa, maarten Frans
O24-AmT-INST-13
heringa, marteen
O40-bAp-AC-11
herlin, Nathalie
O18-AT-AbN-16
hermansson, E.
O21-AAS-AAp-58
herr, Caroline
p3-Ah-SS6-005
herranz, luis E.
p2-AT-SS4-012
herrmann, Erik
O24-AmT-INST-12
herrmann, hartmut O7-AAS-AAp-19,
O21-AAS-AAp-57,
O35-bAp-AC-04,
O40-bAp-AC-08,
p1-AAS-AAp-107,
p3-bAp-AC-018
herrmann, Isabel
O33-Ah-SS8-03
hertel, Ole
p2-AAS-AAp-130
hervo, maxime
p1-AAS-AAp-045
herzog, William
O45-bAp-AC-18

143

European Aerosol Conference 2016

144

heuzé-Vourc'h, Nathalie
O33-Ah-SS8-04,
O41-Ah-IEh-19
hillamo, Risto
O14-AT-CA-09,
O14-AT-CA-11,
p1-AT-CA-010
hillemann, lars
p3-Ah-IEh-033
hiller, k.
O28-Ah-IEh-06
hinker, manfred
O38-Ah-SS6-03
hinz, klaus-peter
p3-bAp-AC-001
hiranuma, Naruki
O11-AAS-AAp-25
hirsikko, Anne
p2-AAS-AAp-222
hirvonen, m. R.
O28-Ah-IEh-06
hirvonen, maija-Riitta p3-Ah-IEh-031
hitzenberger, Regina O16-AAS-AAp-42,
p1-AT-CA-029,
p2-AmT-INST-002,
p2-AmT-INST-014,
p2-AmT-INST-017,
p2-AmT-INST-049
ho, N. h.
p1-AAS-AAp-109
hochgreb, Simone O42-bAp-FuND-10
hodzic, Alma
O21-AAS-AAp-59,
O32-AAS-AAp-94
hoecker, Christian
O18-AT-AbN-19,
p2-AT-AbN-014
hoﬀer, András
O12-AAS-AAp-35,
p2-AAS-AAp-216
hoﬀmann, Thorsten O2-AAS-AAp-07,
O21-AAS-AAp-53,
O21-AAS-AAp-57,
p2-AAS-AAp-254,
p2-AAS-AAp-261,
p3-bAp-AC-024
hofmann, Werner
O41-Ah-IEh-15,
O41-Ah-IEh-18,
p3-Ah-IEh-020,
p3-Ah-SS8-003
hogan, Chris
p2-AT-AbN-026
hogan, Christopher O37-bAp-FuND-02
hogrefe, Christian
O22-AAS-AAp-61
hohaus, Thorsten
O32-AAS-AAp-91,
p2-AAS-AAp-181
höhler, kristina
p1-AAS-AAp-243,
p1-AAS-AAp-244
holben, brent
p1-AAS-AAp-097
höller, Christiane
p3-Ah-SS6-005
holopainen, Eemeli p3-bAp-FuND-028
holopainen, Jarmo k. O32-AAS-AAp-88
holt, Chastity
O6-AAS-AAp-13
holzinger, Rupert
O17-AAS-AAp-51,
O25-AmT-pmx-05,
p1-AAS-AAp-057,
p2-AAS-AAp-170,
p2-AAS-AAp-181
hong, J. h.
p1-AT-CA-039
hong, Ji hyung
p2-AAS-AAp-262
hontañón, Esther
O13-AT-AbN-11,

Tours, France

O19-AmT-INST-01
hooda, R.k.
O22-AAS-AAp-66
hopke, philip
O23-Ah-IND-02,
O25-AmT-pmx-04,
O27-AAS-AAp-77,
p3-AmT-pmx-004,
p3-AmT-pmx-006
höpner, Friederike
p1-AAS-AAp-037
horn, hans-Georg p2-AmT-INST-010
hõrrak, urmas
p1-AAS-AAp-021
horrillo, maría Del Carmen
p2-AT-AbN-010
horvath, helmuth p3-bAp-FuND-037
houdier, Stephan
O28-Ah-IEh-01
hovorka, Jan
p1-AAS-AAp-063,
p2-AAS-AAp-202,
p2-AAS-AAp-214,
p2-AAS-AAp-217,
p3-AmT-pmx-006
hoyle, Christopher Robert
O32-AAS-AAp-93
hsu, Der-Jen
p3-Ah-IEh-018
hsu, h. T.
p3-Ah-IEh-026
hu, kaiqi
O3-AT-AbN-04
hu, qiaoyun
p2-AmT-INST-037
hu, x. h.
p3-bAp-FuND-022
huang, Congni
p1-AAS-AAp-039
huang, Dandan
O35-bAp-AC-06,
p2-AAS-AAp-186
huang, kuo-lin
p1-AT-CA-002,
p1-AT-CA-003
huang, l.
p2-AmT-INST-039
huang, lei
O41-Ah-IEh-17
huang, Rujin
O28-Ah-IEh-04,
p2-AAS-AAp-261
huang, Ru-Jin
O25-AmT-pmx-01,
p2-AAS-AAp-166
huang, S. h.
p3-bAp-FuND-038
huang, S. -h.
p2-AAS-AAp-152
huang, S. m.
p3-Ah-IEh-025
huang, Shan
O7-AAS-AAp-19
huang, Sheng-hsiu p3-bAp-FuND-010,
p3-bAp-FuND-042
huang, W. -R.
p2-AAS-AAp-152
huang, Wei
O35-bAp-AC-05,
p2-AAS-AAp-168,
p2-AAS-AAp-256
huang, xiaofeng
p1-AAS-AAp-039
huang, Zhengxu
O41-Ah-IEh-17
huber, Stefanie
p3-Ah-SS6-005
hubert, patrice
O1-AAS-AAp-05
hueglin, Christoph
O45-bAp-AC-19
hüglin, Christoph
O1-AAS-AAp-03
huhtiniemi, marika
p3-Ah-IND-007
hünig, Andreas
O34-AmT-INST-27
hunziker, lars
p2-AmT-INST-019
huovinen, pentti
p2-AT-AbN-004
huš, matej
O40-bAp-AC-09

Page 123 of 1211

hussein, T.
hussein, Tareq
hwang, heejin
hwang, Jungho
hyoun Cher, Jin
hyvärinen, A.-p.
I
Iacobellis, Silvana

xx

p3-Ah-IEh-022
O23-Ah-IND-04
p2-AAS-AAp-234
p1-AT-EE-004,
p2-AmT-INST-038
p2-AAS-AAp-158
O22-AAS-AAp-66

O39-AmT-pmx-14,
p1-AT-CA-022
Ibáñez, maría José
p3-Ah-IEh-030
Ibaraki, Shumpei
p1-AT-EE-009
Ibarra, I.
p1-AT-CA-004
Ibarra, Imara
O15-AT-SS4-04,
p1-AT-CA-011
Igarashi, y.
O8-AAS-SS5-02
Igarashi, yasuhito
O8-AAS-SS5-04,
O8-AAS-SS5-06
Igel, Adele
O11-AAS-AAp-29
Iglseder, heinrich
p2-AmT-INST-015
Ihalainen, mika
p2-AAS-AAp-171,
p2-AmT-INST-005
Iinuma, yoshiteru
O21-AAS-AAp-57,
O35-bAp-AC-04
Ikhenazene, Raouf p1-AAS-AAp-070,
p3-AmT-pmx-035
Ille, yannik
p3-bAp-AC-016
Im, ulas
O22-AAS-AAp-61
Imre, kornélia
O28-Ah-IEh-07,
p1-AAS-AAp-024,
p2-AAS-AAp-216,
p3-AmT-pmx-002
Imre, Salma
p1-AAS-AAp-024,
p1-AAS-AAp-108
Inatsu, masaru
O8-AAS-SS5-06
Indugula, Reshmi
p3-Ah-SS6-009
Ingeborg E, Nielsen
O9-AT-SS3-03
Ingram, Stephen
p1-AAS-AAp-088
Inui, Takashi
p1-AT-EE-002,
p1-AT-EE-008,
p1-AT-EE-009,
p1-AT-EE-010,
p2-AAS-AAp-193,
p2-AAS-AAp-195
Ionescu, Anda
O23-Ah-IND-07,
p3-AmT-pmx-028
Ippolito, Irene
O30-bAp-SS7-03
Irimiea, Cornelia
O4-AT-CA-01,
O9-AT-SS3-02,
O20-AT-SS2-07,
p1-AT-SS2-001,
p2-AmT-INST-009,
p3-AmT-pmx-040,
p3-bAp-AC-009
Isaxon, Christina
p3-Ah-SS8-013
Isella, lorenzo
p3-bAp-FuND-006
Ishikawa, h.
O8-AAS-SS5-05

European Aerosol Conference 2016

Ishikawa, Tomoki
Ishizaka, Shoji
Ishizuka, m.
Ishizuka, masahide
Isiugo, kelechi
Islamov, meiirbek
Isley, Cynthia
Ituarte, Iñigo
Ivano, Ammoscato
Ivanov, Victor
Ivlev, Geprgii
Ivleva, Natalia
Ivosevic, Tatjana
Iwai, k.
Iyer, Siddharth
J
Jaars, kerneels
Jabbour, Nassib
Jackson, Simon

p1-AAS-AAp-078
p1-AAS-AAp-078
O8-AAS-SS5-04
O8-AAS-SS5-06
p3-Ah-SS6-009
p1-AT-CA-025
p2-AAS-AAp-218,
p2-AAS-AAp-219
p3-Ah-IND-007
p1-AAS-AAp-067
p2-AT-AbN-007
O2-AAS-AAp-08
O4-AT-CA-04,
p1-AT-CA-033
p1-AAS-AAp-111
p2-AT-AbN-008
p3-AmT-pmx-047

p2-AAS-AAp-143
p3-bAp-FuND-033
O38-Ah-SS6-06,
p3-Ah-IEh-023
Jaehee, Jung
p3-Ah-SS6-001
Jaﬀrezo, Jean-luc O25-AmT-pmx-01,
O28-Ah-IEh-01,
O28-Ah-IEh-02,
O39-AmT-pmx-08,
O39-AmT-pmx-13,
p3-AmT-pmx-011,
p3-bAp-FuND-004
Jaghbeir, O.
p3-Ah-IEh-022
Jakobi, Gert
O14-AT-CA-08,
p1-AT-CA-015,
p1-AT-SS3-005,
p2-AAS-AAp-171
Jakobs, h.
O7-AAS-AAp-22
Jakobsson, Jonas
O33-Ah-SS8-07,
p3-Ah-IND-018,
p3-Ah-SS6-015
Jakobsson, Jonas karl Fredrik
p3-Ah-SS8-001
Jalava, p.
O28-Ah-IEh-06
Jalava, pasi
p3-Ah-IEh-031
Jambert, Corinne
O26-AAS-AAp-73,
p2-AAS-AAp-164
James, Sherman
O6-AAS-AAp-13
Jancsek-Túróczi, beatrix O28-Ah-IEh-07
Jang, keewon
p1-AT-CA-039
Jangid, A.
p1-AAS-AAp-071
Janiak, p.
O33-Ah-SS8-04
Janka, kauko
O19-AmT-INST-04,
p2-AmT-INST-005,
p2-AmT-INST-047
Jankowska, Elżbieta p2-AmT-INST-043
Jankowski, Tomasz
p3-Ah-IND-002
Järvinen, Anssi
O5-AT-EE-01,
p2-AmT-INST-047

Jarzyna, Dirk
Jasmin, Tröstl
Jayabalan, Tanga
Jayaratne, Rohan

Tours, France

p2-AmT-INST-004
O24-AmT-INST-12
O43-Ah-IND-11
p1-AAS-AAp-082,
p2-AmT-INST-031,
p3-AmT-pmx-016,
p3-bAp-FuND-033
Jayne, John
p3-bAp-AC-008
Jayne, John T.
p3-bAp-AC-006
Jeannot, matthieu p2-AAS-AAp-221,
p2-AmT-INST-042
Jedelsky, Jan
p3-Ah-IND-011
Jedlovszky, pal
p3-bAp-FuND-025
Jedynska, Aleksandra p3-AmT-pmx-044
Jeﬀerson, Anne
O1-AAS-AAp-02
Jegou, Fabrice
p2-AmT-INST-042
Jen, Coty
p1-AAS-AAp-237
Jensen, keld A.
p2-AmT-INST-043
Jeon, Seongho
p2-AT-AbN-026
Jeon, So hyeon
p1-AAS-AAp-083
Jeong hoon, Cho
p1-AAS-AAp-084
Jeong, Seongcheol p2-AAS-AAp-158
Ježek, Irena
O25-AmT-pmx-06,
p3-AmT-pmx-011,
p3-bAp-FuND-004
Ji, Jie
p3-Ah-SS8-004
Jiang, Jingkun
p1-AT-CA-028,
p1-AT-CA-030,
p2-AAS-AAp-125,
p2-AAS-AAp-209,
p3-Ah-IEh-006
Jiang, yu
O4-AT-CA-06
Jicha, miroslav
p3-Ah-IND-011
Jidenko, Nicolas
O10-AT-SS1-04,
p1-AT-SS1-003,
p1-AT-SS1-005
Jimenez, Jose l
p3-bAp-AC-006
Jimenez-Guerrero, pedro
O22-AAS-AAp-61
Jing, lianpeng
p1-AT-SS3-005,
p2-AmT-INST-009
Jo, D.
p2-AAS-AAp-153
Jo, D.s.
p1-AAS-AAp-012
Joe, yun haeng
p3-bAp-FuND-013,
p3-bAp-FuND-017
Joerg, meyer
O13-AT-AbN-11
Johansson, bengt
O14-AT-CA-10,
p1-AT-CA-019
Johansson, Jonas
p2-AT-AbN-005
Johansson, Soﬁa m.
p3-bAp-AC-020
Johnson, G.
p3-Ah-IND-004
Johnson, Graham p3-bAp-FuND-033
Johnson, kent
O4-AT-CA-06
Jokay, Agnes
O41-Ah-IEh-18
Jokinen, Tuija
O37-bAp-FuND-06
Jokiniemi, J.
O28-Ah-IEh-06
Jokiniemi, Jorma
O12-AAS-AAp-32,
p1-AT-CA-036,

Page 124 of 1211

xx

p2-AAS-AAp-159,
p2-AAS-AAp-171,
p2-AmT-INST-005,
p2-AT-AbN-003,
p3-Ah-IEh-031,
p3-Ah-IND-016
Jomard, François
p1-AT-SS1-002
Joo Wan, Cha
p1-AAS-AAp-084
Jörres, Rudolf
p3-Ah-SS8-007
José, Nicolas
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252
Joshi, manish
p3-bAp-FuND-021
Joshi, Nitesh
p1-AAS-AAp-060
Josipovic, miroslav p2-AAS-AAp-143
Joubert, Aurélie
p2-AT-SS4-002
Journet, Emilie
p2-AAS-AAp-257
Joutsensaari, Jorma p1-AAS-AAp-029,
p1-AT-CA-036
Jud, Werner
O45-bAp-AC-16,
p2-AmT-INST-051
Julie, Vincent
p2-AAS-AAp-258,
p2-AAS-AAp-260
Julin, Jan
O22-AAS-AAp-63
Jung, Jin Sang
p2-AmT-INST-024
Jung, Jinsang
p1-AAS-AAp-050
Jung, Wooik
O5-AT-EE-06
Jung, yoon-ho
O5-AT-EE-06
Junji, Cao
O28-Ah-IEh-04
Junkermann, W.
O24-AmT-INST-11
Junninen, h.
O16-AAS-AAp-39
Junninen, heikki
O24-AmT-INST-12,
O37-bAp-FuND-05,
O37-bAp-FuND-06,
p3-AmT-pmx-030
Juranyi, Zsoﬁa
O29-AmT-INST-17,
p2-AmT-INST-032
Juuti, paxton
O3-AT-AbN-03,
p2-AmT-INST-027,
p2-AT-AbN-004
K
kabbara, hiba

O10-AT-SS1-02,
p1-AT-SS1-001
kaczynski, Jaroslaw
p1-AT-CA-027
kadyrbayeva, Aida p3-bAp-FuND-036
kaﬀy, Julia
p3-Ah-SS6-018
kaibaldiyeva, ulmekenp3-bAp-FuND-036
kainz, Victoria
p1-AAS-AAp-239
kajino, mizuo
O8-AAS-SS5-02,
O8-AAS-SS5-04,
O8-AAS-SS5-06,
p1-AAS-AAp-247
kalashnikov, N. p.
p2-AT-AbN-012
kalberer, markus
O35-bAp-AC-02,
O40-bAp-AC-14,
p3-Ah-SS8-010
kalivitis, Nikolaos
p1-AAS-AAp-064

145

European Aerosol Conference 2016

146

kalivitis, Nikos
O16-AAS-AAp-45
kallinen, kauko
O14-AT-CA-11
kalogridis, Athina-Cerise
O27-AAS-AAp-80
kamijou, Takahumi
p1-AT-EE-008
kaminski, heinz
O19-AmT-INST-05,
O43-Ah-IND-12,
p2-AmT-INST-028
kaminski, martin
O32-AAS-AAp-91,
p2-AAS-AAp-181
kammer, Julien
O32-AAS-AAp-89
kampf, Christopher O2-AAS-AAp-07,
O21-AAS-AAp-54,
p2-AAS-AAp-261,
p3-Ah-IEh-010
kan, Wilson
p3-Ah-SS8-008
kanashova, T.
O28-Ah-IEh-06
kanaya, yugo
p3-AmT-pmx-049
kandler, konrad
p2-AAS-AAp-257
kanerva, Tomi
p3-Ah-IND-007,
p3-Ah-IND-016
kang, Dae-il
p1-AT-CA-039
kangas, Anneli
p3-Ah-IND-007,
p3-Ah-IND-016
kangasluoma, Juha O34-AmT-INST-22,
O37-bAp-FuND-05,
p2-AmT-INST-011,
p2-AT-AbN-023
kantarelou, Vasiliki O39-AmT-pmx-09,
p3-bAp-AC-005
kao, y. y.
p3-bAp-FuND-011,
p3-bAp-FuND-038
karagiannidis, Athanasios
p1-AAS-AAp-111
karanasiou, Angeliki p2-AAS-AAp-150,
p3-AmT-pmx-046
karasev, Vladimir
O3-AT-AbN-06,
O37-bAp-FuND-03
karasinski, Grzegorz p2-AAS-AAp-140
karban, Jindřich
p1-AAS-AAp-051
karg, E.
O28-Ah-IEh-06
karg, Erwin
O2-AAS-AAp-09,
p2-AT-SS4-010
karhunen, Tommi
p2-AT-AbN-003,
p3-Ah-IEh-031
kari, Eetu
O32-AAS-AAp-88,
O35-bAp-AC-07,
p2-AAS-AAp-175
karjalainen, panu
O14-AT-CA-07,
O14-AT-CA-09,
p1-AT-CA-010
karl, Thomas
p1-AAS-AAp-120
karnezi, Eleni
p2-AAS-AAp-178
karoski, Nicolas
p1-AT-SS3-002
karrasch, Stefan
p3-Ah-SS8-007
karvonen, lassi
O24-AmT-INST-13
kasper, Gerhard
p3-bAp-FuND-014
kasper-Giebl, Anne
p1-AT-CA-008

kastrinaki, Georgia

Tours, France

O13-AT-AbN-09,
p2-AT-AbN-019
kasurinen, S.
O28-Ah-IEh-06
kata Sartelet, karine p1-AAS-AAp-076
katkevica, Sarmite O21-AAS-AAp-57,
p2-AAS-AAp-180
kauppinen, Esko
O10-AT-SS1-03
kawai, h.
p1-AAS-AAp-013
kecorius, Simonas
p1-AAS-AAp-054
keernik, hannes
p3-AmT-pmx-027
kelbg, m.
O28-Ah-IEh-06
keles, melek
O23-Ah-IND-02
keleshis, Christos
O24-AmT-INST-09
kelesidis, Georgios A.
O4-AT-CA-02,
p3-bAp-FuND-031
keller, Alejandro
O14-AT-CA-13
kelly, Frank
O28-Ah-IEh-02,
p3-Ah-SS8-010
kenges, yenglik
p1-AT-CA-025
kerekes, Attila
O29-AmT-INST-15
kerimray, Aiymgul
O23-Ah-IND-02
kerminen, Veli-matti p1-AAS-AAp-019,
p1-AAS-AAp-024,
p1-AAS-AAp-027,
p1-AAS-AAp-028,
p1-AAS-AAp-236,
p1-AAS-AAp-238
keronen, petri
p1-AAS-AAp-073
kesavan, Jana
p3-Ah-IND-003
keskinen, Jorma
O5-AT-EE-01,
O14-AT-CA-07,
O14-AT-CA-09,
O19-AmT-INST-04,
p1-AT-CA-010,
p2-AmT-INST-047
khairunnisa, m. p.
p2-AmT-INST-040
khan, Anwar
p2-AAS-AAp-170
khan, Arshad
p3-bAp-FuND-021
khan, Tanveer Ali
p3-Ah-IND-001
khera, Shagun
p3-Ah-IEh-023
khosrawipour, Tanja
p3-Ah-IEh-004
khosrawipour, Veria
p3-Ah-IEh-004
khot, Amit
p2-AmT-INST-004
kidd, T.
p3-Ah-IND-004
kiendler-Scharr, Astrid
O32-AAS-AAp-91,
p2-AAS-AAp-181
kiesler, Dennis
O3-AT-AbN-02,
O19-AmT-INST-01
kilic, Dogushan
O23-Ah-IND-03,
O26-AAS-AAp-67,
p2-AAS-AAp-166
kim, Dae Seong
O5-AT-EE-02,
O5-AT-EE-06,
p1-AT-EE-005
kim, h. C.
p1-AT-CA-039
kim, hak-Joon
p1-AT-EE-007
kim, ho
p2-AAS-AAp-251

Page 125 of 1211

kim, hwajin

xx

p1-AAS-AAp-094,
p2-AAS-AAp-158
kim, hyeong Rae
p1-AT-EE-004
kim, hyon ho
p2-AmT-INST-024
kim, hyung Sun
p1-AT-EE-004
kim, In Sun
p3-AmT-pmx-050
kim, J. h.
p1-AT-CA-039
kim, Jaeseok
p1-AAS-AAp-093
kim, Jeongeun
p1-AAS-AAp-048,
p2-AAS-AAp-224
kim, Jin young
p1-AAS-AAp-094,
p2-AAS-AAp-158
kim, ki-Cheol
p3-bAp-FuND-044
kim, kwang Soo
p1-AT-EE-016
p1-AT-EE-015
kim, min Ji
p1-AT-EE-015
kim, minhae
p3-Ah-IND-014,
p3-AmT-pmx-043
kim, Na kyung
p2-AAS-AAp-262
kim, S. W.
p1-AAS-AAp-012
kim, Sang-Woo
p2-AAS-AAp-153
kim, Suho
p1-AT-EE-015
kim, Sung youn
p1-AT-EE-016
kim, Sungyoun
p1-AT-EE-015
kim, yong pyo
p1-AAS-AAp-083,
p2-AAS-AAp-262,
p3-AmT-pmx-014,
p3-AmT-pmx-050
kim, yong-Jin
p1-AT-EE-001,
p1-AT-EE-007
kim, yong-Sik
p3-bAp-FuND-043,
p3-bAp-FuND-044
kimoto, Takashi
O26-AAS-AAp-72
kinase, T.
O8-AAS-SS5-04
king, Andrew J. C.
O15-AT-SS4-05
king, martin
O6-AAS-AAp-17
kinnunen, kristiina O32-AAS-AAp-88
kintz, harold
p3-AmT-pmx-032
kira, Oz
O6-AAS-AAp-18,
p1-AAS-AAp-099
kireeva, Elena
O4-AT-CA-04,
O9-AT-SS3-02
kirkby, Jasper
O11-AAS-AAp-31,
O21-AAS-AAp-53,
p3-bAp-FuND-030,
p3-bAp-FuND-035
kirkevåg, Alf
p2-AAS-AAp-169
kiss, Gyula
O12-AAS-AAp-35,
p2-AAS-AAp-216,
p3-AmT-pmx-002
kiss-Albert, Gergely O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AmT-INST-036
kistler, magdalena
p1-AT-CA-008
kita, k.
O8-AAS-SS5-04
kita, kazuyuki
O8-AAS-SS5-06
kita, masao
p2-AT-AbN-027
kitanovski, Zoran
p3-bAp-AC-019

European Aerosol Conference 2016

kitwiroon, Nutthida O22-AAS-AAp-61
kivekäs, N.
O21-AAS-AAp-58
kivekäs, Niku
O22-AAS-AAp-66,
p1-AAS-AAp-005,
p1-AAS-AAp-085
kivimäenpää, minna O32-AAS-AAp-88
kiwull, bettina
p3-Ah-SS6-005
klan, miroslav
p1-AAS-AAp-063,
p2-AAS-AAp-202,
p2-AAS-AAp-214
kleiber, paul
O6-AAS-AAp-16
klein, Felix
O12-AAS-AAp-36,
O14-AT-CA-08,
O16-AAS-AAp-43,
O23-Ah-IND-03,
O26-AAS-AAp-67,
O40-bAp-AC-10,
O40-bAp-AC-11,
p2-AAS-AAp-166,
p3-bAp-AC-006
klein, Sebastian
p3-Ah-IEh-036
kleist, E.
O21-AAS-AAp-56
klemens, Thaler
O29-AmT-INST-21
klingbeil, S.
O28-Ah-IEh-06
klyachin, N. A.
p2-AT-AbN-012
knibbs, l.
p3-Ah-IND-004
ko, Gwangpyo
p2-AAS-AAp-251
kobayashi, Iori
p1-AT-EE-003
koch, Chris
O45-bAp-AC-19
koch, Wolfgang
O33-Ah-SS8-02,
O33-Ah-SS8-05,
p2-AT-AbN-013
kochneva, luiza
p2-AAS-AAp-154,
p2-AAS-AAp-155
koehler, Richard
O36-Ah-IEh-08
koehler, Véronique
p3-Ah-SS6-002
kohlmeier, Vesta
p2-AT-SS4-010
kohoutek, Jiri
O31-AAS-AAp-85
koike, m.
p1-AAS-AAp-013
koizumi, A.
O8-AAS-SS5-05
kokhanenko, Grigorii p1-AAS-AAp-098
kolb, heinrich E.
p3-bAp-FuND-014
kolk, Annette
O38-Ah-SS6-03
komazaki, yuichi
p3-AmT-pmx-049
komppula, mika
O11-AAS-AAp-28,
O12-AAS-AAp-32,
O22-AAS-AAp-66,
p1-AAS-AAp-005,
p1-AAS-AAp-047,
p2-AmT-INST-022
komsaare, kaupo
p1-AAS-AAp-021
konakbayeva, Dinara p1-AAS-AAp-072
kong, xiangrui
p3-bAp-AC-020
konlechner, Anja
O38-Ah-SS6-03
konstandopoulos, Athanasios G.
O13-AT-AbN-09,
p2-AAS-AAp-210,
p2-AT-AbN-019,

Tours, France

p2-AT-SS4-011,
p3-bAp-FuND-006
kontkanen, J.
O16-AAS-AAp-39
kontkanen, Jenni
p1-AAS-AAp-027,
p1-AAS-AAp-073,
p1-AAS-AAp-236,
p1-AAS-AAp-238,
p3-bAp-FuND-030,
p3-bAp-FuND-035
koo, k. m.
p3-Ah-IND-026
koop, T.
O26-AAS-AAp-70
koponen, hanna
p3-Ah-IEh-031
koren, Vitaly
O13-AT-AbN-08
korhonen, Frans
O34-AmT-INST-22,
O37-bAp-FuND-05
korhonen, kimmo p2-AmT-INST-022
korhonen, Satu
O14-AT-CA-11
korsakissok, I.
O8-AAS-SS5-02
kortelainen, Aki-matti
O12-AAS-AAp-32
kortelainen, miika O12-AAS-AAp-32,
O12-AAS-AAp-38,
O28-Ah-IEh-06,
p2-AAS-AAp-159,
p2-AAS-AAp-171
korzavin, Aleksey
p1-AT-CA-001
koshiro, T.
p1-AAS-AAp-013
koshlyakov, pavel
p1-AT-CA-001
kostenidou, Evangelia
O32-AAS-AAp-90,
p2-AAS-AAp-178
kourtchev, Ivan
O35-bAp-AC-02
kousa, Anu
p2-AAS-AAp-222
kovács, boldizsár
p1-AAS-AAp-108
kozakova, Jana
p1-AAS-AAp-063
kraft, martin
p1-AT-CA-027
krais, Annette
p3-Ah-IND-018
krapf, manuel
O28-Ah-IEh-04,
O35-bAp-AC-01,
p3-Ah-SS8-002
krebs, Tobias
O28-Ah-IEh-06,
p3-Ah-SS8-005
krein, Andreas
p3-Ah-IEh-036
kreisberg, Nathan O34-AmT-INST-25,
O45-bAp-AC-15
krejci, Radovan
O6-AAS-AAp-14,
p1-AAS-AAp-064,
p1-AAS-AAp-073
kreyling, Wolfgang
p3-Ah-IEh-034
krieger, ulrich
p1-AAS-AAp-043
krinke, Thomas
O19-AmT-INST-07
krishna kumar, Nivedita
p3-bAp-FuND-041
kroﬂič, Ana
O40-bAp-AC-08,
O40-bAp-AC-09,
p3-bAp-AC-011
kropf, Andreas
p1-AAS-AAp-239
kruis, Einar
O13-AT-AbN-11,

Page 126 of 1211

xx

O19-AmT-INST-01,
p2-AT-AbN-006
kruis, Frank Einar
O3-AT-AbN-02
křůmal, kamil
p2-AAS-AAp-215,
p3-bAp-AC-003
kuang, Chongai
O34-AmT-INST-25
kuang, xiaobi
p2-AAS-AAp-212
kubelova, lucie
p1-AAS-AAp-061
kubelt, Christian
p1-AT-CA-026
kuchma, Anatoly p3-bAp-FuND-034
kuczaj, Arkadiusz
O33-Ah-SS8-06
kuhlbusch, Thomas A.j. O43-Ah-IND-12
kuittinen, Niina
O14-AT-CA-07
kujanpää, Sonja
O3-AT-AbN-03
kukko, kirsi
p3-Ah-IND-007
kukucka, petr
O31-AAS-AAp-85
kulmala, markku
O16-AAS-AAp-39,
O16-AAS-AAp-40,
O34-AmT-INST-22,
O37-bAp-FuND-05,
O37-bAp-FuND-06,
p1-AAS-AAp-017,
p1-AAS-AAp-019,
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-024,
p1-AAS-AAp-027,
p1-AAS-AAp-028,
p1-AAS-AAp-073,
p1-AAS-AAp-236,
p1-AAS-AAp-23
kumar, Nivedita
O14-AT-CA-08,
O23-Ah-IND-03
kumar, prashant
p3-bAp-FuND-033
kumar, pratyush
p1-AAS-AAp-100
kumar, Ranjit
p1-AAS-AAp-071,
p2-AAS-AAp-124
kummala, Ruut
p2-AT-AbN-004
kunii, masaru
p1-AAS-AAp-247
künzi, lisa
p3-Ah-SS8-002
kunzmann, Andreas O13-AT-AbN-07
kuo, Su-Ching
p3-Ah-IND-023
kuo, yu-mei
p3-bAp-FuND-010,
p3-bAp-FuND-042
kuo, yu-ying
O20-AT-SS2-06,
p1-AT-SS2-004
kupčík, Jaroslav
p2-AT-AbN-021
kupiainen-määttä, Oona
p3-bAp-FuND-029
kupiszewski, piotr
O11-AAS-AAp-27
kupper, martin
p1-AT-CA-027
kupri, hanna-lii
p2-AAS-AAp-135,
p3-AmT-pmx-026,
p3-AmT-pmx-027
kurien, uday
p3-bAp-AC-014
kurt, lucas
p3-Ah-IEh-010
kurtén, Theo
O21-AAS-AAp-58,
O37-bAp-FuND-05,

147

European Aerosol Conference 2016

148

p1-AAS-AAp-025,
p3-AmT-pmx-047
kusmierczyk-michulec, Jolanta
p1-AAS-AAp-122
kuuluvainen, heino
O14-AT-CA-09,
p1-AT-CA-017,
p2-AmT-INST-047
kuuspalo, kari
O12-AAS-AAp-32
kuzmiakova, Adele O24-AmT-INST-14,
O45-bAp-AC-17,
p3-bAp-AC-007
kwon, Deokhyeon
O6-AAS-AAp-16
kwon, Oh-myung p3-bAp-FuND-043,
p3-bAp-FuND-044
kwon, Soon-bark
p1-AAS-AAp-026,
p3-Ah-IND-014,
p3-AmT-pmx-043
L
la, yuyi S.

O21-AAS-AAp-59,
O32-AAS-AAp-94
laaksonen, Ari
p1-AAS-AAp-029
labbé, S.
p1-AT-CA-007
labiadh, mohamed Taieb
p2-AAS-AAp-198
lacroix, marlène
p3-Ah-IEh-028
ladji, Riad
p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252,
p3-AmT-pmx-053
lae, Raymond
p2-AAS-AAp-192
laﬀon, Carine
O20-AT-SS2-05,
p3-bAp-AC-015,
p3-bAp-FuND-040
laguionie, p.
p1-AAS-AAp-112
lähde, Anna
p1-AT-CA-036,
p2-AT-AbN-003,
p3-Ah-IEh-031
lai, S.
p3-Ah-IEh-010
lai, Senchao
O2-AAS-AAp-07
lai, yen hung
p1-AT-CA-023
laitun, Ritthipond
p2-AAS-AAp-253
laj, p.
O16-AAS-AAp-39
laj, paolo
p1-AAS-AAp-045,
p3-AmT-pmx-055
lakey, pascale S. J. O21-AAS-AAp-54
lallement, Audrey
O38-Ah-SS6-02,
p1-AAS-AAp-007
lamaud, Eric
O32-AAS-AAp-89
lambe, Andrew
p1-AT-SS3-001
lamberg, h.
O28-Ah-IEh-06
lamberg, heikki
O12-AAS-AAp-32,
p1-AT-CA-036
lamboy, yvonne
O19-AmT-INST-05
lamkaddam, houssni p2-AAS-AAp-184
lammel, Gerhard
O31-AAS-AAp-85,
p3-bAp-AC-019

lampert, A.
lampilahti, Janne

Tours, France

O22-AAS-AAp-65
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-073
lan, Zijuan
p1-AAS-AAp-039
landkocz, yann
p3-Ah-IEh-016
lane, paul
O45-bAp-AC-18
lang, Inge-maria
p1-AT-CA-021
lang, l. h.
p3-Ah-IEh-026
lang, liu
p2-AAS-AAp-211
lange, martin
p3-Ah-IND-015
langer, Raymond p3-bAp-FuND-001
langner, Jeanette
p3-Ah-SS8-007
lannuque, Victor
O21-AAS-AAp-59,
O32-AAS-AAp-94
lanzafame, Grazia
p2-AAS-AAp-255
lapionak, Tatsiana p2-AmT-INST-037
lappi, Sari
p3-Ah-IEh-035
laskina, Olga
O6-AAS-AAp-16
latorre, Enrique
p2-AAS-AAp-227,
p2-AmT-INST-021
latrille, Eric
O38-Ah-SS6-05
lau, Alexis
O43-Ah-IND-08
laurence, le-Coq
O30-bAp-SS7-05
laurent, b.
p2-AAS-AAp-264
laurent, Jean-paul p3-bAp-FuND-004
lavi, Avi
p2-AAS-AAp-166
Ławniczek-Wałczyk, Anna
p3-Ah-SS6-009
lawrence, Joy
p2-AmT-INST-050
lazaridis, mihalis
p3-Ah-IND-006,
p3-bAp-SS7-001
le bihan, Olivier
p2-AAS-AAp-208,
p2-AmT-INST-023,
p3-Ah-IND-020
le breton, m.
O21-AAS-AAp-56
le breton, michael
p1-AT-CA-017
le Cann, pierre
O36-Ah-IEh-09,
p3-Ah-SS6-006,
p3-Ah-SS6-007
le Coq, l.
p2-AT-SS4-003
le Coq, laurence
p2-AT-SS4-002
le Garrec, Jean-luc
O9-AT-SS3-06,
p3-AmT-pmx-032
le meur, Gaelle
p3-bAp-SS7-003
le pennec, D.
p3-Ah-IEh-003
le, Cuc
p3-AmT-pmx-003
le, T.k.c.
O4-AT-CA-05
leal, Catarina
p2-AAS-AAp-150
lebègue, patrick
p1-AAS-AAp-104
leblond, p.
p3-Ah-IEh-032
lebreton, michael
O12-AAS-AAp-37
leck, Caroline
p1-AAS-AAp-037
leclercq, bérénice
p3-Ah-IEh-015,
p3-Ah-IEh-029
leconte, yann
O18-AT-AbN-16
ledoux, Frédéric
O44-AmT-pmx-18,
p3-Ah-IEh-016,

Page 127 of 1211

xx

p3-Ah-IEh-017
ledreﬀ, C.
p1-AT-CA-007
ledur, David
p2-AmT-INST-009
lee, bang yong
p1-AAS-AAp-093
lee, ben h.
p3-AmT-pmx-047
lee, berto p.
p2-AAS-AAp-186
lee, Chung-Te
p2-AAS-AAp-141
lee, Donggeun
p3-bAp-AC-002
lee, Dongjoon
O5-AT-EE-02
lee, hae-Jung
p2-AAS-AAp-224
lee, J. W.
p3-bAp-AC-010
lee, Jae yong
p2-AmT-INST-024
lee, Janghee
p2-AAS-AAp-225
lee, Jeonghoon
p2-AAS-AAp-234
lee, Ji yi
p1-AAS-AAp-083,
p3-AmT-pmx-014,
p3-AmT-pmx-050
lee, m.
p2-AAS-AAp-153
lee, ming-yeh
p1-AAS-AAp-246
lee, S.
p1-AAS-AAp-012
lee, S. b.
p1-AT-CA-039
lee, Sang-Gu
p2-AmT-INST-038
lee, Sangil
p2-AmT-INST-024
lee, Sang-Sam
p1-AAS-AAp-048
lee, Seokhwan
p2-AAS-AAp-225
lee, Sunghee
p2-AAS-AAp-251
lee, Wen-Jhy
p1-AAS-AAp-105,
p1-AT-CA-032,
p2-AAS-AAp-223,
p3-AmT-pmx-007,
p3-AmT-pmx-008
lee, yen-yi
p1-AAS-AAp-105
lee-Taylor, Julia
O32-AAS-AAp-94
lefebvre, Gilles
p3-Ah-IND-021
lefevre, Guillaume
p1-AT-SS3-003
legay, Sylvain
p3-Ah-IEh-036
leger, karine
p2-AAS-AAp-221
leglise, Joris
p2-AAS-AAp-221
lehmann, martin
O15-AT-SS4-02
lehtinen, kari E. J. O12-AAS-AAp-32,
O35-bAp-AC-07,
p1-AAS-AAp-047,
p2-AmT-INST-022
lehtipalo, katrianne O16-AAS-AAp-44,
O37-bAp-FuND-05,
p3-bAp-FuND-030,
p3-bAp-FuND-035
lehtoranta, kati
O14-AT-CA-11
leiminger, markus
O45-bAp-AC-16,
p2-AmT-INST-051
leino, katri
p1-AAS-AAp-020,
p1-AAS-AAp-022
leisner, Thomas
p3-bAp-AC-022
lemaitre, pascal
p3-bAp-FuND-018
lemou, Abdelkader p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252

European Aerosol Conference 2016

lenggoro, I. Wuled p2-AmT-INST-040
léon, Jean-François O17-AAS-AAp-46,
p1-AAS-AAp-011,
p1-AAS-AAp-044,
p2-AAS-AAp-204
leonardo, Calderon
O23-Ah-IND-06
leong, yu Jun
p2-AAS-AAp-169
leoni, Cecilia
p1-AAS-AAp-063,
p2-AAS-AAp-214
lepore, Arianna
p3-Ah-IND-009
leppänen, maija
p3-Ah-IND-016
lepriol, Tiphaine
p3-bAp-SS7-004
leriche, maud
p2-AAS-AAp-164
leschevich, Vladimir
p1-AT-CA-038
leskinen, A.
O28-Ah-IEh-06
leskinen, Ari
O11-AAS-AAp-28,
O12-AAS-AAp-32,
p1-AAS-AAp-047,
p2-AAS-AAp-159
leskinen, Jani
p2-AmT-INST-005,
p3-Ah-IND-016
leskinen, matti
p1-AAS-AAp-020
lessmeier, J.
O26-AAS-AAp-70
lestremau, François p2-AAS-AAp-182
lévai, Diána
p2-AAS-AAp-216
lewis, Gregory
O34-AmT-INST-25
leyssens, G.
p1-AT-CA-007
lhommet, p.
O33-Ah-SS8-04
li, Chunlin
p1-AAS-AAp-082,
p1-AAS-AAp-242
li, Fengxia
O2-AAS-AAp-09
li, hui
p2-AT-SS4-005
li, Jiarong
p3-bAp-FuND-032
li, Jiayu
O24-AmT-INST-08
li, lin
p2-AmT-INST-003
li, Shao-meng
O22-AAS-AAp-62
li, Wei
p2-AT-SS4-005
li, xue
O41-Ah-IEh-17
li, yongjie
p2-AAS-AAp-186
li, Zhen
p1-AT-CA-030
li, Zhiyuan
O43-Ah-IND-08
liakakou, Eleni
O12-AAS-AAp-33,
O24-AmT-INST-09,
O27-AAS-AAp-80,
p1-AAS-AAp-064,
p2-AAS-AAp-128,
p2-AAS-AAp-129
liang, Z.
p3-Ah-IND-004
lianou, maria
O12-AAS-AAp-33,
p2-AAS-AAp-129
liao, boxi
p2-AmT-INST-016
libalova, helena
O28-Ah-IEh-05
lidén, Göran
p3-AmT-pmx-036
lidster, Richard
O26-AAS-AAp-68
liger, E.
p2-AAS-AAp-233
lihavainen, heikki O22-AAS-AAp-66,
p1-AAS-AAp-005,
p1-AAS-AAp-085

lim, ho-Jin
lim, hyung bae
lim, S. y.
lin, C. h.
lin, Chih-Chung

Tours, France

p2-AAS-AAp-172
p1-AAS-AAp-083
p1-AT-CA-039
p3-Ah-IEh-025
p1-AT-CA-002,
p1-AT-CA-003
lin, Chunshui
p3-AmT-pmx-019
lin, hsin-yi
p3-Ah-IEh-018
lin, m. y.
p3-Ah-IEh-026
lin, Neng-huei
p1-AAS-AAp-105,
p2-AAS-AAp-141
lin, Sheng-lun
p2-AAS-AAp-223,
p3-AmT-pmx-007,
p3-AmT-pmx-008
lin, Wen-yinn
p1-AT-CA-002,
p1-AT-CA-003,
p3-bAp-FuND-011,
p3-bAp-FuND-038
lin, yi-pin
p1-AAS-AAp-115
lindermann, Jörg
p2-AmT-INST-004
linker, Raphael
O6-AAS-AAp-18,
p1-AAS-AAp-099
linnell, Jesse
O34-AmT-INST-28
linsel, Gunter
p3-Ah-SS8-011
lintelmann, J.
O28-Ah-IEh-06
lintis, laura
p1-AT-SS3-004
linzhi, Fu
p3-Ah-IND-013
liora, Natalia
p1-AAS-AAp-111
liousse, Cathy
p2-AAS-AAp-144
lisok, Justyna
p1-AAS-AAp-015,
p1-AAS-AAp-087,
p2-AAS-AAp-140
liu, Dantong
p1-AAS-AAp-242,
p2-AAS-AAp-144,
p2-AAS-AAp-157
liu, F.
p3-Ah-IEh-010
liu, Fobang
O2-AAS-AAp-07,
O21-AAS-AAp-54
liu, Jiumeng
p2-AAS-AAp-177
liu, li
p3-Ah-IND-013,
p3-Ah-IND-021
liu, qiaoling
p2-AmT-INST-013
liu, Sen
p2-AT-SS4-005
liu, T. y.
p3-Ah-SS6-008
liu, xiaojing
p3-AmT-pmx-032
lizal, Frantisek
p3-Ah-IND-011
lizunova, Anna
p2-AT-AbN-007
llorca, Jordi
p2-AT-AbN-003
lloyd, Gary
O11-AAS-AAp-27
lo Guidice, Jean-marc p3-Ah-IEh-015
lobo, prem
p3-Ah-SS8-009
loc, N. D.
p2-AAS-AAp-136
loepfe, markus
p2-AmT-INST-032
lohninger, Johann
p1-AT-CA-008
loisil, Rodrigue
p1-AAS-AAp-095
löndahl, Jakob
O23-Ah-IND-04,
O33-Ah-SS8-07,
p3-Ah-IND-018,

Page 128 of 1211

xx

p3-Ah-SS8-001
long, D.
p3-Ah-IND-004
longley, Ian
O27-AAS-AAp-78
lopatin, Anton
p1-AAS-AAp-096,
p2-AmT-INST-037
lópez lilao, Ana
O43-Ah-IND-10,
p3-Ah-IEh-030
lópez mahía, puriﬁcación
p2-AmT-INST-021
lópez, Juan Francisco p3-AmT-pmx-037
lopez-Cuesta, José-marie
O30-bAp-SS7-06
lopez-hilﬁker, Felipe O21-AAS-AAp-55,
O34-AmT-INST-26,
O40-bAp-AC-11,
p3-AmT-pmx-047
lorentzou, Souzana
p2-AT-SS4-011
losno, Rémi
p2-AAS-AAp-192
louis, Florent
p1-AAS-AAp-104
lovrić, Josip
p3-bAp-AC-012
ltiﬁ, mohsen
p2-AAS-AAp-198
lu, hung-yi
p2-AAS-AAp-223
lucarelli, Franco
O1-AAS-AAp-04,
O7-AAS-AAp-20,
O39-AmT-pmx-10,
p3-AmT-pmx-046
lück, Christian
p3-Ah-SS6-005
lückerath, Janine
p1-AAS-AAp-113
ludvigsson, linus
O13-AT-AbN-13,
p2-AT-AbN-005
ludwig, Christian
p1-AT-CA-006
ludwig, Wolfgang p2-AmT-INST-014
luedin, Samuel m. O24-AmT-INST-13
luks, bartłomiej
p1-AAS-AAp-114
luo, Chin-hsiang
p3-Ah-SS6-008
lüönd, Felix
p2-AmT-INST-019
lushnikov, A. A.
p2-AT-AbN-012
luts, Aare
p1-AAS-AAp-021
lutz, Anna
O35-bAp-AC-03
luyi, Ding
p2-AAS-AAp-138
lyamani, hassan
O27-AAS-AAp-79
M
ma, Nan
ma, Tao
ma, y.
maasikmets, marek
maata, m.
määttänen, Anni
maccone, Claudio
macdonald, Frank
machala, miroslav
mackay, Ian
madronich, Sasha

p1-AAS-AAp-110
O26-AAS-AAp-72
p3-Ah-IEh-022
p2-AAS-AAp-135,
p3-AmT-pmx-026,
p3-AmT-pmx-027
p2-AAS-AAp-218
p1-AAS-AAp-017,
p1-AAS-AAp-018
O44-AmT-pmx-19,
p1-AAS-AAp-029
O34-AmT-INST-28
O28-Ah-IEh-05
p3-Ah-IND-004
O21-AAS-AAp-59,

149

European Aerosol Conference 2016

150

O32-AAS-AAp-94
maeda, kouki
O26-AAS-AAp-72
maenhaut, Willy
O25-AmT-pmx-07,
p2-AAS-AAp-179
maetz, p.
p2-AAS-AAp-133
maggos, Thomas
p3-AmT-pmx-046
maggs-kölling, Gillianm
p1-AAS-AAp-097
mailhot, Gilles
p1-AAS-AAp-007
maille, michel
O9-AT-SS3-04
mainelis, Gediminas O23-Ah-IND-06,
p3-Ah-IEh-009
maisser, Anne
O37-bAp-FuND-02
mäkelä, Jyrki
O3-AT-AbN-03,
p2-AmT-INST-027,
p2-AT-AbN-004
makes, Otakar
p1-AAS-AAp-061,
p3-AmT-pmx-024
maki, T.
O8-AAS-SS5-02,
O8-AAS-SS5-04
makkonen, Risto
O11-AAS-AAp-30
maksimenko, Vladimir p2-AT-AbN-012,
p2-AT-AbN-018
makuch, przemyslaw p1-AAS-AAp-015,
p2-AAS-AAp-139
makuch, przemysław p1-AAS-AAp-087,
p1-AAS-AAp-102,
p2-AAS-AAp-140,
p2-AAS-AAp-187,
p2-AAS-AAp-188,
p2-AAS-AAp-196
malet, bruno
p1-AAS-AAp-052
mallet, m.
p2-AAS-AAp-264
mallet, marc
p1-AAS-AAp-240,
p1-AAS-AAp-241
malmborg, Vilhelm
O9-AT-SS3-03,
O14-AT-CA-10,
p1-AAS-AAp-049,
p1-AT-CA-019,
p1-AT-CA-031
mamali, Dimitra
p1-AAS-AAp-103
mana, Zakaria
p3-bAp-SS7-003
manczinger, lászló
O28-Ah-IEh-07
manders, A.
p2-AAS-AAp-174
manders, Astrid
O22-AAS-AAp-60
mandin, C.
p3-Ah-IND-005
maneas, Giorgos
p1-AAS-AAp-064
mani, F.
p2-AAS-AAp-218
manninen, Antti
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-073
manninen, hanna O16-AAS-AAp-40,
p1-AAS-AAp-019,
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-028,
p1-AAS-AAp-073,
p1-AAS-AAp-238,

Tours, France

p3-bAp-FuND-035
manousakas, manousos
O39-AmT-pmx-09,
p3-AmT-pmx-046,
p3-bAp-AC-005
maqueda, Gregorio p2-AAS-AAp-227
mar, kathleen
O22-AAS-AAp-60,
p2-AAS-AAp-174
maragkidou, Androniki p3-Ah-IEh-022
marchand, D.
O33-Ah-SS8-04
marchand, Denis
O41-Ah-IEh-19
marchand, Nicolas
O7-AAS-AAp-23,
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O16-AAS-AAp-45,
O40-bAp-AC-10,
p1-AAS-AAp-076,
p2-AAS-AAp-185,
p3-AmT-pmx-018
marcillaud, benoît
p1-AT-CA-024
marcoccia, melissa p3-AmT-pmx-054
marcos, Alberto
p3-AmT-pmx-037
marhaba, Iman
O20-AT-SS2-05,
p3-bAp-AC-015,
p3-bAp-FuND-040
mariani, Federico
p2-AmT-INST-007
marianne, Geiser
O28-Ah-IEh-04
marijnissen, J. C. m.
O5-AT-EE-04,
p1-AT-EE-011
marinoni, A.
O16-AAS-AAp-39
markku, kulmala
O16-AAS-AAp-41
markowicz, k m
p1-AAS-AAp-087
markowicz, krzysztof p1-AAS-AAp-015,
p2-AAS-AAp-140
marks, Guy
p3-Ah-IEh-011
markuszewski, piotr p1-AAS-AAp-015,
p2-AAS-AAp-187,
p2-AAS-AAp-188,
p2-AAS-AAp-196
marmureanu, luminita
p1-AAS-AAp-058,
p3-AmT-pmx-017
maro, D.
p1-AAS-AAp-112
marpillat, Alexandre p1-AAS-AAp-245
marple, Virgil
p2-AmT-INST-003
marqués-balaguer, bartolomé
p1-AAS-AAp-075
marsh, Aleks
p2-AAS-AAp-183
marshall, Frances
p1-AAS-AAp-088
marston, George
p3-bAp-FuND-023
mårtensson, E. m.
p1-AAS-AAp-010
marticorena, béatrice O17-AAS-AAp-46,
p2-AAS-AAp-198
martin, Santiago
O18-AT-AbN-17
martin, Scot
O31-AAS-AAp-81
martínez Arias, Aurina O18-AT-AbN-14
martinez, Jean-michel O10-AT-SS1-06
martin-Gondre, ludovic O9-AT-SS3-05

Page 129 of 1211

martinon, laurent
martins, Jean

xx

p3-Ah-IND-005
O28-Ah-IEh-01,
O28-Ah-IEh-02
martins, Renata
p3-AmT-pmx-037
martins, Vania
p2-AAS-AAp-207
martinsone, Inese
p3-Ah-IND-025
martinsone, Žanna
p3-Ah-IND-025
martinsson, Johan
O9-AT-SS3-03,
O14-AT-CA-10,
p1-AAS-AAp-049
martiny, Nadège
O17-AAS-AAp-46
martuzevicius, Dainius O43-Ah-IND-09
martyukova, Darya p3-bAp-FuND-034
masalaite, Agne
p1-AAS-AAp-057,
p2-AAS-AAp-151
masiol, mauro
O25-AmT-pmx-04
massabò, Dario
O1-AAS-AAp-04,
p2-AAS-AAp-148,
p3-Ah-SS6-011
massines, Françoise
O10-AT-SS1-06
masson, Olivier
O31-AAS-AAp-82,
p1-AAS-AAp-006,
p2-AAS-AAp-232
massoudi Farid, milad p2-AmT-INST-038
mastrangelo, Anna maria
O10-AT-SS1-05
mateos, D.
p1-AAS-AAp-068,
p2-AAS-AAp-199,
p2-AAS-AAp-200
mathieu, Anne
O8-AAS-SS5-02
mathon, Rémi
p1-AT-SS1-005
matsunaga, Aiko
O32-AAS-AAp-94
matthias, Volker
O25-AmT-pmx-03
mattis, Ina
p1-AAS-AAp-030
mätzing, hartmut
p1-AT-CA-021
maunula, Teuvo
O14-AT-CA-11
mayahara, kota
p1-AT-EE-010
mayer, Alexander
p1-AAS-AAp-239
mayne, martine
O18-AT-AbN-16
mayya, y.s
p3-bAp-FuND-021
mazaheri, mandana p2-AAS-AAp-219,
p3-Ah-IEh-011,
p3-AmT-pmx-012
mazon, Stephany
O16-AAS-AAp-40,
p1-AAS-AAp-022,
p1-AAS-AAp-027,
p1-AAS-AAp-073
mazoué, S.
p3-Ah-IND-017
mazoyer, marie
p1-AAS-AAp-001
mazzola, mauro
p2-AAS-AAp-140
mcaughey, John
O33-Ah-SS8-01,
p3-Ah-IEh-020,
p3-Ah-IND-019
mcgillicuddy, Eoin
p2-AAS-AAp-145
mcmurry, peter
p1-AAS-AAp-237
mead-hunter, Ryan
O15-AT-SS4-05
medeiros, miguel
p3-AmT-pmx-037
medina, Francesc
p2-AT-AbN-003

European Aerosol Conference 2016

mehri, Tahar

p1-AAS-AAp-101,
p3-bAp-FuND-039
meier, D.
O19-AmT-INST-02
meier, Franziska
p1-AT-CA-008
meijer, harro
O17-AAS-AAp-51,
O25-AmT-pmx-05,
p3-AmT-pmx-044
meisenberg, Oliver
O8-AAS-SS5-03
mekhaldi, Abdelouahab p2-AT-SS4-006
melas, Anastasios p3-bAp-FuND-006
melas, Dimitrios
p1-AAS-AAp-111
melek, keles
p1-AAS-AAp-074,
p2-AAS-AAp-149,
p2-AAS-AAp-235
meleux, Frederik
p1-AAS-AAp-090
melki, pamela N.
p3-Ah-IEh-016
melpitz, Team
O22-AAS-AAp-65
memmesheimer, m. O7-AAS-AAp-22
mendes, luís
O27-AAS-AAp-76,
p2-AmT-INST-025,
p3-Ah-IND-007
mensah, Amewu A.
O14-AT-CA-08
mentel, T. F.
O21-AAS-AAp-56
mentel, Thomas
O24-AmT-INST-10,
O35-bAp-AC-03
menut, l.
p2-AAS-AAp-264
menut, laurent
p1-AAS-AAp-090
mercier, Fabien
O36-Ah-IEh-09
merico, Eva
p1-AAS-AAp-111
merikanto, Joonas O16-AAS-AAp-41,
p1-AAS-AAp-017,
p1-AAS-AAp-018
merkel, maik
O7-AAS-AAp-19
mertes, Stephan
O11-AAS-AAp-27
mesbah, b.
p2-AAS-AAp-208,
p2-AmT-INST-023
messing, maria
O13-AT-AbN-13
metaxatos, Aggelina p1-AAS-AAp-064
meuller, bengt
O13-AT-AbN-13
meyer, Jörg
p2-AT-AbN-024,
p3-bAp-FuND-014
miake-lye, Richard
O20-AT-SS2-04
miake-lye, Richard C. p3-Ah-SS8-009
micea, m.
p2-AAS-AAp-174
michalke, b.
O28-Ah-IEh-06
michel, Attoui
O37-bAp-FuND-05
michielsen, Nathalie
p1-AT-CA-024
miersch, Toni
p1-AT-CA-013,
p1-AT-CA-014,
p1-AT-CA-015
miettinen, mirella p2-AmT-INST-005,
p3-Ah-IND-016
miettinen, pasi
p1-AAS-AAp-053
miﬀre, Alain
p1-AAS-AAp-101,
p3-bAp-FuND-039
mifka, boris
p1-AAS-AAp-111
migała, krzysztof
p1-AAS-AAp-114
mihalopoulos, Nikolaos

Tours, France

O12-AAS-AAp-33,
O24-AmT-INST-09,
O27-AAS-AAp-80,
p1-AAS-AAp-056,
p1-AAS-AAp-059,
p1-AAS-AAp-064,
p2-AAS-AAp-128,
p2-AAS-AAp-129,
p2-AAS-AAp-131,
p2-AAS-AAp-259
mihalopoulos, Nikos O16-AAS-AAp-45
mik, Ivan
p2-AT-AbN-025
mika, Ihalainen
p1-AT-CA-036
mika, komppula
p1-AAS-AAp-008
mikhailov, Eugene
p1-AAS-AAp-034
mikkonen, Santtu
p2-AAS-AAp-175
mikoviny, Tomas
O11-AAS-AAp-26,
O40-bAp-AC-12
mikuška, pavel
p2-AAS-AAp-215,
p3-bAp-AC-003
miles, Rachael
O29-AmT-INST-19,
p1-AAS-AAp-088,
p2-AAS-AAp-183
miljevic, branka
p3-bAp-AC-006
miller, Wayne
O4-AT-CA-06
minguillón, maría Cruz
O17-AAS-AAp-47,
O27-AAS-AAp-79,
O45-bAp-AC-19,
p2-AAS-AAp-207
minier, Jean-pierre O30-bAp-SS7-02
miranda, Rosa m
p3-Ah-IEh-030
mircea, mihaela
O22-AAS-AAp-60
miron, Catalin
p3-AmT-pmx-032
mitchell, James brian O9-AT-SS3-06,
p3-AmT-pmx-032
miyagawa, m.
p2-AT-AbN-008
miyakawa, Takuma p3-AmT-pmx-049
miyashita, hirotaka
p1-AT-EE-008
młynarczyk, magda
p3-Ah-IND-002
mocci, Giuseppe
p2-AmT-INST-012
močnik, Griša
O1-AAS-AAp-01,
O1-AAS-AAp-03,
O24-AmT-INST-09,
O25-AmT-pmx-06,
p1-AAS-AAp-009,
p1-AAS-AAp-116,
p2-AAS-AAp-145,
p3-AmT-pmx-011,
p3-bAp-FuND-004
modesto-lopez, luis p2-AT-AbN-003
moelter-Siemens, Wolfgang
p2-AmT-INST-006
mogensen, D.
O21-AAS-AAp-58
mogo, Sandra
p3-AmT-pmx-037
mohamadi Nasrabadi, Ali
p2-AmT-INST-038
möhler, Ottmar
O11-AAS-AAp-25,

Page 130 of 1211

xx

p1-AAS-AAp-243,
p1-AAS-AAp-244
möhlmann, Carsten p2-AmT-INST-028
mohr, Claudia
O35-bAp-AC-05,
p1-AAS-AAp-243,
p1-AAS-AAp-244,
p2-AAS-AAp-168,
p2-AAS-AAp-256,
p3-bAp-AC-022
mølgaard, bjarke
p3-Ah-IND-007
molina, luisa
p2-AAS-AAp-134
molle, Romain
p3-Ah-IND-017
molleker, Sergej
O34-AmT-INST-27
möller, Winfried
O33-Ah-SS8-03,
p3-Ah-SS8-012
molná, Ágnes
p1-AAS-AAp-024
molnár, Ágnes
p2-AAS-AAp-216,
p3-AmT-pmx-002
molnár, peter
O22-AAS-AAp-64
molteni, ugo
O16-AAS-AAp-43,
O21-AAS-AAp-55,
O24-AmT-INST-12,
O35-bAp-AC-01,
O37-bAp-FuND-06
mölter, leander
O38-Ah-SS6-03
momenimovahed, Ali O19-AmT-INST-03
mona, lucia
O6-AAS-AAp-15
monfort, Eliseo
O43-Ah-IND-10,
p3-Ah-IEh-030
monier, Catherine
p3-bAp-SS7-003
monier, m.
p2-AAS-AAp-264
monnerville, m.
p3-bAp-AC-012,
p3-bAp-FuND-026
monod, Anne
p2-AAS-AAp-162
monsnaglant-louvet, Céline
p1-AT-CA-024
montharu, J.
O33-Ah-SS8-04
montoux, Nadège
p1-AAS-AAp-045
monz, Christian
p2-AmT-INST-028
moore, Richard
O11-AAS-AAp-26
moravec, pavel
p2-AT-AbN-021
morawska, lidia
p1-AAS-AAp-082,
p2-AAS-AAp-219,
p2-AmT-INST-031,
p3-Ah-IEh-011,
p3-Ah-IND-004,
p3-AmT-pmx-012,
p3-bAp-FuND-033
mordas, Genrik
p1-AAS-AAp-016,
p2-AAS-AAp-163
mordas, Genrikas
p2-AAS-AAp-151
moreno, Isabel
p1-AAS-AAp-045
moreno, Teresa
O17-AAS-AAp-47,
p2-AAS-AAp-150,
p2-AAS-AAp-207
morgan, William
p1-AAS-AAp-242,
p2-AAS-AAp-144
morgeneyer, martin
p3-Ah-IND-020

151

European Aerosol Conference 2016

152

morguí, Josep Anton p1-AAS-AAp-116
mortier, Augustin
O6-AAS-AAp-15,
p1-AAS-AAp-095
moschini, Elisa
p3-Ah-IEh-036
mosimann, Thomas p2-AmT-INST-001
motoyama, hideaki p2-AAS-AAp-234
moukhtar, Sophie
p3-bAp-SS7-004
mousavi Fard, mehrnoush
p1-AAS-AAp-043
moustafa, mona
O41-Ah-IEh-18
mu, qing
p1-AAS-AAp-110
muelhopt, Sonja
p3-Ah-SS8-005,
p3-Ah-SS8-008
mueller, laarnie
p1-AT-SS3-005
mueller, michael
p3-bAp-FuND-001
mugica, I.
p1-AT-CA-004
mugica, Iñaki
O15-AT-SS4-04
mukhametzanov, It
p3-Ah-IND-012
mülhopt, S.
O28-Ah-IEh-06
muller, b.
p3-Ah-IEh-013
müller, l.
O28-Ah-IEh-06
müller, laarnie
p1-AT-CA-013,
p2-AAS-AAp-171
müller, markus
p2-AAS-AAp-181
müller, T.
O22-AAS-AAp-65
müller, Thomas
p1-AAS-AAp-032
müller, ulrich
O13-AT-AbN-10
mullins, benjamin J.
O15-AT-SS4-05
mummullage, Sandya p3-AmT-pmx-016
muñoz, Amalia
p2-AmT-INST-021
muntean, Alex
p2-AT-AbN-024
murphy, benjamin O22-AAS-AAp-63
murtonen, Timo
O14-AT-CA-09,
O14-AT-CA-11
murugadoss, Sivakumar p3-Ah-SS8-005
muthalagu, Akila
O31-AAS-AAp-85
mutzel, Anke
O21-AAS-AAp-57,
O35-bAp-AC-04
mwangi, John
p1-AT-CA-032,
p3-AmT-pmx-007,
p3-AmT-pmx-008
mylläri, Fanni
O14-AT-CA-07,
p1-AT-CA-010
myllys, Nanna
p1-AAS-AAp-025
mylnikov, Dmitry
p2-AT-AbN-007
N
N. Sartelet, karine
Nabat, p.
Naccarato, A.
Nacken, T. J.

O17-AAS-AAp-49
p2-AAS-AAp-264
p1-AAS-AAp-067
O18-AT-AbN-20,
p3-bAp-SS7-005
Nagy, Attila
O29-AmT-INST-15
Nakada, yuta
p1-AT-EE-002
Namamoudou Sidiki, keita
p3-bAp-FuND-007
Namgung, hyeong-Gyu
p1-AAS-AAp-026

Nanba, k.
Nanjo, h.
Nanjo, yuki
Naqwi, Amir
Narros, Adolfo
Nasibulin, Albert

Tours, France

O8-AAS-SS5-05
p2-AT-AbN-008
p1-AT-EE-010
p2-AmT-INST-003
p2-AAS-AAp-227
O18-AT-AbN-18,
p2-AT-AbN-022
Nasir, Zaheer Ahmad p3-Ah-IND-001,
p3-Ah-IND-010,
p3-Ah-SS6-013
Naumann, karl-heinz p2-AAS-AAp-168,
p2-AAS-AAp-256
Nava, Silvia
O1-AAS-AAp-04,
O7-AAS-AAp-20,
O39-AmT-pmx-10,
p3-AmT-pmx-046
Nawrot, Adam
p1-AAS-AAp-114
Nebosko, Evgeniy
p1-AAS-AAp-034
Neca, Jiri
O28-Ah-IEh-05
Nejman, Charlotta
p1-AAS-AAp-066
Nelissen, Inge
p3-Ah-IEh-036
Nelson, p. F.
p2-AAS-AAp-218,
p2-AAS-AAp-219
Németh, Zoltan
p1-AAS-AAp-024,
p1-AAS-AAp-108
Nemuc, Anca
p3-AmT-pmx-017
Nenes, Athanasios p2-AAS-AAp-131,
p2-AAS-AAp-169
Neumann, Daniel
O25-AmT-pmx-03
Neumann, m.
O24-AmT-INST-11
Neumann, Volker
p2-AmT-INST-028
Neves, luís
p3-AmT-pmx-037
Ngagine, Soulemane halif
p1-AAS-AAp-074
Nguyen, Nhat Thien p3-bAp-FuND-015
Nicklasson, hanna
p3-Ah-SS8-001
Nicolae, Doina
p1-AAS-AAp-058
Nicolaou, panagiota O12-AAS-AAp-33
Nicolas, Christophe p3-AmT-pmx-032
Nicolas, Jose
p2-AAS-AAp-205
Nicolás, Jose F.
p1-AAS-AAp-079
Nicolás, José Francisco p1-AAS-AAp-041,
p2-AAS-AAp-206,
p2-AmT-INST-044
Nicolosi, Eleonora
p2-AAS-AAp-145,
p3-AmT-pmx-033
Nicosia, Alessia
p1-AAS-AAp-004,
p1-AAS-AAp-077,
p1-AAS-AAp-092
Nie, Wei
O37-bAp-FuND-06
Nielsen, Claus
O40-bAp-AC-12
Nielsen, lars pleth
p2-AT-AbN-004
Nielsen, peter V
p3-Ah-IND-013
Niemi, Jarkko
p2-AmT-INST-047
Nieminen, Tuomo
p1-AAS-AAp-019,
p1-AAS-AAp-020,
p1-AAS-AAp-027,
p1-AAS-AAp-073,

Page 131 of 1211

xx

p1-AAS-AAp-238,
p3-bAp-FuND-030,
p3-bAp-FuND-035
Nießner, Reinhard
O4-AT-CA-04,
p1-AT-CA-033,
p1-AT-CA-034,
p3-Ah-SS6-005
Niisoe, T.
O8-AAS-SS5-05
Nilsson, E. Douglas p1-AAS-AAp-010
Nilsson, patrik
O14-AT-CA-10,
p3-Ah-SS8-013
Nina, Sarnela
O37-bAp-FuND-06
Ninomiya, k.
O8-AAS-SS5-04
Nirschl, h
O13-AT-AbN-11
Nishida, Robert
O42-bAp-FuND-10
Noël, Cédric
O10-AT-SS1-02,
p1-AT-SS1-001
Noh, Seung Ryul
O5-AT-EE-02,
p1-AT-EE-005
Nojgaard, Jacob
p2-AAS-AAp-130
Nojgaard, Jacob k
O9-AT-SS3-03
Noppel, madis
p1-AAS-AAp-021
Nordin, Erik
O9-AT-SS3-03,
p2-AAS-AAp-147
Nordlund, markus
O33-Ah-SS8-06
Nordmann, Stephan p1-AAS-AAp-110
Nordsieck, hermann p2-AmT-INST-004
Novelli, Anna
O32-AAS-AAp-91
Nowak, Dennis
p3-Ah-SS8-007
Nowak, John
O21-AAS-AAp-53
Nowak, Sophie
p2-AAS-AAp-257
Nozaki, yusuke
p2-AAS-AAp-193
Nozière, barbara
p1-AAS-AAp-085
Nunge, hervé
p3-Ah-SS8-006
Nussbaumer, Thomas O12-AAS-AAp-34,
p2-AAS-AAp-185
Nutt, David
O42-bAp-FuND-09
Nyström, Robin
O9-AT-SS3-03
O
O’connor, Ewan
O’dowd, C.
Oberreit, Derek
Ockenfeld, Sara
O'connell, Grant
O'connor, Ewan J.
O'connor, Ian
Öder, S.
O'dowd, Colin
Ogren, J.a.
Ogren, John
Oh, Tae-Suk
Ohkura, Takehisa
Oi, Ryo
Oikonomou, k.

p1-AAS-AAp-008
p2-AAS-AAp-191
p2-AT-AbN-026
p2-AAS-AAp-254
O43-Ah-IND-09
p2-AAS-AAp-222
p2-AAS-AAp-145
O28-Ah-IEh-06
O7-AAS-AAp-21,
p2-AAS-AAp-157,
p3-AmT-pmx-019
p2-AAS-AAp-153
O1-AAS-AAp-02
p1-AAS-AAp-026,
p3-AmT-pmx-043
O8-AAS-SS5-03
p1-AT-EE-003
p2-AAS-AAp-259

European Aerosol Conference 2016

Ojdanic, Andrea

O16-AAS-AAp-44,
O34-AmT-INST-23
Ojha, N.
p2-AAS-AAp-174
Okochi, h.
O8-AAS-SS5-04
Oku, Tomohiro
p1-AT-EE-002
Ol’kin, Sergei
O2-AAS-AAp-08
Olfert, Jason
O19-AmT-INST-03,
p2-AmT-INST-039
Oliete, Ana
O28-Ah-IEh-02
Olivares, Gustavo
O27-AAS-AAp-78
Oliveira, Diogo
p3-AmT-pmx-013,
p3-AmT-pmx-042
Oliver, Gilles
O36-Ah-IEh-11
Olmo, Francisco José O27-AAS-AAp-79,
p1-AAS-AAp-096
Olszowski, Tomasz p3-AmT-pmx-021
Omori, kazuki
p2-AT-AbN-027
Onasch, Timothy
O12-AAS-AAp-32,
O20-AT-SS2-04,
p1-AT-SS3-001
Onasch, Timothy b. O24-AmT-INST-10
Ondimu, O. m.
p1-AT-EE-011
Ondimu, Obed
O5-AT-EE-04
Ondráček, Jakub
O23-Ah-IND-01
Ongeri, Sandrine
p3-Ah-SS6-018
Onischuk, Andrei
O3-AT-AbN-06,
p2-AmT-INST-012
Onischuk, Andrew O37-bAp-FuND-03,
p1-AT-CA-001
Opiolka, Siegfried
p2-AmT-INST-006
Orasche, Jürgen
O2-AAS-AAp-09,
O14-AT-CA-08,
O26-AAS-AAp-67,
O28-Ah-IEh-06,
p1-AT-CA-015
Orlic, Ivo
p1-AAS-AAp-111
Ortega, Ismael kenneth O9-AT-SS3-02,
O20-AT-SS2-02,
O20-AT-SS2-07,
p1-AAS-AAp-018,
p1-AT-SS2-001,
p2-AmT-INST-009,
p3-AmT-pmx-035,
p3-AmT-pmx-039,
p3-AmT-pmx-040,
p3-bAp-AC-009
Orza, Jag
p3-bAp-SS7-004
Orzan, manuel
p2-AmT-INST-002,
p2-AmT-INST-017
Oshima, Naga
p1-AAS-AAp-013
Osmondson, brian p2-AmT-INST-010
Osuna-Esteban, Susana
p1-AAS-AAp-075
Otero-Fernandez, mara O36-Ah-IEh-13
Ouaret, Rachid
O23-Ah-IND-07,
p3-AmT-pmx-028
Ouf, François-xavier
O4-AT-CA-04,
O9-AT-SS3-06,

Tours, France

O20-AT-SS2-02,
O20-AT-SS2-05,
O30-bAp-SS7-06,
p1-AAS-AAp-070,
p1-AT-SS2-001,
p1-AT-SS3-004,
p2-AmT-INST-009,
p3-AmT-pmx-035,
p3-bAp-AC-015,
p3-bAp-FuND-040
Ourrad, habib
p1-AAS-AAp-060
Ovadnevaite, Jurgita O7-AAS-AAp-21,
p2-AAS-AAp-157,
p2-AAS-AAp-191,
p2-AAS-AAp-194,
p3-AmT-pmx-019
Owen, miles
O34-AmT-INST-28
Oyama, beatriz
O17-AAS-AAp-51
Oyola, pedro
O17-AAS-AAp-52,
p2-AmT-INST-050
Ozturk, Fatma
O23-Ah-IND-02,
p1-AAS-AAp-074,
p2-AAS-AAp-149,
p2-AAS-AAp-235
P
paasonen, pauli

p1-AAS-AAp-027,
p1-AAS-AAp-028
paatero, Jussi
p1-AAS-AAp-028
pacault, Stéphanie
p2-AT-SS4-007
padilla barrera, Zuhelen Veronica
p2-AAS-AAp-134
padoan, Elio
p2-AAS-AAp-263,
p3-AmT-pmx-051
pagels, Joakim
O9-AT-SS3-03,
O14-AT-CA-10,
O23-Ah-IND-04,
p1-AAS-AAp-049,
p1-AT-CA-019,
p1-AT-CA-031,
p2-AAS-AAp-147,
p3-Ah-IND-018,
p3-Ah-SS8-013
paglione, marco
O44-AmT-pmx-19,
p2-AAS-AAp-194,
p3-AmT-pmx-010
pagnoni, Antonella
O28-Ah-IEh-03
pajunoja, Aki
O35-bAp-AC-05,
O35-bAp-AC-07,
p1-AAS-AAp-053,
p2-AAS-AAp-169,
p2-AAS-AAp-256,
p3-bAp-FuND-028
pakarinen, Olli
O37-bAp-FuND-01
pakszys, paulina
p1-AAS-AAp-015,
p1-AAS-AAp-114,
p2-AAS-AAp-139,
p2-AAS-AAp-140,

Page 132 of 1211

xx

p2-AAS-AAp-187,
p2-AAS-AAp-188
paladini, Fabio
p1-AAS-AAp-091
palágyi, Andrea
O28-Ah-IEh-07
paleev, Dmitriy
p1-AT-CA-001
paliatsos, Athanasios p2-AAS-AAp-128
palmberg, lena
p3-Ah-SS8-004
pan, xiaole
p3-AmT-pmx-049
panchenko, mickhail O2-AAS-AAp-08
panchenko, mikhail p1-AAS-AAp-033
pandis, Spyros
O17-AAS-AAp-50,
O22-AAS-AAp-63,
O32-AAS-AAp-90,
O37-bAp-FuND-07,
p2-AAS-AAp-132,
p2-AAS-AAp-178
pandolﬁ, marco
O1-AAS-AAp-01,
p1-AAS-AAp-041,
p1-AAS-AAp-116,
p3-AmT-pmx-015,
p3-bAp-SS7-004
pangui, Edouard
O9-AT-SS3-04,
p2-AAS-AAp-184,
p2-AAS-AAp-257
pantoleontos, G.
p2-AT-SS4-011
paolo, bonasoni
p1-AAS-AAp-067
paolo, Cristofanelli p1-AAS-AAp-067
papagiannakopoulos, panos
p3-bAp-AC-020
papapostolou, Vasileiosp2-AmT-INST-050
papayannis, A.
p1-AAS-AAp-040
pappalardo, Gelsomina
p3-AmT-pmx-055
paraskevopoulou, Despina
O12-AAS-AAp-33,
p2-AAS-AAp-129,
p2-AAS-AAp-131
pardessus, J.
O33-Ah-SS8-04
parent, C.
O33-Ah-SS8-04
parent, Christelle
O41-Ah-IEh-19
parent, philippe
O20-AT-SS2-05,
p3-bAp-AC-015,
p3-bAp-FuND-040
park, Eunha
p2-AAS-AAp-251
park, h. S.
p3-Ah-IND-026
park, hyun-Seol
p3-bAp-FuND-012,
p3-bAp-FuND-013,
p3-bAp-FuND-017
park, Inyong
p2-AAS-AAp-225
park, Ji-woon
p1-AT-EE-004
park, Joong bo
p1-AAS-AAp-050,
p2-AmT-INST-024
park, Jun-hyun
p2-AAS-AAp-172
park, kihong
p3-bAp-AC-002
park, R.j.
p2-AAS-AAp-153
park, Rokjin
p1-AAS-AAp-012
park, Sechan
p3-Ah-IND-014,
p3-AmT-pmx-043

153

European Aerosol Conference 2016

park, Sei Jin

154

O5-AT-EE-02,
p1-AT-EE-005
parkhomchuk, Ekaterina O41-Ah-IEh-16
parkhomchuk, Vasiliy O41-Ah-IEh-16
parodi, Franco
p3-Ah-SS6-011
paroli, bruno
p2-AmT-INST-007
parshintsev, Jevgeny p2-AAS-AAp-173
partanen, Jouni
p3-Ah-IND-007
parts, Tiia-Ene
p1-AAS-AAp-021
pasi, Aalto
p1-AAS-AAp-024
passananti, monica
O40-bAp-AC-13
passig, J.
O28-Ah-IEh-06
pastor, Carlos
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
patanen, mina
p3-AmT-pmx-032
pathak, Ravi
p1-AAS-AAp-065,
p2-AAS-AAp-147
pathak, Ravi kant
O35-bAp-AC-03
patin, F.
O33-Ah-SS8-04
patoulias, David
O22-AAS-AAp-63,
O37-bAp-FuND-07
patron-Anquez, A.
p2-AAS-AAp-259
patry, mickael
O30-bAp-SS7-06
paulat, pascal
O31-AAS-AAp-82,
p1-AAS-AAp-006
paulson, Suzanne
p2-AAS-AAp-212
paur, h.
O28-Ah-IEh-06
paur, hanns-Rudolf
O5-AT-EE-03,
O14-AT-CA-12,
p1-AT-CA-009,
p1-AT-CA-021,
p3-Ah-SS8-008
pauraitė, Julija
p2-AAS-AAp-163
pavese, Giulia
p1-AAS-AAp-038
pavlovska, Ilona
p3-Ah-IND-025
pay, m. T.
p2-AAS-AAp-174
pay, maria-Teresa
O22-AAS-AAp-60
payet, Raphael
O34-AmT-INST-24,
p2-AmT-INST-043,
p3-Ah-SS8-006
pechout, martin
p1-AT-CA-018
peeters, O.
p2-AAS-AAp-133
pei, xiangyu
p2-AAS-AAp-147
peillon, Samuel
O20-AT-SS2-02,
p3-bAp-SS7-002
pelat, Thibaut
O41-Ah-IEh-19
pellerin, Geoﬀrey
p1-AAS-AAp-112
pelon, Jacques
p1-AAS-AAp-245
penanhoat, Olivier
O20-AT-SS2-02
penazzi, Nerino
O13-AT-AbN-09,
p2-AT-AbN-019
penner, Iogannes
p1-AAS-AAp-098
per Axel, Clausen
p3-Ah-IND-018
peräkylä, Otso
O35-bAp-AC-07,
p2-AAS-AAp-176,

Tours, France

p2-AAS-AAp-177
peralta, Oscar
p2-AAS-AAp-134
peräniemi, Sirpa
p3-Ah-IEh-031
percival, C. J.
O21-AAS-AAp-56
perdrix, Esperanza p1-AAS-AAp-052,
p3-Ah-IEh-015,
p3-AmT-pmx-013,
p3-AmT-pmx-023,
p3-AmT-pmx-042,
p3-AmT-pmx-045
pereira, kelly
O26-AAS-AAp-68
pérez, m.
p2-AAS-AAp-233
pérez, Noemí
O1-AAS-AAp-01,
p1-AAS-AAp-116,
p2-AAS-AAp-150,
p2-AmT-INST-021,
p3-AmT-pmx-015,
p3-AmT-pmx-018
perez-lorenzo, luis Javier
p2-AmT-INST-052
pérez-pastor, Rosa maría
p3-AmT-pmx-031
perillat, R.
O8-AAS-SS5-02
perim De Faria, Julia O24-AmT-INST-10
pernigotti, Denise O39-AmT-pmx-12
perraudin, Emilie
O2-AAS-AAp-11,
O32-AAS-AAp-89,
p3-bAp-AC-019
perrier, Sébastien
O40-bAp-AC-13,
p2-AAS-AAp-190
perrino, Cinzia
p2-AAS-AAp-189,
p3-AmT-pmx-054
perrone, maria Rita p1-AAS-AAp-038,
p1-AAS-AAp-091
perrot, F.
O33-Ah-SS8-04
persson, karin
p1-AAS-AAp-066
pesch, markus
O19-AmT-INST-06,
p2-AmT-INST-015,
p3-Ah-IND-015
petäjä, Tuukka
O16-AAS-AAp-40,
O34-AmT-INST-22,
O37-bAp-FuND-05,
p1-AAS-AAp-019,
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-028,
p1-AAS-AAp-073,
p1-AAS-AAp-236,
p2-AmT-INST-011,
p3-AmT-pmx-030
petelski, Tomasz
p1-AAS-AAp-015,
p1-AAS-AAp-102,
p2-AAS-AAp-139,
p2-AAS-AAp-140,
p2-AAS-AAp-187,
p2-AAS-AAp-188,
p2-AAS-AAp-196
peter, Thomas
p1-AAS-AAp-043

Page 133 of 1211

peters, Annette
peters, Jan

xx

O2-AAS-AAp-09
O20-AT-SS2-01,
p3-Ah-IND-024
petetin, hervé
O17-AAS-AAp-50
petit, Jean-Eudes
O31-AAS-AAp-87,
p1-AAS-AAp-090
petit, Jf
p3-bAp-SS7-004
petitprez, Denis
O1-AAS-AAp-05,
O9-AT-SS3-04,
p1-AT-SS2-002,
p3-Ah-SS6-010
petrehus, Viorel
O23-Ah-IND-07,
p3-AmT-pmx-028
petters, markus
O11-AAS-AAp-25
petterson, krag
O45-bAp-AC-19
pettersson, Jan b.c. p1-AAS-AAp-066,
p3-bAp-AC-020
petzold, Andreas
O24-AmT-INST-10,
p1-AAS-AAp-030
peukert, Wolfgang
O13-AT-AbN-07,
O18-AT-AbN-20,
p2-AT-AbN-001,
p3-bAp-SS7-005
pey, Jorge
O16-AAS-AAp-45,
p1-AAS-AAp-076,
p1-AAS-AAp-117,
p3-AmT-pmx-018
pfeiﬀer, Tobias
p2-AT-AbN-023
pﬂueger, Valentin
O24-AmT-INST-13
pfrang, Christian O42-bAp-FuND-09,
p1-AAS-AAp-089,
p3-bAp-FuND-023
philipp, A.
O24-AmT-INST-11
philippin, Sabine
p3-AmT-pmx-055
phillips, Vaughan
O11-AAS-AAp-30
phuleria, harish
p2-AAS-AAp-156,
p2-AAS-AAp-230
piazza, matteo
p1-AAS-AAp-092
piazzalunga, Andrea O2-AAS-AAp-10
picard, David
p2-AmT-INST-008
picaud, Sylvain
O9-AT-SS3-05,
p3-bAp-FuND-025
pichelstorfer, lukas
O41-Ah-IEh-15,
p3-Ah-IEh-020
picquet-Varault, bénédicte
p2-AAS-AAp-184
pieber, Simone
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O12-AAS-AAp-38,
O14-AT-CA-08,
O23-Ah-IND-03,
O26-AAS-AAp-67,
O40-bAp-AC-10,
p1-AT-CA-013,
p2-AAS-AAp-166,
p3-bAp-AC-006
piesche, manfred
O15-AT-SS4-02
pietikäinen, J.-p.
O22-AAS-AAp-66

European Aerosol Conference 2016

pietras, Christophe p1-AAS-AAp-035
pietrogrande, maria Chiara
O2-AAS-AAp-12,
O28-Ah-IEh-03,
O44-AmT-pmx-19
piketh, Stuart
p1-AAS-AAp-097,
p2-AAS-AAp-257
pikridas, michael
O24-AmT-INST-09,
p1-AAS-AAp-056,
p1-AAS-AAp-059
pin, F.
p2-AmT-INST-023
piñeiro Iglesias, maría p2-AmT-INST-021
pino, Thomas
O4-AT-CA-05
pintér, máté
O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AmT-INST-036
pio, Casimiro
O7-AAS-AAp-20
pirim, Claire
p1-AAS-AAp-070,
p2-AmT-INST-009,
p3-AmT-pmx-035,
p3-AmT-pmx-040,
p3-bAp-AC-009
pirjola, liisa
p1-AT-CA-010,
p2-AmT-INST-047
pirovano, Guido
O22-AAS-AAp-61
piskozub, Jacek
p1-AAS-AAp-102
pitsch, heinz
O9-AT-SS3-01,
p3-bAp-FuND-001
pitton, Dominik
p3-bAp-AC-025
pitz, michael
O15-AT-SS4-03
pkhalagov, yuri
p1-AAS-AAp-033
plachá, helena
p2-AAS-AAp-220
plana, Vincent
p3-AmT-pmx-039
plante, b.
O33-Ah-SS8-04
platt, Stephen m.
p3-bAp-AC-006
plauskaite, kristina p1-AAS-AAp-016,
p2-AAS-AAp-161,
p2-AAS-AAp-163
plotnik, Deborah
O23-Ah-IND-06
podvin, Thierry
p1-AAS-AAp-042,
p1-AAS-AAp-095,
p2-AmT-INST-037
pogner, Clara
O38-Ah-SS6-03,
p3-Ah-SS6-014
pohl, Tobias
O29-AmT-INST-18
pokorna, petra
p3-AmT-pmx-006
polienor, Jean-michel p2-AAS-AAp-184
poluzzi, Vanes
O44-AmT-pmx-19,
p1-AAS-AAp-029,
p3-AmT-pmx-010
ponkkonen, Tuomo O37-bAp-FuND-01
poostforooshan, Jalal O18-AT-AbN-15
pope, Francis
O6-AAS-AAp-17
popovicheva, Olga
O9-AT-SS3-02,
p2-AAS-AAp-136
popovici, Ioana Elisabeta
p1-AAS-AAp-095
popp, T.
O24-AmT-INST-11

portin, harri
pöschl, ulrich

Tours, France

p1-AAS-AAp-047
O2-AAS-AAp-07,
O21-AAS-AAp-54,
O26-AAS-AAp-71,
O40-bAp-AC-14,
p1-AAS-AAp-110,
p2-AAS-AAp-261
pósfai, mihály
O12-AAS-AAp-35
posner, laura
p2-AAS-AAp-132
pospisilova, Veronika O21-AAS-AAp-55,
O34-AmT-INST-26,
O40-bAp-AC-11
post, patrick
O10-AT-SS1-04,
p1-AT-SS1-003
potenza, Giancarlo O39-AmT-pmx-14,
p1-AT-CA-022
potenza, marco
p2-AmT-INST-007
poulain, laurent
O7-AAS-AAp-19,
O17-AAS-AAp-50,
O21-AAS-AAp-57
poulleau, Jean
p1-AT-SS3-002
poulsen, maria
p2-AAS-AAp-147
poupkou, Anastasia p1-AAS-AAp-111
pozzer, A.
p2-AAS-AAp-174
pozzoli, luca
O22-AAS-AAp-61
prank, marje
O22-AAS-AAp-61
prasauskas, Tadas
O43-Ah-IND-09
prati, paolo
O1-AAS-AAp-04,
p2-AAS-AAp-148,
p3-Ah-SS6-011
pratsinis, Sotiris
O4-AT-CA-02,
O13-AT-AbN-08,
O13-AT-AbN-10,
O42-bAp-FuND-08,
p2-AT-AbN-002,
p2-AT-AbN-011,
p3-bAp-FuND-005,
p3-bAp-FuND-020,
p3-bAp-FuND-031
pratte, pascal
p1-AT-CA-035,
p2-AmT-INST-026
preger, Calle
O13-AT-AbN-13
pretrel, hugues
p1-AT-SS3-004
prévôt, Andre
O1-AAS-AAp-03,
O2-AAS-AAp-10,
O7-AAS-AAp-24,
O12-AAS-AAp-32,
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O14-AT-CA-08,
O17-AAS-AAp-50,
O21-AAS-AAp-55,
O23-Ah-IND-03,
O24-AmT-INST-13,
O25-AmT-pmx-01,
O25-AmT-pmx-02,
O26-AAS-AAp-67,
O28-Ah-IEh-04,

Page 134 of 1211

xx

O34-AmT-INST-26
priestley, michael
O12-AAS-AAp-37
prodi, Franco
p1-AAS-AAp-077,
p1-AAS-AAp-092
prokopciuk, Nina
p1-AAS-AAp-016
psichoudaki, magda
p1-AT-CA-017
psiloglou, basil
p2-AAS-AAp-128,
p2-AAS-AAp-129
pui, David y.h.
p2-AmT-INST-001
puigt, matthieu
O44-AmT-pmx-18
pujol, Olivier
O1-AAS-AAp-05
pullia, Alberto
p2-AmT-INST-007
pullinen, I.
O21-AAS-AAp-56
pulverer, Walter
p3-Ah-SS6-014
Q
qi, m.
O26-AAS-AAp-70
qin, yiming
p2-AAS-AAp-186
qiyuan, Wang
O28-Ah-IEh-04
quaassdorﬀ, Christina p2-AAS-AAp-227
quante, markus
O25-AmT-pmx-03
quéléver, lauriane O37-bAp-FuND-06
quélo, D.
O8-AAS-SS5-02
quentel, Gwendolyn
p1-AT-CA-024
querel, A.
O8-AAS-SS5-02
querol, xavier
O1-AAS-AAp-01,
O7-AAS-AAp-20,
O17-AAS-AAp-47,
O27-AAS-AAp-79,
O43-Ah-IND-10,
p1-AAS-AAp-080,
p1-AAS-AAp-116,
p2-AAS-AAp-201,
p2-AAS-AAp-207,
p3-Ah-IEh-030,
p3-AmT-pmx-015,
p3-AmT-pmx-046,
p3-AmT-pmx-051,
p3-bAp-SS7-004
quignard, J.f.
p3-Ah-IEh-013
quincey, paul
p2-AAS-AAp-145,
p3-AmT-pmx-033
quivet, Etienne
p2-AAS-AAp-162
R
Rabaud, marc
Rabe, Réne
Rabhi, lyes

Radischat, C.
Radola, bastien
Raﬀalt, bettina
Raﬀort, Valentin

p3-bAp-SS7-003
O21-AAS-AAp-57,
O28-Ah-IEh-06
p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252
O28-Ah-IEh-06
O9-AT-SS3-05,
p3-bAp-FuND-025
p1-AAS-AAp-239
O22-AAS-AAp-60,
p2-AAS-AAp-174

155

European Aerosol Conference 2016

156

Rahman, md mahmudur
p2-AmT-INST-031
Rairoux, patrick
p1-AAS-AAp-101,
p3-bAp-FuND-039
Raja, prarthana
O23-Ah-IND-06
Rajot, Jean louis
p2-AAS-AAp-198
Ramalho, Olivier
O23-Ah-IND-07,
p3-AmT-pmx-028
Ramiro, Emilio
O19-AmT-INST-01
Ramisetty, Ramakrishna
p1-AAS-AAp-243,
p1-AAS-AAp-244,
p3-bAp-AC-022
Ramos, R.
p1-AT-CA-004
Ramos, Raquel
p1-AT-CA-011
Ramsay, k.
p3-Ah-IND-004
Ramstorp, matts
p3-Ah-SS6-015
Ranjithkumar, Ananth
p2-AmT-INST-034,
p3-AmT-pmx-048
Rantica, Elena
p3-AmT-pmx-054
Rasch, Fabian
p2-AmT-INST-020
Rasche, David
p2-AT-AbN-016
Rastak, Narges
p2-AAS-AAp-169
Rastigeev, Sergei
O41-Ah-IEh-16
Rattigan, Oliver
O25-AmT-pmx-04
Raut, Jean-Christophe p1-AAS-AAp-240
Rautiainen, Jani
p1-AT-CA-010
Raventos, Cécile
p1-AT-SS3-002
Ravetta, Francois
p1-AAS-AAp-240
Ravier, Sylvain
p2-AAS-AAp-162
Raviv, yardena
p3-Ah-IEh-027
Rawat, Vivek
p2-AT-AbN-026
Rayez, Jean-Claude
O9-AT-SS3-05
Rayez, marie-Thérèse
O9-AT-SS3-05
Rebane, Riin
p3-AmT-pmx-026
Reche, Cristina
O17-AAS-AAp-47,
p2-AAS-AAp-207,
p3-AmT-pmx-015
Redon, Nathalie
p3-AmT-pmx-023
Reeks, michael W
O30-bAp-SS7-01
Reggente, matteo O24-AmT-INST-14,
O45-bAp-AC-17
Regier, Tom
O20-AT-SS2-05,
p3-bAp-AC-015,
p3-bAp-FuND-040
Reid, Jonathan
O26-AAS-AAp-68,
O29-AmT-INST-19,
O36-Ah-IEh-13,
p1-AAS-AAp-088,
p2-AAS-AAp-183
Reinmuth-Selzle, kathrin
O2-AAS-AAp-07
Reitz, paul
p3-AmT-pmx-029
Remeikis, Vidmantas p1-AAS-AAp-057,
p2-AAS-AAp-151
Rémi, losno
p2-AAS-AAp-258,
p2-AAS-AAp-260

Tours, France

Renard, Jean-baptiste p1-AAS-AAp-086,
p2-AAS-AAp-221,
p2-AAS-AAp-264,
p2-AmT-INST-042
Renard, pascal
p2-AAS-AAp-162,
p3-Ah-SS6-004
Renbaum-Wolﬀ, lindsay
O20-AT-SS2-04,
p1-AT-SS3-001
Reponen, Tiina
O36-Ah-IEh-08,
O38-Ah-SS6-01,
p3-Ah-SS6-009
Respaud, Renaud
O33-Ah-SS8-04,
O41-Ah-IEh-19
Reyes, Reyes
O17-AAS-AAp-52,
p2-AmT-INST-050
Reyes-Villegas, Ernesto
O12-AAS-AAp-37
Reynaud, Cécile
p3-AmT-pmx-032
Reznikova, Irina
O2-AAS-AAp-08
Rheda, A.
O28-Ah-IEh-06
Rheinheimer, hans-peter p1-AT-CA-009
Ribeiro, J.p.
p1-AT-CA-005
Ribeyre, quentin
p2-AT-SS4-007
Ricaud, p.
p2-AAS-AAp-264
Ricciardelli, Isabella O2-AAS-AAp-12,
O44-AmT-pmx-19,
p1-AAS-AAp-029
Ricciardi, laurent
p3-bAp-AC-021,
p3-bAp-SS7-003
Riccobono, Francesco p2-AAS-AAp-210
Rich, David
O27-AAS-AAp-77,
p3-AmT-pmx-004
Richard, Jérôme
p3-bAp-AC-021
Richardson, Johnathan O45-bAp-AC-18
Richterová, Dáša
p2-AAS-AAp-220
Richters, Stefanie
O21-AAS-AAp-57,
p3-bAp-AC-018
Richthammer, p.
O28-Ah-IEh-06
Rickards, Andrew
p1-AAS-AAp-088
Riediker, michael
O43-Ah-IND-12
Rieger, landon
p2-AmT-INST-042
Riekkola, marja-liisa p2-AAS-AAp-173
Riera, Enrique
p2-AT-SS4-012
Riﬀault, Véronique O44-AmT-pmx-15,
p1-AAS-AAp-042,
p1-AAS-AAp-052,
p1-AAS-AAp-060,
p1-AAS-AAp-081,
p3-AmT-pmx-013,
p3-AmT-pmx-023,
p3-AmT-pmx-042,
p3-AmT-pmx-045,
p3-bAp-AC-013,
p3-bAp-FuND-032
Rigault, C.
p3-Ah-IEh-019
Righettoni, marco
O13-AT-AbN-08
Riipinen, Ilona
O22-AAS-AAp-63,

Page 135 of 1211

xx

O37-bAp-FuND-07,
p2-AAS-AAp-169,
p3-bAp-FuND-027
Rimbert, Nicolas
O42-bAp-FuND-12
Rinaldi, matteo
O44-AmT-pmx-19,
p1-AAS-AAp-004,
p2-AAS-AAp-194,
p3-AmT-pmx-010
Rincon, Rocio
O10-AT-SS1-06
Rindlisbacher, Theo p2-AAS-AAp-166
Ringuet, Johany
p1-AT-SS3-002
Rinkenburger, Alexander p1-AT-CA-034
Ripoll, Anna
O1-AAS-AAp-01,
p1-AAS-AAp-116
Rissanen, matti
O21-AAS-AAp-56,
O21-AAS-AAp-58,
O37-bAp-FuND-06
Rissler, Jenny
p3-Ah-SS8-013
Ritoux, Sébastien
p3-Ah-IEh-028,
p3-Ah-IND-021
Ritsch, Irina
O29-AmT-INST-20
Ritter, Christoph
p1-AAS-AAp-087,
p2-AAS-AAp-140
Ritter, Detlef
O33-Ah-SS8-02,
O33-Ah-SS8-05
Riva, matthieu
p2-AAS-AAp-176
Rivellini, laura-hélèna
O44-AmT-pmx-15,
p1-AAS-AAp-042
Riveros-Rosas, D.
p1-AAS-AAp-036
Robert, Emmanuel p3-AmT-pmx-032
Robert, Ferguson
p3-Ah-SS6-012
Robert, lindgren
O9-AT-SS3-03
Roberts, Greg
O16-AAS-AAp-45,
p1-AAS-AAp-001
Robine, Enric
p3-Ah-IEh-028,
p3-Ah-IND-021
Robinson, Allen
O26-AAS-AAp-67
Rocha, Gisele
p2-AAS-AAp-212,
p2-AAS-AAp-213
Rocha, S.
p2-AAS-AAp-142,
p2-AAS-AAp-229
Roche, Cloe
O44-AmT-pmx-18
Röckmann, Thomas O17-AAS-AAp-51,
O25-AmT-pmx-05,
p1-AAS-AAp-057
Rocq, benoit
p1-AAS-AAp-090
Rodríguez maroto, Jesús Javier
p1-AT-CA-004,
p1-AT-CA-011,
p2-AmT-INST-021,
p3-AmT-pmx-031
Roekens, E.
O25-AmT-pmx-07
Roh, Jung Seop
p2-AmT-INST-024
Röhrbein, Jannis
O18-AT-AbN-14
Rohrer, Franz
O32-AAS-AAp-91
Roig Rodelas, Roger p1-AAS-AAp-052,
p3-AmT-pmx-045

European Aerosol Conference 2016

Rojas García, Enrique p3-AmT-pmx-031
Rojas, Enrique
p1-AT-CA-004,
p1-AT-CA-011,
p2-AmT-INST-021
Roldin, pontus
O21-AAS-AAp-58
Romakkaniemi, Sami p1-AAS-AAp-047
Román, Roberto
p1-AAS-AAp-096
Román-Cascón, Carlos p2-AAS-AAp-227
Romanias, manolis p1-AAS-AAp-060,
p3-bAp-AC-013
Romano, Salvatore p1-AAS-AAp-038,
p1-AAS-AAp-091
Romay, Francisco
p2-AmT-INST-003
Rondeau, Anthony
O30-bAp-SS7-04
Rönkkö, Topi
O14-AT-CA-07,
O14-AT-CA-09,
O14-AT-CA-11,
O19-AmT-INST-04
p1-AT-CA-010
Roos, Rein A.
p1-AT-EE-006
Rose, Clermence
O16-AAS-AAp-45
Rose, Rebecca A.
O22-AAS-AAp-61
Roseau, G.
O33-Ah-SS8-04
Rosell-llompart, Joan
O5-AT-EE-05,
p1-AT-EE-012,
p1-AT-EE-013,
p1-AT-EE-014
Rosenberger, Thore O19-AmT-INST-01
Rossi, michel
O16-AAS-AAp-43,
O24-AmT-INST-12
Rossignol, Stéphanie O40-bAp-AC-13,
p2-AAS-AAp-190
Roßkopf, Christian
p3-Ah-IND-015
Rosso, Amandine
O17-AAS-AAp-50
Rothhardt, monika p2-AmT-INST-020
Rousseau, youri
O18-AT-AbN-16
Roussel, Gilles
O44-AmT-pmx-18
Roustan, yelva
O22-AAS-AAp-60,
p2-AAS-AAp-174
Rovelli, Grazia
p2-AAS-AAp-183
Roy, Chad J.
O41-Ah-IEh-19
Roynette, Audrey
O30-bAp-SS7-04
Roze, F.
p2-AAS-AAp-208
Rozwadowska, Anna p1-AAS-AAp-015
Rubio, maría Angélica O17-AAS-AAp-52
Rudich, yinon
p1-AAS-AAp-043,
p2-AAS-AAp-166
Ruggeri, Giulia
O24-AmT-INST-14,
O45-bAp-AC-17
Rui, Zhang
p2-AAS-AAp-211
Ruiz Suarez, luis Gerardo
p2-AAS-AAp-134
Rujin, huang
p3-AmT-pmx-019
Rumrich, Isabell katharina
p3-Ah-IEh-035
Rungiah, Selven
p2-AT-SS4-008
Rusanen, A.
O21-AAS-AAp-58
Russchenberg, herman p1-AAS-AAp-103

Rutgersson, A.
Ruuskanen, Antti
Ryan, patrick
Ryoo, Sang boom
Ryu, Seung-won
S
Säämänen, Arto

Tours, France

p1-AAS-AAp-010
p1-AAS-AAp-047
p3-Ah-SS6-009
p1-AAS-AAp-048,
p2-AAS-AAp-224
p3-Ah-IND-014

p3-Ah-IND-007,
p3-Ah-IND-016
Saar, brien
O45-bAp-AC-18
Saari, Sampo
p2-AmT-INST-047
Saarikoski, Sanna
O14-AT-CA-09,
O14-AT-CA-11
Saarinen, Jarkko J.
p2-AT-AbN-004
Saathoﬀ, harald
O35-bAp-AC-05,
p1-AAS-AAp-243,
p1-AAS-AAp-244,
p2-AAS-AAp-168,
p2-AAS-AAp-256,
p3-bAp-AC-022
Sabbah, Ismail
p1-AAS-AAp-011,
p2-AAS-AAp-204
Sabroux, Jean-Christophe
O30-bAp-SS7-04,
p2-AAS-AAp-232
Sachinidou, panagiota p2-AmT-INST-001
Saeed, Thuraya
p2-AAS-AAp-257
Saengkaew, Sawitree p2-AmT-INST-018
Safatov, Alexander
O2-AAS-AAp-08,
p2-AAS-AAp-126,
p2-AT-SS4-004
Safdar, Sidra
p3-Ah-IND-010
Sagot, benoit
O4-AT-CA-03,
O15-AT-SS4-07,
p1-AT-CA-012
Sakono, Naomi
p2-AT-AbN-027
Sakuma, yoshihiro
p1-AT-EE-010
Šala, martin
O40-bAp-AC-09,
p3-bAp-AC-011
Salameh, Dalia
O39-AmT-pmx-13
Salazar, Gary
O32-AAS-AAp-92,
p2-AAS-AAp-146
Salberg, håkan
p1-AT-CA-017
Salimbene, Ivano
p3-Ah-IND-008
Salimbene, Ornella
p3-Ah-IND-008
Salm, François
O20-AT-SS2-02,
O30-bAp-SS7-06,
p1-AT-SS2-001,
p2-AmT-INST-009
Salma, Imre
O27-AAS-AAp-74
Salo, laura
O19-AmT-INST-04
Saloga, J.
p3-Ah-IEh-010
Salomon, Vincent
p3-AmT-pmx-009
Salonen, Raimo O
p3-Ah-IEh-035
Salter, m.
p1-AAS-AAp-010
Salter, matthew
p2-AmT-INST-042
Salthammer, Tunga p3-bAp-FuND-033

Page 136 of 1211

xx

Salvador, Christian mark
p2-AAS-AAp-152
Samcelme, martine O38-Ah-SS6-02,
p3-Ah-SS6-004
Samoilova, Svetlana p1-AAS-AAp-098
Sancelme, martine p1-AAS-AAp-007
Sánchez Jiménez, Araceli
O43-Ah-IND-12
Sandrini, Silvia
p2-AAS-AAp-194,
p3-AmT-pmx-010
Sanfelix, V.
p1-AT-CA-004
Sanfelix, Vicenta
p1-AT-CA-011
Sang-boom, Ryoo
p1-AAS-AAp-084
Santachiara, G.
p1-AAS-AAp-077
Santachiara, Gianni p1-AAS-AAp-004,
p1-AAS-AAp-092
Santl Temkiv, Tina
p3-Ah-SS6-015
Santos, Aldenor
p2-AAS-AAp-213
Santos, José pedro
p2-AT-AbN-010,
p3-bAp-FuND-019
Santos, l
O13-AT-AbN-11
Sanvito, Tiziano
p2-AmT-INST-007
Sanz Rivera, David p3-AmT-pmx-031
Sanz, David
p1-AT-CA-004,
p1-AT-CA-011
Sapccariu, S. C.
O28-Ah-IEh-06
Sapra, b.k
p3-bAp-FuND-021
Saraga, Dikaia
p3-AmT-pmx-046
Sarnela, Nina
p2-AAS-AAp-177
Sarovic, kristina
p1-AAS-AAp-111
Sartelet, karine
p1-AAS-AAp-240
Sarthou, Géraldine p2-AAS-AAp-192
Sastre, mariano
p2-AAS-AAp-227
Satsangi, G
p2-AAS-AAp-124
Saukko, Erkka
O14-AT-CA-09,
O19-AmT-INST-04,
p2-AmT-INST-005
Saunier, O.
O8-AAS-SS5-02
Sauvage, Stéphane O7-AAS-AAp-23,
p2-AAS-AAp-149,
p2-AAS-AAp-264,
p3-AmT-pmx-013,
p3-AmT-pmx-042
Savarino, Joël
O39-AmT-pmx-08
Savastru, Dan
p1-AAS-AAp-014,
p2-AAS-AAp-231
Savastru, Roxana
p1-AAS-AAp-014,
p2-AAS-AAp-231
Savineau, J.p.
p3-Ah-IEh-013
Savre, Julien
O11-AAS-AAp-29
Savvides, Crysanthos p1-AAS-AAp-056
Sawai, Jun
p1-AT-EE-002,
p1-AT-EE-003
Sayago, Isabel
p2-AT-AbN-010
Schaber, karlheinz
p3-bAp-AC-016,
p3-bAp-AC-017
Scheckman, Jacob O19-AmT-INST-07,
p2-AmT-INST-010

157

European Aerosol Conference 2016

158

Scheel, Jan
O2-AAS-AAp-07
Schenk, ludwig
O11-AAS-AAp-27
Schettini, Crescenzo
p3-Ah-IND-008
Schiebel, Thea
p1-AAS-AAp-243,
p1-AAS-AAp-244
Schierl, Rudolf
p3-Ah-SS8-007
Schimanz, barbara
p2-AT-AbN-028
Schindelka, Janine
O35-bAp-AC-04,
O40-bAp-AC-08
Schlag, patrick
p2-AAS-AAp-181
Schlager, Christoph
O28-Ah-IEh-06,
p3-Ah-SS8-005,
p3-Ah-SS8-008
Schlosser, Olivier
p3-Ah-SS6-003
Schmeisser, lauren
O1-AAS-AAp-02
Schmid, h. J.
p2-AT-AbN-016
Schmid, Otmar
O33-Ah-SS8-03,
p3-Ah-SS8-012
Schmidl, Christoph
p1-AT-CA-008
Schmidt, D.
O24-AmT-INST-11
Schmidt, Frank
O15-AT-SS4-01
Schmidt, Guillaume
p1-AT-CA-007
Schmidt, kilian
O15-AT-SS4-03
Schmidt-Ott, Andreas O13-AT-AbN-11,
O13-AT-AbN-12,
p2-AmT-INST-034,
p3-Ah-SS8-011,
p3-AmT-pmx-048
Schmitt, Sebastian O32-AAS-AAp-91,
p2-AAS-AAp-181
Schmitz, André
O15-AT-SS4-01
Schnaiter, martin
O11-AAS-AAp-27
Schneider, Johannes O11-AAS-AAp-27
Schneider, S.
O8-AAS-SS5-05
Schnelle-kreis, Jürgen O2-AAS-AAp-09,
O28-Ah-IEh-06,
p1-AT-SS3-005,
p2-AT-SS4-010
Schobesberger, Siegfried
O16-AAS-AAp-41,
p2-AAS-AAp-177
Scholtes, S.
O28-Ah-IEh-06
Schonnenbeck, C.
p1-AT-CA-007
Schrieﬂ, mario Anton
O3-AT-AbN-01
Schrod, J.
p1-AAS-AAp-077
Schrödner, Roland O11-AAS-AAp-30,
p1-AAS-AAp-107
Schubnel, V.
O33-Ah-SS8-04
Schuh, harald
O16-AAS-AAp-42,
p2-AmT-INST-002,
p2-AmT-INST-017,
p2-AmT-INST-049
Schulz, hans-Joachim O29-AmT-INST-16
Schulz, michael
O6-AAS-AAp-15
Schulz, T.
O7-AAS-AAp-22
Schumacher, Stefan
O15-AT-SS4-03,
p2-AmT-INST-004
Schuppan, D.
p3-Ah-IEh-010

Schwabl, manuel
Schwarz, Jaroslav

Tours, France

p1-AT-CA-008
O9-AT-SS3-02,
O23-Ah-IND-01,
p1-AAS-AAp-051,
p1-AAS-AAp-061,
p1-AAS-AAp-063,
p2-AmT-INST-014,
p3-AmT-pmx-024
Sciare, Jean
O7-AAS-AAp-23,
O17-AAS-AAp-50,
O24-AmT-INST-09,
O31-AAS-AAp-87,
p1-AAS-AAp-056,
p1-AAS-AAp-059,
p1-AAS-AAp-064,
p1-AAS-AAp-076,
p1-AAS-AAp-090,
p1-AT-SS3-002,
p2-AAS-AAp-129,
p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252,
p2-AAS-AAp-259,
Scott, Adlin
p2-AAS-AAp-212
Scott, Stuart
O3-AT-AbN-04
Scotto, Fabiana
O2-AAS-AAp-12,
O44-AmT-pmx-19,
p1-AAS-AAp-029
Scoullos, m.
p1-AAS-AAp-069
Sedlacek, Arthur
p1-AT-SS3-001
Sedlar, Joseph
O11-AAS-AAp-29
Seeger, Stefan
p2-AmT-INST-020,
p3-Ah-SS8-007
Sega, kresimir
O39-AmT-pmx-09
Seibel, F.
O24-AmT-INST-11
Seibert, David
p2-AAS-AAp-257
Seidel, michael
p3-Ah-SS6-005
Seifert, helmut
p1-AT-CA-021
Seile, Anita
p3-Ah-IND-025
Seinfeld, John
O35-bAp-AC-06
Seipenbusch, martin p2-AT-AbN-024
Sekiyama, Thomas
O8-AAS-SS5-02,
O8-AAS-SS5-04,
p1-AAS-AAp-247
Sekou, keïta
p2-AAS-AAp-144
Sekraﬁ, Saâd
p2-AAS-AAp-198
Selivanova, Alexandra O41-Ah-IEh-16
Sellegri, karine
O16-AAS-AAp-39,
O16-AAS-AAp-45,
O17-AAS-AAp-50,
O26-AAS-AAp-73,
O31-AAS-AAp-84,
p1-AAS-AAp-045,
p1-AAS-AAp-076,
p2-AAS-AAp-164,
p2-AAS-AAp-264,
p2-AmT-INST-008

Page 137 of 1211

xx

Semeykina, Victoria
O41-Ah-IEh-16
Seng, Samantha
p1-AAS-AAp-078
Senger, u.
O7-AAS-AAp-22
Sengupta, kamalika O11-AAS-AAp-31
Senick, Jennifer
O23-Ah-IND-06
Seo, youngjin
p3-Ah-IND-026
Seoane-Vieira, Neves p1-AAS-AAp-075
Serchi, Tommaso
p3-Ah-IEh-036
Serfozo, Norbert
p3-Ah-IND-006
Serizawa, Shinsuke
p1-AT-EE-010
Serrano Castillo, Encarnacion
p1-AAS-AAp-086
Serrano, Antonio
p1-AAS-AAp-096
Setyan, Ari
O20-AT-SS2-06,
O43-Ah-IND-09,
p1-AT-SS2-004
Shaban, masoom
p2-AT-AbN-017
Shah, Dhawal
p1-AAS-AAp-072
Shahpoury, pourya O31-AAS-AAp-85,
p3-bAp-AC-019
Shamun, Sam
p1-AT-CA-019
Shandilya, Neeraj
O43-Ah-IND-11
Shang, xiaoxia
p1-AAS-AAp-245
Sharafutdinov, Vf
p3-Ah-IND-012
Sharma, Sangeeta
O1-AAS-AAp-02
Sharma, Vikram
p3-Ah-IEh-023
Sharypov, Oleg
p1-AT-CA-038
Shatalov, Victor
p3-AmT-pmx-015
Shaw, Stephanie
p2-AAS-AAp-170
Shchekin, Alexander p3-bAp-FuND-034
Shelley, Rachel
p2-AAS-AAp-192
Shen, Fangxia
p3-Ah-IEh-010
Shen, mengqin
O14-AT-CA-10,
p1-AT-CA-019
Shen, Shengnan
p2-AT-SS4-005
Shen, xiaoli
p1-AAS-AAp-243,
p1-AAS-AAp-244,
p2-AAS-AAp-168,
p3-bAp-AC-022
Shepherd, Rosalie
O6-AAS-AAp-17
Sheridan, patrick
O1-AAS-AAp-02
Sherman, James
O1-AAS-AAp-02
Shih, Shun-I
p3-Ah-IEh-025
Shilling, John
p2-AAS-AAp-177
Shim, Joonmok
p3-bAp-FuND-012,
p3-bAp-FuND-013,
p3-bAp-FuND-017
Shimizu, Aoi
p2-AT-AbN-027
Shinonaga, Taeko
O8-AAS-SS5-03
Shiobara, masataka p2-AAS-AAp-140
Shiraiwa, manabu O21-AAS-AAp-54,
O26-AAS-AAp-71,
O35-bAp-AC-07,
O40-bAp-AC-14
Shirali, pirouz
p3-Ah-IEh-017
Shonija, Natalia
O9-AT-SS3-02,
p2-AAS-AAp-136
Shozugawa, k.
O8-AAS-SS5-05

European Aerosol Conference 2016

Shupeng, Zhu
Shy, C. G.
Sicard, michaël

O17-AAS-AAp-49
p3-Ah-IEh-025
p1-AAS-AAp-116,
p1-AAS-AAp-241,
p2-AAS-AAp-264
Siebert, h.
O22-AAS-AAp-65
Signorell, Ruth
O29-AmT-INST-20,
O29-AmT-INST-21
Silcott, David
O34-AmT-INST-28
Silvia, Sandrini
O44-AmT-pmx-19
Simmel, martin
p1-AAS-AAp-003
Simo, R.
p2-AAS-AAp-191
Simon, károly
p3-AmT-pmx-022
Simon, mario
O32-AAS-AAp-93
Simon, Simion
p3-Ah-IEh-030
Simon, x.
p3-Ah-IEh-032
Simon, xavier
p3-Ah-SS6-002,
p3-AmT-pmx-038
Simonen, pauli
O14-AT-CA-07
Simonenkov, Denis
O2-AAS-AAp-08,
p2-AAS-AAp-126
Simonsson, Johan
p1-AAS-AAp-049
Singh, S.
p1-AAS-AAp-071
Siour, Guillaume
O7-AAS-AAp-23
Sioutas, Constantinos O39-AmT-pmx-11
Sipilä, mikko
O24-AmT-INST-12,
O37-bAp-FuND-05,
O37-bAp-FuND-06
Sippula, Olli
O12-AAS-AAp-32,
O12-AAS-AAp-38,
O28-Ah-IEh-06,
p1-AT-CA-036,
p2-AAS-AAp-159,
p2-AAS-AAp-171,
p3-Ah-IEh-031
Sitarek, Stefan
p2-AAS-AAp-196
Sivaprakasam, Vasanthi
O34-AmT-INST-28,
O45-bAp-AC-18
Sjöberg, karin
O22-AAS-AAp-64
Sjogren, Staﬀan
p2-AmT-INST-030
Sklorz, martin
O28-Ah-IEh-06,
p1-AT-CA-013,
p1-AT-CA-015,
p2-AAS-AAp-171
Skyllakou, ksakousti p2-AAS-AAp-132
Slowik, Jay Gates
O2-AAS-AAp-10,
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O14-AT-CA-08,
O21-AAS-AAp-55,
O23-Ah-IND-03,
O24-AmT-INST-13,
O25-AmT-pmx-01,
O25-AmT-pmx-02,
O26-AAS-AAp-67,
O28-Ah-IEh-04,
O34-AmT-INST-26,

Tours, France

O40-bAp-AC-10,
O40-bAp-AC-11,
O45-bAp-AC-19,
p2-AAS-AAp-166,
p2-A
Smail, Fiona
O18-AT-AbN-19,
p2-AT-AbN-014
Smallwood, Greg O19-AmT-INST-03,
O20-AT-SS2-04
Smita, S.
O28-Ah-IEh-06
Smith, W.
O13-AT-AbN-12
Smolander, S.
O21-AAS-AAp-58
Smolík, Jiří
p1-AAS-AAp-051
Sobanska, Sophie
O8-AAS-SS5-01,
p1-AAS-AAp-078
Sochorakis, Nikolas
p1-AT-EE-012,
p1-AT-EE-013
Söderberg, F.
O21-AAS-AAp-58
Sohne, Natalie
p1-AAS-AAp-095
Sokhi, Ranjeet
O22-AAS-AAp-61
Solazzo, Eﬁsio
O22-AAS-AAp-61
Soler, Ruben
p2-AAS-AAp-205
Solier, l.
p1-AAS-AAp-112
Solliec, Camille
O30-bAp-SS7-05
Solmon, F.
p2-AAS-AAp-264
Solovyanova, Nadezhda O2-AAS-AAp-08
Somervell, Elizabeth O27-AAS-AAp-78
Song, Seungjoo
p1-AAS-AAp-048
Song, Won-Il
p3-bAp-FuND-043,
p3-bAp-FuND-044
Song, young
O26-AAS-AAp-68,
p1-AAS-AAp-088
Sopajaree, khajornsak p2-AAS-AAp-253
Sorensen-Allacci, maryAnn
O23-Ah-IND-06
Sorimachi, A.
O8-AAS-SS5-04
Sorjamaa, Riikka
O23-Ah-IND-05
Sorokin, mikhail
p1-AAS-AAp-097
Sosedova, y.
O25-AmT-pmx-02
Sotiriou, Georgios A. p3-Ah-IEh-002
Sow, m.
p3-bAp-SS7-002
Sowlat, mohammad hossei
O39-AmT-pmx-11
Speilman, Steven
O34-AmT-INST-25
Spengler, bernhard
p3-bAp-AC-001
Spielvogel, Juergen O19-AmT-INST-07,
p2-AmT-INST-010
Spielvogel, Jürgen p2-AmT-INST-046
Spindler, Gerald
p1-AAS-AAp-110
Sprovieri, Francesca p1-AAS-AAp-067
Srivastava, Atul
p1-AAS-AAp-031
Srivastava, Deepchandra
O2-AAS-AAp-11,
p2-AAS-AAp-255
Srivastava, J
p2-AAS-AAp-124
Stacewicz, Tadeusz p2-AAS-AAp-196
Stachlewska, Iwona p1-AAS-AAp-015
Staelens, Jeroen
O20-AT-SS2-01

Page 138 of 1211

xx

Stahlmecke, burkhard O43-Ah-IND-12,
p2-AmT-INST-004
Stanzel, melanie
O13-AT-AbN-07,
p2-AT-AbN-001
Stapf, Dieter
O14-AT-CA-12
Stathopoulos, Vasileios
p1-AAS-AAp-106
Stavroulas, Iasonas p1-AAS-AAp-056,
p2-AAS-AAp-129,
p2-AAS-AAp-131
Steckelbach, I.
O7-AAS-AAp-22
Stefanovska, Aneta
p3-Ah-IEh-035
Stefenelli, Giulia
O2-AAS-AAp-10,
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O40-bAp-AC-10,
p2-AAS-AAp-185
Steigmeier, p.
O19-AmT-INST-02
Steimer, Sarah
O35-bAp-AC-02
Stein, matthias
p2-AT-AbN-006
Steinborn, Silke
p3-Ah-SS8-011
Steiner, Christian
p2-AAS-AAp-146
Steiner, Gerhard
O16-AAS-AAp-42,
O45-bAp-AC-16,
p2-AmT-INST-002,
p2-AmT-INST-017,
p2-AmT-INST-049,
p2-AmT-INST-051
Steinhauser, Georg
O8-AAS-SS5-05
Steinheuer, Ralf
p2-AmT-INST-046
Stelcer, E.
p2-AAS-AAp-218
Steli, hanae
p1-AAS-AAp-046
Stelzer, Torsten
O21-AAS-AAp-57
Stelzl, Andreas
O33-Ah-SS8-03,
p3-Ah-SS8-012
Stengel, benjamin
O14-AT-CA-08,
O26-AAS-AAp-67,
O28-Ah-IEh-06,
p1-AT-CA-013,
p1-AT-CA-014,
p1-AT-CA-015,
p1-AT-SS3-005,
p2-AAS-AAp-171
Stengel, Dagmar
O7-AAS-AAp-21
Stephane, Verlhac
p3-bAp-SS7-004
Stern, Eli
p2-AAS-AAp-203
steyer, jean-philippe O38-Ah-SS6-05
Stintz, michael
p3-Ah-IEh-004,
p3-Ah-IEh-033
Stockmann-Juvala, helene
p3-Ah-IND-007
Stolcpartova, Jitka
O28-Ah-IEh-05
Stoll, Jens
p1-AAS-AAp-003
Stolzenburg, Dominik O16-AAS-AAp-44,
O34-AmT-INST-23,
p1-AAS-AAp-239
Stolzenburg, mark O19-AmT-INST-07
Straumfors, Anne
p3-Ah-IEh-005

159

European Aerosol Conference 2016

Strauss, Joseph
160

O38-Ah-SS6-03,
p3-Ah-SS6-014
Strauß, V.
O18-AT-AbN-20,
p3-bAp-SS7-005
Streibel, Thorsten
O12-AAS-AAp-38,
O28-Ah-IEh-06,
p1-AT-CA-013,
p1-AT-CA-014,
p1-AT-CA-015,
p2-AAS-AAp-171
Strzalkowska, Agata p2-AAS-AAp-139
Su, hang
p1-AAS-AAp-110
Su, m. x.
p3-bAp-FuND-022
Sublemontier, Olivier O18-AT-AbN-16,
p3-AmT-pmx-032
Sun, Jia
p1-AAS-AAp-110
Sun, yele
O26-AAS-AAp-69
Sun-Cheon, park
p1-AAS-AAp-084
Surawski, Nic
p2-AAS-AAp-197,
p2-AmT-INST-014
Surget, Emilie
O36-Ah-IEh-09
Suski, michal
p2-AAS-AAp-138
Švecová, Vlasta
p2-AAS-AAp-217
Svenningsson, birgitta O9-AT-SS3-03,
O14-AT-CA-09,
p2-AAS-AAp-147
Svensmark, henrik p3-bAp-FuND-024
Svensmark, Jacob p3-bAp-FuND-024
Svensson, Tobias
p3-Ah-SS6-015
Sviridenkov, mikhail p1-AAS-AAp-034,
p1-AAS-AAp-098
Swanson, Jacob
O29-AmT-INST-16
Swietlicki, Erik
O9-AT-SS3-03,
O11-AAS-AAp-30,
O21-AAS-AAp-58,
O23-Ah-IND-04,
p2-AAS-AAp-147
Synal, h. A.
O8-AAS-SS5-05
Syu, J. y.
p3-bAp-FuND-011,
p3-bAp-FuND-038
Szabó, Gábor
O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AmT-INST-036,
p3-AmT-pmx-022
Szabó, péter
O12-AAS-AAp-35
Szidat, Soenke
O32-AAS-AAp-92,
p2-AAS-AAp-146
Szidat, Sönke
O1-AAS-AAp-03,
p3-AmT-pmx-044
Szmigielski, Rafal
p2-AAS-AAp-178
T
Tabakova, ksenia
Tae, kyung-Eung

p1-AAS-AAp-236
p3-bAp-FuND-043,
p3-bAp-FuND-044
Tahiri, Abdelouahid p1-AAS-AAp-046
Taipale, Raili
p1-AT-CA-010
Takahama, Satoshi O24-AmT-INST-14,

Tours, France

O45-bAp-AC-17,
p3-bAp-AC-007,
p3-bAp-FuND-002
Takemoto, Syuji
p2-AT-AbN-008
Takenaka, C.
O8-AAS-SS5-04
Taketani, Fumikazu p3-AmT-pmx-049
Talbot, Nicholas
O23-Ah-IND-01
Talianu, Camelia
p1-AAS-AAp-058
Tammelin, Ann
p3-Ah-SS6-015
Tan, Wen
O40-bAp-AC-12
Tanaka, h.
p2-AT-AbN-008
Tanaka, T. y.
p1-AAS-AAp-013
Tang, lili
O31-AAS-AAp-86
Tang, lin
O22-AAS-AAp-64
Tang, mingjin
O6-AAS-AAp-16,
O40-bAp-AC-14
Tang, quanxi
p1-AT-CA-028
Tang, Selina
p3-Ah-SS8-005
Taniere, Anne
O42-bAp-FuND-12
Tanré, Didier
p2-AmT-INST-037
Taratayko, Andrei
O41-Ah-IEh-16
Tarelho, l.
p1-AT-CA-005
Tarik, mohamed
p1-AT-CA-006
Tartakovsky, Dmitry p2-AAS-AAp-203
Tav, Jackie
p1-AAS-AAp-006
Taverna, myriam
p3-Ah-SS6-018
Taylor, m. p.
p2-AAS-AAp-218,
p2-AAS-AAp-219
Tchou-Wong, kam-meng
O41-Ah-IEh-19
Teich, monique
p1-AAS-AAp-054
Teinemaa, Erik
p2-AAS-AAp-135,
p3-AmT-pmx-026,
p3-AmT-pmx-027
Teixeira, Joao p.
p3-Ah-IEh-030
Temime-Roussel, brice
O12-AAS-AAp-34,
O12-AAS-AAp-36,
O40-bAp-AC-10,
p2-AAS-AAp-185,
p3-AmT-pmx-018,
p3-bAp-AC-004
Teppe, Anne-laure
p1-AT-CA-024
Terpugova, Svetlana p1-AAS-AAp-033
Tesquet, Guillaume
p2-AT-SS4-003
Teuscher, Nadine
O9-AT-SS3-06,
O14-AT-CA-12,
p1-AT-CA-021
Theobald, m.
p2-AAS-AAp-174
Theodoritsi, Georgia p2-AAS-AAp-132
Theodosi, Christina O12-AAS-AAp-33,
p2-AAS-AAp-129
Therssen, Eric
O4-AT-CA-01,
p1-AT-SS2-001
Thevenet, Frédéric p1-AAS-AAp-060,
p3-bAp-AC-013
Thibaudon, michel
O36-Ah-IEh-11
Thieﬀry, Guillemette
p2-AT-SS4-009

Page 139 of 1211

Thomas, Dominique

xx

O15-AT-SS4-06,
p2-AT-SS4-007,
p2-AT-SS4-008,
p2-AT-SS4-009,
p3-bAp-FuND-018
Thomas, Jan
p2-AAS-AAp-144
Thomas, Jikku
O37-bAp-FuND-02
Thomas, Nirmala
O23-Ah-IND-06
Thomas, Nussbaumer O28-Ah-IEh-04
Thomas, Werner
p3-AmT-pmx-005,
p3-AmT-pmx-020
Thomasson, Alexandre
p2-AAS-AAp-208,
p2-AmT-INST-023
Thomson, Erik
p1-AT-CA-017,
p3-bAp-AC-020
Thomson, kevin
O4-AT-CA-06,
O19-AmT-INST-03,
O20-AT-SS2-04
Thorne, David
O33-Ah-SS8-01
Thornhill, kenneth O11-AAS-AAp-26
Thornton, Joel
p2-AAS-AAp-177,
p3-AmT-pmx-047
Thorsten, hoﬀmann p3-bAp-AC-025
Thullier, philippe
O41-Ah-IEh-19
Tiggesbäumker, J.
O28-Ah-IEh-06
Tiitta, petri
O12-AAS-AAp-32,
O12-AAS-AAp-38,
O28-Ah-IEh-06,
p2-AAS-AAp-159,
p2-AAS-AAp-171
Tikkanen, Olli-pekka O35-bAp-AC-07,
p3-bAp-FuND-028
Tilgner, Andreas
p1-AAS-AAp-107
Tillmann, Ralf
O32-AAS-AAp-91,
p2-AAS-AAp-181
Timonen, hilkka
O14-AT-CA-07,
O14-AT-CA-09,
O14-AT-CA-11
Tinel, liselotte
O40-bAp-AC-13,
p2-AAS-AAp-190
Ting, yu-Chieh
p1-AAS-AAp-242
Tirimperio, G.
p1-AAS-AAp-067
Tisler, priit
p1-AAS-AAp-008
Tison, Emmanuel O44-AmT-pmx-15,
p1-AAS-AAp-042,
p3-AmT-pmx-045
Tissari, Jarkko
O12-AAS-AAp-32,
O28-Ah-IEh-06,
p1-AT-CA-036
Tito De morais, luis p2-AAS-AAp-192
Titos, Gloria
O27-AAS-AAp-79,
p2-AmT-INST-021
Titosky, Jordan
O19-AmT-INST-03
Tiwari, S
p1-AAS-AAp-031
Tjernström, michael O11-AAS-AAp-29
Tkachenko, liudmila p3-bAp-FuND-003
Tlili, Sabrine
p2-AAS-AAp-162

European Aerosol Conference 2016

Tobon, yeny
Todea, Ana maria

p1-AAS-AAp-078
O15-AT-SS4-01,
O19-AmT-INST-05,
p2-AmT-INST-028
Toivakka, martti
p2-AT-AbN-004
Toledano, Carlos
p1-AAS-AAp-068,
p1-AAS-AAp-096,
p2-AAS-AAp-199,
p2-AAS-AAp-200
Tolmachev, Gennadii O2-AAS-AAp-08
Tomas, Alexandre p3-bAp-FuND-032
Tomaz, Sophie
p3-bAp-AC-019
Tomé, m.
p3-Ah-IND-022
Tong, h.
O26-AAS-AAp-71
Tong, haijie
O21-AAS-AAp-54
Tong, Ouyang
p2-AT-AbN-015
Toni, F.
O18-AT-AbN-20,
p3-bAp-SS7-005
Topinka, Jan
O28-Ah-IEh-05,
p3-AmT-pmx-006
Topping, David
O26-AAS-AAp-68,
p2-AAS-AAp-169
Török, Sandra
p1-AAS-AAp-049,
p1-AT-CA-031
Torres Jardón, Ricardo p2-AAS-AAp-134
Torres, b.
p1-AAS-AAp-068
Torres, benjamín
p1-AAS-AAp-096,
p2-AmT-INST-037
Tortorella, Carmela O39-AmT-pmx-14,
p1-AT-CA-022
Torvela, Tiina
O28-Ah-IEh-06,
p3-Ah-IEh-031
Tositti, laura
p1-AAS-AAp-086
Totems, Julien
p1-AAS-AAp-245
Tóth, Ádám
O12-AAS-AAp-35,
p2-AAS-AAp-216,
p3-AmT-pmx-002
Toubin, Céline
p3-bAp-AC-012,
p3-bAp-FuND-026
Toussaint, André
O34-AmT-INST-24
Toyoda, michisato
O26-AAS-AAp-72
Traikia, mounir
p3-Ah-SS6-004
Traut, Alexander
O15-AT-SS4-02
Traversi, Rita
O7-AAS-AAp-20,
p1-AAS-AAp-087
Trentini, Arianna
O2-AAS-AAp-12,
O44-AmT-pmx-19,
p1-AAS-AAp-029
Tresse, F.
p2-AT-SS4-003
Trickl, T.
O24-AmT-INST-11
Trimborn, Achim m. p3-AmT-pmx-029
Trimborn, Stefan h. p3-AmT-pmx-029
Tripathi, S.n
p3-bAp-FuND-021
Tripathi, Sachchida p2-AAS-AAp-160
Tripathi, Sachi
p1-AAS-AAp-086
Triquet, Sylvain
p2-AAS-AAp-164
Tritscher, Torsten
p2-AmT-INST-021,
p2-AmT-INST-046

Tours, France

Trompetter, William p3-AmT-pmx-009
Tronville, paolo
p2-AmT-INST-001
Trouvé, G.
p1-AT-CA-007
Trubitsyn, Dmitrii
p2-AT-SS4-004
Truong, Francois
O31-AAS-AAp-87,
p3-bAp-AC-008
Tsagaraki, m.
p2-AAS-AAp-259
Tsagkaraki, maria
O12-AAS-AAp-33
Tsai, Chang-yu
p1-AAS-AAp-115
Tsai, Chuen-Jinn
p2-AmT-INST-016,
p3-AmT-pmx-003
Tsai, Jen-hsiung
p1-AT-CA-002,
p1-AT-CA-003
Tsai, Jiun-horng
p1-AAS-AAp-246
Tsai, perng Jy
p3-Ah-IEh-026
Tsai, ying I.
p2-AAS-AAp-253,
p3-Ah-IND-023
Tsakis, Apostolos
p2-AAS-AAp-210
Tschiersch, Jochen
O8-AAS-SS5-03
Tsekeri, Alexandra O24-AmT-INST-09
Tseng, Chong-yu
p3-AmT-pmx-007,
p3-AmT-pmx-008
Tseng, Neng-Chun p2-AmT-INST-016
Tsyro, Svetlana
O6-AAS-AAp-15,
O22-AAS-AAp-60,
p2-AAS-AAp-174
Tu, T. m.
p3-bAp-FuND-011
Tuccella, paulo
O22-AAS-AAp-61
Tuch, Thomas
p1-AAS-AAp-032
Tucho, Ricardo
O15-AT-SS4-04
Tucker, John
O34-AmT-INST-28
Tulet, pierre
p2-AAS-AAp-164
Tunér, martin
p1-AT-CA-019
Tunestål, per
p1-AT-CA-019
Tunved, peter
p1-AAS-AAp-064
Tuomo, Nieminen
p1-AAS-AAp-024
Tuthill, Rosemary
O23-Ah-IND-03
Tymen, Georges
p2-AAS-AAp-192
Tyrrel, Sean
O38-Ah-SS6-06,
p3-Ah-IEh-023,
p3-Ah-SS6-013
U
uang, Shi-Nian
udisti, Roberto

p2-AmT-INST-016
O7-AAS-AAp-20,
O39-AmT-pmx-10,
p1-AAS-AAp-087,
p1-AAS-AAp-091,
p2-AAS-AAp-140
uhde, Erik
p3-bAp-FuND-033
ulbrich, Anne
p1-AT-CA-013,
p1-AT-CA-014
ulevicius, Vidmantas p1-AAS-AAp-016,
p2-AAS-AAp-151,
p2-AAS-AAp-161,
p2-AAS-AAp-163
ulrich, pöschl
p3-Ah-IEh-010
uñac, Rodolfo Omar O30-bAp-SS7-03

Page 140 of 1211

xx

unal, Alper

O22-AAS-AAp-61,
p2-AAS-AAp-149
unga, Florin
O1-AAS-AAp-06
unsworth, William
O40-bAp-AC-12
unterwurzacher, Verena
O38-Ah-SS6-03,
p3-Ah-SS6-014
upadhyay, Swapna
p3-Ah-SS8-004
usachev, E. V.
p2-AAS-AAp-123
usacheva, O.
p2-AAS-AAp-123
uski, Oskari
p3-Ah-IEh-031
utry, Noémi
O28-Ah-IEh-07,
p1-AT-CA-016,
p2-AmT-INST-036,
p3-AmT-pmx-022
uzhegov, Victor
p1-AAS-AAp-033
uzu, Gaëlle
O28-Ah-IEh-01,
O28-Ah-IEh-02
V
Väänänen, Riikka

O21-AAS-AAp-58,
p1-AAS-AAp-020,
p1-AAS-AAp-022,
p1-AAS-AAp-073
Vágvölgyi, Csaba
O28-Ah-IEh-07
Väisänen, Olli
O35-bAp-AC-07,
p3-bAp-FuND-028
Vaitilingom, mickael O38-Ah-SS6-02
Vakkari, Ville
p2-AAS-AAp-143,
p2-AAS-AAp-222
Valdés-barrón, mauro p1-AAS-AAp-036
Valencia-barrera, R.m. p3-Ah-IEh-007
Valenti, marco
O13-AT-AbN-12
Valenzuela Aracena, karina
O30-bAp-SS7-03
Valiulin, Sergey
O3-AT-AbN-06,
O37-bAp-FuND-03,
p1-AT-CA-001
Vallentin, F.
p3-Ah-IND-005
Valli, Gianluigi
O1-AAS-AAp-04,
p2-AAS-AAp-148
Vallières, Cécile
p1-AT-SS3-004
Valorso, Richard
O21-AAS-AAp-59,
O32-AAS-AAp-94
Van Der Zwaag, Till p2-AmT-INST-004
Van laer, Jo
O20-AT-SS2-01
Van pinxteren, Dominik
O21-AAS-AAp-57,
p1-AAS-AAp-054
Van poppel, martine p2-AAS-AAp-133,
p2-AAS-AAp-137
Van Tongeren, martie O43-Ah-IND-12
Van Zyl, pieter G.
p2-AAS-AAp-143
Vanadzins, Ivars
p3-Ah-IND-025
Vancassel, xavier
O20-AT-SS2-02,
O20-AT-SS2-07,
p1-AT-SS2-001,
p2-AmT-INST-009,

161

European Aerosol Conference 2016

162

Vanhanen, Joonas
Vardanega, Delphine

p3-AmT-pmx-039,
p3-AmT-pmx-040
p2-AT-AbN-023

p3-bAp-FuND-025,
p3-bAp-FuND-026
Vardoulakis, Sotiris p2-AAS-AAp-227
Varea, montse
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
Varea, montserrat
p1-AAS-AAp-041
Vasconcellos, perola p2-AAS-AAp-212,
p2-AAS-AAp-226
Vasconcelos, p.c.
p2-AAS-AAp-229
Vasilatou, konstantinap2-AmT-INST-019,
p2-AmT-INST-048
Vasilatou, Vasiliki
p1-AAS-AAp-069,
p3-bAp-AC-005
Vasilescu, Jeni
p1-AAS-AAp-058,
p3-AmT-pmx-017
Vasiljeva, maria
p2-AAS-AAp-154,
p2-AAS-AAp-155
Vásquez, yeanice
O17-AAS-AAp-52,
p2-AmT-INST-050
Vásquez-Gálvez, F.
p1-AAS-AAp-036
Vecchi, Roberta
O1-AAS-AAp-04,
p2-AAS-AAp-148
Vecellio, laurent
O41-Ah-IEh-19,
p3-Ah-IEh-003,
p3-Ah-IEh-019
Vecera, Zbynek
p2-AAS-AAp-215,
p3-bAp-AC-003
Vechkanov, Vladimir O2-AAS-AAp-08,
p2-AAS-AAp-126,
p2-AT-SS4-004
Vedernikov, Andrei O42-bAp-FuND-11
Vega-maray, A.m.
p3-Ah-IEh-007
Vehkamäki, hanna O37-bAp-FuND-01,
O37-bAp-FuND-05,
p1-AAS-AAp-017,
p1-AAS-AAp-018,
p1-AAS-AAp-025,
p3-bAp-FuND-029
Velarde, Fernando
p1-AAS-AAp-045
Velasco-merino, C. p1-AAS-AAp-068,
p2-AAS-AAp-199
Vendittic, Danielle
p2-AT-SS4-002
Venkataraman, Chandra
p2-AAS-AAp-156
Venter, Andrew D.
p2-AAS-AAp-143
Vercauteren, J.
O25-AmT-pmx-07,
p2-AAS-AAp-133,
p2-AAS-AAp-137
Verdin, Anthony
p3-Ah-IEh-017
Vergniory, Fernando
O15-AT-SS4-04
Vermeesch, S.
p2-AAS-AAp-259
Vermeylen, R.
O25-AmT-pmx-07,

Tours, France

p2-AAS-AAp-179
Versaci, Daniele
O13-AT-AbN-09,
p2-AT-AbN-019
Vesala, hannu
O14-AT-CA-11
Veselovskii, Igor
p2-AmT-INST-037
Vesper, Steve
p3-Ah-SS6-009
Vesta, kohlmeier
p2-AAS-AAp-171
Viana, mar
O43-Ah-IND-10,
p3-Ah-IEh-030
Vicente, A.m.
p2-AAS-AAp-142,
p2-AAS-AAp-229
Vicente, Estela
p1-AAS-AAp-055,
p1-AAS-AAp-080,
p1-AT-CA-005,
p2-AAS-AAp-142,
p2-AAS-AAp-229,
p3-Ah-IEh-007
Victori, Stephane
p1-AAS-AAp-095
Vidales, Ana maría
O30-bAp-SS7-03
Vidović, kristijan
p3-bAp-AC-011
Vignelles, Damien p2-AmT-INST-042
Vigneron, Jackie
p1-AT-SS1-002
Vigo, Valerio
p3-Ah-SS6-011
Vigriyanov, mikhail
p1-AT-CA-038
Viitanen, Anna-kaisa p3-Ah-IND-007,
p3-Ah-IND-016
Villenave, Eric
O2-AAS-AAp-11,
O32-AAS-AAp-89,
p3-bAp-AC-019
Villot, A.
p2-AT-SS4-003
Vinatier, Virginie
O38-Ah-SS6-02,
p1-AAS-AAp-007,
p3-Ah-SS6-004
Vione, Davide
p2-AAS-AAp-182
Virtanen, Annele
O12-AAS-AAp-32,
O32-AAS-AAp-88,
O35-bAp-AC-05,
O35-bAp-AC-07,
p1-AAS-AAp-047,
p1-AAS-AAp-053,
p2-AAS-AAp-169,
p2-AAS-AAp-175,
p2-AAS-AAp-256,
p2-AmT-INST-022,
p3-bAp-FuND-027,
p3-bAp-FuND-028
Visentin, marco
O2-AAS-AAp-12,
O28-Ah-IEh-03
Visez, Nicolas
O1-AAS-AAp-05,
p3-Ah-SS6-010
Viton, Stéphane
p3-Ah-SS8-006
Vivanco, marta Garcia O22-AAS-AAp-60
Vlachos, N.
p2-AT-SS4-011
Vlachou, Athanasia O2-AAS-AAp-10,
O25-AmT-pmx-01,
p3-bAp-AC-006
Vochezer, paul
O11-AAS-AAp-27
Vodička, petr
p1-AAS-AAp-061,

Page 141 of 1211

xx

p2-AmT-INST-014,
p3-AmT-pmx-024
Vogel, Alexander
O21-AAS-AAp-53,
O32-AAS-AAp-93,
p2-AAS-AAp-254
Vogel, Andreas
O29-AmT-INST-18
Vogel, Guido
O24-AmT-INST-13
Vogelmann, h.
O24-AmT-INST-11
Vojtisek, michal
O9-AT-SS3-02,
p1-AT-CA-018
Vojtisek-lom, michal O28-Ah-IEh-05
Volkov, Ivan
p2-AT-AbN-007
Von Der heyden, lisa p1-AAS-AAp-120
Vonwiller, matthias p2-AAS-AAp-146,
p3-AmT-pmx-044
Vorobyeva, Irina
O2-AAS-AAp-08
Voronova, Viktoria p3-AmT-pmx-026
Vosel, Sergey
O37-bAp-FuND-03
Vratolis, Stergios
O27-AAS-AAp-80,
p1-AAS-AAp-040
Vrbova, kristyna
O28-Ah-IEh-05
Vrekoussis, m.
p1-AAS-AAp-059
Vrekoussis, michael p1-AAS-AAp-056
Vrekoussis, mihalis O24-AmT-INST-09
Vroman, philippe
p2-AT-SS4-008
W
Wada, Risei

p1-AT-EE-002,
p1-AT-EE-003
Wagner, Andrea C. O32-AAS-AAp-93
Wagner, moritz
p2-AT-AbN-024
Wagner, paul
O37-bAp-FuND-04
Wagner, Robert
O16-AAS-AAp-44,
O35-bAp-AC-05,
p3-bAp-FuND-030,
p3-bAp-FuND-035
Wahner, Andreas
O32-AAS-AAp-91
Wainwright, C.
p3-Ah-IND-004
Waldheim, bjorn
O14-AT-CA-10
Walser, Sandra
p3-Ah-SS6-005
Walter, J.
O18-AT-AbN-20,
p3-bAp-SS7-005
Walther, C.
O8-AAS-SS5-05
Wan, Wang
O31-AAS-AAp-83,
p2-AAS-AAp-211
Wang, buying
p3-Ah-IEh-006
Wang, C. T.
p3-bAp-FuND-011,
p3-bAp-FuND-038
Wang, hao
p1-AAS-AAp-053,
p3-bAp-FuND-028
Wang, Jing
O20-AT-SS2-03,
O20-AT-SS2-06,
p1-AT-SS2-004,
p2-AAS-AAp-166,
p2-AmT-INST-001,
p2-AT-SS4-001
Wang, kai
p2-AAS-AAp-261
Wang, lin-Chi
p1-AAS-AAp-105,

European Aerosol Conference 2016

p1-AT-CA-032
Wang, Ningxin
O32-AAS-AAp-90
Wang, W.
p2-AAS-AAp-179
Wang, xinke
p1-AAS-AAp-242
Wang, yang
O24-AmT-INST-08
Wang, ying Fang
p1-AT-CA-023
Wang, Zhibin
p1-AAS-AAp-054
Wang, Zifa
p3-AmT-pmx-049
Ward, Andy
O6-AAS-AAp-17
Warnecke, Ragnar p2-AmT-INST-004
Watson, matt
O6-AAS-AAp-17
Weber, Alfred
O10-AT-SS1-04,
O18-AT-AbN-14,
O18-AT-AbN-15,
p1-AT-SS1-003,
p1-AT-SS1-004,
p2-AT-AbN-017,
p3-AmT-pmx-041
Weber, D.
p1-AAS-AAp-077
Weber, konradin
O29-AmT-INST-18,
p3-Ah-IND-015
Weber, Samuel
O39-AmT-pmx-08
Weber, Stephan
p1-AAS-AAp-119
Wee, Daehyun
p3-AmT-pmx-050
Wegener, Robert
O32-AAS-AAp-91,
p2-AAS-AAp-181
Wehner, birgit
O22-AAS-AAp-65,
p1-AAS-AAp-032,
p1-AAS-AAp-110,
p1-AAS-AAp-113
Weidinge, Tamás
p1-AAS-AAp-024
Weidinger, Tamás
p1-AAS-AAp-108
Weingartner, Ernest O11-AAS-AAp-27,
O29-AmT-INST-17,
p2-AmT-INST-030
Weiß, C.
O28-Ah-IEh-06
Weloe, marcel
p3-bAp-AC-024
Wen, yang
O31-AAS-AAp-83,
p1-AAS-AAp-062,
p2-AAS-AAp-211
Wenger, John
p2-AAS-AAp-145
Wenjie, Zhang
O31-AAS-AAp-83,
p1-AAS-AAp-062,
p2-AAS-AAp-211
Wen-Zhi, Cao
p2-AT-AbN-015
Werner, Alexander
p1-AT-SS1-004,
p3-AmT-pmx-041
Wéry, Nathalie
O38-Ah-SS6-05
Whitby, C.
p3-Ah-SS6-012
Whitby, Corinne
O38-Ah-SS6-04,
p3-Ah-SS6-016,
p3-Ah-SS6-017
Whiteﬁeld, philip D.
p3-Ah-SS8-009
Wiart, marlène
p3-Ah-IEh-012
Wichmann, Janine O22-AAS-AAp-64
Wick, Achim
O9-AT-SS3-01,
p3-bAp-FuND-001
Wiedensohler, Alfred O7-AAS-AAp-19,

Tours, France

O17-AAS-AAp-50,
p1-AAS-AAp-110
Wieland, katharina
p3-Ah-SS8-012
Wierzbicka, Aneta
O23-Ah-IND-04,
p3-Ah-IND-018,
p3-Ah-SS8-013
Wihersaari, hugo
O14-AT-CA-07
Wildt, J.
O21-AAS-AAp-56
Williams, Earle
p2-AAS-AAp-257
Williams, Gerallt
p3-Ah-IEh-003
Williams, leah
p3-bAp-AC-008
Williams, T.
p3-Ah-IND-004
Wimmer, Daniela
O16-AAS-AAp-40,
p2-AmT-INST-011
Wind, p.
p2-AAS-AAp-174
Wingert, loïc
O15-AT-SS4-06,
p2-AT-SS4-007
Winkler, paul
O16-AAS-AAp-44,
O34-AmT-INST-23,
O37-bAp-FuND-04,
p1-AAS-AAp-239,
p2-AmT-INST-011,
p2-AmT-INST-017
Winkler-heil, Renate O41-Ah-IEh-15,
p3-Ah-IEh-020,
p3-Ah-SS8-003
Winstead, Edward
O11-AAS-AAp-26
Wirgot, Nolwenn
O38-Ah-SS6-02
Wirth, k. E.
O18-AT-AbN-20,
p3-bAp-SS7-005
Wisthaler, Armin
O11-AAS-AAp-26,
O40-bAp-AC-12,
p2-AAS-AAp-181
Witek, lorenz
p1-AT-CA-029,
p2-AmT-INST-002,
p2-AmT-INST-017,
p2-AmT-INST-049
Witschger, Olivier O34-AmT-INST-24,
p2-AmT-INST-043,
p3-Ah-SS8-006,
p3-AmT-pmx-038
Wlodarcyzk, A. J.
O28-Ah-IEh-06
Woletz, klaus
O5-AT-EE-03
Wolfe, Chris
p3-Ah-SS6-009
Wolfgang, mölter-Siemens
O15-AT-SS4-01
Wolke, Ralf
p1-AAS-AAp-003,
p1-AAS-AAp-107,
p1-AAS-AAp-110
Wollmer, per
O33-Ah-SS8-07,
p3-Ah-SS8-001
Wonaschütz, Anna O16-AAS-AAp-42,
p2-AmT-INST-049
Woo, Chang-Gyu
p1-AT-EE-001,
p1-AT-EE-007
Worsnop, Douglas O12-AAS-AAp-32,
O16-AAS-AAp-39,
O21-AAS-AAp-53,

Page 142 of 1211

xx

O37-bAp-FuND-05,
O37-bAp-FuND-06,
p3-AmT-pmx-030,
p3-bAp-AC-006
Wortham, henri
O12-AAS-AAp-36,
O40-bAp-AC-10,
p3-bAp-AC-004
Wragg, Francis
p3-Ah-SS8-010
Wroblewski, André p3-AmT-pmx-023
Wu, Junteng
p1-AT-SS2-002
Wu, Zhijun
O7-AAS-AAp-19
Wunderlich, Anika
p3-Ah-SS6-005
Wurzler, Sabine
O7-AAS-AAp-22
X
xiao, mao
xie, Changyi
xing, haichen
xinhua, Wang
xu, hongmei
xu, kang-ming
xu, yiyi
xuemeng, Chen
xueyan, Zhao
Y
yacobi, Tamar
yagüe, Carlos
yamada, yosuke
yan, Chao

O21-AAS-AAp-55,
O37-bAp-FuND-06
p3-Ah-IEh-006
O18-AT-AbN-20,
p3-bAp-SS7-005
p1-AAS-AAp-062
p2-AAS-AAp-228,
p3-Ah-IEh-014
p2-AAS-AAp-181
p3-Ah-SS8-013
p1-AAS-AAp-028
O31-AAS-AAp-83,
p1-AAS-AAp-062

p2-AmT-INST-031
p2-AAS-AAp-227
p2-AmT-INST-040
O37-bAp-FuND-06,
p2-AAS-AAp-177,
p3-bAp-FuND-030,
p3-bAp-FuND-035
yan, Weizhou
p2-AAS-AAp-125
yan, Weizhuo
p3-Ah-IEh-006
yan, Z. h.
p3-Ah-SS6-008
yanagawa, kouta
p2-AAS-AAp-195
yang, Cheng-hsien
p1-AT-CA-002
yang, S.
p3-Ah-SS6-008
yang, Tasi-yu
p3-bAp-FuND-015
yang, Tsung-han
p3-bAp-FuND-042
yang, yang
p3-Ah-IND-013,
p3-Ah-IND-021
yang, yunfeng
p3-Ah-IEh-006
yasmeen, F.
p2-AAS-AAp-179
yassaa, Noureddine p2-AAS-AAp-248,
p2-AAS-AAp-249,
p2-AAS-AAp-250,
p2-AAS-AAp-252,
p3-AmT-pmx-053
yayong, liu
p1-AAS-AAp-062
ye, xingnan
p1-AAS-AAp-082,
p1-AAS-AAp-242
yermakov, michael
O36-Ah-IEh-08,

163

European Aerosol Conference 2016

164

p3-Ah-IND-012,
p3-Ah-SS6-009
yi, Seung-muk
p2-AAS-AAp-251,
p3-AmT-pmx-052
yi, Wang
p3-Ah-IND-013
yinghe, Fu
p2-AAS-AAp-258,
p2-AAS-AAp-260
yli-Juuti, Taina
O35-bAp-AC-07,
p1-AAS-AAp-073,
p3-bAp-FuND-028
yli-Ojanperä, Jaakko
O5-AT-EE-01
yli-pirilä, pasi
O12-AAS-AAp-32,
O32-AAS-AAp-88,
p2-AAS-AAp-159
ylisirniö, Arttu
p1-AAS-AAp-053,
p3-bAp-FuND-027
yokoyama, Shun
p2-AAS-AAp-195
yon, Jérôme
O9-AT-SS3-06,
O20-AT-SS2-05,
p1-AT-SS2-001,
p1-AT-SS3-003,
p3-bAp-FuND-040
yong, Dongeun
p1-AT-EE-004
yoo, kyung-hoon p3-bAp-FuND-043,
p3-bAp-FuND-044
yoon, young h.
p1-AT-EE-016
yoon, young Jun
p1-AAS-AAp-093
yoshikawa, Chisato
O8-AAS-SS5-06
you, xiaoqing
p1-AT-CA-028
young, mark
O6-AAS-AAp-16
yu, Chih-yuan
p1-AAS-AAp-115
yu, hongxia
O31-AAS-AAp-86
yu, Ning
p3-bAp-FuND-042
yu, Shin
p1-AAS-AAp-109
yu, Zhujun
O32-AAS-AAp-91,
p2-AAS-AAp-181
yuan, Jinfeng
p1-AAS-AAp-039,
p2-AmT-INST-053
yuan, Zibing
O43-Ah-IND-08
yubero, Eduardo
p1-AAS-AAp-041,
p1-AAS-AAp-079,
p2-AAS-AAp-205,
p2-AAS-AAp-206,
p2-AmT-INST-044
yu-chieh, Ting
O12-AAS-AAp-37
yuguo, li
p3-Ah-IND-013
yu-Jung, lin
p2-AT-AbN-015
yun, yeo Gyeong
p1-AAS-AAp-026,
p3-AmT-pmx-043
yunliang, Zhao
O26-AAS-AAp-67
yurdakul, Sema
p2-AAS-AAp-235
yurteri, Caner u
p3-Ah-IEh-020,
p3-Ah-IND-019
Z
Žabkar, Rahela
Zábori, Julia
Zagaynov, V. A.

O25-AmT-pmx-06
p3-AmT-pmx-036
p2-AT-AbN-018

Tours, France

Zagaynov, Valery
p2-AT-AbN-012
Zainab, Irfan
p3-Ah-IND-001
Zaizen, y.
O8-AAS-SS5-04
Zamaschikov, Valeriy
p1-AT-CA-001
Zanatta, marco
O11-AAS-AAp-27,
O14-AT-CA-08
Zanca, Nicola
p3-AmT-pmx-010
Zaripov, Rinat
p3-bAp-FuND-003
Zaripov, Shamil
p2-AT-AbN-013,
p3-Ah-IND-012
Zarmpas, pavlos
O12-AAS-AAp-33,
p2-AAS-AAp-129
Zarvalis, Dimitrios
O13-AT-AbN-09,
p2-AT-AbN-019
Zawadzka, Olga
p2-AAS-AAp-140
Ždímal, Vladimír
O23-Ah-IND-01,
p1-AAS-AAp-051,
p1-AAS-AAp-061,
p3-AmT-pmx-024
Zeineddine, mohamad
p1-AAS-AAp-060,
p3-bAp-AC-013
Zeiner, Thomas
p2-AmT-INST-004
Zenker, katrin
p3-AmT-pmx-044
Zerefos, Christos
p1-AAS-AAp-064
Zhang, m. J.
p3-bAp-FuND-022
Zhang, qi
O26-AAS-AAp-69,
p1-AAS-AAp-094
Zhang, qian
p2-AT-AbN-009
Zhang, qijie
O17-AAS-AAp-50
Zhang, Shouwen
p1-AAS-AAp-081
Zhang, xiaotie
p2-AT-SS4-005
Zhang, xuan
O35-bAp-AC-06
Zhang, y. J.
O31-AAS-AAp-86
Zhang, yanlin
O1-AAS-AAp-03
Zhang, yunjiang
O31-AAS-AAp-87
Zhao, Defeng
O32-AAS-AAp-91
Zhao, Jun
p1-AAS-AAp-237
Zhao, yongjing
p3-AmT-pmx-006
Zheng, Dan-Dan
p2-AT-AbN-009
Zheng, Junyu
O43-Ah-IND-08
Zheng, yunhui
p2-AmT-INST-029
Zhenzhong, hu
p3-bAp-AC-014
Zhipeng, bai
O31-AAS-AAp-83,
p1-AAS-AAp-062,
p2-AAS-AAp-211
Zhou, Jun
O12-AAS-AAp-34,
O28-Ah-IEh-04,
p2-AAS-AAp-185,
p3-Ah-SS8-002
Zhou, l.
O21-AAS-AAp-58
Zhou, Shan
O26-AAS-AAp-69
Zhou, Zhen
O41-Ah-IEh-17
Zhu, liang
O40-bAp-AC-12
Zhu, qiao
p1-AAS-AAp-039
Zieger, paul
p2-AmT-INST-042
Ziegler, V.
O24-AmT-INST-11
Ziegler, Volker
p2-AmT-INST-015,

Page 143 of 1211

xx

p3-Ah-IND-015
Zielinski, Tymon
p1-AAS-AAp-015,
p1-AAS-AAp-102,
p2-AAS-AAp-139,
p2-AAS-AAp-140,
p2-AAS-AAp-187,
p2-AAS-AAp-188,
p2-AAS-AAp-196
Ziemann, paul J.
O32-AAS-AAp-94
Ziemba, luke
O11-AAS-AAp-26
Zieren, Jürgen
p3-Ah-IEh-004
Zikova, Nadezda
O27-AAS-AAp-77,
p2-AmT-INST-014
Zimmermann, Ralf
O2-AAS-AAp-09,
O12-AAS-AAp-32,
O12-AAS-AAp-38,
O14-AT-CA-08,
O26-AAS-AAp-67,
O28-Ah-IEh-06,
p1-AT-CA-013,
p1-AT-CA-014,
p1-AT-CA-015,
p1-AT-SS3-005,
p2-AAS-AAp-171,
p2-AT-SS4-010,
p3-Ah-IEh-033
Ziskind, michael
p1-AT-SS2-001,
p3-bAp-AC-009
Zivan, Ohad
p3-Ah-IEh-027
Zoltán, Németh
O27-AAS-AAp-74
Zona, Zaidi
p3-Ah-IND-001
Zonca, m.
p2-AAS-AAp-136
Zoran, maria
p1-AAS-AAp-014,
p2-AAS-AAp-231
Zorn, Sören R.
p3-AmT-pmx-029
Zotter, peter
O1-AAS-AAp-03,
O12-AAS-AAp-34,
O17-AAS-AAp-50,
O28-Ah-IEh-04,
p2-AAS-AAp-185
Zouaghi, Ayyoub
p2-AT-SS4-006
Zouzou, Noureddine
p2-AT-SS4-006
Zukeran, Akinori
p1-AT-EE-002,
p1-AT-EE-010
Zuth, Christoph
O21-AAS-AAp-53,
O21-AAS-AAp-57,
p2-AAS-AAp-254
Zygogianni, Alexandra p2-AAS-AAp-210
Zykeran, Akinori
p1-AT-EE-003
O11-AAS-AAp-31,
p2-AAS-AAp-124,
p2-AAS-AAp-264

European Aerosol Conference 2016

Tours, France

Page 144 of 1211

Monday, September 5, 2016

Session PL1, Plenary lecture 1:
Urs BALTENSBERGER:
Formation and transformation of atmospheric aerosols,
and impact on health and climate

European Aerosol Conference 2016

Tours, France

Page 145 of 1211

Formation and transformation of atmospheric aerosols, and impact on health and
climate
U. Baltensperger
Laboratory of Atmospheric Chemistry, Paul Scherrer Institute, Villigen, 5232, Switzerland
Keywords: nucleation, secondary organic aerosol,
Presenting author email: urs.baltensperger@psi.ch
Atmospheric aerosol particles are liquid or solid particles
suspended in the atmosphere and are of interest mainly
because of their effects on health and climate.
Concerning health, many epidemiological studies,
summarized e.g. in WHO (2013) have shown a link
between increased mortality/morbidity and increased
PM10 or PM2.5 (particulate matter with an aerodynamic
diameter smaller than 10 and 2.5 m, respectively).
Concerning climate, aerosol particles scatter and absorb
light (termed aerosol-radiation interaction by IPCC
(2013)), and modify cloud properties (with a variety of
effects termed aerosol-cloud-interaction by IPCC
(2013)). These effects are influenced by the chemical
and physical properties of the aerosol particles, which
makes these properties important to be measured.
Atmospheric aerosol particles are produced by a large
variety of sources, and are either emitted as primary
particles (i.e., they are directly emitted as particles into
the atmosphere) or formed by secondary processes (i.e.,
by transformation of emitted precursor gases).
While the formation pathways of secondary
inorganic aerosols such as nitrate and sulfate in general
are reasonably well understood, the formation of
secondary organic aerosol (SOA) is still an area of active
research. A wide variety of gaseous precursors
contribute to SOA, and their aerosol yields depend on a
wide variety of conditions. Models typically
underestimate the amount of measured organic aerosol.
A major reason for this is that a large number of SOA
precursors are not taken into account. As an example,
Bruns et al (2016) simulated the aging of wood burning
exhaust in a smog chamber. They showed that that SOA
precursors traditionally included in models accounted for
only ~20% of the observed SOA, whereas by inclusion
of non-traditional precursors they were able to explain
~100% of the SOA.
In addition, it is still largely unknown to which
extent and under which conditions oxidized organic
molecules can contribute to nucleation, i.e., the
formation of new particles. Until about 5 years ago it
was believed that sulfuric acid alone is able to nucleate
new particles at concentrations and temperatures
observed in the planetary boundary layer. Kirkby et al
(2011) then showed that sulfuric acid is by far not
sufficient and other ingredients are needed to explain the
observed nucleation rates. Riccobono et al (2014)
showed that oxidation products of biogenic organic
gases indeed enhance the nucleation rate of sulfuric acid
by up to four orders of magnitude and that the nucleating
clusters include such oxidized organic compounds.
Kirkby et al (2016) recently showed that pure oxidation

products of biogenic gases (e.g., -pinene), termed
HOMs (highly oxygenated molecules) are able to
nucleate new particles, i.e., even in the absence of
sulfuric acid. Bianchi et al (2016) confirmed, by
measurements at the high-alpine research station
Jungfraujoch in the Swiss Alps (3580 m asl), that
nucleation by pure HOMs, without participation of
sulfuric acid, indeed occurs in the ambient atmosphere.
Tröstl et al (2016) formulated a growth model where,
due to the Kelvin effect, only the least volatile HOMs
participate in the initial growth while with increasing
particle size also HOMs with increasing volatility can
participate in the growth process.
In order to reduce air pollution efficiently the
contributions of the individual sources need to be
known. Instrumental advancements of the last decade
such as the aerosol mass spectrometer, along with
sophisticated statistical analyses such as positive matrix
factorization have brought along hitherto unknown
capabilities for such source apportionment (e.g., Crippa
et al, 2014, and references therein). In this way a number
of primary aerosol sources (e.g., traffic, biomass
burning, cooking) can be identified, however, SOA can
only be quantified in total, without discrimination of the
individual sources contributing to SOA. As this SOA
typically comprises the major part of the organic aerosol,
also at air pollution hot spots such as in China (Huang et
al, 2014) further development is required here.
The research of the impact of atmospheric
aerosols on health is still at its infancy. New
developments (such as e.g. in Künzi et al (2015)) are
needed to elucidate health effects of different aerosol
types.
This work was supported by the Swiss National
Science Foundation, the Swiss Federal Office for the
Environment as well as the European Commission.
Bianchi, F. et al (2016) Science 352, 1109-1112.
Bruns, E.A. et al (2016) Scientific Reports 6, 27881.
Crippa, M. et al (2014) Atmos. Chem. Phys., 14, 61596176.
Huang, R.-J. et al (2014) Nature 514, 218-222
IPCC (2013) Climate Change 2013: The Physical
Science Basis. Cambridge, University Press.
Kirkby, J. et al (2016) Nature 533, 521-526.
Kirkby, J. et al (2011) Nature 476, 429-433.
Künzi, L. et al (2015) Scientific Reports, 4, 11801.
Riccobono, F. et al (2014) Science 344, 717-721.
Tröstl, J. et al. (2016) Nature 533, 527-531.
WHO (2013) Review of Evidence on Health Aspects of
Air Pollution – the REVIHAAP project, Geneva.
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Integrating chemical and optical properties of atmospheric aerosols depending on
composition and sources; Link air quality-climate
M. Ealo1,2, A. Alastuey1, N. Pérez1, A. Ripoll1, X. Querol1, G. Mocnik3 and M. Pandolfi1
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Large uncertainties still remain on the estimation of the
radiative forcing of atmospheric aerosols, which
originate from a huge variety of anthropogenic and
natural sources. Depending on their physicochemical and
optical properties atmospheric particles can scatter
sunlight causing a cooling of the environment, whereas
other particles, such as elemental carbon (EC), strongly
absorb in the whole solar spectrum leading to a warming
of the atmosphere. Therefore, further research on the
mass scattering and absorption efficiency (MSE and
MAE) of aerosols from different emission sources is
strongly required, in order to better estimate their
radiative forcing and quantify their effect on climate
change.
Here we present a new approach aiming to
quantify the contribution to scattering and absorption
from PM pollutant sources, thus taking into account the
mixing state of atmospheric aerosols. This method,
based on Hand and Malm (2007), also allows for the
reconstruction of scattering and absorption time series
from chemical filter data in order to study temporal
trends.
Daily PM chemical speciated data collected at
three stations in NE Spain (Barcelona (BCN)-urban
background and Montseny (MSY)-regional background
during 2004-2014, and Montsec (MSA)-continental
background during 2009-2014) were used to identify
pollutant sources and their contribution to the measured
mass of PM10 by means of the Positive Matrix
Factorization (PMF) model. Then, MSE and MAE of the
pollutant sources identified at each station by PMF were
calculated by Multilinear regression analysis (MLR)
between scattering/absorption and PM10 source
contributions (Equation 1).
.

Equation 1. Estimated total scattering as the sum of
partial scattering contribution from pollutant sources.
Seven pollutant sources were identified at MSY and
MSA and 8 sources at BCN from PMF model. As an
example, monthly contribution to scattering and
absorption at MSY was leaded by the seasonal variation
of pollutant sources (Figure 1). Ammonium nitrate (AN)
and ammonium sulphate (AS) exhibit large MSE (8.8
and 4.5 m2 g-1), dominating scattering during winter,
whereas in summer V-Ni bearing source (fuel oil,
shipping) (8.0 m2 g-1) and AS scattered light more
efficiently. However, light absorption at 637 nm was
found to be mainly dominated by the anthropogenic
(traffic/industrial) source (0.87 m2 g-1) followed by V-Ni
bearing source (0.53 m2 g-1), despite the fact these
sources presented the lowest contributions to PM10 mass.
Measured scattering and absorption were
satisfactory reconstructed at the three stations. Good
agreement was found between estimated and measured
absorption at BCN (R2=0.8) and between estimated and
measured scattering and absorption at MSY (R2=0.88
and R2=0.80) and MSA (R2=0.92 and R2=0.93). The
calculated slopes were in all cases close to one.
Decreasing trends were observed for the estimated
scattering and absorption at the three stations over the
last 10 years.
This work was supported by the MINECO (Spanish
Ministry of Economy and Competitiveness) and FEDER
funds: under the PRISMA project (CGL2012-39623C02/00). The research received funding from European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 654109.
Hand, J. L. and Malm, W. C. (2007) Geophys. Res. 112,
D16203.

Figure 1. Monthly source contribution (%) to PM10, scattering (525 nm) and absorption (637 nm) at MSY.
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A multi-year study of aerosol optical properties from four North American regions
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Aerosol optical property (AOP) measurements from four
North American stations in the NOAA Federated
Aerosol Network were used to conduct a multi-year
study of lower tropospheric aerosol variability and
observed systematic relationships. The data discussed in
this presentation and many other results are available in
a recent publication (Sherman et al, 2015).
Atmospheric aerosols are continuously sampled
and their optical properties measured at our regional
surface aerosol monitoring stations in the US southern
Great Plains (SGP) region, the US Midwest region
(BND), the US southern Appalachian Mountains (APP),
and the Canadian Great Lakes region (EGB).
Measurements at all sites are made with identical or very
similar instruments and sampling protocols and all data
are acquired, processed, quality-checked and edited
using the same software and methodology.
Day of week and diurnal variability in most AOPs
is minimal at the four sites. One exception is for the
aerosol light absorption coefficient (σap), whose
variability on shorter timescales can rival seasonal
variability in some cases. In this presentation, we focus
on seasonal variability. Figure 1(a) shows the annual
cycle of σap at 550 nm for PM1 aerosols. σap is highest
for all sites in summer and lowest in winter, although the
σap cycle is weaker than that of the scattering coefficient
(σsp) at all sites. The monthly-average absorption
Ångström exponent (ap) values (Figure 1(b)) for all
months at BND and SGP are ~ 1.0 ± 0.2. ap values
close to 1.4 during winter at APP are consistent with a
mixture of BC and biomass burning aerosols. Wood
burning is common during winter in the region. Summer
αap well below 1 at APP could be due to coating of BC
cores with organic and sulfate mass.
Annual cycles of PM1 single-scattering albedo
(ω0), hemispheric backscatter fraction (b), and direct
radiative forcing efficiency (DRFE) are also discussed.
In general, months with high aerosol loading (summer)
are accompanied by high ω0 and low b and vice versa.
Summer-to-autumn σsp decreases are larger than those of
σap, leading to minimum ω0 in October at all sites. Covariability of ω0 and b leads to a very small annual cycle
in monthly-mean DRFE at APP and SGB but larger
DRFE cycles observed at BND and EGB. The effect is
most noticeable in autumn.
Statistically significant trends in PM1 σsp
(decreasing), PM1 b (increasing), and PM1/PM10 σsp
ratio (decreasing) are found at BND from 1996-2013 and

at SGP from 1997-2013. Similar trend were observed in
other studies, although the trend magnitudes were
different, possibly due to differences in the study period
considered. Trends in these AOPs since ~ 2009 are more
pronounced than in earlier years. Similar or even larger
reductions in PM1 σsp may have occurred during this
period at APP and EGB, based on large reductions in
SO2 and sulfates in eastern US during this period.

Figure 1. Annual cycle of monthly-average (a) ap and
(b) ap at North American stations.

Sherman, J.P., Sheridan, P.J., Ogren, J.A., Andrews, E.,
Hageman, D., Schmeisser, L., Jefferson, A., and
Sharma, S. (2015) Atmos. Chem. Phys., 15, 1248712517.
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Evaluation of the absorption Ångström exponents for traffic and wood burning in the
Aethalometer based source apportionment using radiocarbon measurements of ambient aerosol
A.S.H. Prévôt1, P. Zotter1,2, H. Herich3, M. Gysel1, I. El-Haddad1, Y.L. Zhang1,4,5, G. Močnik6,7, C. Hüglin3, U. Baltensperger1,
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Black carbon (BC) measured by a multi-wavelength
Aethalometer can be apportioned to traffic exhaust and
wood burning. The method is based on the differences
in the aerosol absorption wavelength dependence
originating from these two sources (Sandradewi et al.
2008). This dependence is typically parameterized by
the absorption Ångström exponent (α). While the
spectral dependence (α values) of the traffic-related BC
light absorption is low, wood smoke particles are
characterized by enhanced light absorption in the blue
and near ultraviolet. Source apportionment results using
this methodology (the Aethalometer model) are hence
strongly dependent on the α–values assumed for the
pure emissions from these two sources (traffic αTR, and
wood burning αWB). Most studies use a single αTR and
αWB pair in the Aethalometer model, derived from
previous work. However, an accurate determination of
the source specific α-values is currently lacking, and in
some recent publications the applicability of the
Aethalometer model was questioned.
We present an indirect methodology for the
determination of αWB and αTR by comparing BC source
apportionment using the Aethalometer model with
radiocarbon 14C measurements of the EC fraction
conducted on filters from several locations and
campaigns across Switzerland during 2005-2012. The
data obtained at eight stations with different source
characteristics also enabled the evaluation of the
performance and the uncertainties of the Aethalometer
model in different environments. The best combination
of αTR and αWB (0.9 and 1.68, respectively) was
obtained by fitting the Aethalometer model outputs
against the fossil fraction of EC (ECF/EC) derived from
14
C measurements. Aethalometer and 14C source
apportionment results are well correlated (r = 0.81) and
the fitting residuals exhibit only a minor positive bias of
1.6% and an average precision of 9.3%. This indicates
that the Aethalometer model reproduces reasonably well
the 14C results for all stations investigated in this study
using our best estimate of a single αWB and αTR pair. We

also show that αWB values previously used in literature
(~2) result in significant residuals and biases. Therefore
we recommend to use the wavelength pair 470 nm and
950 nm and the best α combination as obtained here
(αTR = 0.9 and αWB = 1.68) in future studies when no or
only limited additional information are available.

Figure 1: (a) Comparison between BCTR/BC and
ECF/EC and (b) residuals of BCTR/BC compared to
ECF/EC (ΔBCTR/BC).
Sandradewi, J., Prevot, A. S. H., Szidat, S., Perron, N.,
Alfarra, M. R., Lanz, V. A., Weingartner, E., and
Baltensperger, U. (2008) Environ. Sci. Technol. 42, 3316-3323
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High time-resolved measurements of fine aerosol (PM2.5) in a hot-spot area during
wintertime: multi-wavelength optical absorption properties and source apportionment
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performed in Milan (Italy) in November 2015 (see an
example in Figure 1).
STREAKER 4-λ
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Black Carbon (BC) is the main absorber of solar
radiation among the aerosol components, it influences
cloud processes, and alters the melting of snow and ice
cover. Although it is one of the most important
individual climate-warming components, uncertainties
on the radiative forcing related to BC-radiation
interaction still cover more than one order of magnitude.
Moreover, weakly absorbing organic material (brown
carbon, BrC) in the form of particle coating or as particle
as-is can be considered a further important contributor to
aerosol absorption. The peculiarity of BrC is that it is
very effective in the absorption of short-λ radiation
whereas its contribution to aerosol absorption is
negligible in the red or near-IR bands. It is noteworthy
that BC and BrC can also be used for source
apportionment purposes (e.g. they can be helpful for the
discrimination between fossil fuels combustion vs.
biomass burning). Thus, aerosol absorption properties
possibly related to mixing and/or size information, and
BC content are currently of great interest.
Moving in this frame, a multi-λ polar photometer
(PP_UniMI) has been developed at the Department of
Physics of the University of Milan in the last years. The
instrument is based on the measurement on the scattering
plane of the light transmitted and scattered in the
forward and back hemispheres by unloaded and loaded
samples using a rotating photodiode. Data reduction
aiming at the determination of the sample absorbance
follows Petzold et al. (2004) and therein cited literature.
Currently, PP_UNIMI allows performing 4-λ
measurements (870, 633, 532, 405 nm) on aerosol
collected on different substrates, including aerosol
collected with high-time resolution using a streaker
sampler. Such sampler collects aerosol segregated in two
size-classes (fine and coarse) on a rotating frame with
hourly resolution. The set-up of the instrument was
validated against independent measurements carried out
using a Multi-Angle Absorption Photometer for what
concerns the red-light results, considering possible
artefact effects shown in Vecchi et al. (2013).
The results presented here are related to the
analysis of the high time-resolved trends of multiwavelength aerosol absorption properties measured on
the fine aerosol fraction during a field campaign
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Figure 1. Example of 1-hour multi-λ absorbance
measured on fine aerosol collected on a streaker frame
during 1-week sampling.
Such data will be used to test the possibility of
applying source apportionment models based on optical
properties (es. Aethalometer model) using off-line hightime resolved data.
It is also noteworthy that equivalent BC can be
quantified from the polar photometer measurements at
635 nm using a suitable mass absorption coefficient.
Such information will be joined to the elemental
components (Na-Pb) detected by Particle-Induced X-ray
Emission technique carried out at the INFN-LABEC in
Florence to perform receptor modelling analysis (e.g.
Positive Matrix Factorization). The results of the source
apportionment using such data will be also presented.
This work was partially funded in the frame of
the
INFN-experiments
NUMEN,
MANIA,
DEPOTMASS.
Petzold, A., Schönlinner, M. (2004) J. Aerosol Sci., 35,
421–441
Vecchi, R., Bernardoni, V., Paganelli, C., Valli, G.
(2013) J. Aerosol Sci. 70, 15–25
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Retrieving aerosol complex refractive index from IR and UV-visible extinction spectra:
application to SiO2 particles and volcanic ashes
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Due to their ability to absorb and scatter radiations,
aerosols play an important role in the energy budget of
the earth-atmosphere system. However, quantitative
estimations of their effects are quite uncertain due to
their large spatial and temporal variabilities in terms of
concentration and physical properties.
Measurements from space-borne instruments are
the only way to observe aerosol distributions from
regional to global scales. For instance, thermal infrared
radiometers such as MODIS or SEVIRI are routinely
used for aerosol detection. Nevertheless, these
broadband sensors are not suitable to distinguish the
aerosol chemical or mineralogical composition. Recent
high spectral resolution infrared sounders such as IASI
or TANSO-fts are able to overcome these limitations.
However, to fully exploit the hyperspectral instrument
capabilities, precise optical properties (i.e. refractive
indices (RI) of various particles are needed.
This work aims to measure high resolution
extinction spectra of aerosols from the ultraviolet (UV)
to the thermal infrared (IR) regions of the
electromagnetic spectrum to derive accurate values of
the corresponding RI. The latter are generally performed
through absorbance or transmittance measurements from
bulk material or diluted particles in solid pellets leading
to possible experimental limitation, such as lack of
knowledge of the particle size distribution. In this study,
extinction spectra of model aerosol by UV-visible
spectroscopy and FTIR spectroscopy have been
collected.
Particles were dispersed by a mechanical way in a
flow of nitrogen (5 L/min) within a glass container
where is introduced the sample. The continuous flow of
aerosol particles was introduced into a 10 m multi-pass
cell within an FTIR spectrometer (Antaris IGS Analyser,
Thermo Scientific) and a 1 m single-pass cell within a
UV-visible-NIR spectrometer (MAYA 2000 PRO,
Ocean Optics). Aerosol size distributions have been
measured simultaneously with an aerodynamic particle
sizer spectrometer (TSI APS 3321).
The RI are determined by combining KramersKrönig relations, the Mie theory and an optimal
estimation method. This allows obtaining an accurate
errors budget of the retrieval procedure.
The methodology was validated by performing
experiments with calibrated silica microspheres (99.9 %,
AngströmSphere) of diameters D = 0.5 and 1 µm.

Retrieved complex RI are presented in Figure 1
and compared to Kitamura et al (2007) data.

Figure 1. Retrieved imaginary and real parts of the
complex refractive index of silica particles (within a
selected IR range) and comparisons with Kitamura et al
(2007) data.
High resolution (1 cm-1 in the IR) complex
refractive indices are retrieved from 650 to 32.500 cm-1.
Compared to literature, these significant differences will
greatly influence the inversion of atmospheric aerosol
properties by remote sensing.
Extinction spectra from the UV to the thermal IR
region have been also recorded for volcanic ashes
sampled near Calbuco, Cordón Caulle and Eyjafjöll
volcanoes. The retrieval of complex refractive indices is
in progress. Furthermore, chemical analysis (XRD and
XRF) are performed in order to determine mineralogical
and oxide compositions of the ashes.
This work was supported by the French National
Research Agency (ANR) through the PIA (Programme
d’Investissement d’Avenir) under contract ANR-11LBX-005-11.
Kitamura, R., Pilon, L., & Jonasz, M. (2007). Applied
optics, 46(33), 8118-8133.
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Internally mixed aerosols observed by individual particle analysis and effect on optical
properties
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Often, atmospheric aerosol representation in climate
models relies on the assumption of homogeneous
particles or their external mixture. However, atmospheric
aerosol can be a heterogeneous mixture of various
species that present a complex morphology, such as
internally mixed particles. The aerosol optical properties
may strongly depend on their chemical composition,
morphology and mixing state. Therefore, in this work we
perform observations of collected airborne particles by
microscopy techniques and based on these observations
conduct numerical simulations of aerosol optical
properties.
For this purpose, size-segregated atmospheric
particles were collected by cascade impaction, in regions
affected by different pollutants: 1) a remote desert site in
the Negev Desert - Sede Boker, Israel; 2) a coastal desert
site in western Africa - Mbour, Senegal; 3) a coastal
urban/industrial site in northern France - Dunkerque; and
4) an urban site in northern France - Lille.
Laboratory experiments, using individual particle
analysis with scanning and transmission electron
microscopy coupled to energy-dispersive X-ray
spectroscopy, have shown that internally mixed particles
often outnumbered externally mixed homogeneous
particles. Internally mixed particles were also reported
for some sites of interest previously Deboudt et al
(2010).
Moreover,
particles
present
complex
morphology such as core-shell structure (Figure 1 and
2). Here, the formation of secondary products on the
surface of dust (Figure 1) and soot (Figure 2) particles
may enhance their ability of absorbing water vapour
resulting in the conversion of particles into aqueous
droplets under high relative humidity atmospheric
conditions.
Furthermore, we perform simulation of optical
properties in single scattering approximation for
polydisperse particle ensemble and in particular for the
case of coating. We use numerical codes (Dubovik et al,
2006; Wiscombe, 1980) to illustrate how, for realistic
atmospheric aerosol size distributions, coating by
different materials (non-absorbing or absorbing) can
modify the light scattering and absorbing properties of
particles.
The single scattering albedo (SSA) has a
significant role in estimation of direct aerosol radiative
forcing of Earth’s climate. Our numerical simulations
show how the SSA of absorbing carbonaceous and dust
particles vary as a function of coating dimensions and

type of material. The results show an increase of SSA for
particles, both dust and carbonaceous, coated by nonabsorbing material. The SSA continues to increase as
the non-absorbing coating become thicker.
Particles coated by different chemical species
have been observed in every region studied in this work.
The coating was also shown to modify significantly the
scattering and absorption properties of particles.
Therefore, implications for assessment of aerosol
radiative forcing of climate are important.

Figure 1. TEM image of a desert dust particle with halo,
collected in Mbour, Senegal, western Africa (left); SEM
image of an internally-mixed sea-salt/dust particle with
halo, collected in Negev desert, Israel (right).

Figure 2. TEM image of urban pollution particles
composed of soot cores surrounded by halo, collected in
northern France
This work was supported by the CaPPA project
(Chemical and Physical Properties of the Atmosphere)
funded by the French National Research Agency (ANR)
through the PIA (Programme d'Investissement d'Avenir)
under contract "ANR-11-LABX-0005-01" and by the
Regional Council “ Nord Pas de Calais - Picardie» and
the "European Funds for Regional Economic
Development (FEDER).
Deboudt, K., Flament, P., Choël, M., Gloter, A.,
Sobanska, S., Colliex, C. (2010) J. Geophys. Res.
115, 15263–15275.
Dubovik, O., Sinyuk, A., Lapyonok, T., Holben, B.N.,
Mishchenko, M., Yang, P., Eck, T.F., Volten, H.,
Muñoz, O., Veihelmann, B., van der Zande, W.J.,
Leon, J.-F., Sorokin, M., Slutsker, I. (2006) J.
Geophys. Res. 111, 11208–11208.
Wiscombe, W.J. (1980) Applied optics 19, 1505–1509.
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Aerosol properties over the Paris megacity monitored using a multi-wavelength Raman
Lidar
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The Site Instrumental de Recherche par Telédétection
Atmosphérique (SIRTA) is an atmospheric observatory,
located 20 km south of Paris, based on a growing
ensemble of state-of-the-art active and passive remote
sensing instruments (Haeffelin et al., 2005). More than
150 different instruments or sensors are deployed and
continuously monitor the atmosphere for more than 10
years. SIRTA database collection is daily enhanced by
more than 5000 files, making three gigabyte of records.
On June 2015, the CNRS-IPSL Hi-Performance multiwavelengths Raman Lidar, called IPRAL, has been
deployed at SITA observatory for improving the
capabilities of the station on multiple research targets
(e.g., clouds characterization, aerosol typing, and
aerosol-cloud interaction, among others).
This is the first time that a high-performance
multi-wavelengths Raman Lidar is permanently
deployed nearby the megacity of Paris allowing a
preliminary tropospheric aerosol typing (e.g.,
anthropogenic, dust, and biomass-burning plumes).
Three intensive aerosol properties were then derived
from IPRAL’s measurements: the backscatter-related
Angström exponent between 355 and 532 nm (β-AE),
the lidar ratio at 355 and 532 nm and the particle linear
depolarization ratio (δP) at 355 nm.
A new methodology was used for estimating the
depolarization errors such as the systematic error of the
volume linear depolarization ratio (𝛿) (minimum and
maximum of the δ histogram, Figure 1, provided by the
Polarimetric Lidar Simulator developed by BravoAranda et al., 2016). The simulator is based on the
Stokes-Müller
theoretical
basis
presented
by
Freudenthaler, 2016 and the Monte Carlo technique.

Figure 1. 𝛿 histogram of IPRAL provided by
Polarimetric Lidar Simulator using a 𝛿 reference of 0.2.

The high standard performance of IPRAL Raman
lidar were evaluated and evidenced by very good
agreements found between the AOD derived from
IPRAL and Cimel sun-photometer measurements as well
as β-AE and extinction-related (α-AE) Cimel Angström
Exponent (Table 1), pointing to a fine-mode
aerosol-particle predominance.
Table 1. IPRAL and Cimel sun-photometer Aerosol
Optical Depth (AOD) comparison at two different
wavelengths on July 2, 2015.
IPRAL
Cimel Sun-photometer
355nm 532nm
340nm
500nm
AOD
0.78
0.43
0.77
0.45
β-AE
1.5±0.3
α-AE
1.3±0.1

This work was supported and funded by the Institut
Pierre Simon Laplace (CNRS) and Ecole Polytechnique
(ParisTech) and the European Research infrastructure for
the observation of Aerosol, clouds, and Trace gases
(ACTRIS)
Bravo-Aranda, L. Belegante, V. Freudenthaler, et al.,
2016: Assessment of lidar depolarization uncertainty
by means of a polarimetric lidar simulator. Atm.
Meas. Tech. Disc., 10.5194/amt-2015-339
Freudenthaler, 2016: About the effects of polarising
optics on lidar signals and the Δ90-calibration. Atm.
Meas. Tech. Disc., 10.5194/amt-2015-338
Haeffelin, M., L. Barthès, O. Bock, C. Boitel, et al.,
2005: SIRTA, a ground-based atmospheric
observatory for cloud and aerosol research. Ann.
Geophysic., 23, 253-275.
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Metaproteomic analysis of atmospheric aerosol samples
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Metaproteomic analysis of air particulate matter provides
information about the abundance and properties of
bioaerosols in the atmosphere and their influence on
climate and public health.
In this study, we developed and applied
bioanalytical methods for an efficient extraction and
analysis of proteins from air filter samples. Total
suspended, coarse, and fine particulate matter samples
have been collected in Mainz, Germany. Figure 1
provides an overview of the developed method for the
identification of proteins in ambient aerosol samples.
Size exclusion chromatography was used to remove
matrix components, and SDS-PAGE was applied for
protein fractionation according to molecular size,
followed by in-gel digestion and LC-MS/MS analysis of
peptides using hybrid Quadrupole-Orbitrap MS.
Maxquant software and the Swiss-Prot database were
used for analysis of proteomic data.
Extraction solvents were substantially optimized
to overcome the interaction between proteins and filter
material and achieve high protein recoveries. An
interference of soot in air filter sample extracts hampered
the measurement of total protein content by BCA assay,
which could be minimized by performing size-exclusion
chromatography of air filter sample extracts.
Proteins in ambient air particulate matter were
found to mainly originate from plants, microorganisms,
and animals, which is in line with the major categories of
primary biological aerosol particles (PBAP). Allergenic
pollen proteins, e.g., from perennial ryegrass, were found
in fine particles, which can penetrate deep into the lower
part of the respiratory tract. In addition, the molecular
size dependent analysis of proteins extracted from the
aerosol samples revealed the presence of fragmented
proteins in atmospheric aerosols.

Figure 1. Schematic overview of the developed method
for the metaproteomic analysis of atmospheric aerosol
samples
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The results of long-term monitoring of atmospheric aerosols biogenic components at
altitudes 500 – 7000 m in the South of Western Siberia
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The biogenic components of atmospheric aerosols were
monitored by authors since the end of 1998 at altitudes
500 – 7000 m in the South of Western Siberia. The aim
of this study was to analyze long-term data on
concentrations of atmospheric aerosol (PM) in
Southwestern Siberia and those of total protein (TP,
universal marker of components of biological origin) and
culturable microorganisms (CM) in the layer 500 – 7000
m. We’d like to reveal long term trends of these values,
its intrannual changes and its altitude profiles.
Altitude samples were collected on a day during
the last ten days of each month at successive altitudes of
7000, 5500, 4000, 3000, 2000, 1500, 1000 and 500 m
using an aircraft laboratory Antonov-30 or Tupolev-134
into the impingers (volume sample of about 0.5 m3) and
on fibrous filters (sample volume of about 2 m3). The
concentration of culturable microorganisms in the
samples was determined by culturing methods, and the
species they belonged to were determined by molecular
biological methods (Safatov et al., 2010). The
concentrations of the total protein, the main elements
and ions (its total mass is equal to aerosol mass) in the
samples were determined by methods described in
Safatov et al. (2010).
The decreasing trends of PM, TP and CM annual
average concentrations in the atmospheric layer 500 7000 m are revealed in the South of Western Siberia. In
general the decrease of TP concentrations is not large:
about 1.5 times for 15 years of observation. But the
decrease of CM concentrations for the same period is
much larger: about 30 times. Having data for PM
concentrations for the same period (which decreased
about 2 times for 15 years of observation), one can
construct the trends of TP to PM ratios in atmospheric
aerosol in the layer 500 - 7000 m.
Differ to trends of PM, TP and CM annual
average concentrations in aerosol in the atmospheric
layer 500 - 7000 m are revealed in the South of Western
Siberia, the trend of TP/PM rations increasing. It may be
due to climate change leading to changes of bioaerosol
sampled in Siberia sources’ positions and power, and,
possibly, bioaerosol roots of propagation from sources to
sampling points.
Strongly pronounced season changes of TP
concentrations (3 to 5 times differences) and CM
(amplitude is more than an order of magnitude) are

observed for all altitudes in the layer 500 - 7000 m.
The analysis of CM biodiversity shows that there
are many different strains of culturable bacteria and
fungi in atmospheric air samples but no viruses
(including ones causing respiratory infections) were
found there. Differ to total CM concentrations no
seasonal changes were observed for individual
microorganisms’ genera. It is due to high changeability
of microorganisms occurrence and usually low
concentrations of microorganisms individual strains in
the samples.
As soon as the main part of culturable
microorganisms in aerosol in the atmospheric layer 500 7000 m are revealed in the South of Western Siberia are
not pathogenic, a method for estimation of potential
danger of any bacterium, including unidentified yet ones,
without tests involving animal experiments for direct
determination of microorganisms’ pathogenicity, see
Safatov et al. (2008). The method is based on the
determination of each bacterial isolate number in the air
sample and some biochemical and morphological
characteristics of this isolate. The method may be
applied as to individual isolates as to all bacteria in the
air sample. In this case it serves as estimation of sampled
air potential pathogenicity.
So the important fundamental scientific results
are obtained. Particularly long-term monitoring data
shows that recent climate changes lead to marked
decreasing of PM, TP and CM concentrations in aerosol
in the atmospheric layer 500 - 7000 m. The data obtained
are important for air quality monitoring and for
estimation of it potential danger for human.
This work was partially supported by ISTC Project
#3275 and by the Integrated Interdisciplinary SB RAS
Project # 35-2012.
Safatov, A.S., et al. (2010) Atmospheric bioaerosols / in:
Aerosols – Science and Technology. / I. Agranovski,
Ed. – Wiley – VCH, 407-454.
Safatov A.S., et al. (2008) Clean, 36, 564-571.
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Ambient particulate matter (PM) in the accumulation
mode (< 500 nm) and ultrafine (< 100 nm) size range is
discussed to be involved in adverse health effects. Long
term studies are needed to study their behaviour,
properties and potential health effects. In this study we
present the seasonal and spatial variation of composition
and source contributions of the organic fraction of
ambient particulate matter in the size range < 360 nm
(PM0.36).
A 3 stage rotating drum impactor in series with a
sequential filter sampler was used to cut-off particles <
360 nm (Li, 2015). Semi continuous sampling of daily
PM0.36 was carried out from April 2014 to February 2015
in Augsburg, Germany. Samples were collected at a
reference site in the urban background (Cyrys, 2006) and
meanwhile in parallel at one of three traffic influenced
sites (T1 to T3) or an additional urban background site
(B1) in the Augsburg region. Sampling at each satellite
sites was carried out for 2 weeks each in summer, spring
or fall, and winter.
A total of 294 PM0.36 samples were analysed (i)
for carbon fractions using a thermo-optical carbon
analyser and (ii) for organic composition using in-situ
derivatization thermal desorption gas chromatography
coupled with time of flight mass spectrometry (IDTD–
GC–TOFMS). EPA PMF 5.0 was applied to determine
the contributions of the main sources to the OC in the
collected PM0.36.
The preliminary denotation of source factors was
based on factor profiles as well as seasonal variation of
the factor contributions. Three factors have been
separated which were interpreted as domestic heating
(factor 1), biogenic SOA (factor 2), and traffic (factor 3).
Factor 1 was dominated by higher molecular weight
PAHs, levoglucosan and dehydroabietic acid. Factor 2
was characterized by high contributions of cis pinonic
acid, OC2 and OC3. Factor 3 was dominated by hopanes
and alkanes with chain lengths of about C22-C24.
Seasonal variation of the factor contributions at
the reference site are shown in fig 1. Factor 1
contribution decreased from spring to summer and then
increased remarkably in autumn and winter. Factor 2, in
contrast, increased from spring to summer and then
decreased a substantially in autumn and further droped to
a very low level in winter. Factor 3 contributed quite

constantly to the OC with slightly lower values in
summer and slightly higher values in winter.

Figure 1. Seasonal variation of source factor contribution
to PM0.36 OC at the reference site.
The ongoing evaluation of the spatial variation of the
factor contributions did no show significant differences
within Augsburg area so far (fig. 2).

Figure 2. Spatial variation of the source factor
contributions to PM0.36 OC in comparison to the
reference site. Only results from parallel sampling at the
two sites each are shown.
This study was carried out within the framework of the
project entitled “Environmental Nanoparticles and
Health: Exposure, Modeling and Epidemiology of
Nanoparticles and their Composition within KORA”
founded by Helmholtz Zentrum München
Cyrys, J., M. Pitz, J. Soentgen, R. Zimmermann, H. E.
Wichmann, A. Peters (2006), Epidemiology 17,
S250-S251.
Li, F., J. Schnelle-Kreis, E. Karg, J. Cyrys, J. Gu, J.
Orasche, G. Abbaszade, A. Peters, R. Zimmermann
(2015). Environ Sci Pollut Res. DOI:
10.1007/s11356-015-5945-x
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SOA from different origins (Fig., 1). We can clearly
observe the production of SOA in summer (SOOA),
following the increase in biogenic emissions with
temperature. Also a long-range transported SOA,
prominent in winter (WOOA), could be extracted. This
factor correlating with anthropogenic secondary
inorganic species is most notably perceived when the site
is affected by air masses from continental Europe. These
offline AMS results are also compared to results from
laser-desorption/ionization mass spectrometry analyses
(Samburova et al, 2005) for further insights in the
chemical nature of the aerosol. We will present this first
thorough assessment of the local and regional sources
affecting the air quality during winter and summer at the
different sites.
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The anthropogenic influence on particulate matter with
aerodynamic diameters smaller than 10 μm (PM10) is
proven to be significant, e.g. by the strong presence of
weekend effects (Bigi and Ghermandi, 2014) and the
importance of wood-burning emissions, especially in
winter (Zotter et al, 2014). Due to the high contribution
of the organic aerosol (OA) to PM (Jimenez et al, 2009)
and its influence on health (Cassée et al, 2009) and
climate, the determination of the chemical composition
and the sources of this fraction is crucial to understand
particulate air pollution. OA can be either directly
emitted (primary OA, POA) or formed by oxidation
processes of gaseous precursors (secondary OA, SOA).
For these reasons, examining sources and their
contributions in different regions and over long time
periods is required for designing effective mitigation
strategies.
Aerosol mass spectrometer (AMS, Aerodyne
Research, Inc.) measurements and subsequent
application of positive matrix factorization (PMF,
Paatero 1994) offers a direct quantification of the
contribution of primary emissions such as biomass
burning (BBOA), traffic emissions (hydrocarbon-like
OA, HOA), and cooking (COA). SOA is typically
differentiated in terms of volatility and /or degree of
oxygenation (semi-volatile: SV-OOA and low-volatile:
LV-OOA) (e.g. Lanz et al 2007). However, the
systematic deployment of the AMS on a dense network
for long term measurements to determine regional and
seasonal differences is hindered by the instrument cost
and intensive maintenance. Recently, long-term
information on the chemical composition of OA for
source apportionment became available with the aerosol
chemical speciation monitor (ACSM) and offline AMS
analysis. Both provide mass spectral data proven
valuable for source apportionment (Crippa et al, 2014;
Daellenbach et al, 2015).
Here, we present offline AMS measurements of
PM10 at 9 stations in Switzerland with different exposure
characteristics for the entire year of 2013 (819 samples).
Data are analysed with the multilinear engine ME-2
(Paatero 1999), and obtained estimates of source
contributions are combined with back-trajectory analysis
for the determination of source regions. Besides the
primary emissions of traffic, cooking and biomassburning, we show that we can identify different types of

0
01.05.2013

01.09.2013

01.01.2014

Figure 1: relative contributions of sources to OA in
Zurich (2013).
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Investigation of primary and secondary processes in the formation of oxy-PAHs and
nitro- PAHs in Paris (France) by conjoining on-line and off-line measurements
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Severe implications of air pollution can be considered as
a significant role in altering the chemistry and the
radiative balance of the Earth’s atmosphere, and in
adversely affecting human health. Impacts of particulate
matter (PM) on health are mainly linked to its chemical
composition, and precisely depend on the presence of
toxic compounds such as polycyclic aromatic
hydrocarbons
(PAHs),
mostly
considered
as
anthropogenic and emitted by incomplete combustion
processes. Atmospheric oxidation of PAHs induces the
formation of oxidized compounds such as oxygenatedPAHs (oxy-PAHs) and nitrated-PAHs (nitro-PAHs). The
study of these PAH derivatives have become a prime
concern as most are speculated or considered to be
carcinogenic and potentially more mutagenic than PAHs
(IARC 2013). In addition, these compounds may also
instigate the formation of secondary organic aerosol
(SOA), which may represent a large source of SOA in
urban areas (Chan et al. 2009). However, the
determination of the sources of oxy-PAHs and nitroPAHs appears arduous as such compounds may be
formed either through secondary processes (Keyte et al.
2013) or primarily emitted.
The main objective of this study was to develop
the right understanding to make the discrimination
between primary and secondary processes taking place
in the formation of oxy-PAHs and nitro-PAHs. This was
accomplished by utilizing information obtained from
intensive filter measurements along with online
measurements as well. To the best of our knowledge,
this unique approach has not been explored yet.
Measurements were conducted at SIRTA-LSCE, a well
arranged atmospheric ACTRIS supersite. This site
features the suburban background conditions of the Ilede-France region and is located about 25 km southwest
of Paris city center. PM10 samples were collected at
every 4 hour over a period from 6-24, March 2015,
concomitantly with online measurements, carried out
using ACSM, Aethalometer 7, TEOM-FDMS, PTRMS, NOx and O3 analyzers. Filter samples were
analyzed to quantify species such as OC/EC,
ions/cations, levoglucosan, PAH, oxy-PAHs and nitroPAHs…
Results highlight high concentrations of oxyPAHs and nitro-PAHs during the period 14-21, March
2015, including specific secondary PAH derivatives as
6H-dibenz[b,d]pyran-6-one, acenaphthenequinone and
2-nitrofluoranthene. This suggests that these species
could be generated through secondary processes due to
high NO3- and SO42- concentrations, and can be explicitly
observed considering ASCM results (Figure 1). Besides,

the formation of 6H-dibenz[b,d]pyran-6-one seems to be
highly influenced by the daytime chemistry while 2nitrofluoranthene may formed during nighttime (NO3
radical chemistry). Interestingly, fossil-fuel-based BCff
and 1-Nitropyrene (1-NP, a promising marker for diesel
emissions) present similar temporal profiles. Discussion
will further accentuate diurnal variations, information
about the day- and nighttime chemistry, and also
usefulness of combining off-line and on-line
measurements to have comprehensive understanding
about the prevalent atmospheric processes and organic
aerosol sources.

Figure1. Temporal variation of the ratios 2-NF/1-NP and
6H-DBPone/1-NP along with the concentrations of PM10
(chemical composition), O3, 1-NP, BCff identified at
SIRTA (France).
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Major sources of carbonaceous PM2.5 in Emilia Romagna Region (Northern Italy) from
four–year observations.
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Organic and elemental carbon (OC–EC) were measured
in nearly 1000 PM2.5 samples collected from November
2011 to Maj 2014 at two sites (urban site in Bologna city
and rural site at San Pietro, SP) in the Emilia Romagna
region (Po Valley, Northern Italy) in eight monitoring
campaigns conducted in different seasons in the
framework of the Supersito project. In addition, 40
specific chemical markers were quantified, to determine
the factors affecting the carbonaceous aerosol variations,
namely low-molecular-weight carboxylic acids − to
investigate the contribution of secondary organic aerosol
−, anhydrosugars − to quantify primary emissions from
biomass burning –, bio sugars – to qualitatively
estimate biogenic sources – and Polycyclic Aromatic
Hydrocarbons – to differentiate among different
combustion emissions (Pietrogrande et al (2015).
Strong seasonality was observed with the highest OC
concentrations during the cold periods (≈ 5.5 µg m-3) and
the lowest in the warm months (≈ 2.7 µg m-3) as well as
with higher EC levels in fall/winter (≈ 1.4 µg m-3) in
comparison with spring/summer (≈ 0.6 µg m-3). These
results suggest that the stable atmosphere and lower
mixing play important role for the accumulation of air
pollutant and hasten the condensation or adsorption of
volatile organic compounds over the Emilia Romagna
region (Pietrogrande et al (2016).
Concerning spatial variability, OC data show
homogeneous values at both sampling sites in each
campaign, while the EC concentrations show nearly
twofold higher levels at the urban site than those at the
rural one.
The contribution of wood smoke to atmospheric OC
concentration was computed using the levoglucosan
tracer method. Wood burning accounts for 33% of OC in
fall/winter and for 3% in spring/summer (Pietrogrande et
al (2014a).
A clear seasonal trend is observed for the impact of
secondary processes with higher contribution in the
warm seasons (≈ 63%) in comparison with that in colder
months (≈ 33%), that is consistent with enhanced solar
radiation in spring/summer (Pietrogrande et al (2014b).
In order to investigate the impact of the two main
sources to ambient PAHs, i.e., traffic and wood
combustion, a profile-based source apportionment was
applied by comparing the abundance distributions of the
measured PAHs to those obtained from literature. The
obtained results (Figure 1) suggest that measured PAHs
distributions are composite profiles of the 2 investigated
sources, with higher contribution of biomass burning in
the cold seasons. In summer the direct impact of traffic

emissions, associated with vehicle transport, is stronger
inside Bologna city and decreases by moving away from
the city to SP.

Figure 1. PAH distribution profiles: Full black bars:
traffic emission profile; full grey bars: wood burning
emission profile; dashed bars: experimental PAHs
distributions.
Finally, the principal component analysis (PCA) was
applied to the obtained data for PM2.5 source
appointment, focusing on chemical markers of specific
sources, such as some dicarboxylic acids, representative
for SOA contribution, anhydrosugars, which account for
biomass burning, primary bio sugars and even alkanes
mainly emitted from biogenic activities, BaP and PAHs
representative for combustion sources, and lighter
alkanes (C14-C24) representative for vehicular emissions.
This work was conducted as part of the “Supersito”
project, which was supported and financed by EmiliaRomagna Region and the Regional Agency for
Prevention and Environment under the Regional
Government Deliberation n.428/10.
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The measurement of Black Carbon using a multiple
wavelength aethalometer has been proposed as a tool for
apportioning particulate matter (PM) contributions from
fossil fuel combustion and biomass burning (Sandradewi
et al., 2008). The PM emitted by these two sources has
different light absorbing properties across the wavelength
range 370 - 950 nm, with biomass burning showing
stronger absorption at lower wavelengths, due to the
presence of “Brown” Carbon (Andrea & Gelencser,
2006). The wavelength dependence of the light absorption
is described by a power law fit:
babs ∝ λ-α
where λ is the wavelength and α is the Ångström
exponent. By using aethalometer measurements to
calculate the values of the absorption coefficient
associated with ambient PM, it is possible to estimate the
relative contributions of biomass burning and fossil fuel
to ambient PM mass. In Europe, this model has been used
in several studies to develop source contribution estimates
for vehicular and residential heating sources (Favez et al.,
2010). This approach to source apportionment is also
referred to as the aethalometer model.
However, not all locations have a single solid fuel
in use. Ireland is most notable in this respect because
bituminous and manufactured “smokeless” coals are used
along with indigenous fuels such as wood, turf and peat.
Quantification of the separate contribution that these
different fuels make to air pollution is required to develop
the best policies to reduce PM emissions from solid fuel
burning. In particular it is important to ensure that the
proposed national ban on the sale and use of bituminous
coal in Ireland does not have unintended consequences in
terms of switching to more polluting solid fuels.
The standard aethalometer model is based on
empirical evidence that the Ångström exponents (α) are
~1 and ~2 for fossil fuel and wood burning, respectively.
However, results from field measurements in Ireland
suggest that the standard model is not ideal in a mixed
solid fuel environment like rural Ireland and Poland and
in other locations such as the UK.
In this work, a series of combustion experiments
were carried out to gain insights into the different
absorption properties of PM produced from a range of
fuels. These were carried out using a commercial stove
installed in an Irish residence. Multiple types of solid fuel
were tested including coal products, wet and dry wood,
dried cut turf and peat briquettes. The emissions were

sampled continuously from the flue at the roof of the
building and analysed in real-time by an AE33
aethalometer from Magee Scientific and a Scanning
Mobility Particle Sizer (TSI Inc.). Filter collections were
also made and subsequently analysed with a Carbon
Aerosol Particulate Analysis Instrument from Sunset
Laboratories, Oregon, USA. Vehicular exhaust was also
measured.
The results from these burning experiments show
a wide variation in absorption coefficients for the fuels
(Figure 1). In particular, the wavelength dependence of
the absorption from PM generated from coal combustion
is significantly different from that produced by wood
burning. The values for α, supported by EC/OC analysis
from the combustion experiments have been used to
develop a modified aethalometer model for apportioning
black carbon from vehicle emissions and solid fuel
burning. The model has successfully been used to
apportion black carbon measured at several locations in
Ireland, thus showing that the aethalometer model
remains a powerful tool for apportionment of
carbonaceous aerosol sources, but in mixed fuel
environments, e.g., in Ireland, UK and Poland, the model
needs to be adapted.

Figure 1. Power law fits of Wavelength versus
absorption coefficient (babs) for a selection of fuel types.
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Introduction
Recently, a novel aerosol sensor based on diffusion
charging and subsequent measurement of the induced
current to quantify lung deposited surface area (LDSA)
was introduced (Fierz, 2014).
Due to the extension of the Real Driving Emissions
(RDE) procedure to Particle Number (PN) a sensor
principle corresponding to particle number concentration
is needed (Giechaskiel, 2015; Reinisch, 2015). For that
purpose a modification of the mentioned sensor was
proposed (Burtscher, 2006). However, contrary to the
original device the modification utilizes mobility
dependent modulated precipitation in order to alter the
particles’ charging state (see Fig. 1). By selecting
appropriate precipitation voltages and pulse lengths in
combination with optimized flow profiles a signal
approximately proportional to particle number
concentration in a specific particle size range relevant for
automotive exhaust can be achieved.

Results
First results of the simulation show the potential of this
device for acting as a particle number counter in the
desired size range. As shown in Fig. 2, the simulated size
dependence of the instrument response is within 40% for
particles of sizes between 30 and 200 nm.
In addition, the device was validated experimentally.
Besides the measurement of the charging efficiency, as
well as electrostatic and diffusional losses, a counting
efficiency curve was generated. The first experimental
results agree nicely within a restricted size range. Bigger
deviations were found for very small particles (see Fig.
2). Refinement of the model as well as of the
experimental setup is ongoing in order to verify the
observed differences in more detail (simulation of flow
profiles and bigger particle ensembles, different aerosol
sources with smaller geometric mean distribution).

Figure 1: Measurement scheme
Experimental
In this work a multiphysical model was developed to
characterize the sensor response with respect to particle
size according to the aforementioned regulation. A first
validation of the model was performed with combustion
aerosol standard (CAST) generated soot particles. A
tandem differential mobility analyzer (TDMA) setup was
used to characterize the instrument response (counting
efficiency vs. size) relative to a condensation particle
counter (CPC) as a reference.
Starting with a simplified non-dimensional view of the
measurement principle, consisting of charging,
precipitation and induced current detection, a first
qualitative model for the signal generation procedure
was formulated. The model uses an analytical approach
taking into account diffusion charging, electrostatic
precipitation and plug flow conditions resulting in
induced currents generated by the charged particles in
dependency on their size. On the one hand the charging
state of the particles was calculated using Birth-AndDeath model based on Fuchs’ limiting sphere theory. On
the other hand the experimentally determined charging
curve (mean charge as a function of particle size) of the
instrument was used as input to the simulation.

Figure 2: Preliminary results on the instrument response
in comparison with the DiSC, a conventional diffusion
charging device (Fierz, 2008)
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Motivation
The Differential Aerodynamic Particle Sizer (DAPS) is
designed to separate particles according to their relaxation time t with a high resolution differential transfer
characteristic (Kiesler and Kruis, 2012). The particle
relaxation time and the linked Stokes-diameter dS play
an important role in the description of accelerated particle motion. It is used to describe sedimentation processes as well as particle loss due to impaction. In combination with complementary measurement methods
(e.g. mass, mobility) the Stokes-diameter can be used for
structure determination (Stein et al, 2013). The online
measurement capability of the DAPS is well suited for
this task.
Theory
The DAPS uses the principle of aerodynamic focusing.
(Liu et al, 1995). Figure 1 shows the effect, that particles
having a well-defined starting point can be separated
according to their Stokes-number, when passing a single
orifice of an aerodynamic lens. Only a single size is focused onto the axis at x=0. The focused Stokes-diameter
depends on the pressure in front of the orifice, the particle density, the mass flow rate of the gas and the orifice
diameter (Wang et al, 2005).

Results
The system has been calibrated using spherical metal
particles with different densities. The measurement
range for aerodynamic diameters is 80 nm to 3µm.
Figure 2 shows the comparison of the Stokesnumber based measurement devices DAPS to the ELPI+
cascade impactor for spherical size selected silver particles. The differential transfer characteristic of the DAPS
in combination with the scanning mode allows to obtain
high resolution size distribution data. The attainable resolution is comparable to the reference SMPS system
measuring electrical mobility.
To show the DAPS’ capability to determine particle structures, the morphology change of silver nanoparticles during sintering is measured by a combination of a
Differential Mobility Analyser (DMA) and DAPS.

Figure 2. Normalized size-distribution of size selected
spherical Ag-Particles. Comparison of Mobility based
SMPS measurement to Stokes-number based measurements by DAPS and ELPI+.

Figure 1. Separation of particles from the same starting
point according to their Stokes-number inside an aerodynamic lens. (CFD modelled)
Experimental Setup
In the DAPS the aerodynamic lens is combined with a
central sheath gas inlet in front of the orifice to keep the
axis particle free before focusing. After the focusing,
particles on the axis are sampled and counted in an electrometer. The selected diameter can be changed by scanning the pressure in the system, allowing the online
measurement of a full particle number-size-distribution.
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(SEM). Figure 2 shows that the micron-sized residual
particles (left panel) were spherical, as expected from the
liquid-to-particle formation, whereas, the nanoparticles
(right panel) formed through the gas-to-particle process
were homogenous and highly agglomerated.
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Liquid-fed aerosol flame synthesis techniques are widely
used for nanoparticle production in both laboratory and
industrial scale. In such techniques, liquid droplets of
precursor solution are sprayed into a high-temperature
flame, where, ideally, the material vaporizes and goes
through the gas-to-particle aerosol route to form
nanoparticles. However, incomplete vaporization of the
droplets can produce micron-sized residual particles via
the liquid-to-particle route (i.e. classic spray pyrolysis).
In this unwanted process, material is wasted and the
homogeneity of the particulate product decreases.
The formation of the residual particles has been
an issue, especially, with some of the inexpensive metal
nitrate precursors. In recent studies, the addition of 2ethylhexanoic acid (EHA) to the solvent has been shown
to reduce the formation of the residual particles (Strobel
and Pratsinis, 2011), due to the microexplosions within
the droplets (Rosebrock et al, 2016). The residual
particles have been mainly studied using techniques,
such as, electron microscopy and nitrogen absorption. In
this study, the mass and number size distributions of
alumina and silver residual and nanoparticles are
determined quantitatively using on-line and off-line
aerosol measurement instruments.
The aerosol particles were produced with the
Liquid Flame Spray (LFS, see e.g. Haapanen et al, 2015)
technique, which employs a hydrogen-oxygen flame.
Aluminium and silver nitrate dissolved in ethanol
(EtOH) and EHA at different volume concentrations
were used as precursors for alumina and silver particles,
respectively. The mass size distributions of the particles
were determined from a gravimetric analysis of the
particles collected with a Dekati low pressure impactor
(DLPI). Furthermore, a scanning mobility particle sizer
(SMPS) and an electrical low pressure impactor (ELPI+)
were used to measure the number size distributions of
the produced nanoparticles.
The particle size distributions measured with the
different aerosol instruments were consistent with each
other. With silver nitrate as a precursor, no residual
particles were detected, and the addition of EHA had no
observable effect on the mass and number size
distributions. On the other hand, the mass size
distribution of particles generated from aluminium
nitrate dissolved in pure EtOH was dominated by the
micron-sized residual particles, as can be seen in Figure
1 (red line). With the addition of EHA, the distribution
shifted practically entirely from the residual mode to the
nanoparticle mode (blue line). The particles that were
size classified and collected with the DLPI were also
characterized with a scanning electron microscope
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Figure 1. Mass size distributions of alumina particles
produced using two different solvent compositions.

Figure 2. SEM micrographs of alumina residual (left)
and nanoparticles (right).
This
study
demonstrates
that
aerosol
measurements can give valuable information on the
particles produced with aerosol flame synthesis methods,
especially, regarding quantitative information on the
possible residual particles. Furthermore, in some cases,
the on-line measurements alone can replace some of the
tedious and time-consuming off-line methods. All in all,
the results presented in this study are important when
thinking about the production costs of nanoparticles at an
industrial scale.
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Emissions from diesel engines are a major contributor to
reduced air quality and resultant human health impacts.
Exhaust after-treatment devices are routinely used to
reduce emissions of harmful pollutants. Diesel oxidation
catalysts, mainly consisting of nanoparticles of platinum
and palladium, oxidise harmful pollutants such as carbon
monoxide and unburnt hydrocarbons and convert them
to carbon dioxide and water. Commercial catalysts are
typically produced using wet-chemistry methods, which
are batch processes suffering from poor control over the
ratio of platinum and palladium in the catalyst
nanoparticles, and from impurities introduced by
solvents and precursors.
This study presents a gas phase approach, which
utilises an electrical spark discharge to generate catalyst
nanoparticles from appropriate electrode metals. A high
voltage current source was used to generate a potential
difference across a gap between platinum and palladium
electrodes in excess of the breakdown voltage, which is a
function of the inter-electrode distance and carrier gas.
The resultant discharge occurs on the microsecond-scale
and a >200 A current pulse is accompanied by an
expanding shock wave. The pulses of electrical
discharge create a ~20,000 K hot spot on the tip of
electrodes (Reinmann & Akram, 1997), which causes
material to sublimate from the electrodes to the
surrounding inert gas. The large temperature gradient
results in nucleation of nanoparticles. Contaminants are
minimised, depending only on the purity of the
electrodes and carrier gas.
To control agglomeration processes, photoelectric
charging of the newly-formed nanoparticles was
achieved by illuminating the generated catalyst
nanoparticles with ultraviolet (UV) radiation. The
energetic photons liberated surface electrons from the
nanoparticles, resulting in a unipolar positive charge
state. Excess free electrons were removed by a positively
biased precipitator to avoid charge recombination.
A schematic of the experimental setup is shown
in Figure 1. A Scanning Mobility Particle Sizer (SMPS)
or a Centrifugal Particle Mass Analyser (CPMA) was
employed to measure particle size/mass distribution at
the exit of the spark generator. Particles were then
collected by a thermophoresis-enhanced diffusion
collector on an alumina-coated monolith substrate. The
catalysed substrates were heated up gradually in a
furnace and a Fourier Transform Infrared Spectroscopy
(FTIR) was employed at downstream to measure
hydrocarbon gas conversion efficiency. Furthermore,
particles were analysed by transmission electron
microscopy (TEM) and x-ray diffraction (XRD) to study
their morphology.

Figure 2 shows that the geometric mean diameter
(GMD) and geometric standard deviation (GSD) of the
spark-generated nanoparticles are dependent on the gap
distance between the electrodes. A larger gap distance,
with constant current and hence the discharge frequency,
leads to a smaller GMD and GSD. We will show the
effect of other experimental parameters on the particle
size and charge distribution, catalytic activity and
morphology.

Figure 1. Schematic of the in situ and ex situ
characterisations of the spark-generated catalysts.

Figure 2. Particle size distribution measured by SMPS
using a constant current output.
This work was supported by Johnson Matthey and UK
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Generally, nanoparticles (NPs) exhibit unique chemical,
optical, electrical, and even toxic properties due to their
strong size and shape dependence. Despite increasing
applications of ZnO NPs as UV emitting diodes to gas
sensors, data about potential toxic properties are still
rather rare and contradictory (Heckenberg et al. 2011).
In this work we tested the long term generation of ZnO
NPs for potential use in exposure experiments with
laboratory animals.
Experiments were performed in an externally
heated work tube, made from impervious aluminous
porcelain, with an i.d. of 25 mm and a 1 m-long heated
zone. A boat with zinc shot was inserted into the middle
of the heating section. Nitrogen carrier gas, saturated to
some extent by Zn vapours, was mixed in the outlet part
of the work tube (diluter) with a stream of air, where
oxidation of Zn vapours was carried out and ZnO NPs
formation via gas-to-particle process occurred. Particle
production was monitored using SMPS (TSI model
3936L75). Samples for NPs characterization were
deposited onto TEM grids using a Nanometer Aerosol
Sampler (TSI model 3089) and on cellulose and
Sterlitech Ag filters. NPs characteristics were studied
with high resolution TEM (JEOL 3010), energy
dispersive
spectroscopy
(EDS,
INCA/Oxford),
inductively coupled plasma – optical emission
spectrometry (ICP-OES, IRIS Intrepid II XDL), X-ray
diffraction (XRD, Philips X'Pert PW3020), and X-ray
photoelectron spectrometry (XPS, Axis Supra, Kratos
Analytical Ltd.).
Two experimental campaigns, with total duration
102 hours, were performed. The particle production by
chemical
vapor
synthesis
method
proceeded
satisfactorily and could be controlled by adjusting
experimental conditions: reactor (work tube) temperature
TR=520-530 °C, reactor flow rate QR=600-1000
cm3/min, and flow rate of diluting air QDil=1800-2200
cm3/min.
Morphology of NPs was studied by HRTEM and
an example of a TEM image is shown in Figure 1.
Primary particles are mostly spherical, agglomerated into
clusters of various sizes, and the size of primary particles
varies from 10 to 20 nm. EDS analyses showed an
almost stoichiometric ratio of Zn to O for ZnO. ICP-OES
analyses of the samples deposited on cellulose filters
determined the content of Zn in the samples to be 71 wt.
%, which corresponds to the value 89 wt. % of ZnO.
XPS analysis of the surface layer of NPs determined the

presence of Zn in the bonds Zn-O. XRD analysis of four
samples detected hexagonal ZnO crystalline phase in all
samples, typically ICDD Pdf 89-0510. Mean crystallite
size, calculated from Scherrer equation, varied between
12.5 and 13.7 nm. Results obtained by XRD were
confirmed by selected area electron diffraction method.
In conclusion, the method of evaporation of
metallic zinc and subsequent oxidation of Zn vapours by
a stream of diluting air can generate NPs of a desired
size and number concentration for a sufficiently long
time. The method can be applied for long lasting
exposure experiments with laboratory animals.

Figure 1. TEM image and SAED pattern of the sample
synthesized at TR=530 °C, QR=800 cm3/min and
QDil=1800 cm3/min.
This work was supported by the Czech Science
Foundation under grant P503/12/G147. ICP-OES
analyses were performed by Dr. Šárka Matoušková,
Geological Institute of the CAS, v.v.i., XRD analyses by
Mgr. Anna Kallistová, Geological Institute of the CAS,
v.v.i., and XPS analyses by Dr. Josef Zemek, Institute of
Physics of the CAS, v.v.i.
Hackenberg, S., Scherzed, A., Technau, A., et al. (2011)
Toxicology in vitro. 25, 657-663.
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Characterization of soot particles and their precursors
in diffusion flame of methane by in-situ laser diagnostics
and ex-situ laser desorption / ionization / mass spectrometry
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The soot volume fraction mapping (Fig. 1) was obtained
using LII technique at 1064 nm (Lemaire R., 2013).
LII 532 nm
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Soot and their precursors (gaseous polycyclic
aromatic compounds, PAHs) were mapped by nonintrusive laser diagnostics to better understand their
oxidation and formation mechanisms in the studied
flames. In parallel, on-line samplings coupled to laser
based desorption/ionization following by mass
spectrometry are dedicated to the chemical
characterization of the PAH’s structures.
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A CH4 laminar-diffusion flame was chosen so as
to have a stratified distribution of soot particles along the
flame axis. The flame has been stabilized on a McKenna
hybrid burner. The porous plug of this burner contains a
central tube allowing the injection of methane diluted
into nitrogen in order to stabilize a 15 cm height
diffusion flame. Across the porous, the burner was
feeded by air. Quartz windows placed around the flame
protect it from external air movements and allow in situ
optical diagnostics into the flame.
In this work, different laser sources have been
used to detect either the Laser Induced Incandescence
(LII) from soot or the Laser Induced Fluorescence (LIF)
from fluorescent species like Poly-Aromatics
Hydrocarbons (PAH). Experiments were performed at
1064, 532, and 266 nm using the 2nd and 4th harmonics of
an Nd:YAG laser and visible excitations wavelengths
from 488 to 658 nm were generated by an OPO laser
pumped by the third harmonic of the YAG. The signals
were detected at right angle with respect to the laser
propagation. Emission was focused using a set of lenses
at the entrance of a spectrometer with a 150 g/mm 700
nm blazed grating. Spectra were recorded using an
intensified CCD camera placed at the exit of the
spectrometer. The detection was performed with a gatewidth of 50 ns started when the first photons of the laser
are emitted (prompt detection). The spectrometer has
been calibrated using spectral lines from a mercury
emission lamp. The spectral response of the detection
setup has been corrected using an integrating sphere
which approximates well the emission behaviour of a
blackbody and allows working with different sets of
temperature up to 3220 K. The optical setup and
collection device arrangements were the same for the
calibration procedure and for the detection of LII and
LIF spectra.
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Figure 1. Soot mapping using LII at 1064 nm.
First, for LIF measurements, low laser energies
were adjusted to avoid interference with LII signal
emitted by soot. LIF mapping using visible excitation
wavelengths from 488 to 658 nm were performed to
detect the presence of fluorescent species in the flame
centre line.
Secondly, for higher laser energies allowing the
heating of soot, using only one laser beam (at 266 nm or
532 nm), LII signal measured in the near infrared
spectral region serves to map only the soot. LIF signal is
extracted taking advantage of the spectral dependence of
LII and LIF emission from visible to near infrared. The
266 nm excitation leads to the detection of lighter PAHs
and 532 nm to the heavier PAHs. The both approaches at
low and high laser energies are compared.
In parallel, the soot and gaseous PAHs are
sampled by a microprobe in the flame, diluted in an inert
carrier gas and deposited onto a cold substrate directly
under vacuum. The frozen sampled are then analyzed by
mass spectrometry coupled to laser desorption and laser
ionization (Faccineto A., 2015) in order to obtain the
size distributions of the different molecular families even
at trace levels.
This work was supported by the French National
Research Agency (Labex CaPPA, ANR-10-LABX-005).
Lemaire R., Bejaoui S.and Therssen E. (2013), Fuel 107,
147–161.
Faccineto A., Focsa C., Desgroux P., Ziskind M. (2015),
Environmental Science and Technology 49, 1051010520
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Soot can be classified in two categories based on its
formation stage, namely nascent (particles of 1-10 nm
mobility diameter) and mature soot (fractal-like
aggregates with mobility diameters between 10 and 100
nm). Nascent soot particles have been observed in a wide
range of combustion sources, from laminar diffusion and
premixed flames to diesel engines (Dobbins, 2007).
There are major concerns about the adverse effects of
nascent soot particles on public health due to their small
size and high specific surface area (Pedata et al., 2015).
Thus, a better understanding of nascent soot formation is
required for identification of process parameters that
determine soot particle size and morphology.
Here, nascent soot growth is investigated by
Discrete Element Modeling (DEM) of agglomeration
and surface growth (SG) by acetylene pyrolysis. The
model is validated with theoretical expressions for pure
agglomeration (Goudeli et al., 2015) as well as with SG
with and without coagulation at full coalescence. The
evolution of nascent soot structure is benchmarked
against previous numerical studies (Morgan et al., 2007).
Nascent soot growth by agglomeration with or
without acetylene pyrolysis is compared to that with full
coalescence. Neglecting the non-spherical or fractal-like
nature of soot underestimates its mobility diameter and
polydispersity up to 40 %. The DEM-obtained size
distributions of soot growing by agglomeration with SG
are in good agreement with microscopic (Schenk et al.,
2013) and mass-mobility measurements (Camacho et al.,
2015) in a standard burner-stabilized stagnation ethylene
flame.
The evolution of nascent soot structure from
spheres to aggregates is quantified by mass fractal
dimension, Df, and mass-mobility exponent, Dfm. Figure
1 shows the evolution of DEM-derived mass fractal
dimension, Df (line) of nascent soot particles growing by
agglomeration and SG at the flame conditions of Schenk
et al. (2013) as a function of mobility diameter, dm. The
evolution of Df is compared to that obtained from
microscopic measurements of Schenk et al. (2013;
symbols, insets). The images and Df of Schenk et al.
(2013; insets and symbols) are similar to representative
DEM-obtained blue images and Df of soot particles of
the same dm in Figure 1.
Soot particles are quite spherical for dm < 6 nm
where SG is dominant, consistent with Schenk et al.
(2013). When SG ends (dm  10 nm) and agglomeration
starts to prevail, Df starts to decrease as more open and
rather elongated structures are formed by DEM (insets
for dm = 14, 18 and 22 nm). New soot layers are formed
on the primary particle surface by acetylene surface
reaction and bury the original primary particle

boundaries, making the aggregates more spherical. Both
DEM- and microscopy-obtained aggregates are much
more compact than ballistic-grown agglomerates in the
free molecular regime (Ball and Jullien, 1984).

Figure 1. The evolution of the DEM-derived Df (line) of
soot particles growing by agglomeration with surface
growth (SG) is in excellent agreement with microscopic
measurements of Schenk et al. (2013; triangles, insets).
The DEM-derived Dfm is also in excellent
agreement with mass-mobility measurements (Camacho
et al., 2015), pointing out the capacity of the present
model to accurately capture soot dynamics by
agglomeration and surface growth (SG).
Ball, R.C., Jullien, R. (1984) J.Phys. Lett. 45, L1031L1035.
Camacho, J., Liu, C., Gu, C., Lin, H., Huang, Z., Tang,
Q., You, X., Saggese, C., Li, Y., Jung, H., Deng, L.,
Wlokas, I., Wang, H. (2015) Combust. Flame 162,
3810-3822.
Dobbins, R.A. (2007) Aerosol Sci. Technol. 41, 485-496.
Goudeli, E., Eggersdorfer, M.L. and Pratsinis, S.E.
(2015) Langmuir 31, 1320-1327.
Morgan, N., Kraft, M., Balthasar, M., Wong, D.,
Frenklach, M., Mitchell, P. (2007) Proc. Combust.
Inst. 31, 693-700.
Pedata, P., Stoeger, T., Zimmermann, R., Peters, A.,
Oberdörster, G., D´Anna, A. (2015) Part. Fibre
Toxicol. 12, 1-4.
Schenk, M., Lieb, S., Vieker, H., Beyer, A., Golzhauser,
A., Wang, H., Kohse-Hoinghaus, K. (2013)
PhysChemPhys 14, 3248-3254.
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Application of a tri-thermal thermophoretic precipitator for the study of soot aggregates
morphological influence on their thermophoretic behaviour.
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The capture of nano-particles such as soot aggregates
produced by combustion engines is of practical
importance since they represent one of the major sources
of atmospheric pollution. The fact that the soot particles
are transported by a high temperature combustion gas
makes the thermophoresis as the most promising
technique for their capture. Indeed, fine particles
suspended in a gas subjected to a thermal gradient might
migrate from the hot to the cold region of the gas. This
particle motion is due to a driving thermophoretic force
resulting from the gas molecules differential
bombardment on the particle surface. This phenomenon
contributes to the fouling of EGR (Exhaust Gas
Recycling) systems and also to the fouling of turbine
blades exposed to dust particles from combustion.
If the thermophoresis of spherical particles is well
known and studied, the complex morphology and
physicochemical nature of soot aggregates makes it
difficult to understand their thermophoretic behaviour.
Indeed, an aggregate can be characterized by its primary
particles number and size and also by the fractal
dimension Df and there are limited works studying the
particles morphology influence on their thermophoretic
behaviour. The most recent study proposed by Brugière
et al., (2013) shows that the
soot aggregates
thermophoretic velocity is mainly governed by the
primary particles number confirming thus the theoretical
results presented by Mackowski (2006) in a numerical
study.
The main objective of this work is then to identify
which of the morphological parameters influence the
most the thermophoretic behaviour of soot aggregates.
For that a new tri-thermal precipitator has been
developed and validated in order to apply it with nonspherical soot particles. In this device, particles flow
through a 1mm annular space between two concentric
tubes where a thermal gradient is created by cooling the
inner tube and heating the outer one. The particles will
then deposit by thermophoresis on the cold tube wall.
This device is based on the so-called penetration method
where the deposition rate is obtained by particles
concentration measurements upstream and downstream
of the test section. A model developed in this study
allows
the deposition
rate
conversion
into
thermophoretic diffusion coefficient Kth.
A propane diffusion flame generator (miniCAST)
was used to generate soot aggregates with a wide
mobility diameter range (20 < dm< 200nm). The particles
produced by four miniCAST setting points were

characterized in order to evaluate their morphological
parameters such as the fractal dimensions Df, the primary
particles diameters dpp and their number npp. These
particles were after that drawn in the precipitator in order
to evaluate the thermophoretic diffusion coefficient
corresponding to each miniCAST setting point. The
results obtained in this study are plotted in figure 1.

Figure 1. Evolution of the normalized thermophoretic
diffusion coefficient with the Knudsen number. Kth,wal is
the Waldmann theoretical thermophoretic diffusion
coefficient value for small spherical particles.
This work confirms the results presented by
Mackowski (2006) and Brugière et al., (2013) about the
increase of the aggregates thermophoretic diffusion
coefficient with the dynamic mobility diameter dm. This
work shows also that the soot particles thermophoretic
diffusion coefficient seems to increase with the decrease
of the primary particles diameter and also with the
fractal dimension decrease. The presence of organic
carbon on the particle contributes also to the
thermophoretic diffusion coefficient increase.
References
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Coppalle, A., Boulaud, D., 2013. Design and
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Comprehensive structural analysis of soot samples with different OC content
by means of HRTEM, FTIR spectroscopy and Raman microspectroscopy
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reactivity and hygroscopicity), which vary significantly
for soot samples with different OC content.
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Aerosols are of importance for the climate, the
environment and the human health. One key component
in the atmospheric aerosols are carbonaceous materials,
which are mainly of anthropogenic origin and formed by
the incomplete combustion of fossil fuels or biomass
burning.
The characterization of carbonaceous aerosols or
soot, is often performed by thermo-optical methods to
determine the content of organic carbon (OC) and
elemental carbon (EC). Although these methods are
commonly used, there are soot properties (e.g. reactivity,
hydrophilicity) that cannot be explained by the EC/OC
ratio. Furthermore, it is not clear whether the OC content
in the soot is related to differences in the soot structure.
Therefore, we performed a comprehensive study
on the structure of soot generated by a CAST burner
with different propane-to-air ratios. We applied thermooptical analysis (Sunset Lab, IMPROVE protocol,
(Chow et al. 1993)) to determine the EC/OC ratio,
transmission electron microscopy (TEM) and highresolution transmission electron microscopy (HRTEM)
to reveal the micro- and nanostructure of soot, FTIR
spectroscopy to gain information on the organic
compounds and Raman microspectroscopy (RM) to
characterize the soot composition and structure.
The FTIR analysis of the soot samples with
different OC content (4%, 47% and 87% OC) revealed
the organic composition of the samples, showing
increased aromatic vibrations for samples with higher
OC content. RM, which is based on the effect of inelastic
light scattering provides the information on the soot
structure (including disordered graphitic and amorphous
carbon) (Ivleva et al. 2007, Parent et al. 2016). Thus, the
RM-results of the soot samples gave an increased
fluorescence background and an additional shoulder in
the spectrum from organic compounds (e.g., C–O str.)
with increasing OC content. According to the peak ratio
of the Raman soot peaks and in agreement with
HRTEM-analysis, the nanostructural order was high for
the soot with 4% of OC and low for the soot with 87% of
OC (Ess et al. submitted).
RM results in combination with IR, TEM and
HRTEM data should help us to get better insight into
complex composition and structure of soot samples, and
improve the understanding of soot properties (e.g.,
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Figure 1. Crystallite size distribution obtained by
HRTEM (a), FTIR (b) and Raman (c) spectra of soot
with different OC content (Ess et al. submitted).
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Astronomical observations of dust beyond the Lyman
limit are scarce and so are the laboratory spectra of dust
analogs in this range. At the IAS and ISMO laboratories
(Paris Sud University, France), we produce carbon
analogs to interstellar carbon dust dust, namely,
amorphous hydrogenated carbons (a-C:H) and soot
nanoparticles. Soot particles have been produced using
Nanograins, a combustion setup that provide samples
dominated by a polyaromatic carbon skeleton. This
setup includes a flat burner flame using premixed
hydrocarbon (ethylene) and oxygen. Such a laminar
flame is a one-dimensional chemical reactor offering a
broad range of combustion conditions and sampling of
by-products. The a-C:H were produced using an R.F.
plasma reactor at low pressures, and their structure is
dominated by aromatics linked in an aliphatic skeleton.
The central goal of this study is to obtain absolute
spectral properties of carbon dust analogs in both the
VUV/Vis
regions
and
the
infrared
ranges,
complementing earlier studies of hydrocarbon solids,
particularly in the VUV range, where optical measurements are scarce. A full spectral characterization of
these materials will clarify their potential contributions
as carriers of observed spectral features in the infrared
and in the UV, such as the FUV rise and also the 217.5
nm bump of interstellar extinction curves [Fitzpatrick &
Massa 2007].
UV measurements of our carbon analogs were
performed with three instruments. At the IAS we use a
UV-Vis spectrometer (λ = 210 nm - 710 nm) with a subnm resolution. It consists of a deuterium lamp, whose
light is conducted by optical fibers and illuminates the
sample. The transmitted signal is then collected and
carried by optical fibers towards a grating spectrometer
(Maya PRO UV, Ocean Optics). For measurements in
the vacuum ultraviolet, we use the APEX branch of the
DISCO beamline at the SOLEIL synchrotron. The
APEX chamber allows measurements between λ = 50
nm - 260 nm in windowless mode (Giuliani et al. 2009),
with a beam size at the sample of ~ 2 mm. From now on,
we will interchange between the terms VUV and FUV to
refer to this wavelength range. Finally, a
spectrophotometer (Specord, Analytikjena) allowed
measurements on MgF2 windows at λ = 190 - 1000 nm.
These transmission spectra allow the derivation of
optical constants from these carbonaceous materials,

necessary to simulate observed astronomical extinction
curves. We also measured these films in the infrared,
allowing us to characterize the quality and suitability of
our samples as interstellar dust analogs.
By combining UV to IR measurements, we scaled
the UV contribution to the 3.4 µm band to compare the
observed UV extinction to our laboratory a-C:H
measurements. We derived the VUV-Vis optical
constants for a laboratory a-C:H and soot from several
sets of transmission measurements at different
thicknesses. We used these optical constants to calculate
extinction curves which show that a-C:Hs contribute to
the steep FUV rise, while soots are suitable carriers of
the UV bump [Gavilan et al. 2016]

Figure 1. VUV-UV (50 nm – 1µm) spectra of soot
nanoparticle film and hydrogenated carbon film
measured at SOLEIL (VUV) and at the IAS (UV-Vis)
This work was supported by a postdoctoral research
allocation by the Centre National d’Etudes Spatiales.
Giuliani, A. et al. (2009) DISCO: a low-energy
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Gavilan, L. et al. (2016) VUV spectroscopy of carbon
dust analogs: contribution to interstellar extinction.
Astronomy & Astrophysics, 586, A106
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shapes of interstellar extinction curves. The
Astrophysical Journal, 663, 320
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As the Northwest Passage through the Arctic Ocean is
becoming more navigable and more ships take this route,
the International Maritime Organization (IMO) has
become interested in assessing the impact of Black
Carbon (BC) emissions due to shipping on climate
forcings in the Arctic.
The IMO agreed to use the definition laid out in
Bond et al. (2013) and asked its members to do
measurement campaigns to get familiar with this
definition of BC in the context of Marine emissions. BC
emissions from ships should be measured with different
measurement methods, marine engines, engine
conditions and marine fuels. In this study, we focus on
the behaviour of different measurement techniques in
varying engine conditions and fuels.
Emissions from a 2-Stroke DDC 6-71N engine
with an in-line 6 cylinder configuration, a maximum
rated speed of 2100 RPM (range 1100-2100), a BMEP of
641 kPa, and a power of 210 Hp at 2100 RPM mounted
on a test-bed were measured. Three different fuels were
used: DMA (distillate with low sulphur content), RMA12 (residual with low sulphur content), and RMG-380
(residual with high sulphur content). The latter was
representative of the fuels typically used outside
controlled areas.
A suite of BC-specific instruments as well as
many ancillary instruments were used to measure engine
emissions. The Black Carbon instruments reported here
are: Semi-continuous OC/EC, OC/EC filters, LaserInduced Incandescence (LII), Micro-Soot Sensor (MSS),
Smoke Meter (FSN), and Multi-Angle Absorption
Photometer (MAAP) and Aethalometer. The spread in
responsivity of these instruments was quite broad,
varying by about a factor of two.
A Conditioning System (CS) consisting of a
catalytic stripper and sulphur adsorbers was used in
roughly half of the tests to strip emissions off of organic
vapours that might have otherwise affected the response
of the various BC instruments. The sample conditioning
system proved effective in reducing OC and sulphate as
shown by Teflon filter analysis and by TEM images of
emitted particles having passed through, or bypassed, the
CS. The effect on the BC instruments’ response,
however, was not immediately evident.
Noting the broad spread in instrument
responsivities, we applied a post-hoc calibration to the
BC instruments based on their response to the DMA fuel
and tested to see if this calibration improved agreement
for the tests run with the two residual fuels. We

calculated the spread in slopes for all BC instruments
(except the MAAP and Aethalometer because of their
non-linear behaviour) before and after applying the posthoc calibration and saw a reduction in the spread from
around 30-40% before to around 15% after for both
RMA-12 (Fig. 1) and RMG-380 emissions. The spread
was further reduced to around 10% when applying the
post-hoc calibration to conditioned emissions.
These measurement campaign results suggest that
instrument calibrations with a marine-relevant source
and the use of a conditioning system have potential to
improve agreement between instruments and further
testing of these strategies is encouraged in future marine
engine measurement campaigns.

Figure 1. Mass concentration of engine emissions
running on RMA-12 as measured by BC instruments.
Left panel: as measured without the CS and no
calibration. Right panel: as measured with the CS and
with DMA-based calibration.
This work was supported by the International Council on
Clean Transportation (ICCT) under grants from the
Climate and Clean Air Coalition (CCAC) and the U.S.
DOT Maritime Administration (MARAD). In kind
support from the Government of Canada is also
acknowledged.
Bond et al. (2013), J. Geophy. Res. 118, 5380–5552.
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The investigation of diesel particulate emission is
nowadays an intensively studied issue for several
reasons. Diesel soot has significant contribution to
atmospheric carbonaceous particulate matter (CPM).
CPM is the second most important anthropogenic
pollutant regarding its radiative forcing. In addition,
there are also severe human health effects attributed to
CPM. As a result of their large surface area per unit
carbonaceous particles have a strong capacity for
adsorbing various toxic atmospheric substances. Lately,
numerous studies have reported that although CPM is
negligible in total aerosol mass it is the most dominant in
terms of toxicity.
Diesel particulate emission has also been
intensively studied from the pit of view of engine
development. As vehicle emission is being continually
restricted manufacturers are forced to develop engines in
accordance with that. The various properties of diesel
emission strongly depend on both the chemical
composition of the fuels (e.g. biodiesel blend rate) and
on the operational condition of the engine. Since diesel
exhaust is in a constantly changing thermal equilibrium
state with the local ambience the complex chemophysical features of diesel exhaust can go through
essential transition even during its relatively short
ambient residence time. Currently only mass and number
concentration is being regulated in the European Union
however, the climatic and human health effects of diesel
emitted particulate matter also depend on its complex
non-regulated chemo-physical properties. There is no
available standardized method that would be capable of
determining the source specific relationships between the
convoluted diesel exhaust properties or their climatic and
health impacts. The main reasons for that can partly be
attributed to the incomplete knowledge regarding aerosol
mixing states and partly to the lack of proper
instrumentation.
Concerning diesel exhaust investigation, the
greatest challenge to face is accurate sampling. This is to
be imputed to the extreme dynamic properties of the
turbulent reactive plume in the tailpipe and dilution
systems. Posterior temperature treatment of the diluted
of the initially diluted and cooling tailpipe exhaust under
controlled measurement conditions is prosperous
candidate for investigation of the above mentioned
complex processes.
In this study we are focusing on the dynamic
changes and the thermal evolution of diesel exhausted
particulate matter using commercial diesel and biofuel

blends. The measurements have been carried out on a
EURO4 engine dyno laboratory. Number concentration
and size distribution of the exhaust was measured by a
by a Scanning Mobility Particle Sizer (SMPS, GRIMM
System Aerosol Technik, Germany) in the 10-1100 nm
size range. Organic to elemental carbon ratio (OC/EC)
was determined by a Sunset Laboratories SemiContinuous OCEC Carbon Analyzer. Optical absorption
spectra were investigated by our self-developed state-ofthe-art four-wavelength photoacoustic spectrometer (4λPAS).
We have been investigating pure diesel (B0) and
biodiesel with low biofuel content (B7). Three engine
operational conditions were applied during the
measurements (from idle to maximum engine load). The
posterior temperature treatment was carried out by our
self-developed updated version of the Burtscher-type
low-flow thermodenuder (Burtscher, 2004). We have
experimentally demonstrated, that even low biodiesel
content in the fuel blend content and engine load have
significant impact size distribution and absorption
response. We have also shown that the wavelength
dependency of the absorption spectrum - Absorption
Angstrom Exponent (AAE) - can be a composition
selective indicator of fuel types and can modify the
interpretation of the SMPS data. We found relationship
between the OC/EC ratio and the AAE of the emitted
particles.

Figure 1. Changes in AAE in the function of engine load
Burtscher H., Baltensperger U., Bukowiecki N., Cohn P.,
HuKglin C., Mohr M., Matter U., Nyeki S.,
Schmatloch V., Streit N., Weingartner E. (2001)
Separation of volatile and non-volatile aerosol
fractions
by
thermodesorption:
instrumental
development and applications. Aerosol Science. 32,
427-442.
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Measurement of aerosol charge distributions
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Aerosol charging state is typically analysed by
Differential Mobility Analysers (DMA) in sub 100 nm
size range in single, parallel or tandem configuration
(Maricq, 2005). In case of larger particles, only a limited
number of methods are available. In the micrometer size
range the BOLAR instrument (Yli-Ojanperä et al 2014)
is able to measure size resolved particle size
distributions, but the size range between the BOLAR and
the DMA is troublesome. One of the possible methods is
the measurement of the net charge by an Electrical Low
Pressure Impactor (ELPI), but this gives only coarse
estimation of the aerosol charging state. We introduce a
new method, which is capable of measuring particle
charge distributions in a wide size range from
approximately 20 nm to micrometers.
The developed method relies on the measurement
of electrical mobility by a DMA and aerodynamic size
by an ELPI. Because the size is measured with the ELPI,
the DMA measurement defines the particle charging
state. In this type of measurement neutralizer is not used
prior to the DMA and the charger of the ELPI is
bypassed or switched off. The DMA voltage is scanned
and the penetrating fraction is measured in real time with
the ELPI. The fast particle size measurement reduces the
total time significantly compared to the Tandem-DMA.
Another advantage is that particles are not charge
conditioned in the measurement. Charge conditioning of
particles is sometimes incomplete, and thus results
unreliable mobility based size measurement. As balance
of advantages, the developed method has some
limitations. The particle effective density needs to be
known. This may be evaluated if the particle material
and morphology is known or it can be measured. The
second limitation is the resolution, which is lower
compared to the Tandem-DMA, because the particle size
is measured by an impactor.
We tested the method by producing reference
particles of known effective density and charging state.
Singly charged particles generated by the Singly
Charged Aerosol Reference (SCAR, Yli-Ojanperä et al
2010) were used to test the method from 50 to 200 nm
size range. Further measurements were conducted using
the same narrow particle size distributions, which were
subjected to diffusion charging, resulting in higher
charge levels per particle. The ELPI+ charger (Järvinen
et al 2014) was tested along with a mini corona charger
(Arffman et al 2014) because from these devices the
charging efficiency is reported.
In Figure 1 we show the charge distribution for
100 nm particles after the mini corona charger. The
concentration peak is observed at 4 elementary charges
per particle, while in Arffman et al (2014) the charging

efficiency is determined to be approximately 6 for the
same particle size. The charge distribution has a wide tail
towards larger values, resulting in an average charge
value of approximately 6.5 over the entire distribution,
which is in good agreement with the previously reported
charging efficiency value of 6. In addition to these
results, we have observed that singly charged particles
generated by the SCAR carry a single elementary charge
according to the developed method.
The new method is also suitable for evaluating
more complicated charge distributions and it allows
determination of particle concentration as a function of
particle size and charging state.
Concentration (a.u.)

1

Figure 1. The particle charge distribution after the mini
corona charger. The n is the number of elementary
charges per particle
This work was supported by Dekati Ltd. under a project
name CHARM.
Arffman, A., Yli-Ojanperä, J., Kalliokoski, J., Harra, J.,
Pirjola, L., Karjalainen, P., Rönkkö, T. and Keskinen,
J. (2014) J. Aerosol Science 78, 97–109.
Järvinen, A., Aitomaa, M., Rostedt, A., Keskinen, J. and
Yli-Ojanperä, J. (2014) J. Aerosol Science 69, 150–
159.
Maricq, M.M. (2005) Combustion and Flame 141, 406–
416.
Yli-Ojanperä, J., Mäkelä, M., Marjamäki, M., Rostedt,
A. and Keskinen, J. (2010). J. Aerosol Science 41,
719–728.
Yli-Ojanperä, J., Ukkonen, A., Järvinen, A., Layzell, S.,
Niemelä, V. and Keskinen, J. (2014). J. Aerosol
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Spark discharge is a simple and energy efficient method
for generating charged nanoparticles in gas phase media.
Nanoparticles generated by spark discharge have been
used in various applications because of their noble electric,
catalytic and optical properties (Sung et al, 2014; Messing
et al, 2010). As utilities of nanoparticle are increasing, the
necessity of scaling up the production rate is emerging
important issue. A recent research (Pfeiffer et al) has
increase production rate by using switchable electronic
component for stability control of spark discharge up to
frequency of 20 kHz.

Figure 1. (a) Rod-to-rod electrode type spark discharger
scheme, (b) voltage profile with unstable state measured
from rod-to-rod electrode type spark discharger, (c)
Wire-to-plate electrode type spark discharger scheme
and (d) voltage profile with stable state measured from
wire-to-plate electrode type spark discharger
In this study, we conducted comparative study
between the wire-to-plate electrode type and the rod-to
rod spark discharger for understanding the effect of
electrode geometry on stability of spark discharge.
As shown in Figure 1, with using the rod-to-rod
type electrode configuration, the spark discharge voltage
dropped to the voltage below the desired break down
voltage of the spark discharger (unstable state) over the
spark frequency of 1.1 kHz. On the other hand, the spark
discharge voltage was maintained the desired break down
voltage (stable state) of the spark discharger with the wireto-plate electrode configuration over the spark frequency
of 10 kHz.
In wire-to-plate electrode type spark discharger,
the carrier gas velocity in vicinity of spark discharge is
much faster than that in rod-to-rod electrode type spark

discharger. In addition, we confirmed the stable state of
spark discharge with wire-to-plate electrode type spark
discharger changed to unstable state by decreasing the
carrier gas flow rate. Therefore, we identified that the
carrier gas velocity in vicinity of spark discharge was
main factor for maintaining stable condition of spark
discharger over the frequency of 10 kHz.
Moreover, we investigated the effect of electric
field near the spark discharge zone on the stability of
spark discharge. To this end, we measured the spark
stability of the wire-to-rod type electrode. Its carrier gas
velocity field has a similarity to that of rod-to-rod type
electrode but stronger electric field intensity due to wire
electrode. Then, we confirmed that wire-to-plate type
electrode could maintain the stable state over the
frequency which exhibited unstable state in the rod-to-rod
type electrode.
Finally, we measured the mass production rate of
the spark discharger which exhibited proportional growth
to the frequency increment while stable state of spark
discharge was maintaining. However, the mass
production rate fell out drastically when the spark
discharge became unstable state.
This work was supported by the Global Frontier R&D
Program on Center for Multi-scale Energy System funded
by the National Research Foundation under the Ministry
of Science, ICT & Future, Korea (2011-0031564,
2012M3A6A7054855).
Sung, H., Lee, J., Han, K., Lee, J.-K., Sung, J., Kim, D.,
Choi, M., & Kim, C. (2014) Organic Electronics.
15(2), 491-499.
Messing, M. E., Westerström, R., Meuller, B. O.,
Blomberg, S., Gustafson, J., Andersen, J. N.,
Lundgren, E., van Rijn, R., Balmes, O., & Bluhm, H.
(2010) The Journal of Physical Chemistry C, 114(20),
9257-9263.
Pfeiffer, T., Feng, J., & Schmidt-Ott, A. (2014) Advanced
Powder Technology, 25(1), 56-70.
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Corona discharge finds a large scale application in
various technological processes. It is widely used in
electrostatic precipitators for gas cleaning in
chemical industry and machinery, in biomass,
especially
wood,
combustion,
etc.
The
electrohydrodynamic (EHD) phenomena, which are
based on corona discharge electric wind effects, find
their application in EHD-pumps. The compact EHD
heat exchanges in which the move of gas takes place
due to electric wind could serve as a good example
for perspective development.
The scope of current report is the study of
corona discharge, preferably, direct current (DC)
corona discharge, in compact ionizers, which
includes a grounded electrode in which a star-shaped
high voltage (HV) electrode is installed. The
electrode system could consist of a grounded tube or
a metal grid cylinder and the star-shaped electrodes
could have various thicknesses and number of the
needles. The Fig.1,a presents the corona discharge in
an electrode system tube – star-shaped electrode and
the Fig.1,b presents the photo of the corona discharge
from a selected needle.

Fig.1,a

Fig.1,b
Fig.1 Corona discharge from a star-shaped electrode

The aim of the study is the analysis of the
influence of operation conditions (geometry of the
electrode system, number of HV electrode needles,
polarity of applied voltage and gas temperature and
pressure) on the corona discharge current-voltage
characteristics (CVC).
It is proposed to describe the CVCs using the
general Townsend equation, in which the dependence
of corona discharge current I [A] from the applied
voltage U [V] could be presented as 𝐼 = 𝐴𝑈(𝑈 −
𝑈0 ), where A is a complex coefficient [A/V²], U0 [V]
is corona discharge onset voltage.
The results show, that at fixed grounded
electrode geometry, with increase of number of
needles, at constant value of applied voltage the total
corona discharge current increases, but corona
current per single needle decreases. The
corresponding dependence of the parameter A on the
number of needles N is obtained. The change of the
geometry of the grounded electrode from a ring-form
to the tube one (increase of the electrode height),
results in increase of the stability of corona discharge
due to diminishing the edge-effects.
The increase of gas temperature results in
linear decrease of corona discharge onset voltage U0,
what could be explained by the change of density and
electric resistivity of the gas. At constant value of
applied voltage, corona current linearly increases. If
the increase of gas temperature results in increase of
corona current at U=const, the increase of gas
pressure works oppositely, e.g. at U=const the
current I decreases.
In the report the authors describe the observed
phenomena introducing the corresponding functional
dependence of the complex coefficient A not only
from the geometry of the electrode system, but also
from the gas temperature and pressure.
The experimental results were compared with
the results of literature survey, preferably, for the air.
An attempt is done to extend the results both to some
of gases such N2, CO2, helium, some of gas-mixtures
and synthetic gas.
The results of investigations are important for
extension of fundamental knowledge of the physics
of corona discharge phenomena in various gases. The
understanding of the tendencies of changing of CVCs
depending on ionizer operation conditions opens the
possibilities for extrapolation of obtained data to high
temperature and high pressure (HTHP) gases. The
applied part of the study relates to the development
of HTHP electrostatic precipitators and compact
HTHP EHD equipment.
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Electro-Hydrodynamic Atomization (EHDA), or
simply electrospraying, is a process of influencing
the breakup of a liquid flowing through a capillary
by the application of a strong electric field (kV.cm-1)
For a certain spray configuration and a specified
liquid, there are different electrospraying modes
depending on the applied electric potential and the
liquid flow rate. Of these modes, the so called conejet mode is the most explored one, due to its ability
to produce highly charged monodisperse droplets in
the nano- and micro-meter size range. This mode has
been highly investigated and much information
about it can be found in literature. Another mode of
interest, which also produces mono sized droplets,
but more in the millimeter size range, is the simplejet mode. This mode is less explored compared to the
former. Agostinho et al, were, most probably, the
first authors to carefully investigate and characterize
this mode. In their work, the authors reported about
the influence of the electric potential(ϕ) and the
liquid flow rate(Q) on droplets’ size and spray
structure. They also pointed out that the charge of
these droplets is a fraction of their Rayleigh limit.
This presentation describes the design and
the implementation of a physical model for
determining the droplet trajectories in the simple-jet
mode. The model is done specifically for the
situation of a nozzle to ring(up) configuration. It is a
two-dimensional model, which solves the force
balance equation for each droplet breaking up from
the jet. It includes; initial droplet velocity, force of
gravity, applied electric field, drag force and inter
droplet coulombic force. Droplets’ deformation and
reorientation, which were observed to have a big
influence on the droplets’ dispersion, were simulated
by implementing random displacements on the
droplets’ center of charge. These displacements had
a maximum value, which was experimentally
approximated.
In order to visualize the EHDA droplets, an
imaging system consisting of a High speed camera
(Photron ASX-2) and a backlight illumination
(Dedocool light source) was constructed. After
acquired, the images were analyzed by ImageJ®
software. Calculation of the background electric
field as a function of geometry was done with

COMSOL® software. A self-made MATLAB®
routine was used to solve the force balance equation
and output the droplets’ trajectories.
Validation of the results was done by
comparing experimental results with model results
for different combinations of electric potential (ϕ)
and liquid flowrate (Q).
This model offers new possibilities of
modelling the droplets’ trajectories in complex
geometries and of introducing additional forces,
such as the ones due to secondary electric field and
air movements.
Agostinho, L. L., Taminga, G., Yurteri, C.U.,
Brouwer, S., Fuchs, E.C., and Marijnissen
J.C.M. (2012), “Morphology of water
Electrosprays in the simple-jet mode”, Phy. Rev.
E., Vol 86, No. 6 pp. 066317-066326.
Geerse, K. B., (2003), “Applications of
Electrospray; from people to plants”, PhD
Thesis, Technical University of Delft.
Hinds, W. C. (1999), “Aerosol Technology;
Properties,behaviour,and measurement of
airborne particles”, New York: John Wiley &
Sons, Inc..
Hartman R.P.A., Brunner D.J., Camelot D. M. A.,
Marijnissen J.C.M., and Scarlett B., (1999),
“The evolution of electrohydrodynamic sprays
produced in the cone-jet mode, a physical
model”, J. Electrostatics. Vol. 47, pp. 143-170.
Cloupeau M., and Prunet-Foch, B., (1994),
“Electrohydrodynamic Sparaying Functioning
Modes”, J. Aerosol Sci., Vol 25, No. 6, pp.
1021-1036.
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Electrospray (ES) atomization can be used to form small,
uniformly sized droplets when operating in stable conejet mode. In the spray, the droplets go through
electrocapillary (or Coulombic) instability upon solvent
evaporation, as the droplet diameter decreases below the
Rayleigh instability diameter (Fernández de la Mora,
2007). During Coulombic instability events the droplets
emit nanojets which can either disintegrate into smaller
droplets (progenies) or, in the case of viscoelastic
polymer solutions, “freeze”, resulting in a variety of
particle shapes. Contol over these instability events is
important in polymer particle production by ES (e.g.
pharmaceutical), as particle funcionality often depends
on particle shape and size distribution.
In this work we focus on the mechanisms that
lead to polymeric structures during Coulombic
instabilities in electrosprays. We study how polymer
molecular weight and polymer concentration affect the
particle morphology, for different polymers and solvents.
We identify an additional factor, the ambient relative
humidity (RH), which has often been overlooked in the
ES literature. We have electrosprayed water insoluble
polymers PMMA, PS, EC in volatile solvents MEK, and
DCM. We show that a solvent-saturated N2 co-flow
around the ES needle is needed to suppress solvent
evaporation from the liquid meniscus (Taylor cone).
Most of our results fit into one of the possible
scenarios shown in Table 1, depending mainly on the
viscoelasticity of the electrosprayed solution (also
studied by Almería et al, 2010).
Table 1. Particle formation scenarios encountered in ES
as solution's viscoelasticity increases
collected
Scenario Mechanism
morphology
Coulomb
non-filamented,
A
fission
with progenies
Coulombic
instability
filamented, with
B
with or
or without
without
progenies
fission
early shell
non-filamented
C
formation
without progenies
incomplete
fibers or
D
jet breakup
beaded fibers
We have discovered additional particle
morphologies formed during Coulombic instability
events, which do not fit into the current paradigm of
polymer particle formation by ES. These are particles

with strongly elongated or dumbbell shapes. Though not
previously described in the ES literature, similar shapes
have been found in sol-gel ES experiments (Li et al,
2007). We provide possible formation mechanisms (fluid
dynamic qualitative model) of these shapes.
The presence of ambient relative humidity results
in polymer precipitation before the first Coulombic
instability, leading to non-filamented particles, often
with a shell structure (Figure 1). In the high molecular
weight cases (at sufficiently high polymer concentration)
the particles show porous surface, which is caused by
water templating, similarly to breath figure formation
(Zheng et al, 2012).

a)

b)

c)

d)

Figure 1. Example microstructures collected from 1%
w/v PS–MEK solution at (a), (c) low RH (<10%), and
(b), (d) high RH (~60%), for PS molecular weights (a,b)
350 kDa, (c,d) 35 kDa; scale bar: 1 µm.
This work has been supported by the Spanish MINECO
under grants DPI2015-68969-P and DPI2012-35687, and
the Catalan government under grant 2014 SGR 1640.
Fernández de la Mora, J. (2007) Ann. Rev. Fluid Mech.
39, 217-243.
Almería, B., Deng, W., Fahmy, T.M., Gomez A. (2010)
J. Colloid Interface Sci. 343, 125–133.
Li, D., Marquez, M., Xia, Y. (2007) Chem. Phys. Lett.
445, 271-275.
Zheng, J., Zhang, H., Zhao, Z., Han, C.C. (2012)
Polymer 53, 546-554.
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Nanoparticles has been considered as the fundamental
building blocks in nanotechnology due to their excellent
properties compared to bulk materials. In spite of great
advances in fabricating functional nanoparticles having
designed properties, there has been few researches for
assembling them into desired shapes or placing at the
exact location. Therefore, developing bottom-up based
nanoparticle assembly technique is essential for practical
use of nanoparticles.
Ion assisted aerosol lithography (IAAL) is an
aerosol-based assembly technique, which utilizes the
electrostatic focusing effect to manipulate the trajectory
of the charged nanoparticles. (Kim et al., 2006; Lee et al.,
2010; Choi et al., 2015.) In this work, we demonstrate
3D nanoparticle assembly technique by translating the
electrified mask. In previous nanoparticles were
deposited through the fixed stencil mask or the PR
pattern. So the shape of the nanoparticle structure was
mainly determined by the geometry of the PR or mask
pattern.
In this research, now the mask was being translated
during nanoparticle deposition process. The shape of
nanoparticle structure is now determined not by the
shape of the mask opening, but the trajectory of the mask
transition, which is like 3D printing technique.

keeping deposited on the structure with maintaining
short total translating distance. Figure 1 shows the high
aspect ratio nanowire fabricated by translating the mask
in vertical direction
As the voltage applied to the substrate was also
applied to the deposited nanoparticle cluster, charged
nanoparticles were attracted toward to the pre-deposited
nanoparticle cluster. As a result, nanoparticles tend to
moving toward the nanostructure, even though the mask
opening was not aligned with the nanoparticle cluster.
Consequently, charged nanoparticles were continually
deposited onto the top of the structure, so tilted nanowire
was fabricated. If the nanoparticle cluster is too small to
induce the electrostatic attraction, charged nanoparticles
were deposited beside the deposited cluster, which likes
nanoparticle writing. So the mask translation velocity is
important parameter to determine whether the process is
3D nano-printing or 3D writing

Figure 2. (a) Nanoparticle cluster fabricated with fast
translation of the stencil mask; Nanoparticle writing (b)
Nanoparticle structure fabricated with slow translation;
3D nano-printing.
This work was supported by the Global Frontier R&D
Program on Center for Multiscale Energy System (Grant
no. 2011-0031561 and 2012M3A6A7054855) by
National Research Foundation (NRF) under the Ministry
of Science, ICT and Future Planning, Korea.
Figure 1. High aspect ratio nanowire array fabricated by
translating the mask in vertical direction during
nanoparticle deposition process
The high aspect ratio nanowire could be fabricated
by translating the mask in vertical direction while
keeping depositing nanoparticles. Moving the mask in
vertical direction with the same velocity of the growth
rate of nanoparticle structure, nanoparticles were

Kim, H., Kim. J., Yang, H., Suh, J., Kim, T., Han, B.,
Kim, S. and Choi, M. (2006) Nat. Nanotech. 1(2),
117-121.
Lee, H., You, S., Pikhitsa, P. V., Kim, J., Kwon, S., Woo,
C. G. and Choi, M. (2010) Nano Letters, 11(1),
119-124.
Choi, H., Kang, S., Jung, W., Jung, Y. –h., Park, S.J.,
Kim, D. S., Choi, M., (2015) Journal of Aerosol
Science, 88, 90-97.
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N. Sochorakis1, J. Grifoll1 and J. Rosell-Llompart1,2
2

1
Chemical Engineering Department, Universitat Rovira i Virgili, Tarragona, E-43007, Spain
ICREA – the Catalan Institution for Research and Advanced Studies, Barcelona, E-08010, Spain
Keywords: electrospray scale up, space charge, sprays, droplets.
Presenting author email: nikolas.sochorakis@urv.cat

Electrospray is a liquid atomization process capable of
producing monodisperse microdroplets. Simultaneous
operation of many electrospray emitters (multiplexing) is
required to achieve industrially relevant production rates.
The linear array of electrospray emitters is a geometry of
interest for producing coatings and particles. However,
the electrical field at any one given emitter is weakened
by the electrostatic charges from the sprays and the other
emitters. Therefore, this work aims to identify robust
configurations that lead to stable spraying from linear
arrays.
We have characterized the conditions leading to
stable cone-jet mode and spray plume behaviour in linear
arrays as a function of the geometrical parameters of the
arrays and the relevant liquid properties (e.g. electrical
conductivity). We have established:
(1) that it is possible to produce stable spraying along
the linear array without the aid of extractor-type
electrodes (otherwise necessary in 2D arrays;
Bocanegra et al, 2005; Deng et al, 2006), provided
that “blind emitter” electrodes are located at the
ends of the array (in agreement with Rulison and
Flagan, 1993, Hubacz and Marijnissen, 2003, and
Quang Tran et al, 2010) (Fig. 1a-1c);
(2) that the sprays are similar for all emitters except
those at the ends (Fig. 1a), where the spray is more
expanded and their deposition patterns are oval
(“kidney”-like) instead of elliptic, as found
elsewhere (Fig. 1d);
(3) that the electrical potential difference needed to
sustain stable operation increases with the number
of spraying emitters but tends towards an
asymptotic value (i.e., it is bounded regardless of
the length of the array);
(4) that as the pitch (inter-emitter separation) is
reduced below the spray width at the collector, the
spray elongates along the array-cross direction, and
distorts in correlation with the sprayer
misalignments (Fig. 1d);
(5) and that at high electric field strength (Fig. 1b), the
Taylor cones retract, becoming misaligned and
producing distorted spray patterns, similarly as for
single emitter electrosprays.

(a)

-7.44 kV

(c) left most
emitter
-9,23
kV
-7,46
kV

(b)

central
emitter

-10.3 kV

(d)
Pitch = 4.5 mm

‐6.6 kV

Pitch =
2.3 mm

‐7.9 kV

Figure 1. (a),(b): Spray plumes from seven emitters
operating in cone-jet mode (94:4:2 ethylene
glycol/AcH/water with 0.00038 S/m; negative image).
(c): Taylor cones response to voltage is nearly the same
for different emitters. (d): Deposition patterns from two
arrays with different inter-emitter distance (pitch) (1%
w/v ethyl cellulose in 2-butanone). All: The reported
minus voltage is applied to collection plate; emitters and
top plate are Earth-grounded.

This work has been supported by the Spanish MINECO
under grants DPI2015-68969-P and DPI2012-35687, and
the Catalan government under grant 2014 SGR 1640.
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Deng, W., Klemic, J.F., Li, X., Reed, M.A., and Gomez,
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Sci. 34(Suppl.2), S1269-1270.
Quang Tran, S.B., Byun, D., Nguyen, V.D., Yudistira,
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The first multi-year observation-based study of aerosol direct radiative forcing in the
Southern Appalachian mountain region of the southeast US
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The southeastern United States (SE US) is home to high
concentrations of biogenic secondary organic aerosols
and sulfate aerosols, whose radiative effects may have
played a role in the region’s lack of warming during the
20th century (Goldstein et al., 2009). Large reductions in
sulfates and overall particulate matter in the eastern US
in recent decades (Hand et al., 2014) may potentially
reduce the cooling effect of aerosols but aerosol-climate
interactions are still poorly constrained in models.
Models and satellite-based aerosol retrievals
typically use tabulated aerosol optical and microphysical
property values or values from field campaigns as inputs.
However, aerosol loading, aerosol optical properties
(AOPs), and direct radiative forcing (DRF) vary largely
on seasonal scales in the SE US (Goldstein et al., 2009;
Sherman et al., 2015). The Global Aerosol Watch
(GAW) site at the semi-rural, mountainous Appalachian
State University in Boone, NC (36.210N, 81.690W,
1050m asl) is home to the only co-located NOAA-ESRL
and NASA AERONET aerosol monitoring sites in the
eastern US and is uniquely positioned to improve our
understanding of AOPs and DRF in the SE US,
including seasonal variability. The current study
examines seasonal variability in DRF and AOPs
influencing DRF above the SE US regionallyrepresentative Appalachian State site over a 5-year
period (Aug 2010-Aug 2015) and represents (to the best
of our knowledge) the first such multi-year
measurement-based DRF study in the region.
Spectral aerosol optical depth (AOD) is used along
with single-scattering albedo (SSA), and scattering
asymmetry parameter (g) as aerosol inputs to the Santa
Barbara DISORT radiative transfer code (SBDART;
Ricciazzi et al., 1998) to calculate diurnally-averaged
DRF and direct radiative forcing efficiency (DRFE).
Monthly-averages of DRF and DRFE are formed from
the daily-averaged values. MODIS 8-day surface
reflectance products are also used as inputs to SBDART,
along with model meteorological profiles. Seasonal
variability in DRF and DRFE are then examined, along
with their sensitivity to AOD, SSA, g, and surface
albedo.
Aerosol DRF at top-of-atmosphere and surface are
most negative during summer months, when AOD and
single-scattering albedo are highest (Fig.1) and the
surface is darkest. Aerosol DRF is least negative in
winter, largely due to lower AOD but also influenced by
lower SSA and brighter surface (dormant vegetation and
some snow cover). Aerosol DRFE on the other hand,

demonstrates smaller seasonal variability, due to the covariability in SSA and g (Fig. 1).

Figure 1. Time series of monthly-averaged aerosol
optical depth, single-scattering albedo, and asymmetry
parameter at 550nm. Error bars are standard deviations.
Goldstein, A.H., Koven, C.D., Heald, C.L., and Fung,
I.Y. (2009). P. Natl. Acad. Sci. USA, 106, 88358840.
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Global and regional trends of aerosols in the boundary layer and free troposphere
using CALIOP satellite observations from 2007 to 2015
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Aerosols alter the radiative budget of the Earth through
absorbing or scattering solar radiation and by changing
microphysical properties of clouds. Overall, aerosols are
short-lived (about a week) species due to the efficient
removal by dry and wet deposition in the boundary layer
(BL) where a majority of the emission sources are
located. As a consequence, most of aerosols are found in
the BL indicating that the climate is also affected most
by these aerosols. However, aerosols advected in the free
troposphere (FT) have a much longer residence time
(few weeks) than in the BL, potentially inducing a more
long-term effect on climate. Absorbing aerosols may in
addition have an enhanced climate effect if they are
located above reflective clouds [Zarzycki and Bond,
2010]. The short residence time of aerosols implies that
they are inhomogeneously distributed over continents
and throughout the atmospheric column. Their regional
distribution and nature may change rapidly with
emission regulation advocated by individual countries,
inducing a rapid change in magnitude and distribution of
the aerosol climate effects. In this study, we use satelliteretrieved trends in aerosol extinction to understand the
current regional and vertical distribution of aerosols as
well as temporal trends.
Although atmospheric aerosols have been the subject of
intense research for the last decades, aerosol
observations in the FT are still relatively sparse. To fill
this gap in knowledge and data availability, the CloudAerosol Lidar with Orthogonal Polarization (CALIOP)
satellite instrument, dedicated to the measurement of
vertically resolved attenuated backscatter, was launched
in space in June 2006 [Winker et al., 2009]. In this study,
we use CALIOP observations (L2 V3 Aerosol Profile
product) from 2007 to 2015.

Figure 1: Global and seasonal AOD in the BL and FT
observed during daytime in CALIOP from 2007 to 2015.

Our results show that as a global average, 77% and 23%
of the AOD is found in the BL and the FT, respectively,
during daytime. Although the amount of aerosols in both
the BL and FT remains similar (Figure 1), the variability
between different regions is large (Table 1). In
particular, large decreases of aerosols are observed in
America, Europe and East Asia, while large increases of
aerosols are observed in India and Indonesia. These
observations are in agreement with several studies
showing that anthropogenic aerosol emissions in North
America, Europe and East Asia are decreasing, inducing
a decrease, especially of sulfate aerosols in these regions
[Lu et al., 2011]. In contrast, aerosol emissions are
generally increasing in India [Lu et al., 2011]. In terms
of biomass burning emissions, the GFED inventory
[Giglio et al., 2013] indicates that emissions of smoke
decrease in South America but increase in Indonesia.
Overall, this indicates that aerosols are redistributed over
the globe and in particular, a new population of aerosols
is emerging over Asia. This might significantly impact
the effect of aerosols on climate, especially if the ratio
between scattering and absorbing aerosols changes.
North South
Am.
Am.
BL

-1.5

-0.9

Euro

India

East
Asia

Indonesia

-1.4

1.9

-0.6

6.4

FT
-0.8
-1.8
-1.9
1.5
0.4
8.3
Table 1: Annual relative AOD trends (%/year) observed
during daytime in CALIOP from 2007 to 2015 for
different regions (Am. is for America).
This work was supported by the National Swedish Space
Board (Rymdstyrelsen). We also acknowledge the
ICARE Data Services and Center for providing access to
the data used in this study and tools to process them.
Giglio, L., J. T. Randerson, and G. van der Werf (2013)
J. Geophys. Res., 118, 317-328.
Lu, Z., Q. Zhang, and D. G. Streets (2011) Atmos.
Chem. Phys., 11, 9839-9864.
Winker, D. M., et al. (2009), J. Atmos. Oceanic
Technol., 26, 2310-2323.
Zarzycki, C. M., and T. C. Bond (2010) Geophys. Res.
Lett. 37, L20807.

European Aerosol Conference 2016

Tours, France

Page 187 of 1211

Evaluation of aerosol vertical distribution from the EMEP model using EARLINET
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Providing information on aerosol backscatter and
extinction profiles, lidar instruments offer a unique
possibility of evaluating vertical distribution of aerosols
calculated with chemical transport models.
The EMEP/MSC-W model (Simpson et al., 2012)
calculates aerosol extinction from the 3D fields of
aerosol mass concentrations applying aerosol type
specific extinction efficiencies, and accounting for the
effect of relative humidity following Chin et al. (2002).
The calculations were made on global (1x1°) and
European (50x50 km) domains for the year of 2012.
Within
the
ACTRIS/ACTRIS-2
project,
EARLINET data have been incorporated in the
AeroCom database (Schulz et al., 2009), which allows
visual comparison of the model results with lidar
extinction profiles at 532 and 355 nm wavelengths for
the actual year and also with climatological (over 13
years) data (Fig. 1). The latter provides more robust
comparison as much more measurements are included.

altitudes compared to lower and higher levels (Fig. 2).
The model tends to overestimate measurements below 2
km and underestimate above 7-8 km, especially so for β.
Accounting for the vertical variability of lidar ratio in
calculations of β should improve this (β= α/50sr is used
here). Also compared to 72-h continuous lidar
measurements modelled α is closer to the data at 3-5 km
altitude compared to 1-2 km (Fig. 3). Further, better
agreement is obtained when lidar data is ‘smoothed”, i.e.
aggregated in thicker layers. Also temporal smoothing of
model results shows positive effect. Finally,
recommendations for model comparison with lidar
profiles are made.

Figure 2. Correlation vertical profiles (upper) and
regression (lower) between the model and lidar with
100m (left) and 1km (middle and right) data averaging:
for extinction 355nm (left, middle) and backscatter 35nm
(right).

Figure 1. Aerosol extinction profiles at 532 and 355 nm
at Potenza (IT) and Cabauw (NL) from the EMEP model
for 2012 (red) compared to lidar (blue) climatology
(upper) and 2012 (lower).
In this work, model calculated aerosol extinction
(α) and backscatter (β) at 532 and 355 nm are compared
with lidar data on hourly basis. Different degrees of
“smoothing” of lidar vertical profiles are tested (i.e.
averaging the data over 100m and 1 km layers, and
corresponding to the model layers). Beside qualitative
evaluation, quantitative analysis of the correspondence
between model and measurements is performed for 2012
with the focus on the period of EMEP/ACTRIS
campaign (June-July 2012), including 72-h continuous
lidar measurements (Sicard et al., 2015).
We found that in general the model agrees with
lidar better: for backscatter than for extinction
coefficient; for 355nm than for 532nm and at 3-6 km

Figure 3. Frequency distribution of calculated and lidar
extinction coefficients at the lowest 1-3 km (left) and at
3-5 km (right)
This work was supported within EU FP7 ACTRIS
project and has received funding from the EU Horizon
2020 research and innovation programme under grant
agreement No 654109 (ACTRIS-2 IA).
Chien et al. (2002). J. of Atmos. Science, 59, 461-483.
Schulz, M., Chin, M., Kinne S. (2009). IGAC
Newsletter, No 41, May 2009.
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Optical and physicochemical properties of brown carbon aerosol: light scattering, FTIR
extinction spectroscopy, and hygroscopic growth
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It is suggested that atmospheric brown carbon (BrC)
aerosol particles, with a variety of sources, can contribute
significantly or even dominate the total aerosol absorption
at certain wavelengths (Laskin et al., 2015). Aqueous
reaction of ammonium sulfate with methylglyoxal is
believed to be an important pathway for the formation of
BrC and has been investigated previously (Sareen et al.,
2010; Yang et al., 2009); nevertheless, knowledge of the
optical and chemical properties of BrC aerosol formed by
the reaction of ammonium sulfate with methylglyoxal is
still very limited (Moise et al., 2015).
In this work we have investigated the light
scattering properties at 532 and 402 nm of BrC particles
formed by aqueous reaction of ammonium sulfate with
methylglyoxal, and their optical extinction properties in
the IR range. We also characterized BrC particles using
Raman spectroscopy and explored their hygroscopicity
using H-TDMA.
Our light scattering measurements at 532 and
402 nm suggest that there is no significant difference in
the real parts of retrieved refractive indices between BrC
and ammonium sulfate particles, as shown in Figure 1.
However, optical absorption of aqueous BrC solutions is
largely enhanced in 200-700 nm spectral range. This is
due to the fact that our light scattering measurement is
relatively insensitive to the change in optical absorption.

supported by our Raman spectroscopy analysis which
shows that compared to ammonium sulfate, the amount of
organic materials contained by BrC particles is small.
We also measured the hygroscopic growth of
ammonium sulfate and BrC particles. As shown in Figure
2, the deliquescence and efflorescence relative humidities
and the hygroscopic growth factors at the same relative
humidity are reduced for BrC particles, compared to
ammonium sulfate.

Figure 2. Hygroscopic growth factors of ammonium
sulfate and brown carbon aerosol particles as a function
of relative humidity during hydration and dehydration
processes.

The work is funded by the National Science Foundation
under grant number AGS1439045.

Figure 1. Retrieved real parts of the effective refractive
indices (at the wavelength of 402 nm) of brown carbon
aerosol particles as a function of reaction time.
In addition, our measurements of FTIR extinction
properties find that ammonium sulfate and BrC aerosol
particles have very similar refractive indices (both the real
and imaginary parts) between 800 and 7000 cm-1. This is
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Rev., 115, 4400-4439.
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Figure 1: The black refractive index dispersion depicts
the final concentration of a trapped sulfuric acid droplet
upon reaching equilibrium with the relative humidity of
the surrounding environment. Comparing the refractive
index dispersion to dispersions from literature (Krieger
et al. 2000), the sulfuric acid concentration upon
trapping is approximately 48 % wt, a much higher
concentration to its intial concentration (20 % wt).
The refractive index of the mineral aerosol, silica,
was determined before film formation. The refractive

index of 1.3713 ± 0.0182 at wavelength of 589 nm was
determined from analysis of eighteen individually
trapped silica particles. The refractive index value for
silica is lower than published refractive index values due
to the silica particles porosity (Zhishang & Ripple 2014).
To replicate coagulation between stratospheric
aerosol and sulfuric acid, single mineral aerosol particles
were trapped and a film of sulfuric acid formed from an
acid mist, which wetted and spread on the silica aerosol.
Mie spectra were obtained throughout the condensation
of sulfuric acid on the mineral aerosol.
12
Silica + Thick Sulfuric Film
10
Intensity / Rel. Units

The presence of an inorganic film on a stratospheric
aerosol will alter the atmospheric aerosols ability to
scatter and absorb incoming solar radiation. The
work presented quantifies the optical change caused
by the growth of a thin film of sulfuric acid on an
optically trapped mineral aerosol. Mie spectroscopy
was applied to determine the film thickness (to one
nm) and the refractive index (and thus the optical
properties) of the trapped aerosol throughout film
development.
Optical trapping techniques created contact free
experimental conditions for the trapped particles, whilst
the radius and refractive index of the aerosol was
obtained through application of Mie theory on
backscattered white light spectra from the optically
trapped aerosol (Bohren & Huffman 1998). The
refractive index describes the scattering and absorbing
properties of the aerosol.
Trial experiments to determine the behaviour of
sulfuric acid upon trapping were run prior to filmdevelopment. Regardless of the initial acid
concentration, all optically trapped droplets equilibrated
with surrounding water vapour, at a given relative
humidity, to reach the same concentration. Sulfuric acid
droplets are dependent on their environment, and thus
the same theory can be applied to sulfuric acid films.
1.41
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Figure 2: Mie spectra depicting the alteration of Mie
resonances during the development of a sulfuric acid
film on a silica mineral aerosol.
Analysis of Mie spectra throughout sulfuric acid
film growth provided knowledge of the change in
refractive index of the mineral particle: upon film
formation the resultant refractive index is that of sulfuric
acid. The results confirm that sulfuric acid and mineral
aerosols readily coalesce, and upon coalescence the
refractive index of the initial aerosol alters greatly, thus
changing the solar radiation scattering and absorbing
potential of the aerosol enormously.
Presentation of the study to the aerosol
community is crucial for future stratospheric aerosol
research; determination of the refractive index change
upon film formation has a direct impact on the modelling
of stratospheric aerosols and their impact on controlling
global temperatures.

1. Bohren C. F. & Huffman D. R. (1998) Wiley Scientific
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Detection and quantification of water-based aerosols using active open-path FTIR
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Exposure to airborne particles has an adverse influence
on human health. One of the great challenges in aerosol
real-time measurements, besides quantification, is to
identify their composition. This study suggests using
active Open Path Fourier Transfer Infra-Red (OP-FTIR)
spectroscopy for quantifying water load in spray cloud as
well as solutes load in it.
OP-FTIR operates in the mid-IR range where
many organic and inorganic compounds present unique
spectral “fingerprints” and hence has great potential for
obtaining chemical information of the aerosols.
Although a few studies have shown the potential of OPFTIR for aerosols detection, e.g. measurements of water
droplets (Hashmonay & Yost 1999; Wu et al. 2007), It
has not been used for investigation of aerosols chemical
composition.
Experimental: To minimize wind interference the
aerosol cloud was generated within a 20m long
polyethylene tunnel open at both ends. A custom
agricultural system was used for the dispersion of waterbased droplets. In addition to the spectral measurements,
off-line measurements of water load in the line of site
(LOS) and concentration of the dissolved components in
the airborne droplets were conducted. (see figure 1)

Experiment 2 - Cloud of aqueous ammonium
sulfate droplets: The ammonium sulfate spectral
signature was clearly visible in the signal and a
quantitative model was obtained (figure 2).

Figure 2: Water-subtracted signals of the ammonium
sulfate clouds.
Experiment 3: Cloud of aqueous ethylene glycol
droplets. For the semi-volatile ethylene glycol, present in
both gas and condense phases, quantification was much
more complex and two approaches were developed: (1)
using the linear relationship from the first experiment
(determination error of 8%), and (2) inverse modeling
(determination error of 57%).
Conclusion
This work demonstrates the potential of the OPFTIR for detecting clouds of water-based aerosols and
for quantifying water droplets and solutes present in
them at relatively low concentrations.

Figure 1: Illustration of the experimental setup inside the
spray tunnel.
Three sets of spraying experiments generated
different hydrosols clouds: (1) tap water only (with
varying loads using different nuzzles), (2) aqueous
ammonium sulfate solution (0.35%-3.6%wt) and (3)
aqueous ethylene glycol solution (0.47%-2.38%wt).
Results
Experiment 1- Water clouds: The wavelengthdependent extinction coefficient of the droplets was
found to be similar for all tested nozzles, resulting a
linear relationship between spectrum baseline and water
load in the LOS.

This work was done under and supported by the
Technion Center of Excellence in Exposure Science and
Environmental Health (TCEEH). Additionally, this work
was supported by the Israel Science Foundation (809/12)
and the Environmental Health Foundation (864942). We
would like to thank the American Technion Society for
their financial support through the generous donation of
the Hittman Family.
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Aerosol optical properties of Western Mediterranean basin from multi-year
AERONET data
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Figure 2. Average AERONET level 2 aerosol Angstrom
Exponent as a function of the optical depth of the 9
selected stations in four years (2010 to 2013).

Figure 1. Locations of the 9 Mediterranean AERONET
sites are found in the western basin with long time series
used in this work.
The analysis of the time series of τext-C reveals that
all those sites are affected by mineral dust transport from
the Sahara. The maximum in dust intensity was observed
in June 2012, with large peaks values around 0.9 ± 0.1
observed in Oujda and Evora Sites. In summer periods,
the daily average α is 0.1 ± 0.05, showing the dusty
climate.

We have analyzed the intrinsic dust optical
properties by selecting the dusty days corresponding to a
total optical depth above 0.2 and a fraction of the coarse
mode optical depth above 50%. For those cases we show
that the size distribution is clearly dominated by a coarse
mode with an effective radius between 1.76 µm close to
the source and 1.52 far from the dust source.
We also observe an increase in the single scattering
albedo ranging between 0.89 close to the dust source and
0.94 in the remote part of the domain. This change in the
size distribution and the absorption properties can be due
to the aging of the dust aerosol as they are transported
over the Mediterranean basin.
Dubovik, O., Holben, B., Lapyonok, T., Sinyuk, A.,
Mishchenko, M., Yang, P., Slutsker, I., 2002. Nonspherical aerosol retrieval method employing light
scattering by spheroids. Geophys. Res. Lett. 29, 54–
1.
Holben, B., Eck, T., Slutsker, I., Tanre, D., Buis, J.,
Setzer, A., Vermote, E., Reagan, J., Kaufman, Y.,
Nakajima, T., others, 1998. AERONET—A
federated instrument network and data archive for
aerosol characterization. Remote Sens. Environ. 66,
1–16.
Mallet, M., Dubovik, O., Nabat, P., Dulac, F., Kahn, R.,
Sciare, J., Paronis, D., Léon, J., 2013. Absorption
properties of Mediterranean aerosols obtained from
multi-year
ground-based
remote
sensing
observations. Atmospheric Chem. Phys. 13, 9195–
9210.
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Different approaches for crustal and marine contribution estimates:
which are the uncertainties?
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The contributions of crustal and marine components to
the particulate matter concentration are routinely
assessed in many aerosol composition studies by the
application of relatively simple methods. However,
depending on available chemical species and author’s
preferences, a variety of approaches are used, with
different hypothesis, formulas, corrections and
approximations, which may lead to a high variability in
obtained results.
As concerns the crustal component, in most of the
studies it is calculated by the sum of oxides algorithm
(Malm et al., 1994), i.e. by the sum of all the main
crustal element oxides (Na2O, MgO, SiO2, Al2O3, TiO2,
K2O, CaO, Fe2O3). However, as these elements may
receive contributions from other sources (like sea-salt for
Na and Mg, biomass burning for K, traffic for Fe, etc.),
different approaches are used to take it into account. Sea
salt contributions to Na and Mg are for example
calculated using the Cl concentration (even if it is tricky
due to the volatility of this element) or by the Na-Al or
Na-Ca system approach (Calzolai et al., 2015); in other
cases, the Na-Mg contribution to mineral dust is
calculated as an additive 15% to the rest of the crustal
matter. Anthropogenic contributions to K and Fe are
sometimes corrected using enrichment factors. As a
further source of variability, in many studies not all the
elements in the formula are measured and their
contribution is extrapolated using elemental ratios
reported for the upper crust composition.
Moreover, the oxide formula does not take into account
the presence of carbonates, which conversely are known
to be present in mineral matter. For this reason, in many
studies the contribution of Mg and Ca is calculated in the
form of carbonates instead of oxides. Of course, both
chemical species may be present in crustal material and
the choice of which one has to be used is quite arbitrary,
and introduces further variability in the results.
In other approaches, only a few soil-related elements are
measured and the mineral dust contribution is obtained
by some empirical formulas starting from the
concentration of just one specific element.

As concerns sea salt, it is often calculated as the sum of
Cl plus the sea-salt fractions of just Na, or Na and Mg, or
Na, Mg, sulphates and other elements like K, Ca and Br.
The Na-Al or Na-Ca system approach is in many cases
used to separate sea salt and mineral contributions.
In this presentation, the extended data-base of the
AIRUSE project (Amato et al., 2016), which includes all
main sea salt and mineral dust elements, is used to
calculate these components by the different approaches,
both using all the available elements and selected
subsets, with the aim of performing a critical review of
the variability in the obtained results.
As an example, the crustal component calculated by
different methods for the site of Florence, is reported in
Figure 1.

Figure 1. Crustal component calculated by differed
methods (Florence, PM10).
Malm, W.C., Sisler, J.F., Huffman, D., Eldred, R.A.,
Cahill, T.A. (1994) J. Geophysical Res. 99, 1347-1370.
Calzolai, G. et al. (2015) Atmos. Chem. Phys. 15, 1393913955.
Amato, F. et al. (2015) Atmos. Chem. Phys. Discuss. 15,
23989-24039.
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Connecting marine productivity to sea-spray via nanoscale biological processes
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Marine aerosol enrichment by biogenic organic matter
(OM) has been linked to phytoplankton activity
(O’Dowd et al., 2004), thus having a strong seasonal
impact on both the Earth’s albedo and climate. In
addition to a seasonal cycle, sea-spray generation and its
enrichment with OM is a very dynamic process
producing regular OM plumes over N.E. Atlantic
(Ovadnevaite et al., 2011). Plankton-enriched seawater
contains a complex mixture of dissolved and particulate
organic carbon components (POC and DOC) producing
both water soluble and insoluble organic aerosol species
(Facchini et al., 2008; Russell et al., 2010).
Reanalysis of long-term observations of North Atlantic
marine aerosols and satellite derived measurements show
a clear dependence of OM mass-fraction enrichment in
sea spray (OMss) on both phytoplankton biomass,
determined from Chlorophyll-a (Chl-a) and Net Primary
Productivity (NPP) (Figure 1). The correlation
coefficient for OMss as a function of Chl-a increased
form 0.67 on a daily timescale to 0.85 on a monthly
timescale. An even stronger correlation was found as a
function of NPP, increasing to 0.93 on a monthly
timescale.

materials. The importance of phytoplankton bloom
development on observed fractional OM in sea spray
was first implicated by Rinaldi et al. (2013) who found a
significant lag between fractional OM and chlorophyll-a
concentration. High time resolution data analysis
confirmed the lag clearly pointing at bloom demise
based on temporal evolution of correlation matrix. The
biogenic OM, through aggregation processes, leads to
enrichment in sea-spray, thus demonstrating an
important coupling between biologically-driven plankton
bloom termination, marine productivity and sea-spray
modification with potentially significant climate impacts.
Extensive lab studies were performed during different
seasons using cultured phytoplankton species and their
symbiotic marine viruses which suggested a convoluted
interplay between biological organisms. Physicochemical properties of produced OM while not an exact
replica of ambient aerosol were exhibiting similar
features of particle water uptake with potentially crucial
climate effects.
The significance of these experiments is that they
demonstrated, for the first time, that the OMss bursts
occur both in ambient air experiments and laboratory
experiments and not only do they reaffirm that OMss
contributions can reach 95% submicron mass while
simultaneously leading to ambient air OM mass
contributions 10-fold higher than other studies reported,
but they also show approximately an order of magnitude
variability in OMss.
This work was supported by the EPA Ireland EASIAQCIS project, SFI, HEA-PRTLI4, EC IP EUCAARI.

Figure 1. Seasonality of fractional OM in sea spray,
chlorophyll-a and net primary production. (O’Dowd et
al., 2015)
The long-term observations and data analysis suggested
the observed dependence is through the demise of the
bloom, driven by nanoscale biological processes (such as
viral infections), releasing large quantities of transferable
OM comprising cell debris, exudates and other colloidal

Facchini, M.C., et al. (2008) Geophys. Res. Lett., 35(17),
L17814.
O'Dowd, C.D., et al. (2004) Nature, 431, 676-680.
O’Dowd, C.D., et al. (2015) Scientific Reports, 5, 14883.
Ovadnevaite, J., et al. (2011) Geophys. Res. Lett., 38(2),
L02807.
Rinaldi, M., et al. (2013 J. Geophys. Res, 118, 49644973.
Russell, L.M., et al. (2010) P. Natl. Acad. Sci., USA
107(15), 6652-6657.

European Aerosol Conference 2016

Tours, France

Page 195 of 1211

Modelling the impact of inland shipping on ambient air quality: some questions
S. Wurzler1, H. Hebbinghaus1, I. Steckelbach1, U. Senger1, T. Schulz1, J. Geiger1,
M. Memmesheimer2, and H. Jakobs2
1
North Rhine-Westphalia State Agency of Nature, Environment, and Consumer Protection, P.O. Box 101052,
D-45610 Recklinghausen, Germany
2
Rhenish Institute for Environmental Research (RIU), EURAD-Project, University of Cologne,
Aachener Strasse 201-209, D-50931 Cologne, Germany
Keywords: Air quality, Inland Shipping, Modelling
Presenting author email: sabine.wurzler@lanuv.nrw.de
Shipping is an important means of transport. Emissions
from sea shipping are among the main global sources of
air pollutants (e.g., Driesch et al. 2013). The role of
inland shipping in this regard is less well known. Focus
of this study is the impact of inland shipping on the air
pollutants NO2 and PM10 and some of the questions
arising when modelling this. We concentrate on the
German federal state North Rhine-Westphalia (NRW),
and the river Rhine, one of the main water ways in
Europe.
Considering that shipping on a major water way
like the river Rhine accounts for similar emission loads
as a heavily trafficked highway, it is obvious that it must
be a focus of air quality investigations at least for
adjacent areas. In NRW, shipping emissions contribute
about 10 % of NOx and 2 % of PM10 emissions.
Model results of the chemistry transport model
EURAD for the share of different source groups to the
regional background concentration are shown in Fig. 1.
Inland shipping within NRW contributes up to 15% to
the NO2 and up to 11% to the PM10 background
concentrations. It is not unlikely that shipping is also part
of the share from long range transport.

Thus, it is probable that they can be transported farther.
But how far? In order to answer this question we started
a field experiment with passive samplers for NO2 to
identify the magnitude of the gradient in the shipping
immission from the riverbank to the next residential
area.
Other questions concern the effect of the water
body on the wind and the impact of obstacles, e.g., the
riverbank or buildings. In streets, air quality problems
are mainly caused by road traffic in street canyons. The
lack of ventilation leads to high concentrations of air
pollutants. To analyse the effects for rivers, we carried
out model simulations with a high resolution for a small
section of the river Rhine, taking into account riverbanks
as well as buildings on the shore. The model results
show markedly less influence of buildings and
riverbanks on the spread of the air pollutants compared
to the effect of buildings on a street canyon. This may be
due to the relation between the breadth of the river bed
compared to the height of the obstacles and/or the
different emission height.
Conclusion: Even though emission from shipping
on a river is comparable to that from traffic on a busy
street, modelling their impact on air quality shows
marked differences and raises questions that need to be
investigated.

Figure 1. Source apportionment: PM10 background
concentrations in different regions in NRW. EURAD
model results.
When modelling shipping effects on a smaller
scale, e.g., for air quality plans, questions arise. Figure 2
shows such model results of the contribution of the river
Rhine to the PM10 concentration. Disregarding the
effects of grid size resolution, emissions from shipping
affect an area larger than the area affected by a typical
heavily trafficked highway. This leads to the question if
this is a modelling artefact. Compared to road vehicles,
emissions from ships are generally higher above ground.

Figure 2. Modelled contribution of a section of the river
Rhine to the PM10 immission load (annual average).
Driesch, J. M., Drewnick, F., Klimach, T., and
Borrmann, S. (2013) Atmos. Chem. Phys., 13, 3603–
3618
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A modeling perspective of the ChArMEx intensive campaign: organic aerosol formation
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During the summers of 2013 and 2014, two three-week
intensive campaigns took place over the western
Mediterranean in order to investigate the origins of
photo-oxidants as well as the sources and processes of
formation of organic aerosols in this region. Within the
frame of the MISTRAL/ChArMEx program, an
extensive number of chemical compounds were
investigated by means of ground-based and also airborne
measurements.

organic aerosols. Also, the simulation-observation
comparisons show a good agreement between the
concentration of organic aerosols, the oxidation stages
(PMF measurements) and also the distribution of
fossil/non-fossil sources for the scheme containing the
aforementioned processes in the western Mediterranean
area. In figure 1, a 2D image of organic aerosols
concentrations in the western Mediterranean basin is
shown for this scheme (Shrivastava et al., 2015).

The objective of this paper is to investigate the sources
of organic aerosols in the western Mediterranean basin.
There can be a multitude of sources (continental vs.
local, anthropogenic vs. biogenic …) and they have not
yet been quantified accurately neither by measurements
nor model simulations. Modelling of the organic
aerosols is still uncertain and needs to be improved. The
large observational data set obtained during the
ChArMEx intensive campaign for the period of July to
August 2013 presents an opportunity to evaluate new
secondary aerosol schemes within the CHIMERE
chemistry-transport model. To verify the robustness of
the simulations, simulation-observation comparisons
were performed and also the representativeness of the
simulations was investigated where the ground-based
measurements were performed (Ersa, Cape Corsica).

Systematic budget simulations will be presented to
determine the origin of organic aerosol over the western
Mediterranean basin. The uncertainty of these
simulations will be assessed from comparing results
from different aerosol schemes which best fit with the
available measurements.

The model has been configured in a way to fit the
specificities of this unique region. The largest domain
covers the entire Europe as well as the northern Africa
with a low resolution (30 km), nested domains go down
to a resolution of 1 km to resolve representativeness
issues due to the complex orography of Cape Corsica.
Multiple configurations of recent organic aerosol
schemes based on the Volatility Basis Set (VBS) were
implemented into CHIMERE .In order to evaluate the
consistency of each configuration, the results are
compared to the base simulations and a large pool of
observational data (organic concentration in PM1,
oxidation state, modern versus fossil carbon
measurements, AirBase stations, EMEP stations …).
This comparison shows that fragmentation processes and
the formation of non-volatile organic aerosol are two
critical factors to be included in the simulation of

Figure 1 Surface organic aerosol concentration in the
western Mediterranean basin during July-August 2013
simulated by the CHIMERE model.
Shrivastava, M., Easter, R., Liu, X., Zelenyuk, A., Singh
B., Zhang, K., Ma, P., Chand, D., Ghan, S. (2015)
Global transformation and fate of SOA: Implications
of low-volatility SOA and gas-phase fragmentation
reactions, Journal of Geographical Research:
Atmospheres.
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Improving the representation of biomass burning emissions and their aging in the VBS-CAMx
based on novel smog chamber experiments conducted at wintertime temperatures
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Organic gases undergoing conversion to form secondary
organic aerosol (SOA) during atmospheric aging are
largely unidentified, particularly in regions influenced
by anthropogenic emissions. SOA dominates the
atmospheric organic aerosol (OA) burden and this
knowledge gap contributes to uncertainties in aerosol
effects on climate and human health. Residential wood
combustion may be an important source of primary
organic aerosol (POA) emissions and potentially SOA
precursors, particularly in regions with cooler climates.
Previous work shows that traditional SOA precursors
account for less than 20% of the observed SOA formed
from residential wood combustion emissions (Grieshop
et al., 2009). A significant fraction of SOA is postulated
to derive from non-traditional intermediate and semivolatile organic compounds, which are not currently
included in emission inventories.
In this study, novel wood combustion aging experiments
performed at different temperatures (263.15 K and
288.15 K) in a ~7 m3 smog chamber (Bruns et al., in
prep.) were modelled using a two-dimensional volatility
basis set (VBS) box model, representing the emission
partitioning and their oxidation by OH. We combine
unprecedented measurements of non-traditional volatile
organic compounds (NTVOCs) measured by a highresolution proton transfer reaction mass spectrometer
and organic aerosol measurements from an aerosol mass
spectrometer to constrain the volatility distribution of
the primary biomass burning emissions.
More than 30000 box model simulations were
performed to follow the evolution of oxidation products
of the semi-volatile and volatile precursors with aging
and to retrieve the combination of parameters that fit
best the observed organic aerosol mass and O:C ratios.
These parameters include the NTVOCs reaction rates
and yields as well as enthalpies of evaporation and the
O:C of secondary organic aerosol surrogates. The latter
was also constrained by the molecular identity of the
contributing precursor gases.
We show that the molar abundance of SOA precursors
is, on average, five times higher than that of semivolatile compounds. The mass yields of these precursors
determined for a wide range of atmospherically relevant
temperatures and organic aerosol (OA) concentrations
were predicted to vary between 8 and 30 % after 5 hours
of aging (Figure 1). We assessed for the first time the
temperature dependence of SOA yields and determined
the enthalpy of evaporation of SOA compounds ranging
between 55000 J mol-1 and 35000 J mol-1, which

implies a yield increase of c.a. 0.03 - 0.06 % K-1 with
decreasing temperature.
The improved scheme was implemented in CAMx
(Comprehensive Air Quality Model with extensions) to
predict the burden and oxidation state of primary and
secondary biomass burning aerosols in ambient air. The
evaluation of this model for one of the EMEP intensive
campaigns in a winter episode (February-March 2009)
against
aerosol
mass
spectrometers
(AMS)
measurements performed at 11 sites in the Europe will
be discussed.
Figure 1: variation of biomass burning OA
concentration with aging at different temperatures.
Initial OA concentration = 60 µg m-3.

This work was supported by the CCES (Competence
Center for Environment and Sustainability) project
OPTIWARES, the Swiss Federal Office for the
Environment as well as the EU project COFUND.
Bruns, E. A. et al., in prep.
Grieshop, A. P., et al., Atmos Chem Phys 9, 1263-1277
(2009).
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The results of studies of the vertical gradient of
aerosol concentration measurements made during cruises
of r/v "Oceania" between 2008 and 2016 are presented.
The scientific cruises were conducted around the Baltic
Sea and the European Arctic regions. Using the results
from those experiments, sea spray emission fluxes were
calculated for all particles of sizes in the range from
0.5 μm to 47 μm.
Measurements were carried out
using a gradient method Petelski (2003, 2014),
Markuszewski (2014). For this method we used a Laser
Particle Counter (PMS model CSASP-100_HV) placed
on one of the masts of the r/v Oceania. Measurements
were performed on five different levels above sea level:
8, 11, 14, 17 and 20 meters. The vertical aerosol
concentration gradient was obtained from a minimum of
4 measurement series. Thus each result consists of a 1
hour series with the average sampling time at each
elevation equaling 8 minutes.
Using the results from those experiments the sea
spray emission fluxes have been calculated for all
particles of sizes in range 0.5 μm to 8 μm, as well as for
particles of sizes from fifteen channels of 0.5 μm width.
Using these fluxes we calculated the Sea Salt Generation
Function (SSGF) over the Baltic Sea, Petelski (2014).
This function provides information on the emission of
particles of different sizes, depending on environmental
parameters. The emission of sea spray depends on the
size of energy lost by the wind waves in the process of a
collapse.
Gathered data and results
Processed data contains cruises over the years
2008 – 2016 in the Southern Baltic Sea region, and three
measurements campaigns AREX (ARctic EXperiment)
in the European Arctic region over the years 2013 –
2016. All the results presented were corrected to 80%
relative humidity [Fitzgerald, 1975; Petelski, 2005].
Comparison and parameterisation between
aerosol flux, size distribution and wind speed in range
from 6 m/s to 17 m/s were made.

Figure 1. Gradient coarse aerosol fluxes gathered in
years 2008 – 2015

This work was supported through the National Science
Centre grant id. number: 2015/17/N/ST10/02396 and
Project Polar-KNOW.

Markuszewski, P. (2015), Sea Spray Aerosol Fluxes in
the Near Water Boundary Layer—Review of Recent
Achievements, Springer, doi: 10.1007/978-3-31914283-8_4
Petelski T., P. Markuszewski, P. Makuch, A. Jankowski,
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aerosol fluxes in the boundary layer over the Baltic
Petelski, T. (2003), Marine aerosol fluxes over open sea
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Fitzgerald, J. W. (1975), Approximation Formulas for
the Equilibrium Size of an Aerosol Particle as a
Function of its Dry Size and Composition and the
Relative Humidity, J. Appl. Meteorol. 14, 1044–1049
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Study of the formation of aerosols of FPs (I, Cs, Mo) and control rod material (Cd) in
conditions representative of the RCS during a severe accident and consequences on
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In a nuclear reactor severe accident (SA), the volatile
fission products (FPs), the structural and control rod
materials released from the degraded core are
transported and partly deposited in the reactor coolant
system (RCS). During their transport to the containment,
they undergo physical and chemical processes leading to
the formation of aerosols and gases (Haste and Payot,
2013). The nature and concentration of these species
which are then injected in the containment will strongly
determines the potential source term to the environment,
especially for iodine, which is a crucial issue for accident
management.
Indeed, even if CsI is from a thermodynamical
point of view very stable, some elements (Mo, B) can act
as a caesium sink, preventing CsI formation and
contributing to the release of gaseous iodine early during
the degradation phase (Girault and Payot, 2013).
Experimental studies on the behavior of FPs in
the reactor coolant system have been investigated for
many years at IRSN. The CHIP experimental program
(Chemistry Iodine Primary Circuit, Clément and Zeyen,
2005) is dedicated to obtain information both on iodine
speciation and aerosol composition under different
circuit boundary conditions in presence of other FPs (Cs,
Mo) and/or control rod materials (Ag, In, Cd, B).
The influence of Mo was firstly studied in a
laboratory-scale test line with concomitant injection of
CsI and MoO3 vapours in steam conditions (Gouello et
al., 2013). The formation of caesium molybdates
condensed species was observed even with low amounts
of Mo. Complementary experiments were performed in
the CHIP PL facility (Grégoire et al., 2015) with
injection of I2, CsOH and MoO3 vapours, allowing
elemental ratio representative of fission products
transport in the RCS in SA conditions (excess of Mo
relative to Cs and of Cs relative to I). The influence of
the atmosphere was explored with tests performed in
oxidizing conditions (steam) and with tests performed
with more reducing conditions (mixture of steam and
hydrogen). Finally, the influence of Cadmium was also
evaluated through the additional injection of Cd(0).
In this work, the deposits collected in the 700400 °C temperature range and aerosols transported to the
line outlet (150 °C) were characterized for their size,
morphology and elemental composition by Scanning
Electron Microscopy coupled with an Energy Dispersive

X-ray spectrometer (SEM-EDX). The molecular
composition of the heterogeneous mixtures was
determined by combining, X-rays diffraction and Raman
microspectrometry. Finally, the analysis with X-rays
photoelectron spectrometry (XPS) allowed determining
the surface composition and the oxidation state of
elements.
Experimentally it has been shown that in
oxidising conditions, caesium can be completely
consumed to form dicaesium polymolybdates, promoting
thus the formation of gaseous iodine. The particles
collected at 150 °C are submicrometer needle like
particles. I2 adsorbed at the particle surface was
evidenced too. In reducing conditions, CsI remains the
dominant form of iodine, as the amount of oxygen is not
sufficient to allow formation of quantitative caesium
polymolybdates. Reduction of Mo(VI) into Mo(IV) also
explained the limited formation of polymolybdates
species. Again submicronic particles were collected at
150 °C. Finally, the presence of Cd induced a
competition between Cd and Cs in molybdate-rich
particle formation, reducing the amount of released
gaseous iodine.
Both, formation of submicronic particles and
release of gaseous iodine may be of concern in case of
severe nuclear accident.
This work was supported by funds from the “Laboratoire
d’Excellence” (LABEX) -CaPPA- (ANR-11-LABX0005-01) and CHIP experimental program partners.
Clément, B., Zeyen, R., (2005) In: Proceed. of
International Conference on Nuclear Energy for New
Europe 2005. Nuclear Society of Slovenia, Bled,
Slovenia, 5-8 September.
Girault, N., Payot, F., (2013). Ann. Nucl. Energy, 61,
143–156.
Haste T, Payot, F., Bottomley, P.D., (2013), Ann. Nucl.
Energy, 61, 102–121.
Gouello, M., Mutelle, H., Cousin, F., Sobanska, S.,
Blanquet, E. (2013) Nucl. Eng. Des. 263, 462–472.
Grégoire, A. C., Kalilainen J., Cousin F., Mutelle H.,
Cantrel L., Auvinen A., Haste T., Sobanska S.
(2015), Ann. Nucl. Energy, 78, 117-129.
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On March 11th 2011, an earthquake of magnitude 9.0
occurred off northeastern Japan, causing a tsunami and
damaging the Fukushima Daiichi Nuclear Power Plant
(FNPP1). As a result, large amounts of radionuclides
were released into the ocean and the atmosphere.
Released radioactive nuclides were deposited in the
environment over a wide area. Modeling studies
estimated that less than 80% of the atmospheric
emissions were deposited in the Pacific Ocean and about
20% were deposited over Japan [Kawamura et al. 2011;
Morino et al. (2011), Aoyama et al. (2012), Korsakissok
et al. (2013), Groëll et al. (2014)]. Observations show
that the size of the contamination zone in Japan with
levels > 185 kBq/m² covers approximately 1 700 km²
[Steinhauser et al, 2014] and the area with levels > 10
kBq/m² covers about 24 000 km² [Champion et al.
(2013)].
In 2015, 137Cs hourly air concentrations retrieved from
filter tapes of air quality monitoring sites in Japan
became public [Tsuruta et al. (2014)]. This large volume
of data is a valuable complement to the other
environmental measurements such as:
 dose rates at monitoring posts and total deposition
of radionuclides on the ground;
 the meteorological measurements: AMEDAS and
rain radar observations.
All these observations were very helpful to improve the
understanding of aerial transport of the plumes and their
deposition over the Japan territory. However,
uncertainties remain and measurements alone are not
sufficient to fully understand episodes of deposition.
The current state of knowledge will be presented by
highlighting the main difficulties which limit our
understanding.
Understanding the formation process of contaminated
areas cannot be achieved through measurements only.
Thus, improving atmospheric dispersion simulations
remains a key issue.
Two main model inputs are required to perform
simulations: the meteorological fields and the
quantification of atmospheric releases. Shortly after the
accident, the meteorological inputs used to simulate the
consequences of the Fukushima accident had a too low
spatial and temporal resolution to correctly take into
account the impact of the complex Japanese terrain
[Mathieu et al. (2012), Korsakissok et al. (2013), Arnold
et al. (2015)].

Therefore, meteorological fields with a finer resolution
have been produced improving significantly the
simulations of the Fukushima accident [WMO (2011),
Sekiyama et al. (2015)].
The source term is the temporal evolution of the
atmospheric release rate of each radionuclide. Currently
there is no source term estimated only by modelling the
evolution of the reactor state. The existing ones were
assessed with methods using both environmental
measurements and simulations of atmospheric dispersion
and deposition. Several source terms were published
[Chino et al. (2011), Stohl et al. (2011), Mathieu et al.
(2012), Winiarek et al. (2012), Terada et al. (2012),
Saunier et al. (2013), Winiarek et al. (2014), Katata et al.
(2015)].
A critical analysis of the meteorological inputs and the
source terms will be presented. It will be shown that the
modelling aerial transport of the plume and the
formation process of contaminated areas have been
improved but some deposition events remain difficult to
model.
Acknowledgements: this work was done in the
framework of the SAKURA project, an MRI-IRSN
collaboration. The SAKURA project is a Hubert Curien
(PHC) partnership funded by the Ministry of Foreign
Affairs and the Japan Society for the Promotion of
Science.
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Due to a large earthquake and a subsequent tsunami, the
Fukushima Daiichi nuclear power plant (FNPP I) got
damaged on March 11, 2011. In several hydrogen
explosions a huge amount of radioactive materials was
released to the atmosphere in the following days. A great
part of the releases was particulate radioactive caesium
which could be detected on air filters in the area (Adachi
et al. 2013) and even as far as in Europe (Masson et al.,
2011). To assess different processes as deposition or
inhalation, it is important to know the activity size
distribution of this primary Fukushima aerosol. The aim
of this study is the retrospective size determination of the
radioactive caesium sampled on air filters.
The radioactive caesium aerosol was collected at
several air monitoring stations around the Tokai
Research and Development Center, about 120 km southsouthwest of the FNPP I. The sampling filters are made
of 70% cellulose and 30% glass fiber (HE-40TA, Toyo
Roshi Kaisha, Ltd.). The active sampling area of the
filters was 50 mm in diameter. The sampling height was
1 m above ground and the air flow rate of the vacuum
system was 100 L/min at a sampling duration of
typically one week. A part of the filters was used for
another study (Shinonaga et al., 2014), where more
sampling details can be found.
Usually activity size distributions are determined
using cascade impactors which segregate an aerosol
sample in different particle size classes in situ. But often
this equipment is not available in time, and only filter
sampling is performed. Recently several methods were
tested to obtain activity size distributions from filter
samples (Meisenberg and Tschiersch, 2015). The
performance of the methods proved to be dependent on
the filter material. Therefore it was necessary to check
specially for the filters used at Tokai.
The best method for retrospective size
determination of the HE-40TA filter proved to be a
method which was introduced in Meisenberg and
Tschiersch (2015) as sonication-assisted extraction into
a carrier liquid: Radioactive aerosol particles were
extracted from each filter into water applying sonication,
subsequently resuspended into the air and finally
segregated according to their size in a cascade impactor.
Test and calibration was performed using ambient
aerosol and natural Be-7 as tracer. In all tests, the
activity median aerodynamic diameter (AMAD) was
shifted constantly to a smaller value with a larger
geometric standard deviation (GSD) of the distribution,
which can be corrected. The total yield of the method
was about 15%.

The mean concentration of 137Cs was 8.56 Bq m-3
in the 1st week (14 - 21 March, 2011) after the blackout
following the earthquake. The later weekly samples
decreased in activity concentration. The AMAD with
about 0.9 µm was relatively large (Fig.1). In the
following two weeks the AMAD shifted to smaller sizes
(0.2 – 0.3 µm) and with week 4 additionally a peak
appeared at about 1 µm. It is supposed that this second
peak is due to resuspended material.

Figure 1. Size distribution of 137Cs aerosol particles as
determined from filter sample at Tokai, Japan in the first
week after the Fukushima accident. The red line shows
the measured value of each impactor stage. The
lognormal distribution (bold line) results from the
combination of fine and accumulation mode.
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Y. Igarashi1, K. Kita2, T. Kinase2, T. Maki3, C. Takenaka4, M. Kajino1, K. Adachi1, M. Ishizuka5, T. T.
Sekiyama1, Y. Zaizen1, K. Ninomiya6, H. Okochi7, A. Sorimachi8
1

Meteorological Research Institute, 1-1 Nagamine, Tsukuba, 305-0052 Japan
College of Science, Ibaraki University, 2-1-1 Bunkyo, Mito, 310-8512 Japan
3
Graduate School of Natural Science and Technology, Kanazawa University, Kakuma, Kanazawa, 920-1192
Japan
4
Graduate School of Bioagricultural Sciences, Nagoya University, Furo-cho, Nagoya, 464-8601, Japan
5
Faculty of Engineering, Kagawa University, 2217-20 Hayashi-cho, Takamatsu, Kagawa, 761-0396 Japan
6
Graduate School of Science, Osaka University, 1-1, Machikaneyama, Toyonaka, Osaka, 560-0043 Japan
7
Research Institute for Science and Engineering, Waseda University, 3-4-1 Okubo, Tokyo, 169-8555 Japan
8
Fukushima Medical University, １Hikariga-oka, Fukushima, 960-1295, Japan
Keywords: RadioCs resuspension, Bioaerosol emission source, Forest, Fungal spore
Presenting author email: kajino@mri-jma.go.jp
2

In this presentation we would like to introduce novel
hypothesis that the bioaerosol processes could be
involved in the radioCs resuspension to the atmosphere
for the case of the Fukushima radiological contamination.
The authors have studied for the re-suspension of the
radioCs emitted by the Fukushima Dai-ichi Nuclear
Power Plant (F1NPP) accident in contaminated area to
assess the effect of the accident (Ishizuka et al., 2016;
Kita et al., 2016; Kinase et al., 2016). Consequently, the
authors found that 1) during summer radioCs
concentration increases in such typical Japanese villagevicinity mountain area and that 2) radioCs hosting
particles in summer seem to be dust from its appearance,
their optical micrograph and our experiences (Igarashi et
al., 2015; Ishizuka et al., 2016). However, we recognized
that most particles collected on the filter had biological
origin from electron-microscopic view. Considering the
fact that true fungi concentrate Cs due to misidentifying
Cs as potassium, we can reasonably assume that the
fungal spore as the major contributing host for radioCs
resuspension.
So we had carried out ball park calculation. Supposed
that only fungal spore can carry 137Cs, estimating the
137
Cs amount per spore under various assumptions; the
value would be ranging 5×10-10-3×10-7 Bq/fungal spore
particle, in that case, the spore needs to be released at a
rate of 9×103-5×105 particle/m2/sec from forests to
support the present 137Cs in the air. This value is
surprisingly 1-3 digits larger than the forest maximum
value (387 particle/m2/sec) of the fungal spore emission
rate described in Table 2, Sesartic & Dallaﬁor (2011),
suggesting a potentially large environmental impacts of
the spore. Actually, number concentration of bio-aerosol
would be reaching 5-8×105 particle/m3 in our
preliminary observation during past summer in 2015 in a
forest in Fukushima prefecture, revealing that more bioaerosol release could be occurring from Japanese forests
than our expectation. Further, based on this postulation
that fungal spore would be a major source of
atmospheric radioCs especially during summer, 137Cs
concentration would be ranging 2.5×10-4-0.15 Bq/m3 air
in the forest, which almost fits to the actual 137Cs

concentration level observed in the air of the site in
Fukushima prefecture.
Therefore, we have carried out preliminary observations
at the Namie site during summer and winter for the
possible bioaerosol detections by using the fluoresence
microscopy and DNA analysis. In this presentation, we
will show the results for the bioaerosol number
concentrations by fluoresence microscopic counting and
predominant species by the DNA analysis.
The radioCs could be recycling through the terrestrial
ecosystem and emitted to the atmosphere, for instance, in
the case of cedar pollen. However, “bio-resuspension”
related to the fungal spore is a quite novel hypothesis.
The hypothesis is under tests by observations as well as
model simulations (Kajino et al., 2016), which could
contribute better understanding of anthropogenic Cs
behaviour in the terrestrial environment.
Acknowledgements: This work was mainly supported by
Grants-in-Aid for Scientific Research on Innovative
Areas 24110002 and 24110003 of the Ministry of
Education, Culture, Sports, Science and Technology
(MEXT) and partly supported by Japanese Radioactivity
Survey from Nuclear Regulatory Committee.
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Releases of radionuclides from the Fukushima nuclear
accident are typically associated with the atmospheric
discharges in the early phase of the accident in spring
2011. Analysis of weekly air filters, however, has
revealed sporadic releases of radionuclides long after the
Fukushima Daiichi reactors were stabilized. One major
discharge was observed in August 2013 in monitoring
stations in the Minamisoma area north of the Fukushima
Daiichi nuclear power plant (FDNPP) (see Fig. 1).

Figure 1. Radiocesium concentration in whole dust
samples collected in Minamisoma City (37°38'37" N
140°55'27" E) during October 1, 2012 to March 31,
2014. Data are decay-corrected to the time of sampling.
Taken from Steinhauser et al. (2015)
During this event, an air monitoring station in this
previously scarcely contaminated area suddenly reported
137
Cs activity levels that were 30-fold above the
background. Together with atmospheric dispersion and
deposition simulation, radionuclide analysis in soil
indicated that debris removal operations conducted on
the FDNPP site on August 19, 2013 are likely to be
responsible for this late release of radionuclides (Figure
2).
One soil sample in the center of the simulated
plume exhibited a high 90Sr contamination (78 ± 8 Bq
kg–1) as well as a high 90Sr/137Cs ratio (0.04); both
phenomena have usually been observed only in very
close vicinity around the FDNPP. We estimate that
through the resuspension of highly contaminated

particles in the course of these earthmoving operations,
gross 137Cs activity of ca. 2.8 × 1011 Bq has been
released.

Figure 2. Distribution of 137Cs concentration (mBq m–3)
in the surface air averaged for the period when the
radiation burst incident was observed; August 5 to 22,
2013. We considered the emission from the FDNPP
involved in the debris removal operations on August 19
only. The black "×" indicates the FDNPP. The three
white marks indicate dust monitoring sites Haramachi
(○), Tamano (◊), and Kamikawauchi (□), respectively.
Black dots indicate soil sampling sites in the present
study. Taken from Steinhauser et al. (2015)
This work was supported by JSPS KAKENHI
(Grant Numbers 26293150 and 25870158), Bousaiken
Grant 26P-01, and the U.S. Nuclear Regulatory
Commission (NRC) (Grant number NRC-HQ-12-G-380044).
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14028-14035.
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The long-term effect of 137Cs re-suspension from
contaminated soil and vegetation due to the Fukushima
nuclear accident has been quantitatively assessed using a
numerical simulation, a field experiment on dust
deflation flux in the contaminated area (Namie,
Fukushima) and air concentration measurements inside
(Namie; Ishizuka et al., 2016) and outside (Tsukuba,
Ibaraki; Igarashi et al., 2015) of the area. Because the resuspension mechanism is still unknown, by utilizing
observation data both inside and outside of the
contaminated area together with the 3D numerical
simulation, we aimed, to the utmost extent, robust
budget analysis of the re-suspension, transport, and redeposition in the eastern part (Tohoku and Kanto
regions) of Japan. Our findings are summarized as
follows:
1. Optimization of the deposition parameters of a
Lagrangian model for the emergency situation in
March 2011, using the aircraft observation (NRA,
2012) and prescribed emission inventory (Katata et
al., 2015), resulted in the dry deposition velocity of
0.1 cm/s over land and 0.04 for the collection
efficiency between aerosol and hydrometeors,
respectively. The optimized (or validated) deposition
parameters applied for the long-term re-suspension
assessment in the year 2013.
2. Using the dust deflation module (Ishizuka et al.,
2016) developed on physics basis, the 137Cs resuspension from soil could account for the observed
surface air concentration measured at Namie only in
the cold season, while significantly underestimated
by one to two orders of magnitude in the warm
season. Introducing re-suspension from vegetation
with the constant re-suspension coefficient 10-7 /h
and monthly forest green area fraction could
quantitatively account for the observation together
with the seasonal variation. The contribution from
the additional emission from the reactor buildings of
FDNPP (106 Bq/h) was negligible throughout the
year, underestimated the observed air concentration
by more than three orders of magnitude at the both
sites.
3. At Namie and Tsukuba, the simulated contribution of
re-suspension from soil was high (0.6-0.8) in the cold
season and low (0.1-0.4) in the warm season (and the
rest was from vegetation, low in winter and high in

summer). The contribution of the source area (where
the aircraft-observed deposition exceeded 300
kBq/m2) to air concentration at Namie was 0.8-0.9
throughout the year, while that at Tsukuba varied
from 0.1 to 0.4 high in summer and low in winter.
4. The simulated total re-suspension amount for the
whole region was 1.01 TBq, equivalent to 0.037% of
the aircraft-observed total deposition amount, 2.68
PBq. The regional total deposition was 0.18-0.23
TBq, equivalent to 17.8-22.8% of the re-suspended
amount. The spatial distribution of the estimated
ground 137Cs deposition decreasing rate ranged
2.2×10-7 - 6.6×10-6 /d. The first order decay for air
dose rates of monitoring posts in Fukushima ranged
5.2-12.1×10-4 /d. By subtracting radioactive decay
rate, 3.0-4.2 × 10-4 /d, the ground radioactivity decay
due to run-off, decontamination, and re-suspension
from air ranged 1.0-7.9×10-4 /d. Therefore, the
estimated re-suspension rate was two to three orders
of magnitude lower than the decay rates due to the
other processes: the re-suspension had negligible
contribution to reducing the ground radioactivity.
This work was mainly supported by Grants-in-Aid for
Scientific Research on Innovative Areas 24110002 and
24110003 of the Ministry of Education, Culture, Sports,
Science and Technology (MEXT) and partly supported
by Japan Society of the Promotion of Science (JSPS) and
Ministère des Affaires Étrangères et du Développement
International (MAEDI) under the Japan-France
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While the majority of existing soot models describes the
particles with a single parameter, usually mass or volume, particles with the same volume can differ greatly
with respect to morphology, composition and chemical
properties. To account for non-constant surface reactivity as well as the increasing surface-to-volume ratio of
large soot aggregates compared to spherical particles,
Blanquart and Pitsch (2009) formulated a trivariate model based on particle volume, surface area, and number of
hydrogenated surface sites (VSH model).
In this work, the VSH model is extended by a
fourth parameter, the particles’ H/C ratio, which has
been identified as an important quantity to account for
the chemical diversity of the particles, as it carries particle properties and information about their history. This
model is integrated into a Monte Carlo simulation code,
which allows a detailed analysis of the soot Number
Density Function (NDF), and is here validated for a series of laminar premixed flames. With this multivariate
characterization of the soot particles, in addition to the
soot volume fraction and number density, important
physico-chemical properties of the particles can be
tracked during their formation and growth process.
The purpose of including the H/C ratio into the
model is twofold. First, the evaluation of the H/C ratio is
used to reduce the uncertainty in the soot growth rates.
Second, an improved coagulation model is formulated
based on the H/C ratio.

introduced, which is based on the size ratio of the colliding particles. However, the transition from coalescence
to aggregation depends more on the rigidity of the particles, which is expressed by the H/C ratio. Particles with
a large H/C ratio are more deformable and tend to coalesce, while particles with a low H/C ratio are more rigid
and form aggregates. Figure 1 compares the predicted
NDF in a premixed ethylene flame with experimental
data by Camacho et al (2015). Using the collision model
based on the diameter, aggregation is overpredicted.
With the novel formulation of the collision model based
on the H/C ratio, the NDF is well predicted at all heights
above burner (HAB). Compared to the collision model
based on the volume, improvements are obtained regarding the onset of aggregation and maximum particle diameter close to the burner and the shape of the trough of
the bimodal NDFs further downstream.

Reduction of the Uncertainty of Soot Growth Rates
It is well accepted that the mass growth of soot
particles can be categorized into acetylene-based growth
according to the HACA mechanism, which adds mainly
carbon to the particle, and PAH-based growth, which
adds both carbon and hydrogen. However, large uncertainties exist for the rates of both processes. By evaluating the H/C ratio, it can be assessed whether the relative
importance of these processes is well captured. Extending the sensitivity study by Wick and Pitsch (2015), different rates suggested in the literature are compared for
laminar premixed methane, ethylene, and benzene
flames experimentally studied by Russo et al (2015). A
combined evaluation of the soot yield and the H/C ratio
in these flames leads to a reduction in the uncertainty of
the growth rates.
Coagulation Model based on the H/C Ratio
The two limiting cases for coagulation are coalescence, which results in spherical particles, and aggregation, which leads to fractal aggregates composed of
smaller primary particles. To capture the transition between these coagulation regimes, in the VSH model by
Blanquart and Pitsch (2009), a collision model has been

Figure 1. Soot NDFs in a premixed ethylene flame. Collision models based on particle volume, diameter, and
H/C ratio. Exp. data by Camacho et al (2015).
Funding from the EU for the Clean Sky Joint Technology Initiative under project DREAMCODE (grant
n° 620143) is gratefully acknowledged.
Blanquart, G. and Pitsch, H. (2009) In: Bockhorn, H.,
D’Anna, A., Sarofim, A. and Wang, H. (Eds.), Combustion Generated Fine Carbonaceous Particles,
KIT Scientific Publishing, pp. 437-463.
Camacho, J., Liu, C., Gu, C., Lin, H., Huang, Z., Tang,
Q., You, X., Saggese, C., Li, Y., Jung, H., Deng, L.,
Wlokas, I., Wang, H. (2015) Combust. Flame 162,
3810-3822
Russo, C., Tregrossi, A., Ciajolo, A. (2015) Proc. Combust. Inst. 35, 1803-1809
Wick, A. and Pitsch, H. (2015) Modeling the Dehydrogenation of Soot in Laminar Premixed Flames with a
Multivariate Soot Particle Description, In: Proceedings of the European Combustion Meeting.
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Impact of fuel and driving cycle on the chemical composition of particulate matter
emitted by various automobile engines
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Ultrafine particles released by internal combustion
engines are considered to constitute a substantial part of
aerosols loading in urban areas of high traffic and
population (Stolcpartova et al. 2015). Campaigns
including simulations and test runs of modern
combustion engines offer a powerful tool for
investigation of chemical composition of particulate
emission in dependence on engine technology,
combustion processes, fuel, operation conditions, and
driving cycles (Popovicheva et al., 2015).
In this study, the effects of commonly used fuels
were examined on three representative engines. Blends
of diesel (B0), 30% biodiesel with diesel fuel (B30), and
neat biodiesel (B100) were tested in an Iveco Tector
heavy-duty diesel engine operated on engine
dynamometer over a World Harmonized Transient Cycle
(WHTC) and steady-state conditions (1500 rpm and 30%
load). Blends of 15% ethanol, 25% of n-butanol, and
25% of isobutanol with gasoline were tested in a Ford
Ecoboost 1.0 direct injection gasoline engine (DISI) in a
Ford Focus car, and in a Škoda 1.4 multi-point injection
(MPI) engine in a Škoda Fabia car. The cars were tested
on a chassis dynamometer using the Artemis driving
cycle (urban, rural and highway).
Particulate matter collected on PTFE and quartz
fiber filters was subjected to comprehensive chemical
investigation, including thermo-optic analyses, capillary
electrophoreses, FTIR spectroscopy, and mass
spectrometry. We studied the differences in organic
carbon (OC) to elemental carbon (EC) ratio, watersoluble ionic content, organic/ inorganic functionalities,
and surface chemical composition with special focus on
polycyclic aromatic hydrocarbons, PAH, content by
changing diesel, gasoline and alcohol fuels, operation
conditions, and the driving cycle.
The increase of biofuel fraction leads to an
increase in OC/EC ratio for two operation conditions of
diesel engine, WHTC and 1500 rpm 30 %, as following:
0.45 and 0.93 for B0, 1.1 and 1.9 for B30, 2.5 and 5.7 for
B100. Spectra obtained with laser desorption/ionization
mass spectrometry (L2MS) are in agreement with this
measurements, where the WHTC diesel samples contain
less PAHs and/or alkylated PAHs (four rings) than 1500
rpm 30 % samples which contain PAHs up to six

member rings and additional alkylated PAHs.
Furthermore, the increase of organic carbon relates to the
higher abundance of acetate СН3СОО- ions in biofuel
emission, together with Na+, Ba2+ and Ca2+ ions.
Oxygenated fragments and alkaline metals were detected
with secondary ion mass spectrometry (SIMS), enforcing
the results from FTIR spectroscopy where higher relative
concentrations of C=O carbonyls was detected for 1500
rpm 30% load.
DISI gasoline engine produces OC/EC ratio of ~1
with both fuels (gasoline and gasoline + 15% ethanol).
The ratio is increased to ~2 when the amount of ethanol
in the fuel is increased to 25%. Even if gasoline emission
particulates have a lower OC/EC ratio they contain a
wide distribution of PAHs, starting from lower masses
and going up to eight member rings PAHs. Nevertheless
gasoline samples contain less aliphatic fragments in
comparison with diesel samples. The addition of alcohol
in gasoline reduces the emission of alkylated PAHs (less
pronounced petrogenic character). The largest difference
is found for total ion concentrations between urban and
highway Artemis cycle. In addition SIMS measurements
showed a large contribution of sulfate and ammonium
ions for highway Artemis cycle compared to the other
tested cycles.
MPI gasoline engine produces high OC/EC (~5)
even with pure gasoline fuel, demonstrating less soot
production during the combustion of homogeneous airfuel mixture when compared to direct injection engine
system. These results present a complete picture of the
chemical composition of particulate matter emitted by
diesel and gasoline engines.
This work was supported by Czech Science Foundation
project 13-01438S, Czech Ministry of Education project
LO1311, RFBR 15-15-5554020, and French LABEX
CaPPA (ANR-10-LABX-0005).
Stolcpartova, J., Pechout, M., Dittrich, L., Mazac, M.,
Fenkl, M.,Vrbova, K., Ondracek, J., and Vojtisek-Lom,
M., (2015) Atmosphere 6, 1714-173
Popovicheva, O., Kireeva, E., Shonija, N., VojtisekLom, M. and Schwarz J. (2015) Environ. Science
Pollution Res. 22, 4534-4544.
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Particle Types Occuring in Fresh and Processed Emissions from Biomass Combustion
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Biomass combustion is becoming a major air pollution
source in Europe and is estimated to contribute with at
least 40.000 pre-mature deaths each year in Europe
(Sigsgaard et al. 2015). At the same time Black and
Brown carbon emissions lead to short-lived climate
forcing at a poorly constrained magnitude. Particle
emissions
from
biomass
combustion
are
heterogeneous and there is a need to provide
information of major particles types and the mixing
state of different chemical components within these
particle types. The aim of this work was to identify
relationships between combustion conditions and
health and climate relevant particle characteristics of
fresh and photo-chemically processed biomass
combustion emissions.
Emissions were studied from a conventional
log wood stove operated at nominal burn rate (NB)
and high burn rate (HB) and from two wood pellet
combustion
systems.
Highly
time-resolved
measurements, where the dynamics of emissions in
individual combustion cycles could be followed, were
carried out in diluted flue gas. Additionally, emissions
from select burn phases were diluted down to ambient
mass loadings and investigated under steady state
conditions in a 15 m3 steel chamber. We used a suit of
techniques including a Soot Particle Aerosol Mass
Spectrometer (Onasch et al. 2012), Differential
Mobility Analyzer – Aerosol Particle Mass Analyzer
and Transmission Electron Microscopy to investigate
the physical and chemical properties of soot cores and
coatings and the occurrence of different particle types
in the emissions. The optical properties were
investigated with an Aethalometer. Atmospheric
processing was simulated with an Oxidation Flow
Reactor (PAM; OHexp. ~3*108 cm-3h).
The particle emissions could be grouped into
three main classes (table 1). Wood stove emissions
from flaming combustion were dominated by Black
Carbon (BC) dominated soot aggregates, which were
internally mixed with a thin coating of oxidised
organic aerosol (OA) and alkali salts. Soot aggregates
from biomass combustion are larger than those in
diesel exhaust and slightly more dense at a given size.
During flaming combustion, the BC, OA and PAH
emission factors as well as the OA enhancement
(processed OA / fresh OA) increased with increasing
burn-rate. Processing of these aggregates led to

increased mass at a given mobility size indicative of a
gradual conversion towards more compact particle
shapes.
Table 1 Combustion conditions and main particle
types

Main
particle type
GMD (nm)
PM1 (mg/MJ)
Major
components
Angstrom
Abs. Exp.
OAenh
processing

Flaming
combustion
Soot
Aggregates
100-150
30-100
rBC, minor
OA and ash
1.0-1.2

Low temp.
pyrolysis
Tar-Balls

NB 1-3
HB 5-10

1-2.5

100-200
100-500
Oxidised
OA
2-3

Burnout and
Pellet comb.
Nucleation
mode
30-60
5-30
Ash (+OA)
Low
absorption
Low
SOA
production

Low-temperature pyrolysis following fueladdition resulted in tar-ball type particles dominated
by organic aerosol with clear fragments in the aerosol
mass spectra representing mono-sacharides and
methoxy-phenols. Light absorption was primarily in
the UV-region (Brown Carbon dominated). For this
particle type the OA enhancement and particle density
increased and the volatility decreased with increasing
organic aerosol O:C ratio. PM1 mass emission factors
were substantially higher for low temp. pyrolysis
compared to flaming combustion. However,
absorption emission factors (in m2/MJ) were of similar
magnitude.
A third particle type was nucleation mode
particles (30-60 nm). Pellet combustion emissions
were dominated by water-soluble Potassium salts
(ash). Nucleation mode particles also dominated the
wood stove burnout emissions, in this case consistent
with dense ash-dominated cores onto which varying
proportions of less dense OA had condensed.
Emissions from whole combustion batches in
the wood stove were externally mixed and contained
all three particle types.
This work was supported by the Swedish Research
Councils FORMAS and VR.
Onasch, TB et al. (2012) Aerosol Sci. & Tech., 46, 804-817
Sigsgaard, T et al. (2015) Europ. Resp. J. ERJ-01865
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Cloud condensation nuclei activation of Diesel and Kerosene flame soot particles
aged in a smog chamber.
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Gas and particles emitted by jet aircraft
engines lead to the formation of contrails in the
upper troposphere that may evolve in
persistent cirrus-like clouds when atmospheric
conditions are favorable. The detailed
mechanisms of the formation of contrails are
still not well understood but it is assumed that
soot particles may act as cloud condensation
nuclei (CCN) or ice nuclei (IN). As soon as soot
particles are ejected in the atmosphere, they
undergo rapid chemical and physical
transformation including photochemistry and
radical chemistry on the surface, condensation
of low-volatility species, change of size and/or
morphology. In order to better describe the
formation of CCNs from soot particles, each of
these fundamental processes should be
investigated using model soot particles and well
controlled simulated atmospheric conditions.
New experiments have been set-up in order to
study the change of soot particles into cloud
condensation nuclei due to atmospheric aging.
Briefly, soot particles are sampled from a jet
turbulent diffusion flame supplied with Diesel
or Kerosene fuel using a home-made quartz
diluting probe and introduced in the
atmospheric simulation chamber CESAM(1) .
Changes of the particle hygroscopicity have
been studied by measuring their activation for
three different sets of simulated atmospheric
conditions in the chamber: irradiation by Xe
lamps to simulate solar light, oxidation by ozone

and oxidation by OH radicals. In the latter case,
the CCN activation curves reach a plateau for
supersaturation higher than 0.8% that leads to
the
determination
of
the
critical
supersaturation (Sc). All results are then used
with κ-Köhler theory (2) in order to derive a
single hygroscopicity parameter κ. Although the
data analysis is still in progress, some early
conclusions can be addressed already. The
critical supersaturation is almost the same
when comparing Diesel flame and Kerosene
flame. For both fuels, soot particles become
rapidly hydrophilic when OH radicals are
generated in the simulation chamber. These
original results bring new insight for
understanding the process which transform
soot particles into CCNs and give new insights
on the formation mechanisms of contrails.

The authors wish to acknowledge the financial
support provided by LabEx CaPPA as well as of
the French Civil Aviation Office (DGAC) within
the framework of MERMOSE project.
(1)

Wang et al, Atmos. Tech. Discuss., 4:315-384,
2011.
(2)
Petters M. D. and Kreidenweis S. M., Atmos.
Chem. Phys., 7, 1961-1971, 2007
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Interaction of chlorinated species with soot surfaces
and influence on water adsorption. A theoretical study.
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Theoretical studies devoted to the characterization of the
interaction between halogenated species and large
carbonaceous surfaces as present in soot are very scarce
and recent. This is quite surprising because the
interaction of chlorinated species with soot is an old
question related to the transport of irritant gases into the
lungs during/after combustion of polyvynil chloride in
domestic or industrial fires.[Stone,1973] Indeed, it has
been long inferred that smoke aerosols including soot
could be particularly effective in transporting hydrogen
chloride
behind
the
respiratory
defences.
[Ramskill,1967]
More
recently,
experimental
measurements have actually shown that small
chlorinated species can be efficiently trapped at the
surface of soot and that they can even modify the
hydrophilicity of soot.[Ouf,2016]
In this work, we have thus performed DFT
calculations to characterize the adsorption of chlorine
species (Cl, HCl) on small CnHm carbonaceous clusters
modelling the surface of soot. Both perfect and defective
surfaces have been considered, by removing one H atom
at the edge or one C atom on the face of the
carbonaceous surfaces. Whereas a physisorption process
corresponding to weak adsorption energy has been
obtained on a perfect carbonaceous cluster, larger
interaction energies have been calculated on defective
clusters, characterizing chemisorption of the chlorinated
species on the carbonaceous surface.
Then, the first steps of water adsorption on the
corresponding chlorinated clusters have been
characterized, by adding up to 6 water molecules in the
DFT calculations. The results shown that the presence of
chlorine atoms on the carbonaceous surfaces favoured
water adsorption when compared to pure carbon
surfaces. Comparison with previous works shown that
chlorinated carbonaceous surfaces can in fact attract
water at least as much as oxidized carbonaceous surfaces
can do.

Figure 1. (left) Equilibrium structure of Cl adsorbed on a
small carbonaceous cluster C24H12 as obtained from DFT
calculations (BH&HLYP / 6-31G++(d,p) level of
theory). (right) Model of soot nanoparticle containing a
few % of Cl atom adsorbed at its surface, as used in the
GCMC calculations of water adsorption.

Finally, optimized carbonaceous clusters (made
of carbon or containing also chlorine atoms) have been
randomly scattered on concentric layers to model the
experimentally evidenced onion-like structure of soot
nanoparticles.[Parent,2016]
The
chlorinated
carbonaceous clusters have been randomly distributed
either at the surface, only, or also in the bulk of the
nanoparticle to model soot resulting from domestic or
industrial fires.
Then, adsorption isotherms of water on these soot
nanoparticles have been simulated by using the Grand
Canonical Monte Carlo (GCMC) approach and the
results have been compared to the isotherms obtained in
similar conditions on soot nanoparticules made of carbon
atoms only, or containing a few % of oxygen atoms.

Stone, J.P. et al. (1973) J. Fire and Flammability, 4, 4251.
Ramskill, E.A. (1967) Section 8 of Naval Research
Laboratory Memorandum Report 1816.
Ouf, F.X. (2016) Private Communication
Parent, P. et al. (2016) Carbon, 101,86-100.
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Soot oxidation and thermal stability of nanoparticles in flames, a SAXS approach
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The amount and the composition of nanoparticles
released during combustion processes are important
research topics due to their environmental and health
impact. We can distinguish nanoparticles produced
during the combustion processes (soot particles) from
nanoparticles released during waste incineration or fires
involving
materials
containing
manufactured
nanoparticles.
In the first case, soot oxidation is a key phenomenon
enabling the quantity of nanoparticles produced during
combustion processes (automobile, aircraft and marine
ship engine emissions) to be reduced. Many in-situ
studies of the size and morphology of soot particles
under real flame conditions have been performed but to
our knowledge, none has allowed the separate roles
played by oxidation and surface growth, to be
distinguished.
Concerning the release of embedded nanoparticles,
which are more and more encountered in many
materials, there is a lack of knowledge of the physicochemical behaviour of NPs in reactive and high
temperature conditions. As an example, recent findings
obtained at KIT (Lang, et al., 2015)have demonstrated
that CeO2 nanoparticles are not stable in flames while
the melting temperature of these materials is
significantly higher than those observed in incineration
and combustion processes.
The aim of the present experiment is to study using
SAXS the fate of generated upstream soot (Mini CAST
5201, (Moore, et al., 2014; Yon, et al., 2015)) and metal
oxides (Ce02, Al203, TiO2, WO3) injected into a well
characterized flame. Nanoparticles and additives were
injected inside a premixed non-sooting flat flame burner
(McKenna) and the size distribution of soot produced in
the flame was investigated using SAXS (SWING
beamline at SOLEIL). The main experimental originality
of this bottom-up approach is the control of the injected
particles in the flame that permits, for example soot
oxidation to be studied, separating the oxidation process
from soot formation.
Figure 1 presents an example of results obtained
regarding the soot oxidation process. The fate of the soot

primary particle size during oxidation at different heights
above the burner (different residence time in the flame)
is represented. We observe a clear decrease of the modal
diameter and, more surprisingly, an increase of the
geometric standard deviation.

Figure 1. Impact of the oxidation process on the soot
primary particle size distribution.

This work was supported by SOLEIL synchrotron and
by the MERMOSE project for the characterization of
aircraft engine emissions sponsored by DGAC
(http://sites.onera.fr/MERMOSE/en).

Lang, I.-M., et al. (2015) Untersuchungen zur
Freisetzung von synthetischen Nanopartikeln bei der
Abfallverbrennung. In TK-Vlg, n.A.N. (ed), Energie aus
Abfall, Band 12. K. J. Thomé-Kozmiensky, Michael
Beckmann (Eds.), pp. 347-370.
Moore, R.H., et al. (2014) Aerosol Sci. Tech., 48, 467479.
Yon, J., Bescond, A. and Ouf, F.X. (2015) J. Aerosol
Sci., 87, 28-37.
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Emission of soot by combustion systems comprises the
primary source of light absorbing carbon-based aerosols,
a species which plays an important role in radiative
transfer affecting climate change. The starting point of
all Global Climate Model (GCM) calculations is the
assumption that the wavelength dependence of the mass
absorption coefficient (MAC) of soot is λ-1. We present
wavelength dependent measurements of nascent soot
produced by a methane diffusion flame over a wide
spectral range (300-660 nm) in order to determine the
validity of this assumption.
For all these measurements, soot was generated
using a methane diffusion flame operated at an overall
fuel to oxygen ratio of 0.7 produced by an inverted
burner. The advantage of the inverted configuration is
that the buoyant gases from the downward combustion
flow prevent the flame from flickering, producing
relatively steady size distributions and concentrations,
not only over a short measurement period, but from dayto-day. A small fraction of the soot and combustion
gases was sampled using an eluter which serves to
heavily dilute the soot sample with nitrogen so as to
minimize any coagulation of the soot particles and to
keep the relative humidity of the gas phase below 15%.
The soot sample then flows through a neutralizer which
produces an equilibrium charge distribution on the soot
sample and then into a DMA where a nominal particle
size can be selected. The output of the DMA is then
directed to a Centrifugal Particle Mass Analyzer
(CPMA) where a fixed particle mass is then chosen.
The output of the CPMA is then sent to
instruments for the measurement of number density
(MCPC), mass (CPMA) and the presence of multiply
charged particles (SP2).
Soot absorption is also
measured with three instruments. The first two are
photoacoustic-based instruments which directly measure
absorption, one a laser-based monitor operating at 532
and 405 nm and the second, a lamp-laser hybrid
employing laser operating at 405 nm and 660 nm and an
incoherent light source combined with a rotating filter
wheel that produces measurements at a total of 8
different wavelength from 301 to 660 nm. The third
monitor, a CAPS PMssa monitor, provides an indirect
absorption measurement. It employs cavity attenuated
phase techniques to measure the total optical extinction
and an internal integrating nephelometer to measure the

scattering component. Absorption is derived from the
subtraction of these two quantities. At the low single
scattering albedo values measured (0.1-0.2), this
approach provides an extremely accurate measurement
of the soot absorption.
The results are shown below in Fig. 1. The value
of the MAC ranges from 6 m2 g-1 at 660 nm to 19 m2 g-1
at 301 nm. The error bars represent an estimate of the
accuracy of the relative absorption (not the MAC)
measurement at each point. Errors in the measurement
of the total mass loading, estimated at ±7% (which
includes contributions from measurement of soot particle
number density, per particle mass and the influence of
multiply charged particles), cause the entire set of points
to move up or down in concert. Plotting log(MAC)
versus log(λ) and using a linear least squares fit produces
an Ångstrom absorption exponent (AAE) of 1.25±0.25
where the uncertainty is 2σ in value. The data seem to
suggest that the AAE of nascent methane-flame
produced soot could be slightly greater than 1.

Figure 1. Measurement of the mass absorption
coefficient (MAC) of methane flame-produced soot as
a function of wavelength.
This work was supported by Atmospheric System
Research of the U.S. Department of Energy. A.F. also
acknowledges support from the DOE Small Business
Innovation Research program.
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Figure 1. TEM micrographs of SiOx coatings from 2 to
20 nm, formed by post-DBD TEOS injection (0.7 ppmv)
for 83 and 185 sec post-DBD reaction duration (Weber
et al 2016).
Then, the second part of the presentation will focus on a
plasma process for the production of nanoparticles with
tunable size and the same composition than the electrode
in Dielectric Barrier Discharges (DBD). Such
nanoparticles with narrow size distribution are targeted
for their size-dependent properties. However, classical
ablation/vaporization processes by laser and spark
discharges (1-100 mJ per spot) usually leads to 10100nm agglomerates of nanoparticles.
Here, a compact, inexpensive and simple DBD design is
presented for the production of such targeted tailored
nanoparticles. The production of nanoparticles by
nucleation of the electrode material vaporized by plasma
filament interaction with the surface of electrodes and
dielectric materials are depicted from TEM and size
distributions measurements, with chemical composition
and crystalline structure from Small Angle Electron
Diffraction (SAED).
With smaller energy per filament in DBD (0.1-100µJ), it
is first confirmed that the initial local vapor flux is
produced from the spots of interaction between plasma
filaments and different materials (Al2O3, Au, Ag, and
Cu, Si, polymers).

Then, as an example with a metal electrode, amorphous
and crystalline pure primary metal nanoparticles are
produced by physical nucleation in expanding vapors
jets (see Fig. 2). Finally, small agglomerates with
diameters still below 5 nm are formed by agglomeration
of these primary particles at the end of the vapor jet
expansion, as well as after the production during the
transit between subsequent filaments in the DBD. The
first local agglomeration step can be limited at reduced
energy per filament by lowering the initial vapor flux,
while the second growth step depends on the transit time
in DBD.
Hence, DBD were successfully tested for the production
of tailored nanoparticles with tunable size and the same
composition than the electrode (Borra et al. 2015).
This plasma-based aerosol processes represent an
alternative for nanotechnologies, since it is performed at
atmospheric pressure and can be used to reach sizedependent properties of nanomaterial, without any
precursor or solvent.

Cu
dN/(N.dlogdp)

The presentation first depicts the objectives and the
outlines of this special session on plasma-based aerosol
processes. Recent developments of atmospheric pressure
plasmas for the production of nanoparticles and coated
nanoparticles by nucleation, either from cooling of
expanding vapour plumes produced by plasma-surface
interaction, like in spark generators (Deppert, 2012) or
from injection of gaseous precursors in or downstream
the plasma for reactive nucleation and subsequent
coating of particles or substrates (see fig. 1). Besides, the
transport of so-formed nanoparticles for deposition on
surfaces as well as integration into nanocomposite thin
films will also be addressed (Massines, 2012).

Ag
Au

2 nm

particle diameter (nm)

Figure 2. TEM micrographs of Metal nanoparticles
produced by atmospheric pressure DBD (a) gold
particles and corresponding SAED figure of Au fcc
crystalline structure (Upp=11kV, gap=1.65mm)
N.; Deppert, K. (2012) Aerosol Sci. Technol, 46, 1256–
1270
Massines, F.; Sarra-Bournet, C.; Fanelli, F.; Naudé, N.;
Gherardi, N. (2012) Plasma Process. Polym. 9,
1041–1073
Weber A.P., Post P., Jidenko N. and Borra JP (2016) see
present proceeding of EAC 2016
Borra, J.-P.; Jidenko, N.; Hou, J.; Weber, A. (2015) J.
Aerosol Sci. 79, 109–125.
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Using discharges in liquids to synthesize alloy
nanoparticles (NPs) is very challenging, although several
attempts led already to promising results (Panuthai et al.,
2010). The main advantage of this process is to be fast
and low-cost. Furthermore, no surfactants are needed a
priori in the physical approach whose up-scaling is easy.
Basically, the difficulty of producing alloy NPs
by discharges in dielectric liquids comes from the main
interaction processes occurring between the spark
discharge and the electrodes.
Electrode erosion proceeds via several
mechanisms among which evaporation plays a key role
in the synthesis of the lowest size distribution of NPs
(Hamdan et al., 2013). Then, emission of metal vapours
often proceeds sequentially depending on the melting
point of the materials.
In a given alloy, metallic elements have specific
melting points. For instance, in a brass alloy made of
63% copper and 37% zinc, zinc is expected to leave the
electrodes far before copper, their respective melting
points being close to 693 K and 1358 K respectively. On
the other hand, in a Cu28Ag72 alloy, both elements have
comparable melting points (silver melts around 1235 K)
and are expected to be evaporated almost at the same
time, which should favour the synthesis of alloy NPs.
Experiments were performed using nanosecond
pulsed discharges created in liquid nitrogen between
alloy pin electrodes. One important feature concerning
this experimental method comes from air oxidation that
occurs once liquid nitrogen is evaporated.
In the case of CuZn, no small NPs containing
both copper and zinc could be found. Electron energy
loss spectroscopy confirms also this conclusion by
exhibiting typical CuO and ZnO spectra. As NPs are
oxidized, the lack of alloy NPs might be due to air
oxidation that would convert CuZn NPs into separate
NPs of Cu2O and ZnO (Figure 1). Indeed, according to
Holse et al. (2015), upon oxidation in O2, the asdeposited metal clusters transform into a polycrystalline
cluster consisting of separate CuO and ZnO
nanocrystals. Specifically, the CuO is observed to
segregate to the cluster surface and partially cover the
ZnO nanocrystals. So, till now, the impossibility of
synthesizing CuZn alloy NPs by discharges in liquids is
still not proved.
In the case of CuAg, alloy NPs are clearly found
after synthesis in liquid nitrogen and air exposure,
demonstrating the possibility to form alloy NPs from
alloys made of metal with similar melting points.
Metallic CuAg particles are present, copper being not

oxidized but remaining at the metallic state. It is well
known that in bimetallic nanoparticles, the two elements
can be phase separated such as in core–shell structures,
chemically ordered, or Janus structures, or the two
species can be randomly mixed with complex
segregation (Peng et al. 2015).

Cu2O
ZnO
5 nm
Figure 1. Separate Cu2O and ZnO found after air
oxidation of NPs produced by dicharges in liquid
nitrogen from Cu63Zn37 electrodes.
According to Nunez and Johnston (2010), in small alloy
NPs sufficiently rich in silver, a spherical cap of silver
would preserve a core of copper. Segregation would then
explain the reason why copper can keep its metallic
character, even after air oxidation.
Hamdan A., Kosior F., Noel C., Henrion G., Audinot J.N., Gries T., Belmonte T. (2013) J. Appl. Phys. 113,
213303.
Holse C., Elkjær C.F., Nierhoff A., Sehested J.,
Chorkendorff I., Helveg S., Nielsen J. H. (2015) J.
Phys. Chem. C 119, 2804.
Nunez, S., Johnston, R. L. (2010) J. Phys. Chem. C, 114,
13255.
Panuthai N., Savanglaa R., Praserthdam P., Kheawhom
S. (2010) Jap. J. Appl. Phys. 53, 05HA11.
Peng L., Ringe E., Van Duyne R.P., Marks L.D. (2015)
Phys. Chem. Chem. Phys. 17, 27940.
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We introduce aerosol based manufacturing of
nanotube based transparent conducting films (TCF) for
touch sensors with electrical properties on par with those
of ITO-on-PET, and with optical properties better than
those of ITO, metal nanowire and metal mesh (Kaskela
et al. 2010; Nasibulin et al. 2011). TFT-FETs with
properties comparable to those of polycrystalline silicon
transistors as well as integrated circuits have been made
using percolating SWNT network as the semiconductor
(Sun et al. 2011 & 2012), as shown in Fig.1.
Studies on the SWNT synthesis from CO with the
ferrocene based floating catalyst chemical vapor
deposition (FC-CVD) i.e. aerosol synthesis show that
SWNT networks consisting of long, clean and highly
individualized SWNTs exhibit substantially improved
TCF performance (Kaskela et al. 2016). Interestingly,
SWNT bundling reduces significantly the tube growth
rate in the laminar flow aerosol reactor. We introduce the
novel FC-CVD reactor based on surface plasma i.e.
spark discharge catalyst generation to experimentally
study the effect of bundling on the performance of TCF
and TFT-FETs (Mustonen et al. 2015 a). TCFs made
from individual tubes with 4 micron mean length show
63 ohms/sq sheet resistance at 90 % transparency. Based
on controlled bundling experiments, we present the
estimate for the ultimate performance of SWNT thin film
TCFs (Mustonen et al. 2015 b).
Based on statistically valid TEM analyses of active and
non-active catalyst particles during both the ferrocene as
well as spark generation based CO FC-CVD SWNT
syntheses, we find that the ratio of the SNWT to active
catalyst diameter is around three. Here the active
catalyst particle is the one found at the one end of the
individual SWNT, covered by the graphene layer. Also,
there is no significant difference between the size
distributions of active and non-active catalyst particles.
Combining TEM, AFM and gas phase size distribution
measurement results proposes that the catalyst particles
detach from the SWNTs during their growth.
This work has been funded by the EU-JST jointly funded
IRENA project as well as by the Aalto University AEF
program MOPPI project.
Kaskela, A. et al. (2010) NanoLetters 10, 4349.
Nasibulin A.G. et al. (2011) ACS Nano. 5, 3214.
Sun, D.-M. et al. (2011) Nature Nanotechnology. 6, 156.
Sun, D.-M. et al. (2012) Nature Communications 4,
2302.

Kaskela, A. et al. (2016) Carbon, doi:
10.1016/j.carbon.2016.02.099.
Mustonen, K. et al. (2015a) Appl. Phys. Lett. 107,
013106.
Mustonen, K. et al. (2015b) Appl. Phys. Lett. 107,
143113.
a)

b)

Fig.1. SWNT percolating filed effect transistors on the
polymer substrate, a) the photograph and b) the drain
current as the function of the gate field strength.
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Nanoparticles are employed in a wide variety of
applications including catalysis and functional coatings.
However, the inherent instability of small metal
nanoparticles at elevated temperatures limits their range
of application or their processing, e.g. in the calcination
of particle layers to the substrate to obtain robust
coatings. While the thermal stability may be improved
by a silica coating of the nanoparticles, a hampering of
the accessibility of the active particle surface, e.g. for
heterogeneous catalysis, has to be avoided at the same
time. So far these two opposing requirements have been
addressed by permeable silica coatings as a consequence
of cracking under heat treatment [1] or the use of pore
builders [2]. However, not all materials can withstand
higher treatment temperatures and the liquid route for
porous silica coatings is rather tedious and time
consuming [2].
The aim of this contribution is to present a simple
method to apply a defined silica coating on arbitrary core
nanoparticles by mixing the aerosol particles with TEOS
vapour and reactive species from a DBD plasma. Due to
the reaction of the TEOS vapour with the ozone (and
probably some nitric oxides) formed in the DBD plasma
an intermediate species is formed which condenses on
the nanoparticles. This liquid coating may reach a
thickness of several 10 nm, quite independent of the core
particle size (cf. Fig.1).

However, the final solid silica coating forms only
afterwards in a rather slow reactions which may take
several minutes to be completed. Therefore, the control
of the TEOS concentration and the reaction time allows
a meticulous control of the coating characteristics (cf.
Fig. 2). In fact, it was even achieved to place the silica
only into the necks between the primary particles of
agglomerates leaving the active area of Pt nanoparticles
virtually unaffected by the coating.

Figure 2. TEM micrograph of coated Pt nanoparticles
The post-DBD coating method and results
confirming the improved temperature stability as well as
the retained photoactivity of Pt nanoparticles will be
presented.
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[1] Qi, F., Moiseev, A., Deubener, J., Weber, A.P.,
Thermostable photocatalytically active TiO2 anatase
nanoparticles (2011) J. Nanoparticle Res. 13(3),
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Figure 1. Initial Pt nanoparticles (filled symbols, left)
and after condensation of intermediate vapour (open
symbols, right)
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The research field of organic/inorganic
nanocomposite (NC) materials is one of the most
promising areas in materials chemistry. The combined
unique properties offered by both organic and inorganic
components on a nanoscale level make such materials
attractive for a large number of applications. Intense
efforts have been made to develop novel multifunctional
nanocomposite coatings that simultaneously offer
various functionalities
such as superhydrophobic
properties, electrical conductivity, catalytic activity,
anticorrosion resistance, self-cleaning and antibacterial
properties.
Recently, aerosol-assisted atmospheric pressure
cold plasma processes have been proposed as an
attractive route towards the preparation of NC thin films
(Fanelli and Fracassi 2014). These processes have
demonstrated to be particularly convenient when, for
instance, the dispersion of preformed nanoparticles
(NPs) in a liquid organic precursor is injected directly in
the atmospheric plasma. This allows the deposition in a
single step and at room temperature of hybrid
organic/inorganic nanocomposite coatings consisting of
NPs embedded in the organic matrix formed by the
plasma polymerization of the precursor.
This contribution is focused on the study of the
growth, structure and properties of hydrocarbon
polymer/ZnO NPs nanocomposite coatings deposited in
a dielectric barrier discharge (DBD) fed with He and the
aerosol of dispersions of oleate-capped ZnO NPs in
hydrocarbon precursors, such as n-octane and 1,7octadiene (Fanelli et al. 2014, Fanelli et al. 2015). The
characterization of the coatings is performed using X-ray
photoelectron spectroscopy (XPS), attenuated total
reflection-Fourier transform infrared spectroscopy
(ATR-FTIR), anodic stripping voltammetry (ASV),
scanning electron microscopy (SEM), transmission
scanning electron, microscopy (TSEM), and contact
angle (CA) goniometry.
As assessed by XPS and ATR-FTIR
spectroscopy, the deposited nanocomposite thin films
combine the chemical features of both the oleate-capped
ZnO NPs and the polyethylene-like organic component
originated from the plasma polymerization of n-octane
and 1,7-octadiene. Additionally, SEM and TSEM
confirm
the
synthesis
of
hierarchical
micro/nanostructured coatings containing quasi-spherical
NPs agglomerates (Fanelli et al. 2014). The
polyethylene-like polymer covers the NPs agglomerates
and contributes to their immobilization in the three-

dimensional network of the coating. The increase of the
NPs concentration in the dispersion (0.5-5 wt %) has a
significant effect on the chemical and morphological
structure of the thin films and, in fact, results in the
increase the ZnO NPs content, leading to
superhydrophobic surfaces (advancing and receding
water contact angles higher than 150°) with low
hysteresis due to the hierarchical multiscale roughness of
the coating (Fanelli et al. 2014).
Interestingly, the deposited coatings show
superhydrophobic and superoleophilic properties
simultaneously, in fact water and hexadecane contact
angles are greater than 150° and lower than 5°,
respectively. Therefore the coatings present wettability
selectivity, and they can be exploited in the preparation
of filtration materials able to separate oil from water
(Xue et al. 2014). Encouraging preliminary results have
been obtained for the separation of hexadecane/water
mixtures when the nanocomposite thin films are
deposited on a polymeric mesh. While hexadecane
passes easily through the plasma-treated mesh, water
can not pass; therefore, an effective separation of the two
liquids is obtained.
In addition, these plasma-deposited NC coatings exhibit
also the peculiar photocatalytic properties of ZnO. To
enlighten the photocatalytic activity of the ZnOcontaining nanocomposite coating, the degradation of a
dye molecule (i.e., methylene blue) in water is
demonstrated (Fanelli et al. 2015).
This work was supported by the Italian Ministry for
Education, University and Research (MIUR) under
grants PRIN 2009, PON 01_02239 and PONa3_00369,
and Regione Puglia under grant No. 51 “LIPP” within
the Framework Programme Agreement APQ “Ricerca
Scientifica,” II atto integrative-Reti di Laboratori
Pubblici di Ricerca.
Fanelli, F. and Fracassi (2014) Plasma Chem. Plasma
Process. 34, 473-287.
Fanelli, F., Mastrangelo, A. M. and Fracassi, F. (2014)
Langmuir 30, 857-865.
Fanelli, F., Mastrangelo, A. M., De Vietro, N. and
Fracassi, F. (2015) Nanosci. Nanotechnol. Lett. 7, 8488.
Xue, Z., Cao, Y., Liu, N., Feng, L. and Jiang, L. (2014)
J. Mater. Chem. A 2, 2445-2460.
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The aim of this work is to develop a new method to coat
thermosensitive materials with a nanocomposite thin
film. It is based on the coupling of an atmospheric
pressure plasma and of an aerosol formed from a
suspension of nanoparticules (Nps) in a liquid. The
plasma dissociates the liquid molecules to create reactive
species which interact with the NPs in the gas bulk or at
the surface to make a nanostructured thin film. This
method could work in roll to roll configuration and be
therefore useful for inline coating of large twodimensional substrates like polymer films.
The atmospheric pressure plasma is a low
temperature plasma generated in argon at atmospheric
pressure by a dielectric barrier discharge i.e. by applying
an AC high voltage on electrodes separated by a gas gap
and covered by a solid dielectric. It has been developed
to create dense thin films by AP-PECVD (Atmospheric
PressurePlasma
Enhanced
Chemical
Vapor
Deposition). High quality thin films like water or
oxygen barriers [1] or antireflective and passivating
layers of silicon crystalline solar cells [2] are obtained
with this method. Usual precursors are gases or liquid
vapour. The low temperature plasma activates these
precursors which polymerize at the surface to form the
thin film. The coating is uniform, dense but usually
amorphous. Recently, the idea of using NPs as
precursors came up [3]. One interest of NPs is that their
large size as compared to that of liquid or gas molecules
leads to high growth rate. Moreover, NPs synthesized by
a method like sol-gel have well defined and controlled
characteristics which cannot be so easily achieved using
PECVD. If NPs and liquid are simultaneously introduced
in the plasma, a nanocomposite thin film is obtained.
The aim of this work is to improve the properties
of the nanocomposite thin film through the control of the
process parameters including the discharge voltage
waveform. NPs in the plasma were characterized using
laser scattering. Thin film were characterized by SEM,
AFM, XRD, IRTF, XPS, and wettability. Calculation of
NPs trajectories and numerical modelling of both gas
flow and NPs transport in the gas were developed. The
results were obtained as a function of the process
parameters like gas flow, discharge voltage amplitude
and frequency, NPs or NPs aggregate size, charge and
sticking coefficient to the substrate. These results allow
to better understand the experimental measurements and
to optimise the process parameters required to achieve
specific nanocomposite thin film characteristics.
The NPs are TiO2 NPs of 20 nm diameter. A
percentage of 1% of weight is dispersed in isopropanol.
The aerosol is made with a nebulizer or an atomizer. The

liquid of the droplets is evaporated before entering the
plasma. All the NPs are included in a droplet aggregates.
Isopropanol vapours and NPs aggregates having a size
between 100 nm and 2 µm are injected in the plasma
using an argon stream.
The observation of the thin film shows NPs
aggregates sticked together or inserted in a carbon
matrix. Porosity can be significantly changed.
Depending on conditions, NPs aggregates are more or
less coated by a carbon film. This was previously
observed in the case of ZnO NPs in octane or
octadienne, the hierarchical roughness leading to super
hydrophobic organic-inorganic nanocomposite thin film
[3]. Our contribution deals with the explanation and
control of the thin film characteristics.
According to XPS measurements, up to 17% of
TiO2 is included in the carbon matrix made from
isopropanol polymerization [4]. An original method to
independently enhance the NPs transport to the surface
and the dissociation rate of the vapour is found. It is
based on the design of a special voltage waveform. The
use of a given frequency enables to first control the TiO2
percentage while a second frequency allows to control
the NPs aggregates coating and the porosity of the
nanocomposite thin film. The higher is the discharge
frequency and thus the discharge power, the larger is the
liquid dissociation rate. In addition, the NPs aggregates
become rapidly negatively charged in the plasma and the
electrostatic force controls their transport to the surface
as far as the frequency is low enough. If the frequency
gets too high, the electrical field oscillation traps the
NPS aggregates in the plasma. Consequently, there
existsa threshold frequency above which NPs are
trapped.
This work was supported by the French National
Research Agency project (ANR-11-IS09-0005) and the
National Science and Engineering Research Council
Canada (NSERC)
1. S. A. Starostin, M. Creatore, et al., Plasma Processes
and Polymers 12 (6), 545 (2015)
2. J. A. Silva, A. Lukianov, et al. Energy Procedia 55
(0), 741 (2014)
3. F. Fanelli and F. Fracassi, Plasma Chemistry and
Plasma Processing 34 (3), 473 (2014)
4. P. Brunet,2, R. Rincon, A. Hendaoui, M. Chaker and
F. Massines, 22nd International Symposium on
Plasma Chemistry, July 5-10, 2015; Antwerp,
Belgium
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The utility of submerged discharges to create original
molecules has been demonstrated by several groups –
see e.g. (Oshima et al., 2014) or (Cataldo, 2004).
It is well-known that discharges in carbonaceous
liquids like acetonitrile, n-hexane or methanol for
instance lead to the synthesis of nanoparticles that have
compositions varying from hydrogenated amorphous
carbon to diamond.
Submerged spark discharges transform liquid
molecules into by-products that can further react to
create new molecules, clusters and nanoparticles.
However, till now only little is known about chemical
processes in these media that are far from equilibrium.
In the sketch of processes that succeed during one
discharge event, one finds (i) dielectric breakdown, (ii)
shockwave emission, (iii) streamer propagation, (iv)
transition to spark and (v) bubble oscillations.
Chemical transformations induced by the shock
wave might contribute significantly to liquid
modifications, the part of the energy released in the
shock wave being relatively large, typically from 20 to
40% of the deposited power for nanosecond pulsed
plasmas, the rest being essentially dissipated as thermal
energy. However, to the best of our knowledge, no study
was devoted to this question till now.
At the beginning, matter must be almost fully
ionized. The streamer propagates in a straight line till
electrodes are connected. The gas ionization degree
decreases and the high pressure is so high that the liquid
is repelled outside the plasma volume. Then, the plasma
volume expends isotropically.
Sano et al. (2008) showed that a specific interface
exists between the plasma and the liquid phase. Based on
observations performed in microgravity conditions, they
found out that a gas film is generated in the gas phase at
the gas–liquid interface, and this film acts as a barrier
between the two phases, limiting reactions between
species of each domain.
The specific structure of the plasma-liquid
interface, where huge gradients prevail, is responsible
for the synthesis of specific molecules with limited chain
lengths. Recently, Wagener et al. (2013) resorted to
small angle X-ray scattering to study in situ the
dynamics of nanoparticles synthesized by laser ablation.
Just after the plasma pulse, two populations of particles
are formed: primary particles with sizes in the range 8–
10 nm and agglomerates with sizes in the range 40–60
nm. Only a weak fraction of primary particles are
transferred into the liquid after the first rebound. On the
other hand, agglomerates strongly increases in number
density during the first bubble collapse and the following

rebound. Most of the nanoparticles are trapped inside the
bubble and follows its oscillation, even before its final
collapse.
Electrode erosion contributes to producing
nanoparticles and this combines with liquid
transformation. In figure 1, we show a surprising
example where a core-shell Al@C nanoparticle is partly
oxidized in air, the shell being not completely protective.

Figure 1. Half-oxidized Al nanoparticle synthesized in
heptane. A graphite shell coats partly the Al
nanoparticle. The uncoated part is transformed into
amorphous alumina by air oxidation of the raw Al
nanoparticle.
We cannot exclude that a metallic nanoparticles
expulsed from the plasma at high temperature might
contribute to catalytic transformations of the liquid. In
figure 1, whereas carbonaceous nanoparticles from the
liquid are hydrogenated amorphous carbon, the carbon
shell is here made of graphite. This argues in favour of
specific chemical processes driven by nanoparticles from
electrodes. However, this aspect has hardly been studied
to date.
Cataldo F. (2004) Carbon 42, 129.
Oshima F., Stauss S., Inose Y., Terashima K. (2014)
Jap. J. Appl. Phys. 53, 010214.
Sano N., Kawanami O., Charinpanitkul T.,
Tanthapanichakoon W. (2008) Thin Solid Films 516,
6694.
Wagener P., Ibrahimkutty S., Menzel A., Plech A.,
Barcikowski S. (2013) Phys. Chem. Chem. Phys. 15,
3068.
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Aerosol impact on fog microphysics
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The occurrence and development of fogs result from the
non-linear interaction of competing radiative,
thermodynamic, microphysical and dynamical processes.
To better understand relationships between such
processes comprehensive field campaigns dedicated to
fog life cycle observation were conducted during winters
of 2010-2013 at the SIRTA observatory in the Paris
suburb area (Elias et al., 2015, Dupont et al., 2015).
State of the art in situ measurements of particle
size distribution were performed. They reveal large
variability of both aerosol background before the fog
onset and number concentration and size of fog droplets.
In situ microphysical measurements collected during 23
fog events are examined here to document their
properties with the objective to evaluate the impact of
the aerosol on the fog microphysics.
To derive accurate estimation of the actual
activated fog droplet number concentration (Nact) we
determine the hygroscopicity parameter (κ), the dry and
the wet critical diameters and the critical supersaturation
for each case by using an iterative procedure based on
the kappa-Kohler theory that combines cloud
condensation nuclei (CCN), dry particle distribution
from an SMPS and composite wet particle size
distribution at ambient humidity derived from WELAS
and FM-100 measurements (Mazoyer et al., 2016).
These data are averaged over one hour time periods
before and during the fog onset to characterize the air
mass and the fog properties, respectively.
Resulting values of κ = 0.17 ± 0.05 were found
typical of continental aerosols. This study reveals low
values of the derived critical supersaturation with
median of 0.043 %, and large values of both the wet and
the dry activation diameters with median of 0.39 µm and
3.8 µm, respectively. Consequently the corresponding
Nact values are low with a median concentration of 53.5
cm-3 and 111 cm-3 within the 75th percentile.
Mean values of Nact are reported on Fig. 1, as
function of N* the concentration of activable aerosols,
for the 23 fog cases. N* is defined as the number
concentration of aerosol particles with diameter ≥ 200
nm which corresponds to the smallest derived mean dry
diameter. Figure 1 reveals that almost no relationship
exists between Nact and N∗. In contrast the CCN data at
SS=0.1 % exhibits a strong correlation with these aerosol
concentrations. We therefore conclude that the actual
supersaturations reached in these fogs are too low to
observe a simultaneous increase of both aerosols > 200
nm and droplet concentrations.

Figure 1. Number concentration of activated particles Nact as
function of N* the concentration of aerosol particles with
diameter > 200 nm for the 23 fog cases. Colour as function of
the hygroscopic parameter κ as indicated in the legend.

Moreover our analysis suggests that an high
aerosol loading limits the supersaturation values. It is
also found that the activation fraction mainly depends on
the aerosol size while the hygroscopicity appears to be of
a secondary importance.
Over the 23 fog events analysed, 13 are radiation
fog and 10 are stratus lowering fog. Radiative fogs are
associated to higher aerosol loading compared to stratus
lowering events, but the Nact values are similar for both
fog type. Evolution of the droplet concentration during
the fog life cycle in contrast indicates significant
differences between both types of fog.
This campaign was held in the framework of the PreViBOSS project
supported by DGA/DGIS. This research was partially funded by the
EU under FP7 SESAR WP 11.2.2 project.

Dupont, J., Haeffelin, M., Stolaki, S., and Elias, T. (2015) :
Analysis of dynamical and thermal processes driving fog
and quasi-fog life cycles using the 2010–2013 ParisFog
dataset, Pure and Applied Geophysics, pp. 1–22.
Elias, T., Dupont, J.-C., Hammer, E., Hoyle, C. R., Haeffelin,
M., Burnet, F., and Jolivet, D. (2015) : Enhanced extinction
of visible radiation due to hydrated aerosols in mist and
fog, Atmos. Chem. Phys., 15, 6605-6623, doi:10.5194/acp15-6605-2015.
Mazoyer, M., Burnet F., Roberts G.C., Haeffelin, M., Dupont,
and Elias, T. (2016) : Experimental study of the aerosol
impact on fog microphysics, manuscript submitted to
Atmos. Chem. Phys.
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The effects of ice nucleating particle types in the immersion mode on ice formation and
precipitation in a convective cloud: model simulations with COSMO-SPECS
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Model simulations are performed with the 3D cloudresolving model COSMO-SPECS which provides a direct
link between aerosol particles, cloud properties, and
precipitation (Grützun et al., 2008). It contains a spectral
microphysical scheme for aerosols and hydrometeors
including all processes proceeding during the
development of clouds and precipitation. In the present
study the focus lies on the effects of immersion freezing
which is supposed to represent the most important
heterogeneous freezing process (e.g., de Boer et al.,
2011).
Idealized test cases are investigated by using
Weisman-Klemp profiles (Weismann and Klemp, 1982)
for the initial atmosphere and an initial uni-modal particle
number size distribution (Kreidenweis et al., 2003). The
complete model domain includes 80 x 80 km2 with an
altitude of 18 km. The resolutions are 1 km horizontally
and up to 600 m vertically. The initial wind is set to zero.
A convective cloud is initialized by a temperature
disturbance of 1.5K in the centre of the model domain,
extending over 20 km in horizontal diameter.
The cloud microphysics includes two hydrometeor
spectra. The first one contains inactivated aerosol
particles as well as cloud and rain drops, the second one
mixed phase and completely frozen hydrometeors. The
aerosol particles are internally mixed with a soluble
fraction of 0.5. This soluble fraction is solved in the drops
and may cause a freezing point depression.
A new version of immersion freezing has been
incorporated where it is initiated by the insoluble mass
fractions contained in the drops. It is described particletype dependant and based on the outcome of laboratory
experiments (Diehl and Mitra, 2015). Simulated ice
nucleating particle types (INP) are mineral dust (feldspar,
illite, and kaolinite) and biological particles (bacteria,
plant debris, and pollen). These active INPs are defined as
part of the initial particle spectrum, i.e. variable fractions
FINP. Also newly included is a description of
homogeneous freezing according to the volume and the
molality of the solution drops (Diehl and Wurzler, 2004).
It leads to the absence of liquid drops at temperatures
below -40°C.
The spectral description of the cloud microphysics
allows to demonstrate via immersion freezing larger ice
particles are formed, as shown in the example in Figure 1.
This is due to the fact that after collision/coalescence of
drops and because of impaction scavenging of aerosol
particles the larger drops contain more insoluble material.

Afterwards, the ice particles grow further by the
deposition of water vapour and by riming.

Figure 1. Ice particle concentration in m-3 after 30 min
model run time, immersion freezing with 10% feldspar
ice nucleating particles.
Currently sensitivity studies are performed where
the fractions of active ice nucleating particles FINP are
varied according to the presence of these particle types in
atmospheric cloud droplets: mineral dust particles
between 0.01% and 1%, biological particles 0.001%. The
effects of ice nucleating particle amounts and types on ice
formation and precipitation are investigated.
This work is part of the research group INUIT and is
supported by the Deutsche Forschungsgemeinschaft
under grant DI 1539/1-2.
de Boer, G.,Morrison, H., Shupe, M.D., and Hildner, R.
(2011) Geophys. Res. Lett. 38, L01803.
Diehl, K., and Wurzler, S. (2004) J. Atmos. Sci. 61, 20632072.
Diehl, K., and Mitra, S.K. (2015) Atm. Chem. Phys. 15,
12741-12763.
Grützun, V., Knoth, O., and Simmel, M. (2008) Atm. Res.
90, 233-242.
Kreidenweis, S., Walcek, C., Feingold, G., Gong, W.,
Jacobson, M., Kim, C.-H., Liu, X., Penner, J., Nenes, A.,
and Seinfeld, J. (2003) J. Geophyis. Res. D7, 4213.
Weisman, M., and Klemp, J. (1982) Mon. Weather Rev.
110, 504-520.
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Ice nucleating particles atmospheric concentration at San Pietro Capofiume (Italy):
local sources and long range transport
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Ice in clouds is formed prevalently via heterogeneous
nucleation involving aerosol particles known as ice
nucleating particles (INP). INP can form ice through
different thermodynamic mechanisms: deposition,
condensation-freezing, immersion and contact. It is
generally agreed that ice will form on nuclei in response
to different thermodynamic forcing, the primary variables
being temperature, and the saturation ratio with respect to
ice and water (Sice and Sw, respectively).
Two experimental campaigns were carried out at
at the Meteorological Station “Giorgio Fea” in San Pietro
Capofiume (SPC), a rural background site located at about
30 km nord-est of Bologna, in the periods 07-21 February
2014 and 19-30 May 2014. Aerosols (PM1 and PM10)
were sampled on nitrocellulose membrane filters
(Millipore, porosity 0.45 μm), two times a day (9 am and
2 pm). Simultaneous measurements of particle number
concentration in 15 different size classes starting from 0.3
m were also performed by Optical Particle Counter
(OPC, Grimm, Mod.1.108).
Concentrations of INP were detected by the
membrane filter technique, using a diffusion filter
processing chamber (DFPC). The DFPC is a modified
Langer and Rodgers (1975) chamber in which
supersaturation with respect to water is obtained by air
flowing through fine milled ice (Santachiara et al 2010).
Measurements were made at Sw = 0.96 and Sw = 1.01. In
both cases the temperature of the filter was -18°C.
Measurements below water saturation should allow the
detection of deposition nuclei, while those above water
saturation should allow the detection of deposition and
condensation-freezing nuclei.
The concentration of INP observed at SPC during
the two campaigns ranges between 5 and 251 m-3, for
Sw=0.96 and between 21 and 908 m-3 for Sw=1.01 (in Fig.
1 the average values are reported). The results show INP
concentrations predominantly higher in the morning than
in the afternoon, likely due to the effect of the boundary
layer height.
Typically, the PM1 fraction accounts for at least
60% of the atmospheric concentration of INP, with the
exception of the first campaign (February 2014), where
PM1 contributed only for 20-25%, at Sw=1.01. This
evidences the need to measure the freezing activity even
in particles larger than one micrometer.
The comparison with the total particle number
concentration in the ranges 0.5-1 µm and 0.5-10 µm,
shows that INP are in the order of one every 105-106
particles, in both PM1 and PM10 size ranges.

Figure 1. INP concentration (m-3) at SPC for the winter
(W) and spring (S) campaigns.
Saharan dust transport episodes were observed
during both campaigns. These episodes are characterized
by increased INP concentration in the PM10 size range,
particularly for Sw=1.01, with INP concentration in the
PM1 size range comparable to those measured during the
remaining days, and enhanced total super-micrometer
particle concentration.
Results show a decrease of the activated fraction
during these events, in contrast with the observations of
Chou et al (2011) during dust events at Jungfraujoch
(3580 m a.s.l). This difference can be likely explained by
the different temperature (-31 vs. -18° C) at which the
measurements were operated, as mineral particles tend to
be more efficient INP at lower temperatures.
The influence of Saharan dust transport episodes
on the INP population over the Po Valley, with respect to
local sources, will be investigated based on the above case
studies.
This work was supported by the EU FP7 project
BACCHUS (FP7-603445) and by the Emilia-Romagna
Region project SUPERSITO (DGR 428/10).
Langer G. and J. Rodgers (1975) J. Appl. Meteor. 14,
560-570.
Santachiara, G., et al (2010) Atmospheric Research 96,
266-272.
Chou C., et al (2011) Atmos. Chem. Phys. 11, 4725-4738.
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10 years of cloud droplet activation data from Pallas GAW station in sub-Arctic Finland
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Activation of atmospheric aerosol particles into
cloud droplets has been studied in situ at Pallas
GAW station (See Hatakka et al., 2003) in subArctic Finland from year 2005 to present day. The
site is located on a hill top, about 300 m above the
surrounding lowlands, and it is inside cloud
(visibility < 1000 m) for 23 % of time. The in-cloud
periods were most frequent in fall (Figure 1).

to 110 cm-3 in April. The monthly mean D50
activation diameter (diameter at which 50 % of
particles activate) varied from 85 nm (February) to
189 nm (July), showing an average 0.1 nm increase
for each added particle in N100. The activated
fraction of particles in all sizes decreased sharply
when visibility exceeded 1000 m (Figure 2). The
highest activated fractions of particles were not
observed during the periods of the thickest clouds
(lowest visibility), but during clouds with in-cloud
visibility between 100 m and 400 m. The lowest
D50 values were also observed in these clouds.

Figure 1. Monthly mean in-cloud fraction of time.
The error bars are ± 1 standard deviation and the
dashed lines are the minimum and maximum
monthly mean values.
There are two parallel Differential Mobility Particle
Sizers (DMPS) at the site, measuring the number
concentration and dry size distribution of
atmospheric aerosol particles. One DMPS is
connected to an inlet which prevents particles larger
than abiout 5 µm from entering the sample line. The
other DMPS is connected to a total air inlet with no
nominal cut-off diameter. After each inlet the
particles are dried to evaporate any water in them.
This way it is possible to measure simultaneously
the dry number-size-distribution of all particles, and
that of particles with wet diameter smaller than 5
m. As the latter does not include cloud droplets,
the difference between the two measurements
represents the number concentration and size
distribution of those particles that have activated
into cloud droplets (Komppula et al., 2005).
The number concentration of particles at Pallas has
a clear seasonal cycle, being highest during summer
and lowest during winter. The monthly mean
number concentration of particles with diameter
(Dp) larger than 100 nm (N100) varied from 38 cm-3
in November to 270 cm-3 in July. During in-cloud
periods the monthly mean number concentration of
activated particles of this same size class showed a
similar pattern, varying from 23 cm-3 (November)

Figure 2. Mean activated fraction of three particle
diameter ranges as function of visibility.
Visibility during in-cloud periods was higher in
winter (December to March) than during the rest of
the year. The optically thickest clouds were
observed in summer, when the particle number
concentration was highest. The high particle
number concentration at summer can be the reason
why the thickest clouds were connected to lower
activated fractions and higher D50 values.
This work was supported by the EC FP7 project
BACCHUS grant 603445 and H2020 project
ACTRIS-2 (grant 654109), by Academy of Finland
(project 272041) and by Kone Foundation. We also
want to acknowledge all those who have made the
data collection possible.
Hatakka, J. et al. (2003), , Boreal Environ. Res., 8,
365– 384.
Komppula M., Lihavainen H. and Kerminen V.-M.
2005., J. Geophys. Res. 110(D0): 6204,
doi:10.1029/2004JD005200.
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Determination of fog droplet deposition velocity based on weighing method
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Fog water deposition can represent an important part of
the hydrological, nutrients, pollutants inputs in specific
areas such as mountainous or coastal regions (Shimadera
et al., 2011). However there has only been few studies
on deposition of radionuclides by fog droplets
(Hososhima and Kaneyasu, 2015). In order to determine
the radiological input linked to fog water deposition on
plants, a quantification of the fog water deposition has
been performed at the ANDRA OPE atmospheric
platform in the north east region of France. One of the
aims of this study is to determine fog droplets deposition
velocity on different types of plants to improve models
and make them prone to accurately reproduce all kinds
of wet deposition.
Based on the fact that deposition velocity is
defined as the density flux divided by the concentration
at a reference height, we have measured the flux of water
deposited by exposing plants to fog and weighing them
with a precision balance every twenty minutes.
We have studied three main plants species (small
conifer, grass, cabbage) and a bare soil surface. The
Particulate Volume Monitor (PVM, Gerber Scientific
Inc.) and the Fog Monitor (FM-120, DMT) respectively
provide the liquid water content in the air (LWC) to
calculate fog droplets deposition velocities and the
droplets size distribution.

Figure 1. Deposition velocity of fog droplets on bare soil
during fog event on November 1, 2015
Deposition velocities for fog droplets on bare soil
ranged from -13 (evaporation process) to 18 cm.s-1
(Fig.1). This is much higher than sedimentation
velocities that have been calculated based on the size
distribution of droplets during this event. This probably
shows the influence of impaction as a deposition
mechanism even for a relatively smooth surface such as

bare soil. Fog deposition velocities on plants will be
determined for the three main species and compared with
observation data from previous studies. Deposition
velocities measured by throughfall or canopy water
balance (Lovett, 1984) and eddy covariance method
(Beswick et al., 1991) ranged from 2.1 to 8 cm.s-1 for
short vegetation and from 7.7 to 92 cm.s-1 for forests,
cited by Katata (2014).
This important variability of deposition velocities on
plants especially for forests is due to uncertainties in
measurement method. Contrary to the eddy covariance
method, the weighing method is a simple and direct way
that can be implemented even for complex terrain.
However uncertainties caused by assessment of plants
leaf area and the complexity of their foliar structure can
be quite important.
Beswick, K.M., Hargreaves, K.J., Gallagher, M.W.,
Choularton, T.W. and Fowler, D. (1991)
Quarterly Journal of the Royal Meteorological
Society. 117, 623-645.
Hososhima, M. and Kaneyasu, N. (2015) Environmental
Science & Technology. 49, 3341-3348.
Katata, G. (2014) Journal of Geophysical Research:
Atmospheres. 119, 2014JD021669.
Lovett, G.M. (1984) Atmospheric Environment. 18, 361371.
Shimadera, H., Kondo, A., Shrestha, K.L., Kaga, A. and
Inoue, Y. (2011) Atmospheric Environment. 45,
6299-6308.
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In the atmosphere, clouds play a key role because
they cover 50% of the globe surface. As they also have
an impact on Earth’s radiative balance, it is necessary to
better understand their chemical reactivity.
Clouds are a multiphasic compartment
compounded with gaseous, aqueous and solids parts.
Beside they are known to be an oxidant medium because
●
of the presence of hydroxyl radical (HO ),
hydroxyperoxyl radical (HO2), nitrogen dioxide (NO2)...
Among these molecules, hydroxyl radical is the most
oxidant; dubbed “detergent of the atmosphere”.
Hydroxyl radical participates at the oxidation and
●
the transformation of the organic matter. Sources of HO
are the hydrogen peroxide (H2O2), iron complexes,
nitrate and nitrite ions and the uptake from the gas phase
(A. Bianco et al., 2015).
Until now the concentration of hydroxyl radical
was estimated through their formation rates (RfHO●) or
was simulated using atmospheric chemical models.
There is a high variability in the concentration: models
find a range of 10-12 at 10-14 M (M. Vaïtilingom et al.,
●
2011) and rates formation are proportional to [HO ]ES so
●
they vary widely. Estimation of HO concentration is
difficult because its life time (less than a microsecond)
and its very low concentration. However it can be
assayed using a terephtalic acid probe which can react
with hydroxyl radical to give 2-hydroxyterephthalic acid
(TAOH), which is more stable, and fluorescent
(Figure 1).

- kTA. TA.  HO  is [HO ] trapping by TA (with


●

kTA the second order rate constant between TA and HO

●

)

●

-  K Si .  Si .  HO  is
[HO ]
trapping
by


scavengers (Si) (with K Si the second order rate constant
●

between chemical compounds and HO )
2
●
- k .  HO  is recombination between HO

HO 


At steady state, d  HO   0 and TAOH formation rate
dt

is directly proportional to TA concentration.
The main objective of this work is thus to
measure for the first time at steady state the
concentration of HO● in real cloud waters. It will give
realistic values to be integrated in atmospheric models.
This essential parameter will allow us to better
understand the real oxidizing capacity of cloud.
The second objective, using the same method, is
to evaluate the impact of the presence of microorganisms
on the steady state concentration of HO●. For that
purpose lab experiments are performed comparing HO●
concentrations
under
biotic
(presence
of
microorganisms) and abiotic conditions (absence of
microorganisms). Two types of microcosms simulating
cloud conditions (solar light, temperature) are used:
- incubations in artificial cloud water containing or not
model microbial strains isolated from clouds,
- incubations in real atmospheric cloud waters (rain,
cloud) filtered or non-filtered.
Acknowledgements:
This work was supported by the French ANR program
“BIOCAP”. The authors thank the scientists of OPGC
for the sampling of cloud aqueous phase at the top of
puy de Dôme.

Figure 1 : Structural composition of the chemical
reaction between terephtalic acid (TA) and hydroxyl
●
radical (HO )
Here, we propose to measure the steady state
concentration of hydroxyl radical using this terephtalic
acid probe. For that we use the following equation:

Where:
-

Vf HO is [HO●] formation rate

Bianco, A., Passananti, M., Perroux, H., Voyard, G.,
Mouchel-Vallon, C., Chaumerliac, N., Mailhot, G.,
Deguillaume, L. and Brigante M. (2015) Atmos.
Chem. Phys., 15, 9191-9202.
Vaïtilingom, M., Charbouillot, T., Deguillaume, L.,
Maisonobe, R., Parazols, M., Amato, P., Sancelme,
M., and Delort, A. M. (2011) Atmos. Chem. Phys.,
11, 8721–8733, doi:10.5194/acp-11-8721-2011.

European Aerosol Conference 2016

Tours, France

Page 229 of 1211

Vertical profiling of aerosol and cloud properties during Pallas Cloud Experiment 2015
D. Brus1, P. Tisler1, K. Doulgeris1, E. J. O’Connor1, M. Komppula2, M. Filioglou2 and E. Asmi1
1

Finnish Meteorological Institute, Erik Palménin aukio 1, P.O.Box 503, FI-00101, Helsinki, Finland
2
Finnish Meteorological Institute, Yliopistonranta 1F, P.O. Box 1627, FI-70211 Kuopio, Finland
Keywords: aerosol, clouds, in-situ, airborne, remote-sensing, Arctic.
Presenting author email: david.brus@fmi.fi

Clouds are a major component in the global hydrological
cycle, since they store, transport and redistribute water.
They also contribute to global energy balance through
reflecting, transmitting and reradiating solar energy.
Cloud properties (e.g. albedo, precipitation rate and
lifetime) depend, amongst other factors, on the number
concentration of aerosol particles and on their chemical
composition (e.g. Lohmann and Feichter, 2005). Clouds,
and their interaction with the environment, are in general
investigated through two types of measurements: a) insitu, airborne or ground-based campaigns or b) groundbased remote-sensing techniques (i.e. lidar, ceilometer
and radar) and satellite.
During the Pallas Cloud Experiment (PaCE 2015)
campaign conducted at the Pallas-Sodankylä (GAW;
Hatakka et al., 2003) in Finnish sub-Arctic region we
applied both above mentioned approaches for cloud
measurements. We made vertical flight profiles using a
FMI-owned Remotely Piloted Aircraft System (RPAS,
Jonassen et al., 2015) in vicinity of the Sammaltunturi
fjeld at three locations with different above sea level
altitudes: next to Pallasjarvi (300 m a. s. l.),
Sammaltunturi foothills (440 m a. s. l.) and Kenttärova
station (345 m a. s. l.).

Figure 1. Example of vertical profiles of particle number
concentration measured with CPC model 3007 on board
of FMI-RPAS. Figure shows four profiles conducted at
two different places, one in vicinity of Pallasjarvi and
second at foothills of Sammaltunturi. The profiles are
compared to ground-based measurements obtained at
Sammaltunturi station (565 m a.s.l).
FMI-owned RPAS quadcopter platform carried on
following set instruments: a CPC model 3007 (TSI Inc.,
USA), an OPS model 3330 (TSI Inc., USA), a microAethalometer model AE51 (AethLabs, USA).

The vertical profiles were mutually compared to groundbased measurements conducted at the Sammaltunturi
station which resides on the top of Sammaltunturi fjeld
(565 m a. s. l.) and also data obtained from Kenttärova
station, where the remote-sensing instruments (Lidar –
PollyXT, HALO- Lidar and cloud radar; O’Connor et al.,
2005) were located.
Figure 1 shows an example of flights where we
used a CPC model 3007 to measure particle number
concentration. Two flights were done at Pallasjarvi and
two flights at Sammaltunturi foothills. In three flights
you can see the decreasing trend in particle number
concentration with height, but one flight (solid red
circles, Fig. 1.) has trend increasing, this is due to
presence of cloud at foothills. The airborne data compare
quite reasonably to data measured at the station, the
station number concentration data were averaged over
the flight duration. Unfortunately, there is no data
available from a micro-Aethalometer, since the Arctic air
is very clean and BC concentrations were below
detection limits of the instrument.
This work was supported by KONE foundation,
Academy of Finland project: Greenhouse gas, aerosol
and albedo variations in the changing Arctic (project
number 269095), Academy of Finland Center of
Excellence program (project number 272041),
BACCHUS (EU 7th Framework program), Natural
Environment Research Council (NERC), grant number
NE-L011514-1 and ACTRIS-2, the European Research
Infrastructure for the observation of Aerosol, Clouds,
and Trace gases. This project has received funding from
the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654109.
.
Lohmann, U. and Feichter, J. (2005) Atmos. Chem.
Phys., 5, 715–737.
Hatakka, J. et al. (2003) Boreal Environ. Res., 8, 365.
Jonassen, M. O., et al. (2015) Polar Research, 34
(25651).
O’Connor, E. J., et al. (2005) J. Appl. Meteorol., 44, 14–
27.
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Biogenic secondary organic aerosols (BSOA) grow to
the sizes sufficient to act as cloud condensation nuclei
(CCN) and can influence cloud properties. Biogenic
Aerosols – Effects on Clouds and Climate (BAECC)
campaign, Petäjä et al (2016), aimed to link biogenic
aerosols and clouds took place at the SMEAR II station
in Hyytiälä, Finland, from February to September 2014.
In this study we investigate properties of aerosols
measured at the surface level during BAECC campaign.
We concentrate on the dynamics of properties I usein
relation to the air mass history, namely the time that air
mass spent over land (TOL).
HYSPLIT model four-day (96 h) ensemble mean
backtrajectories arriving to the SMEAR II were used for
air mass history analysis. Only trajectories originating
from the clean marine environment and travelling over
the boreal forest were considered. Observed aerosol
number size distributions (Fig. 1, top) show that during
campaign period shorter TOL is characterized by high
number concentration in the nucleation mode with
concentration reaching 4000 cm-3, peaking at the 20 nm.
As time of travel increases, distribution mode shifts
toward larger particles – Aitken and accumulation
modes. Event days classification showed that clean air
masses arriving to the station favor new particle
formation events (NPF). Low aerosol loading in marine
air masses that had moved over boreal forest results in a
smaller condensation sink – a parameter that describes
loss of condensable vapor molecules onto existing
particles. CCN concentrations (Fig.1, bottom) increase
by the number of 2.6 h-1 and 6.6 h-1 for the
supersaturation levels Sc of 0.1% and 0.3%
correspondingly. CCN concentrations at these two Sc
increase for about 72 hours of travel time, and after that
numbers start to drop.
Our analysis shows that air mass history had
strong influence on the observed aerosol properties
during BAECC campaign period. We found that clean
air arriving from the marine environment favors NPF.
Median aerosol size grows and size distribution shifts
from nucleation to the Aitken and accumulation modes.
More and more aerosols can be activated to CCN and
influence formation and life of clouds. The campaign
period represents well average conditions at SMEAR II
station and can be used for the further studies of aerosolcloud interaction in the boreal forest environment.

Figure 1. Top: Median number size distribution for
different times air mass spent over land. Bottom: Cloud
condensation nuclei concertation [cm-3] as a function of
time air mass spent over land.
This work was supported by the Office of Science
(BER), U.S. Department of Energy via Biogenic
Aerosols - Effecs on Clouds and Climate (BAECC) and
European Commission via projects ACTRIS and
ACTRIS2, Academy of Finland Centre of Excellence in
Atmospheric Sciences (grants no. 1118615 and 272041)
and Nordforsk via Cryosphere-Atmosphere Interactions
in a Changing Arctic Climate, CRAICC.
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Chandrasekar, V., Smith, J. N., Winkler, P. M.,
Krüger, O., Hakola, H., Timonen, H., Brus, D.,
Laurila, T., Asmi, E., Riekkola, M.-L., Mona, L.,
Massoli, P., Engelmann, R., Komppula, M., Wang,
J., Kuang, C., Bäck, J., Virtanen, A., Levula, J.,
Ritsche, M., and Hickmon, N. (2016) Bull. Am. Met.
Soc, accepted
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Determination of the Heating Rate of black carbon at high time resolution:
a new methodology for experimental measurements of source-identified
radiative forcing effects
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Black carbon (BC) absorbs sunlight in the atmosphere
heating it[1]. The heating rate (HR) can be determined
from the divergence of the net radiative flux with
altitude (vertical profiles) or from the modelling activity;
however, it determination is, up to now, too sparse[2,3].
This work presents a new method to experimentally
determine the HR induced by the absorptive component
of aerosol. In urban context, it is essentially related to the
BC. The methodology is based on the direct
determination of the radiative power density absorbed
into a ground-based atmospheric layer (a full set of
physical equations will be discussed) determined
coupling spectral aerosol absorption measurements with
the spectrally resolved measurements of the direct,
diffuse and reflected radiation; the spectral absorption of
BC aerosol allows its source apportionment (traffic and
biomass burning (BB)) allowing the same apportionment
on HR.
One year (2015) of high-time resolution measurements
(5 min) of sunlight absorption and HR induced by BC
aerosol over Milan was investigated using: 1)
Aethalometer (AE-31, Magee Scientific, 7-λ), 2)
Multiplexer-Radiometer-Irradiometer
(downward
diffuse, direct and reflected radiance: 350-1000 nm in
3648 spectral bands), 3) a meteorological station (LSILastem), 4) condensation and optical particle counters
(TSI 3775 and Grimm 1.107), 5) low volume sampler
(FAI Hydra, PM2.5 and PM10).
Results allowed to determine: 1) the mean monthly
values of HR along one year (i.e. October: 1.04±0.01
K/day of HR, 3.0±0.1 µg/m3 of BC) together with the
high time resolution behaviour (Figure 1); 2) the
importance of the direct, diffuse and reflected radiation
on the HR (i.e. October HR: 0.42±0.10 K/day for direct,
0.44±0.10 K/day for diffuse, 0.18±0.10 K/day for
reflected); 3) the daily cycle of BC and radiation; 4) the
influence of anthropogenic activity (i.e. September HR:
1.00±0.06 K/day for working days, 0.35±0.02 K/day for
non-working days); 5) determine the radiative effect of
traffic and BB sources of BC: i.e. traffic BC for 1-15 and
15-31 October was 1.3±0.1 µg/m3 and 2.3±0.1 µg/m3

respectively, while BB BC was 0.7±0.1 µg/m3 and
1.5±0.1 µg/m3. In terms of HR, traffic BC for 1-15 and
15-31 October contributed with 0.46±0.01 K/day and
0.74±0.02 K/day while BB BC was 0.28±0.01 K/day and
0.61±0.02 K/day. All of the aforementioned results will
be discussed using the full set of data collected.
of BC concentration.

Figure 3.16: HR trend for all the months with the maximum value.

Figure 1. Heating rate values at high time resolution
from March to October 2015. Maximum values of HR
From March to October
ADRE change
its maximum value. The higher values
for each
monthsignificantly
are reported.
recorded, as shown in figure 3.15, are in April, September and October; the same trend
can be noted for the Heating Rate (figure 3.16). Literature data confirm these results: from
References:
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Table 3.8: ADRE and HR average for all the months.

Month
Parameters
ADRE (W/m3)
HR (K/day)
Month
Parameters
ADRE (W/m3)
HR (K/day)

March
Mean Std Dev
11.27
0.12
0.91
0.01
July
Mean Std Dev
11.99
0.13
0.91
0.01

April
Mean Std Dev
11.37
0.12
0.82
0.01
August
Mean Std Dev
12.16
0.13
0.91
0.01

78

May
Mean Std Dev
10.81
0.11
0.79
0.01
September
Mean Std Dev
10.23
0.11
0.75
0.01

June
Mean Std Dev
11.70
0.13
0.87
0.01
October
Mean Std Dev
14.46
0.15
1.04
0.01
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How wind and water temperature drives sea spray aerosol emissions, based on in situ
Eddy Covariance fluxes and compared to laboratory tank experiments
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Dominant physical factors that determine the
magnitude of sea spray emissions: 1) Wind speed. 2) Sea
ice. 3) Sea surface temperature. The latter is so forth
only known from laboratory experiments: Bowyer et al.
(1990), Mårtensson et al. (2003), through Hultin et al.
(2010) and Zabori et al. (2012a,b,2013), to recent work
by Salter et al. (2014; 2015). Our hypothesis is: If sea
surface temperature is important for sea spray emissions
one should be able to observe its influence in situ using
direct aerosol eddy covariance fluxes over the ocean.
The AWEP station at Östergarnsholm in the
Baltic Sea is operated by Uppsala University since the
mid 1990’s and includes a 40m CO2 flux mast. Since
2011 ACEP/Stockholm University operates an aerosol
eddy covariance flux system in a 12m tower. The
instrumentation includes: Gill Ultrasonic anemometer
HS100, Licor 7500, TSI Condensation Particle Counter
3762, Grimm Optical Particle Counter 1.109. sea
temperature from satellite and buoy. Eddy covariance
fluxes were calculated from wind, temperature, CO2,
H2O sampled at 20 Hz, and aerosol number
concentrations at 1 Hz.
In two recent papers (Salter et al., 2014, 2015), a
new sea spray simulation tank was used at ACES to
study and parameterize how sea spray production
depends on water temperature. For this study similar
experiments were made at 6‰ salinity instead of the
35‰ used previously, in order to resample the
conditions around Östergarnsholm.
Results and Conclusions
Over the sea, aerosol fluxes were dominated by
upward fluxes due to sea spray emissions. Aerosol
fluxes, heat and momentum fluxes, surface roughness
and other micrometeorological parameters indicates that
a wide sector from south-west to east are representative
of long fetch sea spray fluxes. Data from this sector is
selected for the rest of the data analysis.
As in previous field studies where the eddy
covariance method has been used to measure sea spray
emissions (Nilsson et al., 2001; Geever et al., 2005) we
saw an exponential increase in emissions (upward
fluxes) with increasing wind speed. Our new data set is
however much larger than previous data sets, covering a
wide range of temperatures over several years. This
enable us to see that the sea-spray-wind dependency shift
also with temperature. Comparing data for temperatures
<12oC and >16oC, the lower 90% and upper 10% data
range just barely touch. There is clearly a significant
difference between sea spray emissions at high and low

temperatures. In the brackish water at Östergarnsholm
sea spray emissions peak at 4-8oC, see Figure 1, and fall
rapidly in magnitude with increasing temperature. This
compares well with the laboratory sea spray tank data at
a comparable salinity. Experiments at 35‰ (Salter et al.,
2014, 2015) suggest that the sea spray emissions over the
oceans in general continue to be high towards 0oC.
Our hypothesis has been tested positive. In a
world where large parts of the oceans are now in
transition towards higher sea surface temperature, this
offers a potentially dangerous positive climate change
feedback process that may amplify climate change.

Figure 1. In situ sea spray emission fluxes (full curve)
and laboratory sea spray production (dotted curve) as
function of water temperature.
This work was supported by the Swedish Research
Councils VR (Science) and FORMAS (Environment,
Agricultural Science and Spatial Planning).
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DUST AND CLIMAT OVER KUWAIT
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We investigate the consistency between Aerosol
Optical Depth (AOD) retrieved by MODerate
resolution Imaging Spectroradiometer (MODIS)
sensor aboard NASA’s Aqua satellite and
measurements collected by ground-based
AErosol RObotic NETwork (AERONET) site in
Kuwait for 2007-2012. Figure 1 shows a good
correlation (r = 0.7) between the two datasets.
The concentration of particles with geometric
mean radius ranges of 0.05–15 μm has been
studied as well. Seasonal variations are clearly
found in the shape and magnitude of the volume
size distributions (VSDs) for PM2.5 and coarse
particles. The highest concentrations of aerosol
coarse particles are found during the spring. Both
PM2.5 and coarse particles concentrations
increase substantially during dust storms,

reaching the highest values during the dust storm
of 24 May 2012. The method of superposed

Figure 2. Superposed meteorological parameters
centered on the 137 dusty days.

epoch analysis (Sabbah, 2010) is used to test the
behavior of meteorological parameters during the
dusty days of 2012. Figure 2 shows significant
increase in wind speed (v), reductions in
visibility (Vis) and diurnal temperature range
(DTR) during dusty days. We also see a decrease
in air temperature (Temp) one day after dust
occurrence. This effect can be due to scattering
of sunlight back to space by the suspended dust
particles.

Figure 1. linear regression between satellite and
AERONET datasets.

Sabbah, I. (2010) Atmospheric Research, 97(3),
303 -314, doi:10. 1016/j.atmosres.2010.04.
002.
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A global simulation of brown carbon aerosol and its implications
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Recent observations suggest that a certain fraction of
organic carbon (OC) aerosol effectively absorbs solar
radiation, which is also known as brown carbon (BrC)
aerosol. Despite much observational evidence of its
presence, very few global modeling studies have been
conducted because of poor understanding of global BrC
emissions.
We will present our explicit global simulations of
BrC in a global 3-D chemical transport model (GEOSChem). In order to perform the model simulations, we
estimate global primary BrC emissions from open
burning and biofuel use based on a reported relationship
between absorption Å ngström exponent (AAE) and
modified combustion efficiency (MCE) (McMeeking,
2008) as shown in Figure 1. Our estimated global BrC
emissions are 3.9 ± 1.7 and 3.0 ± 1.3 TgC yr -1 from
biomass burning and biofuel sources, respectively, and
5.7 TgC yr-1 from aromatic oxidation. Table 1
summarizes our estimated MCE, OC and BC emission
factors, and BrC/OC ratios for each vegetation type.
Using the estimated primary and secondary emissions of
BrC, we conducted a full year simulation for 2007 to
obtain the global distribution of BrC concentrations.

Figure 1. Estimated absorption ratios of BrC to BC at
550 nm as a function of MCE. We assume that the CA
absorption is only contributed by BC and BrC absorption.
Each line shows a relationship based on different BC and
BrC AAE values.
We evaluate the model by comparing the
simulated results with observed absorption by OC in
surface air in the United States, and with single
scattering albedo observations at AERONET sites all
over the globe. The model successfully reproduces the
observed seasonal variations, but underestimates the
magnitudes, especially in regions with high secondary
source contributions.

Table 1. Emission factors (EFs) and calculated
parameters used for primary BrC emission estimates.
Biomass burning emission is classified for six vegetation
types based on the FINN inventory. Here BrC/OC is the
mass ratio of BrC to OC emitted from biomass burning
and biofuel use.
Source
MCE OC EF BC EF BrC/OC
Type
[g kg-1] [g kg-1]
Boreal
0.891
7.8
0.20
0.093
Forest
Cropland
0.898
3.3
0.69
0.652
Savanna/Gr 0.948
2.6
0.37
0.123
assland
Temperate
0.910
9.2
0.56
0.145
Forest
Tropical
0.919
4.7
0.52
0.213
Forest
Woody
0.941
6.6
0.50
0.081
Savannah/S
hrubland
Biofuel1)
0.452
Our global simulations show that BrC accounts
for 21% of the global mean OC concentration, which is
typically assumed to be scattering. We find that the
global direct radiative effect of BrC is nearly zero at the
top of the atmosphere, and consequently decreases the
direct radiative cooling effect of OC by 16%. In addition,
the BrC absorption leads to a general reduction of NO 2
photolysis rates, whose maximum decreases occur in
Asia up to -8% (-17%) on an annual (spring) mean basis.
The resulting decreases of annual (spring) mean surface
ozone concentrations are up to -6% (-13%) in Asia,
indicating a non-negligible effect of BrC on
photochemistry in this region.
This study was supported by the Eco Innovation
Program of KEITI (ARQ201204015) and by Korea
Ministry of Environment as "Climate Change
Correspondence Program".
McMeeking, G. R.: The Optical, Chemical, And
Physical Properties Of Aerosols And Gases Emitted
By The Laboratory Combustion Of Wildland Fuels,
Dissertation, Department of Atmospheric Science,
Colorado State University, Fort Collins, Colorado
Fall
2008.
Available
at:
http://chem.atmos.colostate.edu/Thesis/McMeeking
%20dissertation.pdf
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Black carbon aging and its impact on the spatial distribution and radiative forcing using
a MRI global climate model
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A new parameterization of black carbon (BC) aging,
which enables the representation of spatial and temporal
variations of the conversion rate from hydrophobic BC
to hydrophilic BC, has been developed (Oshima and
Koike, 2013) using a size and mixing state resolved
aerosol box model, Model of Aerosol Dynamics,
Reaction, Ionization, and Dissolution (MADRID)
(Zhang et al., 2004) with resolution of the mixing state
of BC (MADRID-BC) (Oshima et al., 2009a; 2009b). In
this study, we apply the parameterization to the Model of
Aerosol Species IN the Global Atmosphere
(MASINGAR-mk2), which is included in the earth
system model of the Meteorological Research Institute
(MRI-ESM) (Yukimoto et al., 2012), to evaluate the
impact of the BC aging on its spatial distribution and
radiative effects. We conducted the model calculations
for the years of 2008-2009 with horizontal resolutions of
approximately 120 km (TL159) and 48 vertical layers
from the surface to a model top of 0.01 hPa. The model
calculation with the parameterization shows that the
conversion timescales from hydrophobic BC to
hydrophilic BC exhibit distinct spatial variations. Their
annual averages are approximately within one day and
one week over East Asia (source regions) and the Arctic
(remote regions), respectively. Comparisons with the
calculation using the constant conversion rate (1.2 days,
used in the original approach) show that both
calculations reproduce the seasonal variations of BC
mass concentrations observed by the surface
measurements reasonably well over East Asia. On the
other hand, although the constant-rate calculation largely
underestimates the BC mass concentrations observed
over the Arctic, the use of the parameterization improves
the concentration levels and reproduces the seasonal
variations. The direct radiative forcing by BC (annually
and globally averaged at the top of atmosphere) is
estimated to be approximately 0.3 W m-2 for the
calculation with the parameterization (0.2 W m-2 for the
constant-rate calculation). These results indicate that the
aging process of BC can significantly impact on its
spatial distribution and radiative forcing in the globalscale.
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As one of the most important driver affecting the
Earth's energy balance and hydrological cycle, and
human health, aerosols have negative climate effects on
urban air quality. The current study presents a spatiotemporal analysis of the aerosol concentrations in
relation with climate variables in two size fractions
(PM10 and PM2.5) in Bucharest metropolitan area
during 2012 year. Both in-situ monitoring data as well as
MODIS Terra/Aqua time-series satellite data have been
used for particle matter PM2.5 and PM10 monitoring in
relation with climate changes. It was found that PM2.5
and PM10 aerosols exhibit their highest concentrations
mostly in the central part of the town, due to road traffic
as well as in the industrialized periurban areas. In
addition to the local and regional anthropogenic PM
sources, both the levels and composition of air PM
depend on meteorological parameters (temperature,
humidity, precipitation, winds etc.), and season of the
year.
Study area and data used
Bucharest test site town is placed in the South –
Eastern part of Romania, being one of the most crowded
capital in Eastern Europe and maybe the most polluted
due to traffic increase and periurban industries
development (sometimes above the acceptable limits).
Daily in-situ average particle matters concentrations
PM10 and PM2.5 and air quality index for Bucharest
metropolitan area have been provided by Air Pollution
Network of Environmental Protection Agency. The
C005 (version 5.1) Level 2 and Level 3 Terra and Aqua
MODIS AOD550 time-series satellite data for period
01/01/2012- 31/12/2012 have been also used. Based on
new algorithm MAIAC for MODIS time series data have
been derived the aerosol parameters which include
optical depth (total aerosol) and fine mode fraction
(Chudnovsky et al., 2014).Meteorological variables (air
temperature, relative humidity, sea level atmospheric
pressure) have been provided by in-situ measurements.
ORIGIN 7.0 and ENVI 5.0 software were used for data
processing.
Results
Changes in urban atmospheric composition due to
the presence of gaseous and aerosol species create
‘forcing’ which is an external factor that affects local
and regional climate (Zoran et al, 2016).
The predominant component in PM10 was
PM2.5, as can be seen in Figure 1, which shows clear

evidence that high mean PM10 and PM2.5 particle
concentrations were observed in winter months, and low
values in the summer months, the average ratio of
PM2.5/PM10 was 89.12 and yearly average PM2.5 and
PM10 values were of 26.88 μgm-3 and 30.16 μgm-3.

Figure 1. Daily mean PM10 and PM2.5 concentrations
(µg/m3) during 2012 year in Bucharest test area
Figure 2 shows aerosol concentration map
derived from MODIS Terra AOD550 (aerosol optical
thickness) daily data. The results revealed a significant
month-to-month variability in all AOD550 values,
underlying the influence of varying aerosol load function
of season. The AOD550 values (Level 3) lie in a wide
range, as low as 0.2 up to 0.5. The influence of aerosol
particles on urban climate, and how their properties are
perturbed by anthropogenic activity have been also
discussed in relation with meteorological variables.

Figure 2. Global aerosol concentration map derived from
MODIS Terra AOD550 over Bucharest area
This work was supported by Romanian National
Authority for Scientific Research, PCCA Program under
Contract 86/2014 and Program NUCLEU PN 16 400101.
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Estimation of errors in modelling of clear-sky direct aerosol radiative forcing in the
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Non-uniform properties of the Earth’s surface, including
highly variable surface albedo, can pose problems in
solar radiation modelling in the atmosphere. An
application of Independent Column (or Pixel)
Approximation approach, widely used in non-uniform
situations, may lead to considerable biases in estimates
of fluxes and radiances in the atmosphere (Marshak and
Davis, 2005). Strong net horizontal photon transport
between columns or pixels, neglected in this method,
may lead to biased local estimates, especially for small
pixels. If pixels are large, the biases are mainly caused
by negligence of surface non-uniformity within a pixel.
The main objective of this work is to estimate
errors in aerosol radiative forcing modelling, introduced
by an application of independent column/pixel
approximation (IPA) to clear-sky direct aerosol radiative
forcing computation in non-uniform Arctic fjord areas.
Using a 3D Monte Carlo RT model (Rozwadowska and
Górecka, 2012) for the Hornsund and Kongsfjord
regions (Svalbard), we simulated the biases for
individual pixels, i.e. the difference between the surface
aerosol radiative forcing (ARF) in a given pixel obtained
using the plane-parallel model and the ‘real’ aerosol
radiative forcing in that pixel. In both cases mean
atmospheric and surface properties were the same. The
“real” radiative forcing was computed using 3D Monte
Carlo RT model for the real surface topography and the
real non-uniform surface albedo. In our simulations, the
plane parallel cases were also computed using the Monte
Carlo RT model but for the uniform flat surface of the
same mean albedo and the same terrain elevation. The
simulations were performed for a pixel (grid cell) of the
plane-parallel model of 17 km which is in agreement
with the horizontal resolution of the tropospheric
chemistry model – GEM-AQ (Kaminski et al., 2008)
used as a computational tool to derive aerosol properties
and distribution over the Svalbard region in iAREA
project. Our simulations were performed for various
types of pixels, from mostly marine to mostly terrestrial,
different surface conditions (summer and early spring),
various solar zenith angles (SZA) and aerosol optical
thickness (AOT) and for wavelength of 495 nm.
For all the modeled cases aerosol radiative
forcing on the surface was negative. An application of
IPA to radiative forcing computations for the Arctic
fjord region can introduce considerable deviations from
the real ARF values. For spring albedo pattern, solar

zenith angle 60o and aerosol optical thickness of 0.040.5, the relative error for individual pixels varies from
about 5% for a pixel mostly covered with water (99% of
water surface) to -23% for mostly terrestrial pixels. A
positive relative error means that the IPA modelling
overestimates the magnitude (absolute value) of the
ARF. Changing surface albedo conditions from spring to
summer leads to a reduction in the range of variability in
the relative error for individual pixels. For the summer
conditions, the error varies from 6% to -13%. Averaging
of aerosol radiative forcing over a larger area (several
pixels) considerably reduces the biases in the radiative
forcing.
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Kaminski, J. W., Neary, L., Struzewska, J., McConnell, J.
C., Lupu, A., Jarosz, J., Toyota, K., Gong, S. L., Côté,
J., Liu, X., Chance, K., and Richter, A. (2008) Atmos.
Chem. Phys. 8, 3255-3281.
Marshak, A., Davis A. B. (eds) (2005) 3D Radiative
transfer in cloudy atmospheres, Springer-Verlag.
Rozwadowska, A. and Górecka, I. (2012) Oceanologia
54(4), 509-543.

European Aerosol Conference 2016

Tours, France

Poster Session P1-AAS-AAP3:

New particle formation

Page 239 of 1211

European Aerosol Conference 2016

Tours, France

Page 240 of 1211

Observation of new particle formation on Curonian Spit
G. Mordas, K. Plauškaitė, N. Prokopciuk, V. Dudoitis, and V. Ulevicius
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Keywords: new particle formation, nucleation, nanoparticles
Presenting author email: genrik.mordas@ftmc.lt
Annual observations of new particle formation (NPF)
phenomena were carried out at the Preila station
(55◦55′N, 21◦00′E, 5 m above sea level) located on
Curonian Spit (Lithuania). The aerosol particle number
concentration (PNC) and size distribution measurements
(8.7-840 nm) were performed using a Scanning Mobility
Particle Sizer model 19.3.09 IFT/TT (TROPOS, Leipzig,
Germany),with automatic sheath flow, temperature and
relative humidity control V2.6 TT 2006 and CPC UF02M (Mordas et al, 2013).
The annual average total PNC was 3.9·103 cm-3.
The seasonal variations of the total PNC had a maximum
monthly average in March (6.3·103 cm-3) and the
minimum in November (1.9·103 cm-3). The highest input
(44–64%) into the total PNC was influenced by Aitken
mode particles (20–100 nm). The accumulation mode
particles (100–840 nm) made up 23% during spring,
summer and autumn months, and comprised about 48%
during winter. Wherein, the input of the nucleation mode
particles (8.7–20 nm) varied from 11% to 20%.
However, the diurnal average input had higher
variations, but were strongly limited by Aitken and
accumulation mode inputs to the total PNC. It should be
noted that the described limit lines and the determined
empirical coefficients were the same for NPF event and
non-event days. Physically, it means that a coagulation
process of ultrafine particles and their precursors on the
larger Aitken and accumulation mode particles
determined the de-escalation of the nucleation process.
During whole year were observed 111 NPF
events, which were classified as Class I (18 days) and
Class II (93 days) by Dal Maso et al. (2005) NPF
classification scheme. The higher number of the NPF
events were accounted in March, April, June, November
and December, and non-event days mostly occurred in
January, February, May, September, November and
December. Most of the long-term NPF events was
observed when the air masses arrived from the northern
directions (Scandinavia, the North Sea, and the Arctic),
and, accordingly, the NPF in typically polluted
continental air mass was observed very rarely.
The calculated new particle formation rate J8
varied from 0.11 to 0.97 cm3 s-1, with the mean value of
0.45 cm3 s-1. The highest values of the particle formation
rate were estimated for the springtime, and the lowest –
for the wintertime. The growth rate of ultrafine particles
(8-20 nm) varied from 1.7 to 6.4 nm h-1, with mean value
of 3.8 nm h-1. The determined condensation sink varied
from 7.40·10-4 to 2.27·10-3 s-1with the average value of
1.53·10-3 s-1. Whereas the multilognormal estimation
gave detail information about the dynamics of total PNC

of each mode, a mode mean geometric diameter Dg and
geometric standard deviation σg (Fig. 1).
The parameters estimated for the NPF events
observed on Curonian Spit were partially similar to the
Northern Europe stations. However, the PNC level, low
seasonal PNC cycle and heterogeneous air masses
showed similarity with Central Europe aerosol.

Figure 1. The multilognormal characterisation of the
Class I type nucleation event.
This work was supported by the Lithuanian–Swiss
Cooperation Programme “Research and Development”
project AEROLIT (Nr. CH-3-ŠMM-01/08).

Dal Maso, M., Kulmala, M., Riipinen, I., Wagner, R.,
Hussein, T.,Aalto, P. P. and Lehtinen K. E.J. (2005).
Bor. Env. Res., 10, 323–336.
Mordas, G., Ulevicius, V, Plauškaitė, K. and Prokopčiuk
N. (2013). Lith. J. Phys. 53, 175–182.
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Neutral and ion-induced H2SO4 - H2O particle formation 2: CLOUD experimental data
spanning all atmospheric conditions
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We present a data set of binary particle formation of
sulfuric acid and water, measured in the CLOUD chamber
at CERN (Figure 1) during the CLOUD3 and CLOUD5
campaigns (Duplissy et al, 2016). Four parameters have
been varied to cover neutral and ion-induced binary
particle formation processes: Sulfuric acid concentration
(1e5 to 1e8 molecules per cm-3), relative humidity (10%
to 80%), temperature (208-293K) and ion concentration
(0-4000 ions per cm-3). In addition, we have derived a new
version of Classical Nucleation Theory (CNT) to treat
particle formation in neutral and ion-induced binary
sulfuric acid-water systems (Merikanto et al., 2016). The
new model is also presented in a companion EAC2016
abstract by Merikanto et al., and parameterized for the use
in large scale atmospheric models as presented in a
companion abstract by Määttänen et al. The CLOUD data
and the model are compared in this presentation (an
example shown in Figure 1). We find a good agreement
between theoretical and measured particle formation rates
throughout the full range of measurements.
The CLOUD chamber at CERN (fully described in
Duplissy et al (2016)) is a 3m-diameter electro-polished
stainless-steel cylinder (26.1 m3). The set-up is shown in
Figure 1. A field cage is installed inside the chamber to
allow the removal of ions, when required. The contents of
the chamber is irradiated by UV light in the range 250400 nm and mixed by two fans. Experimental runs can be
performed at stable temperatures between 40°C and 65°C. The chamber is exposed to a 3.5 GeV/c secondary
pion beam from the CERN PS, corresponding to the
characteristic energies and ionization densities of cosmic
ray muons in the lower troposphere. The beam intensity
can be adjusted to cover the natural ion range
concentration from ground level to the stratosphere. Ultrapure air is obtained from the evaporation of cryogenic
liquid N2 and liquid O2. The air is humidified with a
Nafion humidifier. Trace gases such as SO2 are added
from gas cylinders containing pressurised N2 as the
carrier. The chamber instrumentation includes PTRMS,
CIMS, Nano-SMPS, CPC battery, PSM, APi-ToF, NAIS,
Gerdien, LOPAP, dew point sensor, SO2 and O3 analyser,
as well as T, P and UV sensors. Sulfuric acid was
generated by means of UV light, SO2 and water. From the
APi-tof data, pure binary particle formation of sulfuric
acid and water can be clearly identified, and particle
formation processes including other species than water
and sulfuric acid have been excluded from this study.

Figure 1: A comparison between CLOUD data taken at
223 K, 50% RH for neutral, GCR and GCR+beam (π)
runs, and theoretical total formation rates under same
conditions. Here, neutral formation dominates both
theoretical and measured rates.

Figure 2. An illustration of CLOUD chamber in the T11
experimental zone at the CERN PS. The de-focused
particle beam exits a dipole magnet (right), crosses the
hodoscope counter (middle) and then traverses the 3mdiameter CLOUD chamber
Duplissy, J., et al. (2016). J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023539.
Merikanto, J., et al. (2016), J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023538.
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Neutral and ion-induced H2SO4 - H2O particle formation 3: New improved
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Figure 2. Ion-induced particle formation rates for a
sulphuric acid concentration of 2x106 cm-3 and ion
concentration of 4x103 cm-3 as functions of temperatures
and relative humidity (see Fig. 1 for lines and symbols).
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ranging from 10-3 to 100%, and sulphuric acid
concentrations of 104 - 1013 cm−3. The ion-induced
parameterizations (see Fig. 2) are valid for the
temperature range of 195-400 K, relative humidities
ranging from 10-5 to 100%, and sulphuric acid
concentrations of 104 - 1016 cm−3. The low relative
humidities attained allow using the parameterizations
also at very dry conditions such as on Venus.
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We have developed new neutral and ion-induced
sulphuric
acid
–
water
particle
formation
parameterizations for the use of atmospheric models.
The new parameterizations are based on improved
Classical Nucleation Theory (CNT) of Merikanto et al.
(2016) (see also EAC 2016 abstract by Merikanto et al).
The model has been validated against CLOUD
experiments (Duplissy et al., 2016; EAC 2016 abstract
by Duplissy et al). The model behaves consistently when
approaching both the one-component and the kinetic
particle formation limits. When the free energy barrier
associated with the critical cluster formation vanishes,
we use the kinetic equation for the particle formation
rate. The neutral parameterization extends the validity
ranges of the Vehkamäki et al. (2002) parameterization.
Also, unlike in Vehkamäki et al. (2002), the ion-induced
particle formation rates are now parameterized.
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Figure 1. Neutral particle formation rates for a sulphuric
acid concentration of 2x106 cm-3 as functions of
temperatures and relative humidity: old Vehkamäki et al.
(2002) parameterization (dashed), new theoretical values
(triangles) and new parameterized rates (solid lines). The
black lines and symbols indicate the kinetic region.
Neutral and ion-induced parameterizations are
given for particle formation rate (J > 10−1 m−3 s−1),
radius, composition and number of molecules in the
critical cluster. The threshold sulphuric acid
concentration above which the kinetic formula applies
has been parameterized as well. A parameterization for
the threshold acid concentration for the neutral formation
rate J = 1 cm−3 s−1 is also given. The neutral
parameterizations (see example in Fig. 1) are valid for
the temperature range of 165-400 K, relative humidities

These parameterizations capture the experimental
formation rates and providing reliable predictions
outside the experimental range. We recommend using
the new model and the improved parameterizations.
We wish to thank the Magnus Ehrnrooth Foundation, the
Institut Pierre Simon Laplace, and the ERC - Starting
MOCAPAF grant no. 257360 for funding. We are
grateful to T. Kurtén and to J. Julin.
Duplissy, J., et al. (2016), J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023539.
Merikanto, J., J. Duplissy, A. Määttänen, H. Henschel,
N. M. Donahue, D. Brus, S. Schobesberger, M.
Kulmala, and H. Vehkamäki (2016), J. Geophys. Res.
Atmos. 121, doi:10.1002/2015JD023538.
Vehkamäki, H., M. Kulmala, I. Napari, K. E. J.Lehtinen,
C. Timmreck, M. Noppel, and A. Laaksonen (2002)
J. Geophys. Res. 107, 10.1029/2002JD00.
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The first global picture of observation-based estimate on continental boundary layer
new particle formation
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Atmospheric aerosols have a large impact on air quality,
human health and on global climate. One of the largest
uncertainties related to climate change is the magnitude
of the cooling effect of aerosols that counteracts the
warming caused by greenhouse gases (IPCC, 2013).
Formation of secondary aerosol particles is a major
source of atmospheric aerosols (Merikanto et al., 2009),
and a subject of active research during the past two
decades. Regional events of new particle formation
(NPF) have been observed worldwide (Kulmala et al.,
2004), but in the literature reports of the seasonality of
the NPF related parameters are still rather sparse.
The aim of this study is to present a global picture
on the relevance of aerosol formation. We gathered
observations of the annual cycle of NPF events from
sites with at least one year of total particle size
distribution measurements available. As the number of
such sites is rather limited, we also included sites, which
offered shorter campaign-wise data coverage, but what
could be parsed into a full seasonal cycle. As the
published peer-reviewed articles about the data do not
always provide all the climate-relevant NPF
characteristics (event frequencies, particle formation
rates and growth rates), we collected the observational
data of sub-micron aerosol number size distribution, and
performed a standardized analysis (using the methods
described by Kulmala et al. 2012) to reveal the
characteristic features of the NPF events at different
sites.
Aerosol number concentration size distribution
data was obtained from the EBAS database
(http://ebas.nilu.no/) and from several research groups
running long-term aerosol measurements. The
Differential Mobility Particle Sizer (DMPS) or Scanning
Mobility Particle Sizer (SMPS) instruments typically had
lower detection limits varying between 3 and 10 nm. In
order to have comparable results between different sites,
a common size range of 10–25 nm was used for
nucleation mode particles in this study. Altogether we
identified 35 measurement sites worldwide where
aerosol size distributions have been measured for at least
one year (either continuously, or in separate campaigns
covering a full annual cycle). The sites included in this
study range from arctic and remote areas to heavily
polluted megacities.
The size distribution data was classified into NPF
event, non-event and undefined days according to the
guidelines presented by Kulmala et al. (2012). We used
the criteria originally introduced by Dal Maso et al.
(2005) for identifying regional NPF events, where the
formation and subsequent growth is distinguishable for
several hours.

Figure 1. The locations of the 35 measurement sites
included in this study.
Regional NPF events were observed at all the
sites throughout the year. The global average NPF
frequencies were ranging from 12% of days during
December–February to 31% of days in March–May. The
smallest NPF frequencies occurred in the polar areas
(NPF occurring in less than 20% of days), and the
highest in the African savannah area (NPF occurring in
more than 60% of days).
The particle formation rates did not, on average,
show large seasonal variation, but there exist large
differences between different environments. The highest
formation rates that are over 1 cm–3 s–1 occur inside cities
and other anthropogenically heavily influenced areas. In
these areas the SO2 concentrations are typically high
leading to high concentrations of sulphuric acid, which is
one of the key precursor species in atmospheric NPF. On
the other hand, the highest particle growth rates do not
occur in these same areas of high formation rates,
pointing to the decoupling of the mechanisms leading to
the initial particle formation and the later growth of the
particles.
Acknowledgements. This research has been funded by
the Academy of Finland Centre of Excellence (grant no.
272041). We acknowledge all the research groups which
provided us with their measurement data.
Dal Maso, M. et al. (2005) Boreal Environ. Res. 10,
323–336.
IPCC (2013) Climate Change 2013: The Physical
Science Basis, doi:10.1017/CBO9781107415324.
Kulmala, M. et al. (2004) J. Aerosol. Sci. 35, 143–176.
Kulmala, M. et al. (2012) Nat. Protoc. 7, 1651–1667.
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8616.
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New particle formation (NPF) is a frequent phenomenon
and a major source of climatically relevant aerosol
particles in the atmosphere (e.g. Kulmala et al., 2013).
The degree of spatial variation in particle production in
the lower troposphere during NPF is still unclear.
Previous
numerical
investigations
and
field
measurements have indicated that different mixing
processes including roll vortices could be favourable for
NPF (Nilsson et al. 2001; Easter and Peters, 1994).
We have done airborne measurements of aerosol
particles in the lower troposphere using a light airplane
and a zeppelin. The airplane measured the particle concentration (>3 nm) and particle-size distribution
(10...400 nm) in separate intensive campaigns between
2013-2015 that took place between spring and autumn.
The zeppelin measured particle-size distribution down to
2 nm during the spring 2013.
The airplane measurements consisted of ~30 km
long flight legs flown perpendicular to mean wind, while
the zeppelin measured over a smaller area of ~5 km in
diameter. All airborne measurements were done in the
vicinity of the SMEAR II field station in Hyytiälä southern Finland (61°51’N, 24°17’E), and were complemented by the station's own aerosol particle measurements.
Large helical circulations in the planetary boundary layer (PBL), known as roll vortices (e.g. Etling and
Brown, 1998), were identified using tower and airborne
wind measurements, satellite images as well as radar.
The observations suggest that NPF could be
enhanced, or exclusively take place, in some locally
limited regions of the mixed PBL. These enhancement
regions, where the sub-10-nm particle concentration can
increase by almost an order of magnitude compared to
the background, appear to be connected to roll vortices.
The enhanced NPF regions seem to be spatio-temporally
linked to rolls, but only some of the rolls are able to
enhance NPF significantly.
An example case (Aug 21, 2015) is presented in
Figure 1, where part of the flight track is coloured by
averaged vertical wind and 3...10 nm particle
concentration. The parallel convective band structure in
Fig. 1a was caused by rolls. The rolls were also visible in
radar. The region of increased 3...10 nm particle
concentration is shown in Fig. 1b. The particles were
also observed from the field station (marked by +),
where the particle flux measurements indicate that the
particles had an elevated source.
On another measurement day (May 8, 2013) we
could observe the rolls and the particle region to move
across the measurement area in a similar way and the
particles showed clear growth.

These kinds of long lines of small sub-10-nm
aerosol particles were observed on roughly 40 % of the
days when NPF was observed. Further studies need to be
carried out in order to determine the importance of the
phenomenon.
(a)

(b)

Figure 1. Flight track coloured by (a) averaged vertical
wind and (b) 3...10 nm particle concentration.
Acknowledgements. This work was supported by the Office of Science (BER), U.S. Department of Energy. This
research has been funded by the ERC-Advanced "ATMNUCLE'' (grant no. 227463), the Academy of Finland
(Center of Excellence project no. 272041), the Eurostars
Programme under contract no. E!6911 and the European
Commission under the Framework Programme 7 (FP7ENV-2010-265148), and the European Union’s FP7 capacities programme under ACTRIS (grant no. 262254),
and Horizon 2020 research and innovation programme
under ACTRIS-2 (grant no. 654109). In addition, this
work was supported by CRAICC and the Swedish Research Councils.
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The chemical composition of nanoparticles including
small air ions (diameter <1.6 nm) is very difficult to
investigate due to the small amount of substance
carried by these particles and thousands of chemical
compounds existing in the air and contribute to
composition. The electrical mobility measurements
might give some insight into the sizes of air ions.
Using known mass-size-mobility relations we can
estimate the masses of particular ions and propose the
chemical composition. One way to support our
proposal are mass spectrometric measurements.
Earlier (Luts et al. 2011a), we found some links
between different types of mobility spectra measured
by Small Air Ion Spectrometer (KAIS) and Balanced
Scanning Mobility Analyzer (BSMA). Through that we
compared one-second-aged small air ions produced by
corona discharge and natural air ions. Now we use
these data to point out the similarity in positive and
negative ions size distribution for mobility range 1.4 –
1.9 cm2V-1s-1 (KAIS) and 0.5 – 2.8 cm2V-1s-1 (BSMA).
Air ions X+(XY)m(H2O)n and Y-(XY)m(H2O)n can be
considered consisting of large neutral molecules and
small-size charged part. We propose that the size of air
ions is substantially determined by neutral part (neutral
clusters) whereas simple ions have only small effect
onto the size. Certain example of these neutral part
could be the “magically” stable water clusters (H2O)n.
These water clusters can have fullerene–like structures
in the air. Hexagonal ring of water molecules (H2O)6
linked by hydrogen bonds is one very stable cluster
(Fowler et al. 1991, Dunn et al. 2004) and could be
responsible for the size of observed dominant smaller
ions. Air ions themselves could be X+(H2O)n and Y(H2O)n or X+(XY)m(H2O)n and Y-(XY)m(H2O)n.
Also, in the previously reported paper by Luts et
al. (2011b) we studied the composition of negative air
ions as a function of ion age and selected trace gases in
laboratory experiments. Using the data from Air Ion
Spectrometer (AIS) (Figure 1) and mass spectrometer
(MS, Sciex API-300) we proposed some typical
negative ions chemical composition responsible for
corresponding m/z.
The composition of positive air ions also
depends on ion age and trace gases. Mass spectra of
positive ions are different from negative ones.
Identification of the chemical compounds responsible
for observed masses in MS is a very difficult task
(Smith et al. 2004). Nevertheless, we can made certain

assumptions taking into account the specific chemical
characteristics of compounds.

Fig. 1. Size distribution of background (BG) negative
and positive ions depending on relative humidity (RH).
This work was supported by the Institutional Research
Funding IUT20-11 of Tartu University.
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The first observations of newly formed sub-3 nanometer
aerosol clusters have been made now via airborne
measurements in the lower atmosphere. Flights were
done close to Hyytiälä SMEAR II field station, in
Southern Finland. The aim of this work is to investigate
where, when and how the new particle formation (NPF)
occurs in the atmosphere. Specifically we aim to answer:
What is the contribution of charged clusters, and ioninduced particle formation as a function of altitude, and
what are the vertical and horizontal scales of NPF event?
Earlier studies at Hyytiälä have suggested that
new particle formation events are occurring throughout
the boundary layer (Schobesberger et al. 2012). Direct
observations on the first steps of NPF from the sizes of
molecular clusters to nucleated particles have been made
at ground-based measurements (Kulmala et al. 2013),
and here we report a success to observe those newlyformed clusters as well inside the mixed planetary
boundary layer. In addition to the activation of sub-3 nm
clusters, the atmospheric small ions may be used as an
indicator for NPF events (Leino et al. 2016).
The airborne cluster measurements were done
during two measuring campaigns: autumn 2014 and
spring 2015. As measurement platform we used a small
Cessna 172 one-engine aircraft with slow air velocity
(~130 km/h, for details see Schobesberger et al. 2012).
The total particle concentration was measured with an
Airmodus Particle Size Magnifier (PSM, Kangasluoma
et al. 2015) model A10 with a particle counter (TSI
3010). The vertical number size distribution of
atmospheric ions was measured with a Neutral cluster
and Air Ion Spectrometer (NAIS, see Wagner et al.
2016). The cut-off size of the PSM was ~1.5 nm for
neutral and charged particles, and the cut-off size of the
NAIS is ~0.8 nm for ions only.
An example vertical profile of ions is shown in
Fig. 1. The cluster ion band was visible all the way from
the boundary layer up to the lower troposphere. The
pressure in y-axes indicates the altitude so that ~790 hPa
is the air pressure in the layer of 2 km from ground and
900 hPa in the one kilometre. Typical lower edge of the
Aitken mode charged particles was seen inside the mixed
boundary layer up to ~1 km. The cluster ion mode was
seen at free troposphere, whereas the Aitken mode
background particles were limited to boundary layer.

Figure 1. Median number size distribution of negative air
ions as a function of altitude measured with a Neutral
cluster and Air Ion Spectrometer (NAIS) in southern
Finland at 16th Sept 2014 in the morning. The colour
indicates the concentration of negative ions
(dN/dlogDp).
This work was supported by the Academy of Finland
(Center of Excellence project no. 272041), the Eurostars
Programme under contract no. E!6911 and the European
Commission under the Framework Programme 7 (FP7ENV-2010-265148), and the European Union’s FP7
capacities programme under ACTRIS (grant no.
262254), and Horizon 2020 research and innovation
programme under ACTRIS-2 (grant no. 654109). In
addition, this work was supported by Nordic centre of
excellence CRAICC.
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Air dustiness is able to strongly influence the state of
high atmosphere and processes which proceed there.
Quite a number of phenomena which occur in the high
atmosphere is associated with the influx of cosmic dust,
such as an increase in the intensity of the scattered solar
radiation field, natural radiation and resonance scattering
in lines of different atoms and ions, the mirror reflection
of radio waves from a meter range of ionized meteor
trails, etc. Kinetics of such processes depend strongly on
the dust volume concentration and on the particle size
distribution. The latter quantities are determined by
mechanism of particle generation.
Ablation of moving celestial bodies is one of the
origins of dust influx in high atmosphere, due to their
quasi-continuous fragmentation on a large number of
fine particles. One of the mechanisms of ablation being
discussed in the physical theory of meteors is breakingoff of liquid melted layer formed on the solid meteor
body by the air pressure head due to hydrodynamic
instability of liquid surface. The similarity in
hydrodynamic conditions of meteor body (MB) to the
fragmentation of liquid droplet in a speedy gas flow
consists in the fact that the values of Weber criterion
We , criterion of gradient instability GI and parameter
which determines the existence of “gradient” instability
mechanism, are close for meteoroid and for drop. The
performance of hydrodynamic instability of the melt film
in a high-speed air flow past MB as a mechanism of
particle dispersion was considered in (Girin and Kopyt,
1994) and estimations of the droplet size and frequency
of the particle separation were obtained.
Certain class of middle-sized meteoroid exists
(Bronshten, 1983) which are able to be melted
throughout all their depth. In this case the MB behaviour
is fully similar to the liquid drop behaviour in a speedy
flow. Thus, we can apply the elaborated recently drop
atomization theory (Girin, 2014), based on the
“gradient” instability mechanism, to the middle-sized
meteoroid ablation. At the same time, when the
meteoroid trajectory has a slow slope, the air density is
changing gradually and application of the droplet
atomization theory turns out to be feasible.
Quantitative description of heat and mass transfer
in a meteor wake is important in the physical theory of
meteors (Bronshten, 1983). Mathematical modeling of
the meteor wake structure requires finding the
distribution of all torn-off particles by sizes, as well as of
its evolution in space and time. The distributions of
stripped droplets by sizes are calculated here and the
example is given in the figure. Calculated dependence of
MB radius on time is close to linear.
Calculations yield quite a large number of

particles for the speedy iron meteors, which are two
orders less in sizes than the parent meteoroid. The coarse
fraction is generated always at the beginning, and the
fine one – at the end of the process when the MB radius
is small. With MB velocity diminishing, the particle
sizes increase as V0.5 while their number decreases.
Bimodal meteor particle distribution may exist
due to the “hump” in the dependence of the growth rate
factor on the “surface” Weber number. At smaller GI
values this effect becomes more distinct, as the
distribution of a stone meteoroid shows. The “hump” can
also be in work in the case of the more viscous meteor
body substance. The distribution of particles in the case
of stone meteoroid, whose viscosity is 30 times greater
than the iron one has two maxima. In this case the
boundary layer thickness  l is only 6 times less than
meteoroid diameter, so, the particle sizes are larger and
their number is lesser.
Bronshten
V. A. (1983). Physics of meteoritic
phenomena. Reidel, Dordrecht, 1983.
Girin A. G. and Kopyt N. K. (1994). Jour. Aerosol
Science, 25 (7), 1353-1357.
Girin A. G. (2014). Atomization & Sprays, 24(11), 977997.

Figure 1. Distributions of stripped droplets by sizes,
n(r ) 104 ; r in m . Iron meteor, V  60km /sec,
R0  3.0mm,Re  529 , GI 13.0 . Brown, red, green,
crimson
–
intermediate
distributions
at
  0.44,  0.89, 1.39, 1.80;   t / tch . Blue – final
distribution at   2.72 ; tch  2.16 103 sec .
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Interactions between urban air and regional atmospheric nucleation
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had already started at the downwind site. Hence, the NPF
observed at the downwind site was not because of air mass
advection from the upwind site, but rather took place
simultaneously over large distances in the basin.
Based on long-term observations, we revealed that
NPF seen in a central large city of the basin (Budapest)
and its regional background occur in a consistent and
spatially coherent way as result of a joint atmospheric
phenomenon taking place over large horizontal scales.
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New aerosol particle formation (NPF) and consecutive
particle growth processes in the atmosphere were first
identified in clean environments. Recently, NPF has been
proved to be common in polluted environments including
large cities as well, but the connections between the urban
and regional air have remained unknown. We investigated
the effect of regional NPF on urban aerosol load under
well-defined atmospheric conditions. The Carpathian
Basin, the largest orogenic basin in Europe, represents an
excellent opportunity for exploring these interactions with
its extension, moderate climate and topographically
discrete character, and because it contains a large city,
Budapest, at its central part. We characterized
atmospheric conditions of the city centre and near-city
background of Budapest by performing continuous
measurements of aerosol, criteria air pollutant gases and
meteorological data for two 1-year long time intervals.
We completed similar measurements in the rural
background at K-puszta station representing the regional
atmospheric conditions over the same time intervals.
The annual mean NPF occurrence frequencies of
24% and 28% for Budapest sites were smaller by factors
of 1.3 and 1.4, respectively, than for K-puszta station.
Moreover, a continuously decreasing tendency from the
rural background through the near-city background to the
city centre was found. The seasonal variability of the NPF
frequency was very similar at both sites with a minimum
in winter and two local maxima, one in spring and the
other in autumn. The spring maximum took place in April
during the first year and in March during the second year.
Such a shift can be caused by inter-annual differences in
meteorological conditions or biogenic cycling through
emissions of volatile organic compounds from vegetation.
The two measurement sites seemed to respond identically
to these influences. We found that NPF events at the urban
site are usually delayed by >1 hour relative to the rural site
or even inhibited above a critical condensational sink (CS)
level. The mean values of J6 and GR for central Budapest
exceeded that for K-puszta station by factors of 2 and 1.6,
respectively. This is consistent with the idea that particles
capable of escaping coagulation scavenging need to grow
faster in polluted air compared to cleaner environments.
Correlation analysis on the joint two-year long data set
resulted in a significant relationship in the occurrence of
the NPF at the 2 sites. In addition, air mass transport
analysis indicated that the nucleating air masses only
reached approximately one third of the geographical
distance between Budapest and K-puszta when the NPF
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Figure 1. Major source and sink of gas-phase H2SO4
separately for quantifiable-event days and non-event
days in Budapest and at K-puszta station. The yellow
areas indicate the CS range in which the NPF events
were suppressed over the whole region.
Financial support of the Hungarian Scientific Research
Fund (contract K116788) is appreciated.
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The formation and early growth of atmospheric
aerosols are currently believed to involve sulfuric acid
(SA) together with bases, ions and oxygenated organic
compounds. It has recently been shown that
monoterpene autoxidation products may take part in
atmospheric new particle formation, but the specific
molecular structures are still unknown (Rissanen,
2014). As a proxy for monoterpene oxidation products
we have used a ketodiperoxy acid (C6H8O7) identified
from cyclohexene autoxidation.
We present calculated Gibbs free energies of
formation for clusters consisting of C6H8O7, sulfuric
acid, water, ammonia and/or dimethylamine (DMA).
For sampling the cluster structures, we have used
semi-empirical PM6 method. For optimizing the
geometries, we used density functional theory (DFT)
with three different density functional (M06-2X,
PW91, ωB97X-D). For calculating the binding
energies of the clusters, we used a high level coupled
cluster method (DLPNO-CCSD(T)).
We identified that C6H8O7 interacts very
weakly with itself and sulfuric acid (Fig. 1) (Elm,
2015). The origin of the weak clustering of the C6H8O7
is due to the formation of strong internal hydrogen
bonds and the lack of a strong hydrogen bond
acceptor.

Figure 1. C6H8O7 forms intermolecular hydrogen
bonds with itself (left) and sulfuric acid (right).
The water, ammonia and DMA molecules form
hydrogen bonds to vacant carbonyl group in the
C6H8O7 compound (Org). The (Org)(SA)(NH3) and
(Org)(SA)(DMA) clusters exhibit a proton transfer
from sulfuric acid to the bases. In the case of ammonia
this indicates that the presence of the C6H8O7
promotes the proton transfer, which is not observed in
the (SA)(NH3) cluster. The presence of H2O, NH3 or
DMA is found to enhance the interaction between Org
and SA (Table 1).

Table 1. Averege Gibbs free energy (ΔG) in kcal/mol
for C6H8O7 (Org) cluster formation reactions.
Calculated using DFT/6-31++G(d,p) optimized
geometries and a DLPNO-CCSD(T)/def2-QZVPP
electronic energies.
Reaction
Org + SA ↔ (Org)(SA)
Org + (SA)2 ↔ (Org)(SA)2
Org + (SA)(H2O) ↔ (Org)(SA)(H2O)
Org + (SA)(NH3) ↔ (Org)(SA)(NH3)
Org + (SA)(DMA) ↔ (Org)(SA)(DMA)

ΔG
-0.2
0.1
-1.3
-4.0
-8.0

As the formation free energy of the (Org)(SA) cluster
is 0.2 kcal/mol, this indicates that water, ammonia and
DMA are capable of stabilizing the clustering of
C6H8O7 by 1.1, 3.8 and 7.8 kcal/mol, respectively.
However, the reaction free energies are relatively low
and the C6H8O7 could readily re-evaporate.
The addition of second C6H8O7 to the
(Org)(SA)(X)
cluster
is
thermodynamically
unfavourable in all cases. Adding a second sulfuric
acid to the (Org)(SA)(X) cluster is favourable with
Gibbs free energies -1.7, -9.5 and -11.8 kcal/mol for
X=H2O, NH3 or DMA, respectively. However, the
addition of a second C6H8O7 to the (Org)(SA)2(X)
cluster is not favourable. Several other formation
paths were considered, but none of them predict the
formation of two Org containing clusters (Elm, 2016).
Results of this study leads to the conclusion
that autoxidation products containing only peroxy
acids, hydroperoxide and carbonyl groups cannot be
key species in the initial steps of new particle
formation and thereby only contributes to the growth
of atmospheric particles. Multi-carboxylic acids will
most likely produce stabile clusters at atmospheric
conditions and thereby should be the focus for further
investigations on the effect of highly oxidized organic
compounds in new particle formation.
Elm, J., Myllys, N., Hyttinen, N., & Kurtén, T. (2015).
J. Phys. Chem. A, 119, 8414-8421.
Elm, J., Myllys, N., J.-N. Luy, Kurtén, T., &
Vehkamäki, H. (2016). J. Phys. Chem. A,
(submitted).
Rissanen, M., Kurtén, T., Sipilä, M. et al. (2014). J.
Am. Chem. Soc., 136, 15596-15606.
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In this study, we measured the size distribution of
brake-wear nanoparticles (5.6 to 560 nm) emitted
between brake disks and pads with a brake dynamometer
for railway vehicles using the fast mobility particle sizer
(FMPS, TSI 3091). We observed the changes in particle
size distribution over braking time at an interval of one
second. In addition, airborne wear particles were
collected and analyzed for shape and element
composition of each particle in order to identify the
mechanism of nanoparticle generation during braking.
Experimental conditions of braking tests (12 cases of
different rotating speeds and normal pressures) were
selected based on the operation conditions of real train.
The change in size distribution over braking time
can be described in more detail with size distribution
curves over braking time. Figure 1 shows the size
distribution in 2, 3, 4 and 6 seconds after braking
commenced (t=0) and has characteristics similar to those
of a log normal distribution with a peak at around 200
nm (test case of 100 km/h with 12 kN of braking force).
It was also found that the size distribution properties of
the peak did not change over time, with the exception of
one phenomenon where the number concentration at the
peak decreased. The number concentration in a 200 nm
range was observed in all braking conditions and varied
according to speed and braking force increases. However,
the generation of particles in a 10 nm range was
(c)observed only when the speed and brake force were
above certain levels and intensified only when speed and
brake force further increased, a wider size distribution
was found due to the coagulation of particles.
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Figure 1. Change of nanoparticles concentration over the
braking time

The single nanoparticle of agglomerated particles
in Figure 2 consisted of C, O, Cu, Fe, Si, Sb, Al and Ba
in that order. It was found that Si, Fe, S, Ba and Cu are
common elements detected in wear particles. These
elements are found mostly in the established analysis
studies of brake wear dusts and Ba, in particular, is
widely used as a filler for brake pads. Therefore, it is
highly probable that the wear particles analyzed in this
study were released in braking testing (Namgung et al.,
2016).

Figure 2. Elemental analysis of wear nanoparticles by
TEM-EDX

This research was supported by the Railway Technology
Development Program (15RTRP-B082486-02) funded
by Korea Ministry of Land, Infrastructure and Transport
(MOLIT).
Namgung et al. (2016) Generation of nanoparticles from
friction between railway brake disks and pads. Submitted
to Environmental Science and Technology.
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Introduction
Studying atmospheric aerosols and their effects allows
a wider range of understanding of air quality and global
climate. These aerosols (1nm -100µm) which are
condensed phase particles suspended in air originate
either from primary or secondary sources. Our focus
lies in the order of secondary gas-to-particle
conversion, specifically new particle formation (NPF)
events which are reported and studied in many areas
globally (e.g. Kulmala et al., 2004, Kulmala et al.,
2014 and references therein). The aim of this study is
to combine 20 years of measurements in boreal forest
environment with accumulated knowledge and
advanced analysis focusing only on clear-sky NPF
events.

NAIS particles and ions (median concentrations) on
the nucleation parameter J3 show a clear difference
between non-cloudy events and non-cloudy nonevents.

Methods
This work starts by selecting the clear sky (noncloudy) days from the data set. Non-cloudy days are
chosen based on the median brightness parameter per
day. The brightness parameter (P) is the ratio of
measured global radiation to the theoretical maximum
and have values between 0 and 1. Using the data set
from 1996-2015, the non-cloudy event days and noncloudy non-event days are compared. Comparison
between events and non-events can be done via the
apparent formation rate at 3 nm (simplified nucleation
parameter) (J3) which combines the growth rate (GR)
to the formation rate 1.5nm particles (J1.5) as suggested
by the Kerminen–Kulmala equation (Kerminen and
Kulmala, 2002).
J3 = J1.5 . exp (-CS/GR);
Each of J1.5 and GR is calculated from different
combinations of precursors.
Results
Results at clear sky conditions show that the median
BLH is only slightly lower on non-cloudy non-event
days in comparison to non-cloudy event days.
However, cloudy non-event days seem to have much
lower BLH. Moreover, other comparable parameters
show that non-cloudy events and non-cloudy nonevent days have significant differences. For instance,
in Figure 1 we show higher median values for
(condensation sink) CS. Median CS values at every
half-hour during non-event days show similar values
during night time and daytime, while the median CS
during event days has a fish shaped plot with higher
values during night-time. Similarly, the dependence of

Figure 1 Median of half-hourly condensation sink
(CS) as a function of calculated new particle
formation rate J3 during non-cloudy event and nonevent days. J3 = [H2SO4]proxy x [OxOrg]proxy x exp (CS/[H2SO4]proxy + 2.6[OxOrg]proxy).
Conclusions
Here we are able to give using almost 20 years
observations at SMEAR II station, Hyytiälä, a
threshold value on nucleation parameter J 3 below
which there are not NPF event days. To obtain this we
have compared event and non-event clear sky days.
However, further analysis to quantify the results is
needed.
This work was supported by the Academy of Finland
Centre of Excellence program (grant no. 272041)
Kerminen, V. M., and Kulmala, M. (2002). J. Aerosol
Science 33(4), 609-622.
Kulmala, M., Petäjä, T., Ehn, M., Thornton, J., Sipilä,
M., Worsnop, D. R., & Kerminen, V. M. (2014).
Annual review of physical chemistry, 65, 21-37.
Kulmala, M., Vehkamäki, H., Petäjä, T., Dal Maso,
M., Lauri, A., Kerminen, V. M., Birmili, W. and
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Ionising radiation provides the energy for the ionisation
of air molecules in the lower atmosphere to produce
electric charges. The potential production rate of electric
charges by ionising radiation is termed as the ionising
capacity. The initially formed electric charges are known
as primary ions, which may either end up in the
recombination and other sink processes or undergo
clustering, coagulation and condensational growth, and
eventually become detectable air ions. The connection of
air ion formation to ionising radiation is self-evident.
However, although there exist a few attempts (Laakso et
al., 2004; Hirsikko et al., 2007), the underlying processes
influencing the relationship between air ion formation
and ionising radiation in the lower atmosphere remain
unrevealed. The aim of this study is to analyse the
relation of observed air ions to ionising radiation, based
on ambient measurements deployed at Hyytiälä SMEAR
II station (Hari and Kulmala, 2005) in a boreal forest in
southern Finland, to assist a better understanding on air
ion formation and atmospheric clustering processes.
A radon monitor and a total gamma detector are
used to measure ionising radiation at the SMEAR II
station. The total ionising energy was first calculated
from the measured quantities of ionising radiation. With
the assumption that 34 eV is needed for the production
of an ion pair, the total ionising energy was converted
into the ionising capacity in per cubic centimetre per
second, which was then analysed in comparison with air
ion concentrations measured by a Balanced Scanning
Mobility Analyser (BSMA (Tammet, 2006)). To assist
the investigation, recorded meteorological data from the
mast measurement, particle data, snow depth data and
soil data collected at the site were also employed in this
work. Besides, mixing layer height (MLH) estimates
retrieved from the European Centre for Medium-Range
Weather Forecasts (ECMWF), and trajectory data
calculated
from
the
FLEXible
TRAjectories
(FLEXTRA) model were analysed in this work together
with the measured data.
The seasonality in the ionising capacity came from both
the radon and gamma components, whereas the diurnal
feature resulted primarily from the dynamical response
of radon to the mixing layer evolution (Chen et al.,
2016). The radon ionising capacity accounted for 1020% of the total ionising capacity. The 0.8-1 nm ion
concentration showed in general a clear linkage to the
ionising capacity (only summer shown in Figure 1). A
similar relationship between the cluster (0.8-1.7 nm) ion
concentration and the ionising capacity was also
identified by setting constraints on key parameters
relevant for air ion formation. In order to obtain insights

into atmospheric aerosol formation processes, the link
between the ionising radiation and air ion formation in
the lower atmosphere needs to be understood. This
knowledge would further be beneficial in finding
solutions to air-quality- and climate-related problems.
Further investigation to understand the transformation
process from primary ions to cluster and larger ions is
under progress.

Figure 1. Median diurnal patterns in 0.8-1 nm negative
ion concentrations, ionising capacities, and modelled
mixing layer heights (MLH) in summer for 2003-2006.
This work received funding from the Academy of
Finland Centre of Excellence (project no. 272041 &
1118615), CRAICC and the EU Seventh Framework
Programme (FP7/2007-2013, n° 262254).
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Manninen H.E., Petäjä T., Viisanen Y. & Kulmala
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Month

% event days
% event days
urban site
rural site
May
37
68
June
23
60
Table 1. Comparison percentage of events

On 17% of the days with available data
simultaneously in urban and rural site (without ND and
BD days), nucleation events are observed in both sites.
Over 70% of the days that an event occurs in the urban
site it is also present in the other site, while the
percentage is much lower for the other case (close 40%).
As expected, the annual average of total number
concentration is higher in the urban site, although the

differences considerably decrease for particles with a
diameter > 100nm.
Nevertheless during event days, the hourly mean
and max in rural site is higher on 22% of the time, while
during the other days is almost 10%, despite the
significant emission sources in the urban site.
Size distributions (Fig. 1) showed in both cases
an increase of total particle number in the nucleation and
accumulation mode size range, but in rural site the mode
moves toward a lower diameter.
Rural site
10000
dN/dlogDp cm-3

Under the framework of the Supersito project, particle
number concentration and size distribution were
investigated with continuous measurements and
intensive field observation at an urban background site
(Bologna, about 400.000 residents) and a rural site (San
Pietro Capofiume, about 1.500 residents) for three years.
The distance between two sites is about 30 km. The Po
Valley (northern Italy) is characterized by a high density
of anthropogenic emissions: mainly traffic, domestic
heating, industry emissions and agriculture.
In this study number particle data of 2013 and
2014 years were collected in order to analyze new
particle formation events when they were recorded at the
same time in both sites or only in one site, in order to
identify meteorological or physical conditions that
allowed these differences.
Data have been measured with a Scanning
Mobility Particle Sizer with 5 minutes of time resolution
(Model 3936, Nano 3085 and Long 3081, TSI Inc., 148
channels) and a twin Differential Mobility Particle Sizer
with 10 minutes of time resolution (119 channels)
respectively in urban and rural area. The measured
particle size ranges were 3-600 nm for both instruments.
Others analyzed parameters were meteorological and
physical data and gaseous species concentration. PM2.5
and PM1 data were also available.
Following Hamed et al. (2007) nucleation events
were classified in Non-Event days (NE), Event days
(class 1, 2 and 3), Missing Data (MD), Bad Data (BD)
and Undefined event (class 0). The percentage of events
days during the analysis period (total of classes 1, 2, 3),
excluded ND and BD days, is about 20% in urban site
and 38% in rural area with the maximum in May and
June for both sites (Table 1).
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Figure 1. Comparison average size distributions over the
two years on event (red line) and on non-event days
(blue line)
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Chemical ionization of clusters formed from sulfuric acid and dimethylamine or
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Chemical ionization (CI) mass spectrometers are used to
study atmospheric nucleation by detecting clusters
produced by reactions of sulfuric acid and various basic
gases. These instruments typically use nitrate to
deprotonate and thus chemically ionize the clusters. In
this study, we compare cluster concentrations measured
using either nitrate or acetate. Clusters were formed in a
flow reactor from vapors of sulfuric acid and
dimethylamine, ethylene diamine, tetramethylethylene
diamine, or butanediamine (also known as putrescine)
(Jen et al. (2014) and (2016)).
These comparisons show that nitrate only
chemically ionizes a small fraction of trimer and larger
clusters in both the DMA and diamine with sulfuric acid
systems. Measurements suggest that the more chemically
neutral clusters are not chemically ionized by nitrate but
are by acetate. In addition, acetate and nitrate CI
measurements of sulfuric acid+DMA clusters generally
agree with the qualitative trends of neutral and ion
cluster predicted from computational chemistry (Ortega
et al., 2012;Ortega et al., 2014). However, these
measurements suggest that A3-•B decomposes into A2and A1•B. Nitrate measurements of A3-•B and A4-•B
show that these ions decompose at roughly the same
time scales as the CI reaction time at room temperature.
In addition to reagent ion comparisons, we vary
the ion-molecule reaction time to probe ion processes
which include proton-transfer, ion-molecule clustering,
and decomposition of ions. A model was developed to
better identify the cluster types that are not efficiently
deprotonated by nitrate and encompasses the neutral and
ion cluster formation pathways. Comparison of model
and measured cluster signals indicate that sulfuric acid
dimer with two diamines are not efficiently chemical
ionized by nitrate. Also model shows that in an acid-rich
environment where [B]/[A1]<1, A2- and A3- are primarily
produced via ion-induced clustering pathways and
contribute negligible amounts to overall dimer and
trimer signals when any of these bases are present and at
our 18 ms CI reaction time.
Ion decomposition upon deprotonation by
acetate/nitrate was observed. However, more studies are
needed to quantify to what extent ion decomposition
affects observed cluster content and concentrations,
especially those chemically ionized with acetate since it
deprotonates more types of clusters than nitrate.

Support from NSF Awards AGS1068201,
AGS1338706, and AGS0943721 is gratefully
acknowledged. CNJ acknowledges support from NSF
GRFP award 00006595, UMN DDF, and NSF AGS
Postdoctoral Fellowship. J. Z. acknowledges support
from SYSU 100 talents program.
Jen, C. N., et al. (2014). "Stabilization of sulfuric acid
dimers by ammonia, methylamine, dimethylamine,
and trimethylamine." Journal of Geophysical
Research: Atmospheres 119(12): 2014JD021592.
Jen, C. N., et al. (2016). "Diamine-sulfuric acid reactions
are a potent source of new particle formation."
Geophysical Research Letters: 2015GL066958.
Ortega, I. K., et al. (2012). "From quantum chemical
formation free energies to evaporation rates." Atmos.
Chem. Phys. 12(1): 225-235.
Ortega, I. K., et al. (2014). "Electrical charging changes
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composition
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Comparing night-time with day-time ion cluster events in a boreal forest
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Global observations of new particle formation (NPF)
events are centered during daylight hours when
photochemical oxidation occurs. Night-time nucleation
mode particles (<25 nm) have, nonetheless, been
reported in various locations around the world including
Hyytiälä, Finland (Junninen et al. 2008, Lehtipalo et al.
2011). We analyzed 0.9-8 nm ion data from 2003–2013
in SMEAR II station, Hyytiälä, Finland, where we
observed sub-3 nm nocturnal events in a third (30-34%)
of the days in both positive and negative polarities. From
this preselection, we selected the events with elevated 23 nm ion concentration (>70 cm–3), so as to go beyond
the constant ion pool (<2nm) and investigate possible
particle formation. The remainder of the study is based
on these 2-3 nm cluster events (hereafter, nCE).
Nocturnal CE ion concentrations and maximum
ion diameters were compared to daytime ion
concentrations during NPF events to identify the limits
of nocturnal clusters.
Daytime vs. nighttime ion concentrations:
0.9-1.5 nm, 1.5-2 nm, 2-3 nm, and 3-7 nm
Median nCE 2–3 nm ion concentrations started
from ~10 cm–3 and increased to ~100 cm–3 at event peak,
with a median concentration of 31 cm–3 during the
18:00-24:00 hr window (Figure 1). Day-time (08:00–
12:00) 2–3 nm ion concentrations during NPF events had
a similar median concentration of 39 cm–3, while nonevent days and nights had ~3 cm–3, respectively. Small
ions (0.9–1.5 nm) median concentrations were similar
(~500-700 cm–3) in day and night events and non-events.
Nocturnal CE presented the highest 1.5–2 nm median
concentration (235 cm–3) compared to NPF days (96 cm–
3
) and non-events (day and night: ~20 cm–3). This
indicates a clear nocturnal enhancement of 1.5–2 ions
during CE nights, greater than during NPF event days.
However, ~3–7 nm ions concentrations were
substantially lower during CE (median: <10 cm–3) than
during NPF events (median: 52 cm–3). Interestingly,
however, 90% of CE occurred during the night of a NPF
event (55%) or undefined day (35%).
This study (Buenrostro Mazon et al. 2016)
concludes that ions >3 nm in size are not effectively
produced in night-time Hyytiälä.

Figure 1. Median 48-h (n = 166 d) number size
distribution plot for nocturnal cluster events (CE). CE
commonly occur during 18:00–24:00 hr, reaching
median ion concentration of 100 cm–3. They have a
~55% co-occurrence with NPF days, as can be seen in
the figure around noon in day 1 and day 2.
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Nano-particle measurements downstream Vienna in the direct surroundings of an oil
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New particle formation from gas-to-particle conversion
from trace gases emitted by anthropogenic sources are of
scientific interest since atmospheric aerosols influence
global climate and strongly affect human health. First
test measurements of particle size distributions in the
range between 3 and 40 nm were carried out at a
measurement site in a Vienna suburb, Schwechat,
situated close to an oil refinery and the Vienna airport
over the course of one month in spring 2016. The federal
environmental agency of Lower Austria provided the
measurement site as well as data from their continuous
measurement of trace gases (SO2, NOx), particle mass
(PM10, PM2.5) and meteorological parameters
(temperature, wind speed and wind direction). Total
particle concentration was measured using a CPC with
2.5 nm cut-off and particle size distribution was
determined by a DMPS system.
The location of the measurement site between
Vienna city (North-West from the site) and the industrial
area consisting of the oil refinery and the airport (SouthEast) allows to investigate the particle population in air
masses coming from different kinds of sites (urban,
industrial, rural). Additionally, continuous particle
measurements are carried out in the roof top laboratory
of Vienna University situated close to the city centre
which allows to compare results, i.e. identify regional
nucleation events. A dense network of measurement
stations of the federal environmental agency and the
ZAMG provides detailed regional meteorological data.
Sulphur dioxide is the main precursor of gaseous
sulphuric acid which plays a key role in new particle
formation. An enhancement in the sulphur dioxide
concentration (see panel a) in figure 1) from 1.5 ppbV to
peak concentrations up to 5 ppbV in some cases was
observed when the air mass was coming from the
industrial site (SE). The study of Sarnela et al. (2015)
found a similar pattern in the SO2 concentration for air
mass coming from an oil refinery. Figure 1 shows the
typical nanoparticle size distribution observed during test
measurements for wind coming from SE. Particles
between 5 and 40 nm appear simultaneously with
changing wind direction. High concentrations of
particles below 40 nm size are observed correlated with
elevated levels of SO2 which can be associated with a
combustion plume originating from the oil refinery.
New particle formation events were not observed
for wind coming from the industry but e.g. for air mass
coming from Vienna city. Sulphuric acid concentrations
were not directly measured but can be estimated using a
proxy calculation that is described in Mikkonen et al.

(2011) assuming a H2SO4 steady state and taking into
account SO2 concentration, global radiation, relative
humidity and a condensation sink calculated from the
measured particle size distribution.

Figure 1. Particle population when air masses are coming
from the oil refinery and Vienna airport (SE). The red shaded
area in panel a) designates the time window when the wind has
changed to SE.
A future study over the course of several months during
spring and summertime on particle population and new
particle formation in the surroundings of the industrial
area in Schwechat is planned. Multiple measurement
sites are to be equipped with instruments for obtaining
information about the particle population as well as trace
gases, such as sulphuric acid, ammonia and organic
vapours potentially taking part in the formation and
growth of particles in order to investigate air masses
originating from different sites.
Amt der NÖ Landesregierung, Abteilung Umwelttechnik,
Referat Luftgüteüberwachung. Schwartzstraße 50,
2500 Baden, Austria.
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Aerosol optical properties package for the In-service Aircraft Global Observing System
IAGOS: Setup and first airborne application.
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Atmospheric aerosol influences the climate twofold
via the direct interaction with solar radiation and
indirectly effecting microphysical properties of
clouds. The latter has the largest uncertainty
according to the last IPPC Report. A measured in
situ climatology of the aerosol microphysical and
optical properties is needed to reduce the reported
uncertainty of the aerosol climate impact.
The European Research Infrastructure
IAGOS (In-service Aircraft for a Global Observing
System; www.iagos.org) responds to the increasing
requests for long-term, routine in situ observational
data by using commercial passenger aircraft as
measurement
platform.
However,
scientific
instrumentation
for
the
measurement
of
atmospheric
constituents
requires
major
modifications before being deployable aboard inservice passenger aircraft.
The prototype of the IAGOS Aerosol
Package (IAGOS-P2E) consists of two modified
CAPS (Cavity Attenuated Phase Shift) instruments
from Aerodyne Research, Inc. and one optical
particle counter (Model Grimm Sky OPC 1.129).
The CAPS-PMex provides a measurement of the
optical extinction (the sum of scattering and
absorption) of an ambient sample of particles.
There is a choice of 5 different wavelengths - blue
(450 nm), green (530 nm), red (630 nm), far red
(660 nm) and near infrared (780 nm) - which match
the spectral bands of most other particle optical
properties measurement equipment. In our
prototype setup we used the instrument operating
at 630nm wavelength (red). The second CAPS
instrument we have chosen is the CAPS NO2
monitor. This instrument provides a direct
absorption measurement of nitrogen dioxide in the
blue region of the electromagnetic spectrum (450
nm). Unlike standard chemiluminescence-based
monitors, the instrument requires no conversion of
NO2 to another species and thus is not sensitive to
other nitro-containing species.
In the final IAGOS Setup, up to 4 CAPS
might be used in order to get additional aerosol
properties using the different spectral information.
The number of CAPS units to be used will depend
on the size of the final electronic boards which are

currently under development. The Sky OPC
measures the size distribution theoretically up to 32
µm covering the relevant size information for
calculation of aerosol optical properties. Because of
the inlet cut off diameter (D50=3µm) we are using
the 16 channel mode in the range of 250 nm - 2.5
µm at 1 Hz resolution.
In this work the setup of the IAGOS Aerosol
package P2E is presented and characterized for
pressure levels relevant for the planned application,
down to cruising level of 150 hPa. In our aerosol lab
we have tested the system against standard
instrumentation with different aerosol test
substances. In addition first results for airborne
measurements are shown from a first airborne field
campaign where in situ profiles are compared to
LIDAR measurements over Bornholm (Denmark)
and Lindenberg (Germany) see Fig.1.
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Fig 1: The total number of particles (CPC) the total
number of non-volatile particles, the non-volatile
fraction as well as total number of particles >250
nm scaled by a factor of 1000 and the extinction
coefficient is shown as function of height over
Lindenberg, Germany
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Scattering properties of aerosols at an urban station over the Indo-Gangetic Basin:
Meteorological impacts and implications to regional climate
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The Indo-Gangetic Basin (IGB), located in the northern
part of India, is one of the densely populated and
industrialized regions where atmospheric aerosols not
only affect the Indian summer monsoon but also the
global climate system. The region IGB experienced the
enhancement in aerosol emissions mainly from
anthropogenic sources, fossil-fuel, biofuel/biomass
combustion (Srivastava et al., 2012), which along with
the long-range transport of natural dust aerosols from
surrounding Desert regions (mainly during summer
seasons) have led to severely turbid atmosphere
(Kaskaoutis et al., 2013, Srivastava et al., 2011, 2014).
Several studies on absorption characteristics of these
aerosols have been carried out over the region in recent
past; however, studies on its scattering properties have
not been addressed so far, which also play equally
important role in radiative transfer model to address
aerosol-cloud-climate impacts.
In the present study, we discussed the results of
scattering properties of aerosols such as the scattering
and backscattering coefficients, obtained from
Nephelometer measurements during one-year period
from October 2011 to September 2012 at an urban
megacity Delhi on the western IGB region. We also
estimated other crucial aerosol scattering parameters
using three wavelength (λ=450, 550 and 700 nm)
integrating Nephelometer (Model 3563, TSI) measured
scattering coefficients and discussed the possible impacts
of surface meteorological variables along with its major
implications to regional climate system.

Table 1: Seasonal mean values of derived aerosol
scattering properties (SAE, BAE, b and AP) at Delhi
during October 2011-September 2012.

Results and Discussion

Figure 1: Monthly mean variability of (a) σsp and (b)
σbsp coefficients at 550 nm at Delhi.

The magnitude of σsp was found to be about an order of
magnitude higher than that of σbsp during the entire study
period. The mean value of σsp and σbsp (at 550 nm) was
found to be about 791±539 and 137±88 Mm-1,
respectively during the study period, which was
relatively higher compared to the values reported at other
stations in India. Seasonally, σsp was about 2-3 times
higher during the post-monsoon and winter periods as
compared to the values observed during the summer and
monsoon.
The average value of SAE (BAE) over the station
was about 0.69±0.94 (0.32±0.62) during the study
period, which suggests dominance of sub-micron size
aerosol particles over the station. However, an average
value of b and AP was estimated to be 0.17±0.07 and
0.52±0.12, respectively, which was found to vary
opposite with each other.

Season SAE450-700 BAE450-700 b550 AP550
PM
1.51
0.76
0.14
0.56
WIN
1.41
0.81
0.13
0.58
SUM
0.20
-0.06
0.15
0.56
MON
-0.08
0.10
0.25
0.38
PM: post-monsoon; WIN: winter, SUM: summer; MON:
monsoon

A significant relationship was noticed between the
scattering coefficient and the ambient meteorological
parameters, which may cause crucial impacts on
associated aerosol radiative forcing over the station.
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Aerosol absorption and single-scattering albedo measurements at a remote European site:
evaluation of the CAPS-PMssa monitor
J. C. Corbin1, Th. Müller2, B. Wehner2, Th. Tuch2, N. Bukowiecki1, U. Baltensperger1, and M. Gysel1
1

2

Laboratory of Atmospheric Chemistry, PSI, Villigen, Switzerland
Leibniz Institute for Tropospheric Research (TROPOS), Leipzig, Germany
Keywords: absorption, SSA, CAPS, nephelometer, monitoring
Presenting author email: Joel.Corbin@psi.ch

Collaud Coen et al., Atmos. Meas. Tech. 3, 457-474, 2010
Petzold and Schönlinner, J. Aerosol Sci 35, 421-441, 2004.
Kebabian et al., Rev. Sci. Instruments 78, 2007.

Abn [/Mm]

Sca [/Mm]

Ext [/Mm]

absorption. We conclude that the CAPS-PMssa approach
provides sufficiently accurate measurements of SSA,
even when SSA is ~0.9 and
is below 50 /Mm at
630 nm. However, its extinction measurements must be
validated, and wavelength dependence is better
measured by a single multi-wavelength instrument.

SSA [-]

Reliable long-term measurements of aerosol
optical properties require accurate, reliable, and
affordable instrumentation. Nephelometers such as the
Ecotech Aurora 4000 typically provide aerosol scattering
measurements, while aethalometers are widely used to
measure wavelength-dependent absorption. However,
the uncertainty of the filter response in the aethalometer,
resulting in the empirical “C value” correction, can
impart significant uncertainty to the reported aerosol
absorption
and SSA (Collaud-Coen et al., 2010).
The Multi-Angle Absorption Photometer (MAAP,
Petzold and Schönlinner 2004) does not require this
empirical correction but measures absorption at only one
wavelength. Photoacoustic methods also measure
absorption, but are costly and are not considered here. A
final
approach,
extinction-minus-scattering,
is
particularly sensitive to measurement error as the
difference of two large numbers is taken.
The Aerodyne CAPS-PMssa monitor has
recently been developed with the goal of providing
accurate in-situ SSA measurements. The instrument
measures the reduced path length of light in an optical
cavity by monitoring the phase shift of a modulated LED
signal (the “CAPS” technique, Kebabian et al., 2007). In
the CAPS-PMssa, an integrating-sphere nephelometer
simultaneously measures scattered light exiting the same
optical cavity (Onasch et al., 2015). Thus scattering
and extinction
coefficients are measured on the same
volume; scattering is calibrated against extinction to
reduce measurement bias.
Here, we evaluate the CAPS-PMssa against
standard optical measurements – MAAP and
nephelometer, with aethalometer-derived wavelength
dependence – based on a field campaign at a remote
European site (Melpitz, eastern Germany, operated by
Tropos). Three CAPS PMex (450 nm, 530 nm, and
630 nm) were available as references. The site was
characterized by a high SSA, negligible brown carbon
absorption, and relatively low aerosol loadings.
For three CAPS-PMssa instruments, scattering
measurements were found to be highly stable when
correctly calibrated. Extinction measurements were
sensitive to mirror contamination. The best-obtained
accuracy of three separate CAPS-PMssa instruments
(450 nm, 630 nm, and 780 nm) was insufficient for an
accurate determination of the wavelength-dependence of
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Figure 1: Time-series extract from the Melpitz
campaign, for measurements at 630 nm only. Blue
shading represents the estimated calibration uncertainty
of the CAPS-PMssa
. The break in the data at ~12:00
is due to a nephelometer calibration.
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Determination of the complex refractive index and microstructure of atmospheric
aerosol using the data on scattering and extinction of radiation
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One of the components of the method of active spectral
nephelometry is retrieval of the parameters of particle
microstructure from the optical data (Panchenko et al,
2008). At the first stage, the data measured by
nephelometer were inverted to the complex refractive
index and particle size distribution. The data set included
the coefficients of angular scattering at the angle of 45°
at three wavelengths (0.41, 0.51, and 0.63 μm) and
polarized and cross-polarized components of the
scattered light at 90° scattering angle at two wavelengths
(0.44 and 0.51 μm). However, such set of optical
parameters does not allow separate determining the real
and imaginary parts of the complex refractive index, but
only their linear combination. To avoid this ambiguity,
we apply joint analysis of the data of measurements of
light scattering in a local volume and measurements of
atmospheric transparency at a 1 km long near-ground
horizontal path in wavelength range 0.4 to 3.9 μm.
The retrieval procedure included the following
steps: 1) calculation of the set of kernels of the integral
Fredholm equation for the prescribed set of particle radii
and their optical constants in the ranges r = 0.03 – 2 μm,
n = 1.33 – 1.7, χ = 0 – 0.1 (where n and χ are real and
imaginary parts of the refractive index, respectively); 2)
solving the inverse problem for all kernels using the
iterative algorithm; 3) selection of the values of the real
and imaginary parts of the refractive index and
corresponding particle size distribution. For selecting the
values n and χ, we used two criteria: 1) minimum of the
optical discrepancy; and 2) minimum of the norm of
second derivative of the logarithm of differential
concentration.
First, inverse problem was solved for the model
optical characteristics calculated by Mie formulas for
superposition of wide lognormal distribution of nonabsorbing aerosol particles and narrow lognormal
distributions of black carbon (BC) at different ratios of
the aerosol and BC volumes. Then the data of field
measurements were inverted.
Figure 1, a shows the optical discrepancies when
inverting only the scattering characteristics measured by
the nephelometer, and Figure 1, b demonstrates optical
discrepancies when inverting the scattering and
extinction coefficients together.
It is seen that, when inverting only the scattering
coefficients (Fig.1, a), where is an ambiguity in selection
of the values of the real and imaginary parts of the
complex refractive index (wide range of n and κ gives
the minimum of the discrepancy).
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Figure 1. Discrepancy when inverting the data of the
nephelometer (a) and the nephelometer and the
transparency meter (b).
When the data of aerosol extinction have been
included into the retrieval procedure, the only minimum
of the discrepancy is observed on the n – κ plane (Fig. 1,
b). It means that the values of the real and imaginary
parts of the refractive index are determined
unambiguously. Extension of the wavelength range up to
3.9 μm allowed us to reliably retrieve the particle size
distribution functions in wider radius range of particles
than inverting only the data of scattering in visible
wavelength range.
This work was supported by the project “Estimation of
radiation forcing of aerosol containing black carbon
under climatic conditions of Siberia” (Comprehensive
program of the Siberian Branch of the Russian Academy
of Sciences in 2016).
Panchenko, M.V., Sviridenkov, M.A., Terpugova, S.A.,
and Kozlov, V.S. (2008) International Journal of
Remote Sensing, 29, 2567 – 2583.
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Figure 1. Monthly averaged asymmetry factors g (left
axis) and scattering coefficients βsc(550 nm) ) (right
axis). Peterhof, 2015.
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Peterhof is a part of Saint Petersburg, located in the coast
of the Gulf of Finland about 30 km from the centre of the
city. Recent years, regular measurements of the aerosol
optical properties and concentration of the aerosol
carbonaceous fraction are carried out in Peterhof by
means of the instruments of the Geo Environmental
Research Center “Geomodel” of the Saint Petersburg
State University. In the present paper, the results of
measurements of the aerosol scattering coefficients and
black carbon (BC) concentration in 2015 are presented.
The values of the asymmetry factor of the aerosol phase
function were also retrieved from the data of
nephelometric
scattering
and
backscattering
measurements.
Aerosol scattering coefficients and their fraction
due to the scattering into backward hemisphere were
measured with TSI 3563 integrating nephelometer. From
January to the middle of July, observations were taken in
working days during daytime. From September till the
end the year, measurements were carried out in 24-hour
mode. Continuous measurements of BC mass
concentration were carried out from January to June and
from September to the end of December using AE51
aethalometer. To avoid negative values of BC
concentration, a smoothing algorithm of Hagler et al
(2011) was applied. Air quality in Peterhof is
characterized by very low level of aerosol load. The
annual mean of the scattering coefficient βsc(550 nm) is
about 0.02 km-1. Seasonal behaviour of βsc(550 nm) is
shown in Figure 1. It should be noted that nephelometer
underestimates βsc within 5 – 20% (Sviridenkov et al,
2014).
Time series of the daily mean BC mass
concentration is shown in Figure 2. In most cases, BC
concentration is less than 1 µg/m3. There are only few
days with BC mass concentration exceeding 2 µg/m3.
Maximal monthly mean were registered in February
(0.88 µg/m3) and September (0.90 µg/m3), and minimal
in December (0.27 µg/m3). Correlation coefficient
between BC concentration and βsc(550 nm) is about 0.7.
Asymmetry factors g of the aerosol scattering
phase function were evaluated from the measured values
of the volume scattering coefficients and their
constituents due to the scattering into backward
hemisphere βbsc (Sviridenkov, 2015). Their seasonal
courses are shown in Figure 1. Maximal values of g were
observed in fall and winter, minimal – in spring and
simmer. Asymmetry factors are noticeably spectrally
dependent. This means that aerosol size distributions
differ from power law and have fractional structure.
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Figure 2. BC mass concentration. Peterhof.
This work was partially supported by Russian
Foundation for Basic Research (Project 16-05-00985).
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The Site Instrumental de Recherche par Telédétection
Atmosphérique (SIRTA) is an atmospheric observatory,
located 20 km south of Paris, based on a growing
ensemble of state-of-the-art active and passive remote
sensing instruments (Haeffelin et al., 2005). More than
150 different instruments or sensors are deployed and
continuously monitor the atmosphere for more than 10
years. SIRTA database collection is daily enhanced by
more than 5000 files, making three gigabyte of records.
On June 2015, the CNRS-IPSL Hi-Performance multiwavelengths Raman Lidar, called IPRAL, has been
deployed at SITA observatory for improving the
capabilities of the station on multiple research targets
(e.g., clouds characterization, aerosol typing, and
aerosol-cloud interaction, among others).
This is the first time that a high-performance
multi-wavelengths Raman Lidar is permanently
deployed nearby the megacity of Paris allowing a
preliminary tropospheric aerosol typing (e.g.,
anthropogenic, dust, and biomass-burning plumes).
Three intensive aerosol properties were then derived
from IPRAL’s measurements: the backscatter-related
Angström exponent between 355 and 532 nm (β-AE),
the lidar ratio at 355 and 532 nm and the particle linear
depolarization ratio (δP) at 355 nm.
A new methodology was used for estimating the
depolarization errors such as the systematic error of the
volume linear depolarization ratio (𝛿) (minimum and
maximum of the δ histogram, Figure 1, provided by the
Polarimetric Lidar Simulator developed by BravoAranda et al., 2016). The simulator is based on the
Stokes-Müller
theoretical
basis
presented
by
Freudenthaler, 2016 and the Monte Carlo technique.

Figure 1. 𝛿 histogram of IPRAL provided by
Polarimetric Lidar Simulator using a 𝛿 reference of 0.2.

The high standard performance of IPRAL Raman
lidar were evaluated and evidenced by very good
agreements found between the AOD derived from
IPRAL and Cimel sun-photometer measurements as well
as β-AE and extinction-related (α-AE) Cimel Angström
Exponent (Table 1), pointing to a fine-mode
aerosol-particle predominance.
Table 1. IPRAL and Cimel sun-photometer Aerosol
Optical Depth (AOD) comparison at two different
wavelengths on July 2, 2015.
IPRAL
Cimel Sun-photometer
355nm 532nm
340nm
500nm
AOD
0.78
0.43
0.77
0.45
β-AE
1.5±0.3
α-AE
1.3±0.1

This work was supported and funded by the Institut
Pierre Simon Laplace (CNRS) and Ecole Polytechnique
(ParisTech) and the European Research infrastructure for
the observation of Aerosol, clouds, and Trace gases
(ACTRIS)
Bravo-Aranda, L. Belegante, V. Freudenthaler, et al.,
2016: Assessment of lidar depolarization uncertainty
by means of a polarimetric lidar simulator. Atm.
Meas. Tech. Disc., 10.5194/amt-2015-339
Freudenthaler, 2016: About the effects of polarising
optics on lidar signals and the Δ90-calibration. Atm.
Meas. Tech. Disc., 10.5194/amt-2015-338
Haeffelin, M., L. Barthès, O. Bock, C. Boitel, et al.,
2005: SIRTA, a ground-based atmospheric
observatory for cloud and aerosol research. Ann.
Geophysic., 23, 253-275.

European Aerosol Conference 2016

Tours, France

Page 265 of 1211
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Urban air pollution is one of the biggest problems that
face Mexico City (MC). This environmental problem in
MC has been generated by daily activities of some 21
million people coupled with the vast amount of industry
located within the city’s metropolitan area. Another
contributing factor is the unique geographical setting of
the basin encompassing Mexico City.
In order to know more about sources and aerosol
formation process many studies have been published.
However few studies have examined the optical
properties from a climatology approach. In this article
we present an aerosol classification by using aerosol
optical depth (AOD), size distribution and Angstrom
exponent (α440-870) from a 15-year (1999–2014) data set
measured by a sun-photometer in Mexico City.
Observations of column aerosol optical properties
were conducted with a CIMEL Electronique (CE-318)
sun-photometer that is a part of the AERONET global
network. These instruments are described in detail by
Holben et al (1998). Measurements were done during the
daytime for the entire study period. The instrument is
commonly used to measure direct solar radiation at 8
channels with wavelengths of 1020, 936, 870, 670, 500,
440, 380 and 340 nm.
A graphical framework to classify aerosol
properties using direct sun-photometer observations in
Mexico City is presented in figure 1a. Aerosol particles
have been discriminated by applying the method
described by Gobbi et al (2007) and Basart et al (2009).
The method defines the Ångström exponent difference
δα = α(440, 675) – α(675, 870) as a measure of the
Ångström exponent curvature with respect to
wavelength, λ: dα/dλ. The δα vs. α (440, 870) space is
plotted as the framework for analyzing aerosol
properties. In this space, we represent AOD (at 675nm)
by a color scale.
The retrieved volume size distributions from
AERONET site at MCMA (Level 2) during the study
period (1999-2015) presented bimodal modes with
volume concentrations usually reached maxima when
particle radii ranged between 0.1-0.2 µm for fine and
3.9-5.0 for coarse modes. These bimodal distributions
are typical of urban areas and the radii for maxima
volumes are almost similar to that found in Los Angles.
Inversion results for the volume distribution
showed that the shape of each mode was relatively close
to the lognormal distribution. Figure 1b shows the
average volume distribution for the three seasons: cooldry, warm-dry and rainy. A significant seasonal variation
is observed, which is mainly influenced by the
meteorological conditions. Distributions in Figure 1b

show the fine mode with concentrations greater than
coarse. This demonstrates that the combustion process is
the main source of sub-micron particles at Mexico City.
The second peak with particles greater that 2 µm (coarse
mode) are mostly composed of soil dust particles.
To summarize, fifteen years of monitoring by
sun–sky radiometers at the AERONET site at MC
enabled a climatological perspective of the seasonal and
annual variation of AOD and α440-870 parameters.

Figure 1. AERONET measurements in Mexico City: (a)
the δα vs. α (440-870) is a plot diagram to classify aerosol
properties. (b) Average volume distribution for the three
seasons: cool-dry, warm-dry and rainy.
This work was supported by UNAM-DGAPA program
under grant PAPIIT-IA102116.
Basart, S., Pérez, C., Cuevas, E., Baldasano, J. M., and
Gobbi, G. P. (2009) Atmos. Chem. Phys. 9, 8265–
8282.
Gobbb, G. P., Kaufman, Y. J., Koren, I., and Eck, T. F
(2007) Atmos. Chem. Phys. 7, 453–458.
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Several studies of wavelength dependent optical
properties and their relation to the aerosol composition
have been conducted recently (e.g. Bahadur et al., 2012;
Cazorla et al., 2013). The wavelength dependence of
particle absorption can be used to identify the absorbing
compounds in atmospheric particles, which are mainly
black carbon (BC), organic carbon (OC) and dust.
Information on the particle size can be determined from
the wavelength dependent scattering and single
scattering albedo (SSA) (Costabile et al., 2013).
Various methods have been proposed for aerosol
classification based on the combined analysis of the
absorption Ångström exponent (AAE) with the
scattering or extinction Ångström exponent (SAE, EAE)
and the SSA, optionally. Matrices have been established
in which the aerosol can be grouped e.g. into EC, OC
and dust dominated regimes (Cazorla et al., 2012). The
key component of the aerosol population has been
mainly estimated by the location of the station or the
source region. Cazorla et al. (2013) also linked the
theoretical schemes to ambient chemical measurements.
We will present long term in-situ data from the
Maldives Climate Observatory in Hanimaadhoo
(MCOH) from 2005 until the present. Measurements at
the receptor site MCOH capture highly polluted air
masses from Southern Asia, mineral dust aerosol from
Africa and the Middle East as well as pristine marine air
masses within an annual cycle due to the monsoon
seasons.
The multi-year results are used to verify two
different methods by Cazorla et al. (2012) and Costabiles
et al. (2013). Using the AAE and SAE from AERONET
as most of the recent studies, gave no subdivided
matrices for MCOH because of low AOD values which
results in poor quality of the inversion data. Instead,
AAE, SAE and SSA data determined from in-situ
measurements of particle absorption and scattering
generate the theoretical matrices and are tested with
measurements of the chemical composition. Filter probes
were analyzed regarding elemental and organic carbon
(EC, OC) as well as common ions. Furthermore,
backward trajectories were utilized to identify the air
mass source region.
Non-sea-salt calcium (nssCa) is for instance used
as a tracer for mineral dust. Most of the cases with a high
mass fraction of nssCa can either be seen in the dust
dominated or mixture regimes (Fig. 1). However, filter
measurements with a low nssCa mass fraction can also
appear in the dust dominated cluster.

Furthermore, ammonium sulfate (NH4) and nss
sulfate (nssSO4) are used as a tracer for biomass burning
and anthropogenic aerosols, respectively.
Various methods will be tested to identify marine
air masses from the chemical composition and to see if
those aerosols can fit in the theoretical schemes as well.

Figure 1. Scatter plot of AAE and SAE according to
Cazorla et al. (2013) color coded by nssCa mass
fraction for June 2005 until June 2006 and FebruaryMarch 2012.

Bahadur R., Praveen, P. S., Xu, Y., and Ramanathan, V.
(2012) Solar absorption by elemental and brown carbon
determined from spectral observations, PNAS 2012 109
(43) 17366-17371.
Cazorla, A., Bahadur, R., Suski, K. J., Cahill, J. F.,
Chand, D., Schmid, B., Ramanathan, V., and Prather, K.
A. (2013) Relating aerosol absorption due to soot,
organic carbon, and dust to emission sources determined
from in-situ chemical measurements, Atmos. Chem.
Phys., 13, 9337-9350.
Costabile, F., Barnaba, F., Angelini, F., and Gobbi, G. P.
(2013) Identification of key aerosol populations through
their size and composition resolved spectral scattering
and absorption, Atmos. Chem. Phys., 13, 2455-2470
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different aerosol types. Intensive aerosol parameters
retrieved
from nephelometer and aethalometer
measurements have been used in this study to identify
different aerosol types, and the change of the main
aerosol types with the day hours, meteorological
conditions, and advection patterns.
Aethalometer measurements have also been used to
calculate the black carbon (BC) concentration. Figure 1
shows, as an example, the mean daily evolution of the
hourly-averaged BC concentration (± 1 standard
deviation) on winter, for the year 2016. The daily mean
value of the BC concentration (2.6 ± 1.4 µg m-3 , dashed
line in Fig. 1) is in agreement with the mean value (2.2 ±
1.1 µg m-3 ) found by Perrone et al (2013), by analysing
PM2.5 samples collected with a Sunset Carbon Analyzer
at the same site of this study on the years 2008 and 2009.
Results on the relationships between BC concentrations
and aerosol extensive and intensive parameters will also
be reported. In particular, we have found that BC
concentrations have been linearly correlated with σ.
-3

BC concentration (μg m )

Aerosol particles can scatter and absorb the solar and
terrestrial radiation, leading to a cooling and/or warming
effect of the surface-atmosphere system, depending on
their optical properties. Therefore, quantitative
information on the aerosol optical properties are
essential to obtain a proper assessment of the aerosol
direct radiative impact on climate. Note that the huge
variety of aerosol sources and transformation processes
leads to considerable uncertainties on the aerosol
absorbing and scattering properties .
Simultaneous nephelometer (AURORA 3000
ECOTECH) and aethalometer (model AE31 Magee
Scientific) measurements have been performed at the
Mathematics and Physics Department of the Salento
University in Lecce (southeastern Italy) to characterize
the aerosol optical properties at the ground level. The
monitoring site of this study is representative of coastal
sites of the Central Mediterranean away from large
sources of local pollution (e.g. Perrone et al, 2014). Both
devices have been equipped with a PM2.5 sampling
head, since the fine mode particles represent on average
the aerosol fraction most responsible for the light
scattering and absorption processes. Aerosol scattering
and backscattering coefficients (σ and β, respectively) at
three wavelengths (450, 525, and 635 nm) in addition to
scattering Ångström exponents (SAEs) and scattering
and backscattering color ratios, CRσ and CRβ ,
respectively, have been calculated from the integrating
nephelometer measurements to characterize some of the
aerosol optical properties . CRσ and CRβ are linked to the
spectral dependence of σ and β, respectively, which
varies with the aerosol type. They have been calculated
from the ratio of σ or β at two different wavelengths:
CRσ(λ 1 ,λ 2 )=σ(λ 1 )/σ(λ 2 )
and
CR(λ 1 ,λ 2 )=(λ 1 )/(λ 2 ).
Aerosol absorption coefficients (α) at seven wavelengths
have
been
retrieved
from the aethalometer
measurements, from which absorption Ångström
exponents (AAE) and absorption color ratios (CRα) for
different wavelength pairs have been calculated. σ and α
have also been used to calculate the single scattering
albedo (SSA = σ/(σ+α)), which represents the main
optical parameter related to the warming or cooling
effect of the aerosol particles.
Note that σ, β, and α are extensive aerosol
parameters, since they depend on both the aerosol
amount and the aerosol properties. Conversely, SSAs,
Ångström exponents (SAEs and AAEs), and color ratios,
(CRσ, CRβ , and CRα, respectively) are intensive aerosol
parameters and, consequently, they can allow identifying
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Figure 1. Daily evolution of the hourly-averaged black
carbon concentration (± 1 standard deviation) from
aethalometer measurements at the study site during the
period January-February 2016. The dashed line
represents the mean value (2.6 µg m-3 ).
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The strong spectral dependence of light absorption of
brown carbon (BrC) aerosol is regarded to influence
aerosol's radiative forcing significantly, Alexander et al
(2015). The Absorption Angstrom Exponent (AAE)
method has been widely used in previous studies to
attribute light absorption of BrC at shorter wavelengths
for ambient aerosols, with a theoretical assumption that
the AAE of “pure” black carbon (BC) aerosol equals to
1.0, Lack and Langridge (2013).
In this study, the AAE method was applied to
both urban and rural environments in the Pearl River
Delta (PRD) region of China, with an improvement of
constraining the realistic AAE of “pure” BC through
statistical analysis of on-line measurement data. A threewavelength photo-acoustic soot spectrometer (PASS-3)
and aerosol mass spectrometers (AMS) were used to
explore the relationship between the measured AAE and
the relative abundance of organic aerosol to BC (r_org/bc).
The regression and extrapolation analysis revealed that
more realistic AAE values for “pure” BC aerosol
(AAEBC) were 0.86, 0.82, and 1.02 between 405 and 781
nm, and 0.70, 0.71, and 0.86 between 532 and 781 nm,
in the campaigns of urbanwinter, urbanfall, and ruralfall,
respectively, as showed inTable.1 and Figure.1.
Roadway tunnel experiments were conducted and the
results further confirmed the representativeness of the
obtained AAEBC values for the urban environment.
Finally,
the
average
light
absorption
contributions of BrC (± relative uncertainties) at 405 nm
were quantified to be 11.7%(±5%), 6.3%(±4%), and
12.1%(±7%) in the campaigns of urbanwinter, urbanfall,
and ruralfall, respectively, and those at 532 nm were
10.0%(±2%), 4.1%(±3%), and 5.5%(±5%), respectively.
The relatively higher BrC absorption contribution at 405
nm in the ruralfall campaign could be reasonably
attributed to the biomass burning events nearby, which
was then directly supported by the biomass burning
simulation experiments performed in this study (Lan,
2013). This study indicates that the BrC contribution to
total aerosol light absorption at shorter wavelengths is
not negligible in the highly urbanized and industrialized
PRD region
Table 1. The derived AAEBC values and uncertainties in
the different campaigns.
Campaign
Urbanwinter
Urbanfall
Ruralfall

AAE405_781
0.86±0.06
0.82±0.06
1.02±0.10

AAE532_781
0.70±0.05
0.71±0.06
0.86±0.13

Figure 1. The linear relationship between ambient AAE
and r_org/bc in the different campaigns.
This work was supported by the National Natural
Science Foundation of China (21277003 & U1301234),
the Ministry of Science and Technology of China
(2013CB228503), and the Science and Technology Plan
of Shenzhen Municipality.
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Climate, 115, 4335-4382.
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Lan, Z. J. (2013) Characteristics of mixing state and
light absorption of black carbon aerosol in China,
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The international experimental campaign Hygroscopic
Aerosols to Cloud Droplets (HygrA-CD), organized in
the Greater Athens Area (GAA), Greece, 15 May – 22
June 2014, provided an extended record of data on
aerosols, clouds, and meteorology.
The campaign’s major sampling site was DEM
station (37.995°N 23.816°E, at 270 m a.s.l.,
GAW/ACTRIS), which is situated on the foot of Mount
Hymettus in Aghia Paraskevi and covers an area of 600
acres in a forest of pine trees. At about 7 km to the north
from downtown Athens, the National Centre of
Scientific Research “Demokritos” monitoring site is
representative of the atmospheric suburban background
of Athens.
Aerosol inlet flows are dried to Relative
Humidity below 40%. The instruments that are in
operation include a Scanning Mobility Particle Size
Spectrometer to acquire the particle size distribution of
atmospheric aerosol in the size range from 10 to 500 nm
(electrical mobility diameter) and an Optical Particle
Counter (Grimm 1.107@630 nm laser light wavelength)
to acquire the particle size distribution in the size range
of 250 nm to 2.5 µm optical diameter (Wiedensohler et
al., 2012), (Heim et al., 2008). Time resolution for both
instruments is 5 minutes.
The size distributions obtained by the two
instruments were compared in order to acquire an
aerosol Equivalent Refractive Index – ERI (Hand et al.,
2002). The method used to acquire ERI has the
following assumptions:
Absorption is negligible and particles are
spherical. The aerosol is internally mixed and only one
constant value for each size distribution could represent
the equivalent refractive index. OPC size distribution
measured represents particles with a real part of
refractive index equal to 1.6 (Polystyrene latex spheres).
For each size distribution, an iterative process
(Nelder-Mead algorithm) was used with the following
steps:
An equivalent refractive index was assumed. For
this refractive index the new diameter for each OPC size
bin was calculated. The resulting OPC size distribution
is compared to the SMPS size distribution in the
overlapping range (dN/dlogdp).
Figure 1 indicates that during daytime a stable
value of ~1.58 is observed. During night time (01:0005:00) and afternoon hours (16:00-20:00), ERI increases
to values above 1.6.

Figure 1: Equivalent refractive index (ERI) diurnal
variation for the period 15 May 2014 – 22 June 2014.
Time is GMT+2 (local time is GMT+3).
Nevertheless, 24h variability is influenced by
local circulation patterns bringing air from different
emission sources in the Greater Athens Area (GAA) and
beyond. Photochemistry and transport are playing an
important role in the area. Nitrates, sulphates, and
organics are the main constituents of aerosol mass at the
site, while Sahara dust events are also frequent
(Eleftheriadis et al., 2014).
Table 1. ERI and Volume up to 1 µm mobility diameter
statistics during the campaign at DEM-GAW station
ERI
Average
Median
Std dev.

1.59
1.59
0.11

Volume,
µm3/cm3
6.19
5.53
3.02

Eleftheriadis, K., Ochsenkuhn, K. M., Lymperopoulou,
T., Karanasiou, A., Razos, P., OchsenkuhnPetropoulou, M. (2014) Atmos Environ, 97, 252-261.
Hand, Jenny L., & Kreidenweis, Sonia M. (2002)
Aerosol Science and Technology, 36:10, 1012-1026.
Heim, M., Mullins, J.M., Umhauer, H., Kasper, G.
(2008) Journal of Aerosol Science 39:1019-1031.
Wiedensohler, A., Birmili, W. et al. (2012) Atmos. Meas.
Tech., 5, 657-685.
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Single scattering albedo observed at a high altitude location in the Mediterranean coast
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Figure 2. Time variations of single scattering albedo
Angström exponents in 2014 (above) and 2015 (below).
In Mt. Aitana there were much more SDE in 2015
than in 2014 which is reflected in a greater number of
negative SSA-AE peaks. However not all the SDE were
detected maybe because some local pollution could be
masking the effect of mineral dust Ealo et al (2016).

0.8
0.6
0.4

SSA-AE turns into negative values in presence of
mineral dust Collaud Coen et al. (2004). In Figure 2 the
SSA-AE are plotted for 2014 and 2015 seasons.

SSA‐Angström exponents

Scattering and absorption coefficients have been
continuously measured since March 2014 up to August
2015 at the high altitude site Mt. Aitana (38°38'56.8"N
0°15'55.2"W; 1558 m a.s.l.). In this study, particle
scattering (σsp: 10–171) and hemispheric backscattering
(σbsp: 90–171) coefficients at three wavelengths (450
nm, 525 nm, 635 nm) were measured every 5 min with a
LED-based integrating nephelometer (model Aurora
3000, ECOTECH Pty Ltd, Knoxfield, Australia). In
addition, equivalent black carbon measurements were
obtained every 5 min at seven different wavelengths
(370, 470, 520, 590, 660, 880 and 950 nm) using an
Aethalometer (model AE31, Magee Scientific, USA). In
this work, we present the single scattering albedo (SSA)
and its wavelength dependence single scattering albedo
Ångström exponents (SSA-AE) for the whole study
period.
The scattering coefficients measured by the
nephelometer at its three wavelengths were fitted with a
power law to evaluate the scattering coefficients at the
AE31 seven absorption wavelengths.
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Figure 1. Time variation of SSA on hourly base during
2014 (above) and 2015 (below).
The hourly SSA at 520 nm for 2014 and 2015 is
plotted in Figure 1. Average values of SSA at 520 nm
were obtained 0.92 and 0.94 for 2014 and 2015,
respectively. These values are quite high compared with
similar measurements at other mountain sites (i.e.
Andrews et al., 2011) and suggest less absorbing (e.g.,
BC) and more scattering material (e.g., dust, biogenic
contribution) fractions in aerosols in this area.
Wavelength dependence of SSA has been used as
a method to identify Saharan dust events (SDE) when

This work was supported by the Spanish Ministry
MINECO under the CGL2012-39623-C02-2 PRISMAAITANA project. We would like to thank the Spanish
Defense Ministry (EVA n. 5) for allowing access to its
facilities.
Andrews, E., Ogren, J.A., Bonasoni, P., Marinoni, A.,
Cuevas, E., Rodríguez, S., Sun, J.Y., Jaffe, D.A.,
Fischer, E.V., Baltensperger, U., Weingartner, E.,
Collaud Coen, M., Sharma, S., Macdonald, A.M.,
Leaitch, W.R., Lin, N.-H., Laj, P., Arsov, T.,
Kalapov, I., Jefferson, A. and Sheridan, P. (2011)
Atmos. Res., 102, 365-393.
Collaud Coen, M., Weingartner, E., Apituley, A.,
Ceburnis, D., Fierz-Schmidhauser, R., Flentje, H.,
Henzing, J. S., Jennings, S. G., Moerman, M.,
Petzold, A., Schmid, O., and Baltensperger, U.
(2010) Atmos. Meas. Tech., 3, 457-474.
Ealo, M., Alastuey, A., Ripoll, A., Pérez, N., Minguillón,
M.C., Querol, X., Pandolfi. M. (2016) Atmos. Chem.
Phys. Discuss., 0, 1-32.
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Chemical characterization and optical properties of submicron particles measured in
M’Bour, Senegal during 2015/2016 dry season
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1

Département Sciences de l’Atmosphère et Génie de l’Environnement, Mines Douai, Douai, 59508, France
2
Laboratoire d’Optique Atmosphérique, Université de Lille 1, Villeneuve d’Ascq, 59655, France
Keywords: Aerosols, chemical composition, absorbing particles, optical properties
Presenting author email: laura.rivellini@ed.univ-lille1.fr

Recently, several studies have focused on possible
relationships between aerosols physicochemical and
optical properties. Nonetheless, most of them have
limited their analysis on specific species like mineral
dust or Brown Carbon (BrC) (Ealo et al., 2016). Only a
few have investigated the link between remote sensing
aerosol
measurements
and
PM1
chemical
characterization at high time resolution (Nicolae et al.,
2014).
The aim of this work is to establish links between
optical properties and PM1 chemical composition
measured in West Africa. For this purpose, a specific
instrumental platform has been implemented on the
AERONET station of M’Bour (Senegal) during the
SHADOW (SaHAran Dust Over West Africa) campaign.
The latter was divided in two intensive observations
periods: IOP-1 (Mar. - Jun. 2015) and IOP-2 (Dec. 2015
- Jan. 2016). Chemical composition (furthermore
detailed in a companion abstract), microphysics and
optical properties were obtained by coupling in situ and
remote sensing (ground-based
and air-borne)
measurements.
During IOP-1, intense but short Non-RefractoryPM1
pollution events, sea breeze phenomena and long mineral
dust episodes were observed. IOP-2 was marked by the
occurrence of additional biomass burning (BB) events as
shown in Figure 1 for January 3rd 2016, with a strong
increase of ACSM (Aerosol Chemical Speciation
Monitor) organic (Org) concentrations and m/z 60 signal
-levoglucosan marker linked to BB- after 8 p.m.
During the dry season, M’Bour aerosol loads are
influenced by several kinds of absorbing compounds:
Black Carbon (BC), BrC and Iron Oxide contained in
Mineral Dust. Thus it was necessary to deconvolute
absorption measurements by taking into account the
contribution of these different species. This has been
achieved by using their differences in absorption
wavelength dependence. Our deconvolution algorithm –
coupling Sandradewi et al. (2008) and Fialho et al.
(2014) methods – has been applied to aethalometer
(AE33) absorption measurements by using m/z 60 signal
as an indicator of BB influence. It has to be noticed that
Fe concentrations can be retrieved only in the absence of
BrC.
BB impacts on PM1 optical properties are observed
in Figure 1 through the large increase of both absorption
and scattering coefficients, especially at shorter
wavelengths. Associated scattering Angström exponents
show values of ~0.3 before 8 p.m and ~1 after,
underlying changes of chemical composition and fine
particles content.

Next step will be to compare these in-situ groundbased observations with coincident remote sensing
measurements of column integrated and vertical profiles
of aerosol optical properties made by LIDAR and
AERONET sun/sky photometer.

(a)

(b)

(c)

(d)

Fig. 1.Case study of Jan. 3rd 2016 with (a) BC, Fe, BrC,
(b) Org concentrations and m/z 60 signal. (c) Absorption
and (d) scattering coefficients.measured in PM1 at
different wavelengths.
LHR’s PhD grant and SHADOW campaigns are
financially supported by the CaPPA (Chemical and
Physical Properties of the Atmosphere) Labex. The
CaPPA project is funded by the French National
Research Agency (ANR) through the PIA (Programme
d'Investissement d'Avenir) under contract ANR-11LABX-0005-01 and by the Regional Council “Nord-Pas
de Calais” and the European Funds for Regional
Economic Development (FEDER).
Ealo, M., Alastuey, A., Ripoll, A., et al. (2016).
Atmospheric Chem. Phys. Discuss. 1–32
Fialho, P., Cerqueira, M., Pio, C., et al. (2014). Atmos.
Environ. 97, 136–143.
Nicolae, D., Nemuc, A., Müller, D.,et al (2013) J.
geophys Res. Atmospheres 118, 2956–2965
Sandradewi, J., Prévôt, A.S.H., Szidat, S., et al. (2008).
Environ. Sci. Technol. 42, 3316–3323
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“Morphology and Optical Properties of Mixed Aerosol Particles”
Mehrnoush M.Fard (1), Ulrich Krieger (1), Yinon Rudich (2), and Thomas Peter (1)
(1) Institute for Atmospheric and Climate Science, ETH Zurich, Universitätstrasse 16,8092, Zurich, Switzerland., (2)
Department of Environmental Sciences, Weizmann Institute, Rehovot, 76100, Israel

Experiments and modeling studies have shown that deliquesced aerosols can exist not
only as one-phase system containing organics, inorganic salts and water, but often as
two-phase systems consisting of a predominantly organic and a predominantly inorganic
aqueous phase (1,2). Recent laboratory studies conducted with model mixtures
representing tropospheric aerosols (1,2,3), secondary organic aerosol (SOA) from smog
chamber experiments (4), and field measurements (5) suggest that liquid-liquid phase
separations (LLPS) is indeed a common phenomenon in mixed organic/ inorganic
particles.
During LLPS, particles may adopt different morphologies mainly core-shell and partially
engulfed. A core-shell configuration will have consequences for heterogeneous chemistry
and hygroscopicity and as a result will alter the optical properties of the particles in
particular for organic phases containing absorbing molecules, e.g. brown carbon.
The primary objective of this project is to establish a method for investigating the
morphology of mixed inorganic and absorbing organic compounds of atmospheric
relevance and study their radiative properties before, during, and after phase transitions
mainly during LLPS. This will be the first study looking into the radiative effect of LLPS
in detail.
Our ternary model system consist of ammonium sulfate (AS)/ Polyethylene Glycol
(PEG)/ and water (H2O). Carminic acid (CA) was added as a proxy for an absorbing
organic compound to the system.The behavior of single droplets of above ternary mixture
was monitored during relative humidity (RH) cycles using optical microscopy. The same
ternary mixture particle was levitated in an electrodynamic balance (EDB) and the
change in its absorption properties was measured at varying RH.
In addition, Mie-code modeling is used to predict the absorption efficiency of the same
ternary system and the result will be compared with the data obtained from EDB
experiment.We also intend to determine the occurrence of LLPS in accumulation-sized
particles and the change in their absorption using a cavity ring down aerosol
spectrometer. If LLPS alters the absorptive properties of the suggested model aerosols
significantly, absorption measurements of accumulation mode particles of the same
composition would allow proving that LLPS indeed occurs in particles of accumulation
mode size. Up to now LLPS has not been studied for particles in this size range.
References:
1. Bertram, et al. Atmos. Chem & Phys, 11(21), 10995-11006, 2011.
2. Krieger, et al. Chemical Society Reviews, 41(19), 6631-6662, 2012
3. Song, M. et al. Geophys Res Lett, 39(19), 2012b
4. Smith et al. Atmos Chem & Phys, 12(20), 9613- 9628, 2012.
5. You, Y. et al. Proceedings of the National Academy of Sciences, 109(33), 13188-13193, 2012.
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Aerosol optical properties of Western Mediterranean basin from multi-year
AERONET data
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Aerosol optical properties including the total and coarse
mode aerosol extinction optical depth (τext, τext-C),
Angstrom exponent (α), size distribution, single
scattering albedo (SSA) were examined using long-term
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Figure 2. Average AERONET level 2 aerosol Angstrom
Exponent as a function of the optical depth of the 9
selected stations in four years (2010 to 2013).

Figure 1. Locations of the 9 Mediterranean AERONET
sites are found in the western basin with long time series
used in this work.
The analysis of the time series of τext-C reveals that
all those sites are affected by mineral dust transport from
the Sahara. The maximum in dust intensity was observed
in June 2012, with large peaks values around 0.9 ± 0.1
observed in Oujda and Evora Sites. In summer periods,
the daily average α is 0.1 ± 0.05, showing the dusty
climate.

We have analyzed the intrinsic dust optical
properties by selecting the dusty days corresponding to a
total optical depth above 0.2 and a fraction of the coarse
mode optical depth above 50%. For those cases we show
that the size distribution is clearly dominated by a coarse
mode with an effective radius between 1.76 µm close to
the source and 1.52 far from the dust source.
We also observe an increase in the single scattering
albedo ranging between 0.89 close to the dust source and
0.94 in the remote part of the domain. This change in the
size distribution and the absorption properties can be due
to the aging of the dust aerosol as they are transported
over the Mediterranean basin.
Dubovik, O., Holben, B., Lapyonok, T., Sinyuk, A.,
Mishchenko, M., Yang, P., Slutsker, I., 2002. Nonspherical aerosol retrieval method employing light
scattering by spheroids. Geophys. Res. Lett. 29, 54–
1.
Holben, B., Eck, T., Slutsker, I., Tanre, D., Buis, J.,
Setzer, A., Vermote, E., Reagan, J., Kaufman, Y.,
Nakajima, T., others, 1998. AERONET—A
federated instrument network and data archive for
aerosol characterization. Remote Sens. Environ. 66,
1–16.
Mallet, M., Dubovik, O., Nabat, P., Dulac, F., Kahn, R.,
Sciare, J., Paronis, D., Léon, J., 2013. Absorption
properties of Mediterranean aerosols obtained from
multi-year
ground-based
remote
sensing
observations. Atmospheric Chem. Phys. 13, 9195–
9210.
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Variation of the aerosols properties observed in the mixing layer and in the free
troposphere from remote sensing and in-situ measurements performed at high altitude
sites.
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Aerosols influence the Earth radiative budget
through scattering and absorption of solar radiation
which is significantly affected by the type of
sources and ambient conditions. The aim of this
study is to analyze the optical contribution of the
mixing layer and free tropospheric aerosols to the
total column.
The collocated sites of Puy de Dôme, France
(PUY, 1465 m.a.s.l.) station and Cézeaux
University Campus (CUC, 11 km to the East) allow
to compare instrument retrievals and show an
agreement between in-situ extinction coefficients
and Sun photometer Aerosol Optical Depths (AOD)
(correlation coefficient of 0.80). This first analyze
permits to conclude that the PUY in-situ
measurements station is representative of the
overall atmospheric column.
In addition, the long term measurements
performed at the Chacaltaya, Bolivia (CHC, 5240
m.a.s.l.) and PUY GAW stations permit to
characterize seasonal variations and air mass type
dependence of aerosol optical properties into both
mixing layer (ML) and Free Tropospheric layers
(FT). The two station situations allow to include in
the study a large panel of aerosol origin.
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Aerosol optical characteristics at Ouarzazate, Morocco in 2012
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Figure 1 Monthly means of AOD at 0.5μm
The annual cycle of the AOD shows variable values
due to the changeable weather and the Sahara source.
The maximum values at 0.5μm were recorded in summer
on July and August.
Aerosol radiative forcing is defined as the increase or
decrease of the net radiation flux at the altitude z due to
an instantaneous change of aerosol atmospheric content.
The atmosphere free of aerosols is the reference case.
Thus, the ARF values can be derived from the following
expression:
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Figure 2 Monthly means of ARF at ground surface and
at Top of the atmosphere
The ARF values at surface ranged from -12.61 to
-58.24 W/m2 and being larger in July. The negative value
at surface reveals that the desert dust aerosol reduced
significantly the solar radiation reaching the ground level
producing thus a cooling tendency. The ARF at top of
the atmosphere changed from -13.61 to +0.62 W/m2, the
negative values indicate that desert dust aerosol caused
an increase of light scattered back to space inducing thus
cooling of the Earth-atmosphere system, while the
positive values indicate the influence of a greater amount
of radiative energy reflected by cirrus.
The Single Scattering Albedo is the ratio of the
scattering coefficient σd and the extinction coefficient σe
It is defined by:
  
 d  
SSA  d

 e    d     a  
σa Aerosol absorption coefficient.
1.0

Single Sattering Albedo (SSA)

The desert aerosol has an important role in the
atmospheric evolution as well as the climatic changes. In
this study, we present the results of the Aerosol Optical
Depth (AOD), the single scattering albedo (SSA) and
radiative forcing (ARF) of desert aerosol measurements
at Ouarzazate (30.92N, 06.91W, 1136 m). All these
optical parameters are determined from sun-photometer
recorded data through AERONET/PHOTONS network.
The aerosol optical Depth (τAer) is defined by:
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Figure 3 Monthly averages of aerosol SSA.
The single scattering albedo ranges from 0.61 to 0.94
shows the importance of light scattered. It is changing
with wavelength. The lowest values close to 0.65 are
recorded for the channel 1.02 μm.

Abdelouahid Tahiri and Mohammed Diouri. Aerosol Radiative Forcing of Desert Regions. Environmental Sciences,
Vol. 3, 2015, no. 1, 17-29. http://dx.doi.org/10.12988/es.2015.4118.
Acknowledgements: Kindly thanks to the AERONET/PHOTONS PI at Ouarzazate Ms: Emilio Cuevas-Agullo and
Taoufik Zaidouni.
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Aerosol cloud activation: optical properties at Puijo semi-urban site
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In this work we have studied cloud activation, or
scavenging, of semi-urban aerosol particles from 5
October 2010 to 30 November 2014. We provide new
information about aerosol optical properties during cloud
activation process and optical properties of nonprocessed aerosol.
Measurement site of Puijo is located in Kuopio,
Eastern Finland, surrounded by lake Kallavesi. The Puijo
station has provided continuous data from summer 2006.
The measurement station is located on top of the Puijo
observation tower (306 m a.s.l, 224 m above the
surrounding lake level). A more detailed overview of the
station and the surrounding area can be found in
Leskinen et al. (2009).
Measurements were conducted with total and
interstitial sampling lines and four main devices: twinDMPS, an integrating nephelometer and a MAAP.
Sampling lines of the devices were switched between
total and interstitial lines every 6 minutes. Measurement
data was averaged over these 6 minute periods. After
averaging the data was corrected by removing
maintenance and other bad data, calculating truncation
correction, and, calculating correction factor in cloud
free situations. Cloudy periods were defined to have
visibility less than 200 m or cloud base height less than
170 m. Clear periods were defined to have relative
humidity less than 80% or visibility higher than 8000 m.
We observed temperature dependency of
activated scattering compounds fraction to be linearly
increasing 7.5% per 10°C (Fig. 1). However,
temperature dependency of activated absorbing
compounds (mainly black carbon) fraction seemed to be
parabolic curve with maximum around 0-5°C. Similar
but inverse parabolic effect was observed to be present
with ratio of accumulation and total particle number
concentrations temperature dependence. Minimum of the
parabola was around 0°C. This means that with same
amount of accessible water higher number of absorbing
particles activate. Both activated scattering and
absorbing compounds fractions had increasing
dependency with activated volume fraction (Fig. 2).
However, scattering compounds are more hydroscopic
and activate better than absorbing compounds.
We confirm with long term studies the
temperature dependency of activated fraction of
scattering compounds. Furthermore, we observed similar
temperature dependence of activated fraction of
absorbing compounds as has been reported earlier.

Figure 1. Activated fractions of absorbing and scattering
compounds versus temperature.

Figure 2. Activated fractions of absorbing and scattering
compounds versus total activated volume fraction.

This work has been supported by the Maj and Tor
Nessling Foundation (201500134, 201600105) for PhD
thesis work, Academy of Finland (259005, 272041) and
European Research Council (Starting Grant 335478).
Leskinen, A.; Portin, H.; Komppula, M.; Miettinen, P.;
Arola, A.; Lihavainen, H.; Hatakka, J.; Laaksonen,
A.; Lehtinen, K. E. J. (2009), Boreal Env. Res., 14,
576–590
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Physical and optical characteristics under four
types aerosol distribution in Seoul was investigated
using the Aerodynamic Particle Sizer(APS) and
Skyradiometer . Four types classified by distinct
difference of the high volume concentration (> 100
μm3cm-3). The volume size distribution for each event
day was classified into four types: (1) Type1 had the
high volume concentration for supermicron particles
from 2.3 to 6.0 μm. (2) Type 2 represented the high
volume concentration in the both size range of
submicron (0.7 – 1.0 μm) and supermicron particles (2.1
– 4.1 μm). (3) Type 3 showed the high volume
concentration in the size range of 0.5 –3.5 μm. (4) Type
4 was characterized by the high volume concentration
for the fine particles less than 1.2 μ(Fig 1)(Lee et al.,
2007). Information of types are shown in Table 1.

of four types was similar AOD and AE result. Single
Scattering Albedo(SSA) of Type1 is the highest and
type2 is the lowest. Type 2 is the most dominant form
in both fine mode and coarse mode. The reason that the
lowest SSA might be due to Absorption anthropogenic
aerosol.

Figure 2. Scattering plots of the AOD versus AE(up) and
AE versus SSA(down)
Acknowledgements
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Figure 1. Volume size distribution of types
Table 1 Information of types.
Month
Type 1
Type 2

Measured density (g/m3)
2014. 3. 18.-19 / 2014. 5. 26.–29,
2014. 11. 12.-13
2013. 3. 7.-. 9 / 2014. 12. 29.-30

Type 3

2013. 1. 12.-16 / 2013. 1. 24,
2014. 3. 28
/ 2014. 4. 15.-17,
2014. 7. 2,

Type 4

2013. 5. 22.-24 / 2014. 1. 21-22,
2014. 2. 21.-3. 1./ 2014. 4. 23.-24

Aerosol Optical Depth(AOD) is high in the order
Type3, Type 4, Type 2 and Type 1. And Angstrom
Exponent(AE) is high in the order Type4, Type2,
Type3 and Type 4. Type 1 is clear distinction in coarse
mode and type4 is fine mode. Aerosol size distribution
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Optical investigations of soot of different maturity
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There is a large uncertainty about the climate forcing
effect of aerosol particles originating from combustion
sources (IPCC). Hence studies of the optical properties
of these aerosols are important to understand their
interaction with sun radiation. The mini-CAST 5201C
(Jing Ltd) is used to create soot with different
characteristic properties in a laboratory environment in
order to mimic soot of different maturity or from
different sources. Measurements were made using
various instruments, and in this work results are mainly
shown from optical techniques, such as a diode laser
extinction setup (Simonsson et al., 2015) and an
Aethalometer. By evaluating the Ångström coefficient,
α, i.e. the wavelength dependence, from the
measurement data for different types of aerosols,
information about the aerosol structure and composition
can be obtained.

mature soot. The higher operation points 6 and 7 show
much stronger wavelength dependence and hence a
much higher value of α than 1. SMPS data shows that
the OP1 contains larger soot particles and that the
particles are smaller for higher operating point number.
The general trend is that the Ångström coefficient is
relatively independent of heating, at least for OP 1, 3,
and 5. This indicates that the Ångström coefficient is
more correlated with the refractory soot core than with
the material evaporated at the higher temperatures. Only
for OP6 and OP7 there is an indication that a minor part
of the α-dependence is related to the evaporated
material. This interpretation is in contrast to recent
studies that linked UV absorbing constituents (Brown
Carbon) with low volatility organic aerosol components
(Saleh et al. 2014).
4.5

Methods

Bypass 25C
Thermodenuder 250C

4

Conclusions
The diode laser extinction measurements and the
Aethalometer data showed similar Ångström coefficients
for the different operation points. In Fig. 1 the Ångström
coefficient is presented for the Aethalometer data. It is
shown that the mini-CAST operating points produces
soot of very different optical characteristics. OP1 and
OP3 gives α≈1, which is a value representative for

Oven 500C
3.5

Ångström exponent 

The mini-CAST 5201C was used at six operation
points to produce soot of different characteristics, where
the operation point 1 (OP1) represents more mature soot
with generally larger sizes and OP7 younger and
generally smaller particles. The soot stream was led
through a pipe system, either through a thermodenuder
(TD; 250°C), the TD plus an oven (500°C) in series, or
through a by-pass line (room temperature). The particles
were characterized using numerous techniques; a diodelaser extinction system, an Aethalometer, Laser Induced
Incandescence (LII), Raman Spectroscopy and a
Scanning Mobility Particle Sizer (SMPS). Detailed
chemical characterisation was carried out with a Soot
Particle Aerosol Mass Spectrometer (SP-AMS). The
Ångström coefficient was extracted measuring the light
extinction using 4 wavelengths (extinction) and 7
wavelengths (Aethalometer) to obtain the spectral
absorption dependence.

3
2.5
2
1.5
1
0.5
0

1

3

5

6

7

Operating points

Figure 1. The Ångström coefficient for the different
operating points as they pass the by-pass line, are heated
to 250°C and heated to 500°C.
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Optical and hygroscopic properties of long-range transported haze plumes over the
Korean Peninsula under the Asian continental outflows
J. S. Jung, J. B. Park
Center for Gas Analysis, Korea Research Institute of Standards and Science, Daejeon, 305-600, Republic of
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Figure 1. Scatter plot between mass ratio of OC to sum
of the major inorganics and f(80%). Filled red and blue
circles represent the E China and N China episodes,
respectively.
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The objective of this study is to characterize the aerosol
optical and hygroscopic properties of different haze
plumes originating from the Chinese continent.
Integrated in-situ measurements of atmospheric aerosols
were performed at Deokjeok Island during spring 2009
to characterize the optical and hygroscopic properties of
LRT aerosols. From identified Asian continental outflow
cases, we investigated the wavelength dependence of the
light absorption coefficient and the humidity-dependent
light scattering enhancement factor of PM2.5 as a
function of aerosol composition. Two haze episodes
occurred during March 31 - April 1 (N China) and April
5 – 13 (E China) with PM2.5 mass concentrations as high
as 104 µg m-3 and 101 µg m-3, respectively. The N China
episode was characterized by relatively low CO and SO2
concentrations and high OM concentration under
relatively strong wind speed when air masses originated
from the northern part of China. However, the E China
episode was characterized by relatively high CO, SO2,
and SO42- concentrations under relatively weaker wind
speed when air masses originated from the eastern part
of China. A slightly high wavelength dependence of light
absorption coefficient, α of 1.6 ± 0.05 (average ±
1·standard deviation), and a low humidity-dependent
light scattering enhancement factor at 80% relative
humidity, f(80%) (2.0 ± 0.2), were obtained when air
masses originated from the northern part of China (N
China), compared to those obtained when air masses
originated from the eastern part of China (E China) (α =
1.4 ± 0.1; f(80%) = 2.4 ± 0.2). The relatively high α and
low f(80%) during the N China compared to those during
the E China were consistent with a relatively high mass
ratio of organic aerosol to sum of SO42-, NO3- and NH4+
during the N China (1.01 ± 0.17) compared to the E
China episode (0.25 ± 0.13) (Fig. 1). This result
indicates the importance of organic aerosol on aerosol
optical and hygroscopic properties of haze plumes.
Single scattering albedo (SSA) of dry PM2.5 (0.92 ±
0.01) and mass scattering efficiency (MSE) of dry PM 2.5
at 550 nm wavelength during the E China episode (3.6 ±
0.3 m2 g-1) were higher than those previously obtained at
the air mass source regions in China (SSA = ~0.8; MSE
= ~3.0 m2 g-1) (Fig. 2), implying that optical properties
of PM2.5 were significantly altered during long-range
atmospheric transport.

0.90

3
0.88
0.86

0.2

0.1

2
N China E China

0.3

N China E China
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Figure 2. Box-and-whisker plots of (a) dry single
scattering albedo (SSA), (b) dry mass scattering
efficiency (MSE), and (c) dry mass absorption efficiency
(MAE) of PM2.5 at 550 nm during the N China and E
China episodes. The lower and upper ends of the box
and the lower and upper bars show the quartiles at 25%
and 75% and the whiskers at 10% and 90%, respectively,
and the cross bar in the box and open circles show the
median and outliers, respectively.
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Distribution, optical properties, and radiative effect of pollution aerosols in the western
Mediterranean basin from TRAQA and SAFMED airborne observations
C. Di Biagio1, C. Gaimoz1, N. Grand1, G. Ancellet2, J.-L. Attié3,4, M. Beekmann1, A. Borbon1, S. Bucci5,6, L.
Doppler2,7,8, P. Dubuisson9, F. Fierli5, M. Mallet4, J.-C. Raut2, F. Ravetta2, K. Sartelet10, and P. Formenti1
1

LISA, UMR CNRS 7583, UPEC and UPD, IPSL, Creteil, 94010, France
LATMOS, UMR CNRS 8190, Sorbonne University, UPMC, UVSQ, Paris, 75006, France
3
LA, UMR CNRS 5560, University of Toulouse, Toulouse, 31400, France
4
CNRM UMR 3589, Météo-France/CNRS, Toulouse, 31400, France
5
ISAC-CNR, Rome, 00133, Italy
6
Sc. Dept. of Physics, Ferrara University, Ferrara, 44121, Italy
7
Freie Universität Berlin, Berlin, 14195, Germany
8
Deutscher Wetterdienst, Metorological Observatory Lindenberg, 15848, Germany
9
LOA, Université Lille, Villeneuve d'Ascq, 59655, France
10
CEREA, École des Ponts ParisTech – EDF R&D, Université Paris-Est, Marne la Vallée, 77455, France
Keywords: pollution aerosols, vertical distribution, single scattering albedo, Western Mediterranean.
Presenting author email: claudia.dibiagio@lisa.u-pec.fr
2

Pollution aerosols strongly influence the composition of
the western Mediterranean basin, but at present little is
known on their distribution, optical properties and
radiative effects. We report in this study in situ
observations of pollution aerosol plumes obtained over
the sea in the western Mediterranean during the TRAQA
(TRansport and Air QuAlity) and the SAFMED
(Secondary Aerosol Formation in the MEDiterranean)
airborne campaigns in summers 2012 and 2013 (Di
Biagio et al, 2015). The TRAQA and SAFMED flights
explored an extended region of the western
Mediterranean between 40°-45°N latitude and 2°W-12°E
longitude including the Gulf of Genoa, Southern France,
the Gulf of Lion, and the Spanish coasts. Measurements
were performed over the sea at various distances from
the coastline and up to 5000 m altitude. TRAQA and
SAFMED successfully measured a wide range of
meteorological conditions which favoured the pollution
export from different sources around the basin.
Observations from the present study indicate that
continental pollution largely affects the western
Mediterranean both close to coastal regions and in the
open sea as far as ~250 km from the coastline. Aerosol
layers are distributed ubiquitously which indicates quite
elevated levels of background pollution throughout the
western basin. The measured aerosol scattering
coefficient varies between ~20 and 120 Mm-1, while
carbon monoxide (CO) and ozone (O3) mixing ratios are
in the range of 60-170 ppbv and 30-85 ppbv,
respectively. Pollution reaches 3000-4000 m in altitude
and presents a very complex and highly stratified
structure characterized by fresh and aged layers both in
the boundary layer and in the free troposphere. Within
pollution plumes the measured particle concentration in
the Aitken (0.004-0.1 µm) and accumulation (0.1-1.0
µm) modes is between ~100 and 5000-6000 scm-3
(standard cm-3), which is comparable to the aerosol
concentration measured in continental urban areas.
Additionally, our measurements indicate the presence of

highly concentrated Aitken layers (10000-15000 scm-3)
observed both close to the surface and in the free
troposphere, possibly linked to the influence of new
particle formation (NPF) episodes over the basin.
Data from this study show a large variability of
the aerosol shortwave single scattering albedo (ω) for
pollution aerosols, with values between 0.84-0.98 at 370
nm and 0.70-0.99 at 950 nm. The single scattering
albedo generally decreases with the wavelength, with
some exceptions associated to the mixing of pollution
with sea spray or dust. The lowest values of ω (0.84-0.70
between 370 and 950 nm) are measured in
correspondence of a fresh plume possibly linked to ship
emissions. The range of variability of ω seems to be
independent of the source region around the basin, as
well as of the altitude and aging time of the plumes. The
observed variability of ω reflects in a large variability for
the complex refractive index of pollution aerosols, which
is estimated to span in the large range 1.41-1.75 and
0.002-0.068 for the real and the imaginary parts,
respectively, between 370 and 950 nm.
Radiative calculations in clear-sky conditions
were performed with the GAME radiative transfer model
to test the sensitivity of the aerosol shortwave Direct
Radiative Effect (DRE) to the variability of ω as
observed in this study. Results from the calculations
suggest up to a 50% and 30% change of the forcing
efficiency (FE), i.e. the DRE per unit of optical depth, at
the surface (-160÷-235 Wm-2τ-1 at 60° solar zenith angle)
and at the Top-Of-Atmosphere (-137÷-92 Wm-2τ-1) for ω
between its maximum and minimum value. This induces
a change of up to an order of magnitude (+23÷+143 Wm2 -1
τ ) for the radiative effect within the atmosphere.
This
work
was
supported
MISTRALS/ChArMEx.
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Seasonal variability and North-South gradients of aerosol optical, microphysical and
radiative properties in the western Mediterranean
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In the framework of the ChArMEx (the ChemistryAerosol
Mediterranean
Experiment,
http://charmex.lsce.ipsl.fr/) program, the seasonal
variability of the aerosol optical, microphysical and
radiative properties derived from AERONET (Aerosol
Robotic Network; http://aeronet.gsfc.nasa.gov/) is
examined in two regional background insular sites in the
western Mediterranean Basin: Ersa (Corsica Island,
France) and Palma de Mallorca (Mallorca 25 Island,
Spain). A third site, Alborán (Alborán Island, Spain),
with only a few months of data is considered for
examining possible Northeast–Southwest (NE–SW)
gradients of the aforementioned aerosol properties.
The AERONET dataset is exclusively composed
of level 2.0 inversion products available during the fiveyear period 2011-2015. Properties such as the aerosol
optical depth, the Ångström exponent, the fine mode
fraction, the volume size distribution, the absorption
aerosol optical depth, the absorption Ångström exponent,
the refractive index, the single scattering albedo and the
asymmetry factor are analysed seasonally. The graphical
method from Gobbi et al. (2007) is used to classify the
aerosols according to their optical depth, Ångström
exponent and Ångström exponent difference.
AERONET solar radiative fluxes are validated
with ground- and satellite-based flux measurements. To
the best of our knowledge this is the first time that
AERONET fluxes are validated at the top of the
atmosphere. The monthly variations of the solar aerosol
radiative forcing and of the solar aerosol radiative
forcing efficiency are discussed and compared to the
literature.
The main drivers of the observed annual cycles
and NE–SW gradients are 1) mineral dust outbreaks in
spring in the North and in summer in the South, and 2)
European pollution episodes in autumn. A NE–SW
gradient exists in the western Mediterranean Basin for
the aerosol optical depth and especially its coarse mode
fraction, which all together produces a similar gradient
for the aerosol direct radiative forcing. The aerosol fine
mode is rather homogeneously distributed. Absorption
properties are quite variable because of the many and
different sources of anthropogenic particles in and
around the western Mediterranean Basin: North African

and European urban areas, the Iberian and Italian
Peninsulas, forest fires and ship emissions. As a result
the aerosol direct forcing efficiency, more dependent to
absorption than the absolute forcing, has no marked
gradient.
This study is performed in the framework of work
package 4 on aerosol-radiation-climate 30 interactions of
the coordinated program ChArMEx (the ChemistryAerosol
Mediterranean
Experiment;
http://charmex.lsce.ipsl.fr). It is also supported by the
ACTRIS (Aerosols, Clouds, and Trace Gases Research
Infrastructure Network) Research Infrastructure Project
funded by the European Union’s Horizon 2020 research
and innovation programme under grant agreement n.
654169 and previously under grant agreement n. 262254
in the 7th Framework Programme (FP7/2007-2013); by
the Spanish Ministry of Economy and Competitivity
(project TEC2012-34575) and of Science and Innovation
(project UNPC10-4E-442) and EFRD (European Fund
for Regional Development); by the Department of
Economy and Knowledge of the Catalan autonomous
government (grant 2014 SGR 583); and by the Andalusia
Regional Government through projects P12-RNM-2409
and P10-RNM-6299. ChArMEx-France is supported
through the MISTRALS program by INSU, ADEME,
Météo-France, and CEA. The The Spanish Agencia
Estatal de Meteorología (AEMET) is acknowledged for
the use of the Palma de Mallorca AERONET sunphotometer data, and the Royal Institute and Observatory
of the Spanish Navy (ROA) for the support provided at
Alborán.
Gobbi, G. P., Kaufman, Y. J., Koren, I., and Eck, T. F.:
Clasification of aerosol properties derived from
AERONET direct sun data, Atmos. Chem. Phys. 7,
453–458, doi: 10.5194/acp-7-453-2007, 2007.
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PM2.5 chemical composition at Košetice; relation with seasons, meteorology, and size
segregated particle number concentration
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PM2.5 chemical composition studies at rural sites are
needed to make a ground for determination of city
related emission measures impact on a potential
improvement of pollution situation and also
determination of the influence of long range transport.
To separate it from the influence of local sources,
correlations with size segregated particle number
concentrations were used at the Czech ACTRIS, EMEP,
and GAW rural background site.
The Košetice site (N 49°35', E 15°05'; 534
m.a.s.l.) is located 60 km SE of Prague, and a closest
town lies 15 km to the south, with a population of 16
thousand inhabitants. However, there are also several
small settlements within a 3 km radius, of which
Košetice village is the largest, and the village of
Kramolin is the closest (1.2 km to the SW, 10
inhabitants). Major national highway is situated 6 km
north of the site. Finally, an industrial biomass burning
plant lies 7.5 km SW from the site.
The 24h PM2.5 samples were collected every 6th
day over 13 months period. The two PM2.5 samplers were
used one using TEFLO and the other one double quartz
fibre filters. Chemical analysis of samples provided
elemental (PIXE), water soluble ion (IC), organic and
elemental carbon (OC/EC, TOT, EUSAAR2) and
levoglucosan (LVG, GC-MS) concentrations in PM2.5. In
addition to that, number size distributions were measured
continuously using SMPS and the data averaged to 24 h
sampling periods were used for correlation analysis of
size segregated particle number concentrations with
PM2.5 and its components using Spearman correlation
coefficients (r).
Organic matter from biomass burning was
calculated using OCBB to LVG ratio equal 10 (Szidat et
al. 2009) and OMBB to OCBB ratio 1.6, based on Elsasser
et al. (2013). OMREST was all OM other than OMBB. All
details can be found in Schwarz et al. (2016).

showing prevailing OMBB emission from residential
heating in colder period of the year.
Correlation analysis was provided for both
chemical species and size segregated number
concentrations in six electrical mobility size fractions
(10-25nm, 25-50nm, 50-80nm, 80-150 nm, 150-300 nm
and 300-800nm). For the whole sampling period the high
Spearman correlation coefficient r=0.90 was found
between PM2.5 and number of particles between 300 and
800nm (N300-800) supporting high influence of aged
and cloud processed particles. Despite the similarity in
correlation of chemical species between correlations
found for the whole period and heating season (HS)
only, the correlation of PM2.5 with particle number size
fraction were larger (N300-800: 0.98), and more
importantly also very high for smaller particles (N150300: (0.92), N80-150: (0.83)). The last two high
correlations suggested a higher influence of local sources
during HS. Carbonaceous aerosols coming from nearby
villages’ residential heating were identified as influenced
by local sources during heating season. OC correlated
most with N150-300 (0.84) having similar correlation
coefficients 0.82 for N300-800 and 0.81 for N80-150.
This was even more pronounced for EC that exhibited
correlation coefficient O.77 with N80-150 and 0.76 with
N150-300, while the correlation coefficient with N300800 was only 0.64.

A correlation in HS was found between Na
and the smallest particles (N10-25 (0.63) and N2550 (0.64)), which probably resulted from a dilution
effect connected with strong westerly winds that at
the same time allowed for transport of sea salt to
the site. The cleaning of the atmosphere might also
enable new particle formation through decreasing
condensational sink. This is further supported by
the significant anti-correlations between Na and
PM2.5 (-0.46) and N300-800 (-0.52).
This project has received funding from the
European Union Horizon 2020 Research and Innovation
Programme under Grant Agreement No. 654109.

Figure 1: Seasonal mass closure at the site
The seasonal mass closure showed in Fig 1 showed the
highest variability among a species increment for nitrates
due to their thermal instability in summer and for OM BB

Elsasser, M., Busch, C., Orasche, et al. (2013). Energy &
Fuels, 27(8), 4959-4968.
Schwarz J., Cusack, M., Karban, J, et al. (2016) Atmos.
Res., in press.
Szidat, S., Ruff, M., Perron, N., et al. (2009). Atmos.
Chem. Phys., 9(5), 1521-1535.
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Characterization of secondary inorganic aerosol and their precursor gases at a
suburban site in Northern France
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will as well show the gas-particle equilibrium of the
semi-volatile species, which in the case of ammonium
nitrate has been compared with that calculated by the
thermodynamical model ISORROPIA II (Fountoukis
and Nenes 2007). Pollution roses used to derive local
sources will also be discussed, as well as the ion balance
and the oxidation ratios.

Concentration (µg/m3)

Fine particulate matter with diameter smaller than
2.5 µm (PM2.5) poses human health and environmental
concerns. In Europe, its concentration in ambient air is
regulated by the 2008/50/EC Directive, which sets a
limit value of 25 µg/m3 starting Jan. 1st 2015.
This limit is frequently exceeded in the French NordPas de Calais region. Main reasons accounting for it are
its location amidst an extensive road network, urban
density, and the proximity to European capitals (London,
Paris, Brussels) as well as significant industrial areas.
A large contributor to PM2.5 is secondary inorganic
aerosol (SIA), which may account for more than half of
its mass in Europe. In particular, in North-Western
Europe, ammonium nitrate may reach 27% of the PM2.5
mass (Putaud et al. 2004). Despite such importance,
there is a current lack of high-time resolution data on the
chemical composition of PM2.5 in northern France.
Consequently, improvement on the knowledge of
SIA concentrations and their formation processes from
precursor gases appears as a cornerstone in order to
implement efficient policies to reduce the levels of PM2.5
in the region and thus improve air quality.
In this context, a long-term field campaign aimed at
characterizing secondary inorganic aerosol and their
precursor gases at a suburban site in Douai, France,
started in Feb. 2015.
Concentrations of 8 water-soluble inorganic ions
(WSII) (NO3-, SO42-, NH4+, Na+, K+, Ca2+, Mg2+, Cl-) and
5 precursor gases (NH3, SO2, HONO, HNO3 and HCl)
have been determined every hour with a MARGA 1S
(Monitor for AeRosols and GAses in ambient air) (ten
Brink et al 2007). A 2-wavelength Aethalometer at 370
nm and 880 nm was used for the analysis of UVabsorbing aromatic compounds and near-infra-red
absorbing compounds (black carbon), respectively, with
a time resolution of 5 minutes. NOx and SO2 have been
monitored every 15 minutes with a NOx 2000G monitor
and AF22M SO2 monitor, respectively. The PM2.5 total
mass has been measured by a Beta Attenuation Monitor
(BAM-1020) every hour. Heavy metals have been
sampled on Teflon filters on a daily basis using a
PARTISOL 2300 air sampler. Meteorological
parameters such as temperature, relative humidity,
pressure, wind speed and direction and precipitation
were also monitored on site.
The annual average mass contribution of WSII to
PM2.5 has been of 56.6 %. Monthly averages for all the
WSII measured by the MARGA are shown in Figure 1,
with NO3- being the predominant ion, followed by SO42and NH4+. The daily and seasonal variability for each
inorganic ion and precursor gas will be presented. We

Figure 1. Monthly averages (March 2015 – February
2016) of water-soluble inorganic ions measured at a
suburban site in Douai, France
This study is the first one in France to conduct such a
measurement campaign with a MARGA, delivering a
long-term hourly database on inorganic aerosols and
their precursor gases. Hence, it has contributed to
improve the knowledge of SIA, and has proven the
valuable use of MARGA for air quality monitoring.
This work is funded under the AACT-AIR (ADEME)
program grant 1562C0011 and has also been supported
by ARMINES. Mines Douai participates in the CaPPA
project which is funded by the French National Research
Agency (ANR) through the PIA (Programme
d’Investissement d’Avenir) under contract ANR-11LABX-0005-01 and by the Regional Council “Nord-Pas
de Calais and the European Funds for Regional
Economic Development (FEDER).
Fountoukis, C. and Nenes, A. (2007) Atmos. Chem.
Phys. 7, 4639–4659.
Putaud, J.P., Raes, F., Van Dingenen, R., Brüggemann,
E., Facchini, M.-C., Decesari, S., Fuzzi, S. et al.
(2004) Atmos. Environ. 38, 2579–2595.
ten Brink, H, Otjes, R., Jongejan, P. and Slanina, S.
(2007). Atmos. Environ. 41, 2768–2779.

European Aerosol Conference 2016

Tours, France

Page 285 of 1211

Hygroscopicity of sub 30nm SOA particles during CLOUD 10
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The impact of aerosol particles on the atmosphere and
climate depends strongly on their ability to take up water
vapour (hygroscopicity) and act as cloud condensation
nuclei. The hygroscopicity is determined by the
composition and the size of the particles. Direct
measurements of the chemical composition of sub 30 nm
particles is quite challenging. Thus, size resolved
hygroscopicity measurements may give valuable insides
into the composition of these particles and how this may
change growing from 10 to 30nm.
Sulfuric acid, ammonia and oxidised organic
vapours play an important role in new particle formation
of secondary organic aerosol (SOA) and growth of those
particles. The CLOUD chamber at CERN was designed
to study new particle formation and the early stages of
particle growth (Kirkby et al., 2011). During the
CLOUD 10 campaign a range of different conditions
were studied aiming at mimicking atmospheric relevant
processes as best as possible and at the same time
deciphering the influence of the different factors on
hygroscopicity (see Table 1 for details). Ozone
concentration and relative humidity (RH) in the chamber
were held constant. Photo-oxidation (OH radicals) was
induced by UV lights which also influenced the H 2SO4
production from SO2.
Table 1. Range of experimental conditions
condition
range
organic precursors -pinene
-pinene + -3-carene
isoprene
[H2SO4]
104 – 5 ∙ 107 /cm3
[NOx]
0 – 15 ppb
[NH3]
0 – 3 ppb
temperature
-25ºC – 25ºC
The hygroscopic growth factor at 90% RH was
measured with a custom built Hygroscopicity Tandem
Differential Mobility Analyser (nanoHTDMA) for
particles of sizes from 10 to 25nm (Keskinen, 2011).
Then the hygroscopicity parameter  was calculated
based on the method by Petters and Kreidenweis (2007).
As the  values for pure H2SO4 and -pinene derived
SOA are known, the volume fractions of organics and
H2SO4 in the particles can be calculated with the simple
Zdanovskii–Stokes–Robinson (ZSR) mixing rule.
Higher gas phase H2SO4 concentrations increased
the hygroscopicity of the particles while higher organic
precursor concentrations in the gas phase decreased it
(see Fig 1). Only a small effect of the particle size was

observed between 15 and 25nm. The impact of NOx in
the system was also investigated. NOx can influence the
composition of the particles directly through the
oxidation pathway of the organics and indirectly by
lowering the H2SO4 concentration.

Figure 1. Average hygroscopicity parameter  vs gas
phase H2SO4 concentration for experiments with 1.3 ppb
-pinene+-3-carene precursor mix (error bars are
standard deviation from averaging).
This research was supported by the Academy of Finland,
Finnish Center of Excellence (decision no 272041), the
European Research Council (ERC Starting Grant
335478) and the CLOUD funding network.
References:
Keskinen, H. et al. (2011), Aerosol Sci. Technol., 45,
1441–1447, 2011.
Kirkby, J. et al. (2011), Nature, 476, 429–435, 2011.
Petters, M. , & Kreidenweis, S. (2007), Atmos. Chem.
Phys., 7, 1961–1971, 2007.
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Quantification of imidazoles in ambient aerosol particles from different
environments in Europe and China
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Imidazoles are currently widely discussed in recent
literature (Laskin et al., 2015). It was found that they
potentially act as photosensitizers triggering secondary
organic aerosol growth ( Aregahegn et al., 2013) and that
they are forming constituents of light absorbing brown
carbon (e.g., Kampf et al., 2012). They have also been
studied as a secondary product of the reaction of
dicarbonyls with nitrogen containing compounds in a
number of laboratory studies. Despite the knowledge from
laboratory studies, only little quantitative information
about imidazoles in ambient aerosol particles is available
(Teich et al., 2016).
In the present study, 11 small alkyl-substituted
imidazoles were identified and quantified in ambient
aerosol samples from different environments in Europe
and China. The quantified imidazoles are: 2imidazolecarboxaldehyde, 1-butylimidazole, 2-methyl-1propylimidazole, histidine, 1-methylimidazole, 2methylimidazole,
4(5)-methylimidazole,
1,2dimethylimidazole,
2,4-dimethylimidazole
1ethylimidazole and 2-ethylimidazole.
Field measurements at five different sites in 2013
and 2014 were carried out with a PM10 DHA-80
DIGITEL sampler. The measurement sites are
characterized by high anthropogenic pollution (Wangdu
and Xianghe, China, summer), highly influenced by
biomass burning (Leipzig, Germany, winter) and biogenic
emissions (Waldstein, Germany, summer) or can be seen
as a rural background site (Melpitz, Germany).
Measurements in Melpitz were performed during winter
and summer. Hence, a comparison between different
seasons and differently influenced sites could be made.
The filters were extracted into methanol. Subsequently,
the solvent was evaporated until dryness under a gentle
nitrogen stream. The residue was then redissolved into
ultrapure water. The concentration of imidazoles was
determined by using capillary electrophoresis coupled
with mass spectrometry.
Maximum concentrations observed were in a range
of a few ng/m3. Imidazole rings with an additional methyl
group were found to be the most abundant. The
occurrence of imidazoles seems to be favored at sites with
strong biomass burning influence or connected to more
polluted air masses.
Our work corroborates the laboratory studies by
showing that imidazoles are present in ambient aerosol
samples in measurable amounts. Moreover, it further
motivates to explore the potential photosensitizing
properties of small alkyl-substituted imidazoles.

This work was supported by the DFG under grant PI
1102/3-1 and HE 3086/26-1.
Aregahegn, K. Z., Noziere, B. and George, C. (2013),
Faraday
Discuss.
165,
123-134,
DOI:
10.1039/c3fd00044c
Kampf, C. J., Jakob, R. and Hoffmann, T., (2012), Atmos.
Chem. Phys. 12 (14), 6323-6333, doi:10.5194/acp-126323-2012
Laskin, A., Laskin, J. and Nizkorodov, S. A., (2015),
Chem. Rev, 115 (10), 4335–4382, DOI:
10.1021/cr5006167.
Teich, M., van Pinxteren, D., Kecorius, S., Wang, Z. and
Herrmann, H., (2016) Environ. Sci. Tech. 50 (3),
1166-1173, DOI: 10.1021/acs.est.5b05474
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Changes in the aerosol size distribution depending on raindrop size distribution in León
(Northwest Spain)
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This study was carried out in the Spanish region of
Castilla y León, which is surrounded by mountains that
protect the area from the influence of the sea. The
selected study zone is León, a city in the northwest of
Castilla y León. León lies in a transition area between
the two main climatic regions of Spain: the continental
area and the Mediterranean area. The city of León (42º
46´ N, 5º 35´ W) lies on a terrace between two rivers in
the northern plateau of Spain. The raindrops and aerosol
distributions were registered at the university campus of
León, at the premises of the University (about 840 m
above sea level), to the northwest of the city.
The sampling was carried out during the period
between February 12th 2016 and May 31th 2016.
An
optical
disdrometer
THIES
Laser
Precipitation Monitor has been used for this study. This
device measures hidrometeor velocity and size as they
are intercepted in the sampling field, by the duration and
the decrease in laser emission registered. The laser used
is 780 nm wavelength and the sampling area is 228 × 20
mm². The raindrop sizes that may be detected have been
grouped into 22 classes, and the number of drops per
size is presented grouped per minute. For every minute,
the average dropsize in each event has been calculated
and also the evolution of precipitation, including rainfall
intensity, total precipitation, raindrop mean size and the
parameters of the gamma distribution.
In addition, the particle sizes were classified into
31 discrete channels (size ranges) between 0.1 to 10 µm,
using a laser spectrometer probe (Passive Cavity Aerosol
Spectrometer Probe, PMS Model PCASP-X). From the
aerosol composition, the aerosol refractive index and
density were estimated (Alves et al., 2014). The
diameters corresponding to the different channels
(particle bin sizes) were corrected using these refractive
indices in a model based on the Mie Theory.
The particle size spectra were measured in 112
discrete channels (size ranges) between 0.18 nm to 1 µm,
using a high resolution nanoparticle sizer (Scanning
Mobility Particle Sizer Spectrometer, SMPS Model
3938).

Using the calculated density, the mass
concentration was estimated, and the evolution of PM1,
PM2.5 and PM10 was assessed. Likewise, the Total
Number of Particles, Total Surface, Total Volume,
Geometric Mean Diameter (CMD), Surface Mean
Diameter (SMD), Volume Mean Diameter (VMD) and
Geometric Standard Deviation (σ g) of the number,
surface and volume distributions have been obtained.
The present study aims to characterize aerosol
size distributions in León and the effect of precipitation
over the different modes of aerosol size distributions:
Aitken, accumulation, and coarse particles. In order to
evaluate the effect of rain on aerosols, the evolution of
the particle sizes before, during and after the rain, and
the scavenging coefficient (Λ) have been studied. The
relationship between the studied variables (Zhao et al.,
2015) was also analyzed.
The aerosol size fractions associated with health
problems were evaluated following the Spanish standard
UNE 77213, which is equivalent to the ISO 7708:1995.
From the experimental size distributions, first the
inhalable and thoracic fractions, and then the
tracheobronchial and respirable fractions were assessed
for healthy adults and high-risk groups (children, elderly
or infirm people).
This study was partially supported by the Spanish
Ministry of Economy and Competitiveness (Grant
TEC2014-57821-R), the University of León (Programa
Propio 2015/00054/001), the LIFE programme
(AIRUSE, LIFE 11/ENV/ES/000584) and AERORAIN
project (Ministry of Economy and Competitiveness,
Grant CGL2014-52556-R, co-financed with FEDER
funds).
Alves C., Calvo A.I., Marques L., Castro A., Nunes T.,
Coz E. and Fraile R. (2014). Environ Sci Pollut Res
21, 12390-12402.
Zhao S., Yu Y., He J., Yin D. and Wang, B. (2015).
Atmos Environ 102, 70-78.
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Seasonality of the chemical composition of PM1 over Cyprus using near real-time
measurements. Sources and geographic origins.
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Chemical composition of the PM1 aerosol was
investigated throughout 2015 over the island of Cyprus,
located in the Levantine Sea, the easternmost part of the
Mediterranean. The island, lies at the crossroads of
diverse air masses, both natural and anthropogenic.
Approximately 69% of these air masses originate from
the polluted north (Turkey, Europe), 10% are of “clean”
marine origin and 18% from Africa and the Middle East.
The remaining 3% corresponds to stagnant weather.
An Aerodyne quadrupole Aerosol Chemical
Speciation Monitor (ACSM) was deployed at the Cyprus
Institute Atmospheric Observatory at the remote area of
Agia Marina Xyliatou (35.04N–33.06E, 532 m a.s.l) in
mainland Cyprus for an entire year (05/01/2015 05/01/2016). The ACSM, was set to deliver mass spectra
and thus chemical composition of non-refractory
atmospheric aerosol at temporal resolution of 30
minutes. These measurements were complemented with
those of black carbon (BC) by means of a Magee
Scientific 7-wavelength Aethalometer (AE-31) at
temporal resolution of 5 minutes. Quality control of the
measurements was conducted by comparison with
chemical analysis of concurrent 24h sampling on filters
as well as comparison with 1-h PM2.5 derived by a
Thermo Scientific TEOM Monitor (Series 1400). Origin
of the air masses arriving at Agia Marina was also
investigated. Back trajectories were calculated at four
distinct times for each day of the entire measuring period
using the Lagrangian dispersion model Flexpart. Source
apportionment analysis of the organic aerosol (OA) mass
spectra acquired was also performed, using the SoFi
toolkit (Canonaco et al., 2013). A three factor solution
was determined that included an equal contribution of
low volatility oxygenated OA (LV-OOA) and semivolatile oxygenated OA (SV-OOA), additional to
approximately 10% of hydrocarbon-like OA (HOA) to
the PM1 organic fraction.
The combination of
retroplume analysis and PMF, will allow us to pinpoint
the pollution regions that affected Cyprus and apportion
their contribution, focusing on the organic fraction.
The dominant PM1 component, shown in Fig. 1,
was OA, accounting for 43% which corresponds to an

annual average concentration of 4.41 μg∙m-3. Sulfate
contributed in average 2.64 μg∙m-3 at 26% and
ammonium 2.41 μg∙m-3 at 24%. Finally nitrates
contributed 0.3 μg∙m-3 and Black Carbon 0.36 μg∙m-3, a
3% and 4% respectively. Chloride was found to
contribute a negligible amount.
.

Figure 1. Monthly average PM1 mass loadings and
chemical composition over Agia Marina Xyliatou
The observed annual cycle exhibits a maximum,
in August with respect to total mass. The minimum was
observed in February. This behavior can be related to
long range transport during summertime from the wider
Northern sector, and pronounced removal mechanisms
affecting air masses during wintertime coinciding with
the wet season in Cyprus. This assumption is further
supported by the annual variation of sulfate and
ammonium which seem to follow closely this trend
exhibiting maxima in August and minima in January and
February. The winter maximum observed for January is
mainly driven by OA along with BC, while ammonium
and sulfate remain close to their minimum values.
This study was funded by the French projects
MISTRALS-ChArMEx, ENVI-MED “CyAr” and the
European Union’s Horizon 2020 research and innovation
programme under grant agreement No 654109.
Canonaco, F., et al. Atmospheric
Techniques 6.12 (2013): 3649-3661.
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The chemical and isotopic composition of organic
aerosol collected on PM1 filters samples was determined
as a function of desorption temperature from the filter to
investigate the main sources of organic carbon and the
effects of photochemical processing on atmospheric
aerosol. The filter samples were collected at an urban, a
coastal and a forest site in Lithuania (Europe) in March
2013, which due to very low temperatures throughout
the whole month, can be interpreted as winter-time
samples.
The detailed chemical composition of organic
compounds was analysed by a thermal desorption PTRMS. The mass concentration of organic aerosol at the
forest site was roughly a factor of 30 lower than at the
urban and coastal site, indicating that in this cold month
biogenic SOA formation was still very low. Moreover,
the organic aerosol collected at the forest site was more
refractory and contained a larger fraction of heavy
molecules with m/z > 200.
The isotopic composition of the aerosol was used to
gain information on the main sources of organic carbon.
This is possible because the main winter-time sources of
organic aerosol in Lithuania are biomass burning
(Garbaras et al., 2015) and fossil fuel combustion and
organic aerosol from biomass burning is enriched in 13C
compared to organic carbon from fossil fuel emissions
(Masalaite et al., 2015). δ13C values of the organic
aerosol samples showed a positive correlation with the
mass fraction of several individual organic compounds
(tentatively identified as biomass burning tracers). Most
of these organic compounds contained nitrogen,
indicating that nitrogen compounds may serve as tracers
for biomass burning (Fig. 1). Other compounds that
showed negative correlations with δ13COC were identified
as possible fossil fuel tracers. These compounds include
heavy hydrocarbons and were on average less oxidized
than the bulk organic carbon.
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Figure 1. PTR–MS analysed organic mass fraction via
δ13COC values for CHN ions
The correlation of the δ13COC via O/C ratio was
positive at low but negative at high desorption
temperatures at the forest site. We propose that this
might be due to photochemical processing in the
atmosphere, which could lead to accumulation of
isotopically depleted carbon to the more refractory and
more oxidized organic fraction. Detailed laboratory
experiments are necessary to further investigate the
photochemical processing of aerosol particles, before
firm conclusion can be drawn.
This study was funded by the Dutch Science Foundation
(NWO grants Nr. 820.01.001, and 834.08.002).
Garbaras, A., Masalaite, A., Garbariene, I., Ceburnis, D.,
Krugly, E., Remeikis, V., Puida, E., Kvietkus, K.,
Martuzevicius, D. (2015) J. Aerosol Science 79, 8696.
Masalaite, A., Remeikis, V., Garbaras, A., Dudoitis, V.,
Ulevicius, V., Ceburnis, D. (2015) Atmos. Res. 158–
159, 1-12.
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This paper presents an algorithm for aerosol
classification from optical data derived from
multiwavelength Raman lidar measurements. Artificial
Neural Networks (ANN) are the basis of the algorithm,
due to their capability to deal with noisy signals, to
accommodate nonlinear relations and to properly
identify the defined classes after a training process (Ali
et al., 2013; Bishop, 1995). The method consists in
building up a large set of data from simulations for
neural networks training purposes and fine adjustments
using measurements in order to increase the number of
best classified aerosol types.
ANNs with 8 inputs and 14 outputs corresponding
to aerosols types, or 7 inputs and 5 outputs are designed
for High resolution and Low resolution typing processes,
respectively. The ANNs inputs are the standard product
of EARLINET’s multiwavelength Raman depolarization
lidars (Pappalardo et al., 2014): lidar ratios at 355 and
532nm, Angstroem exponent (355/532), linear particle
depolarization at 532 nm, color ratios and color indexes
(532/1064 and 1064/532).
Generalized feed forward and Jordan/Elman ANNs
types have been build up using around 70% of the
synthetic database obtained by simulating the optical
properties of various aerosol types. Due to the constrain
to use statistical significant numbers of cases with
known aerosol types to build up and properly train the
ANNs, the aerosols intensive optical parameters has
been generated using a new developed algorithm which
combines the GADS database (Global Aerosol DataSet)
with OPAC model (Optical Properties of Aerosol and
Clouds) and T-Matrix code (Nicolae et al., 2015).
Several tests have been performed in order to
determine the algorithm typing stability and scientific
accuracy. A good agreement between synthetic
databases used to train the ANNs and available literature
and measurements (Groß S. et al., 2013) has been pin
pointed. Additional tests on unknown synthetic data
assessed the response of the ANNs for cases with data
uncertainties, different aerosol concentrations and
variable relative humidity. Up to 90% of the aerosols
have been properly classified by the High resolution
ANNs, and up to 95% by the Low resolution ANNs.
Tests on different EARLINET observations have been
performed to assess if the algorithm can accommodate
data coming from different lidar systems, with or
without depolarization capability. According to the High
resolution typing algorithm at Bucharest station around
60% of the aerosol layers are continental types, 15%
smoke and 15% dust related type. An example of
algorithm stability check on both layer height and

aerosol types retrieval for both Low and High resolution
typing is evidenced in Figure 1.
Also cross validation for certain periods with
ground based in situ data are performed in order to
identify the aerosols properties and retrieval reliability.
The concentration and size distributions of submicronic
particles derived from aerosol mass spectrometer
measurements specific for biomass burning events are
compared with algorithm retrieval for the layers near
ground. Smoke, mixed smoke, continental smoke and
continental polluted aerosols types are identified, as well
as their source and potential to be sensed by in situ
instruments.

Figure 1. Aerosol classification using typing algorithm
based on multiwavelength Raman lidar data
This work has been supported by the ESA contract no.
4000110671/14/I-LG, NATALI, by Core Program, under the
support of ANCS, project OPTRONICA IV nr PN 16.40 and
by the Programme, Partnerships in S&T priority domain PNII, MEN – UEFISCDI, project number 309/2014, MOBBE.
Ali S. E. et al., (2013), Neural Comput & Applic., 23, 2267–
2279
Bishop C. M., (1995), Neural Networks for Pattern
Recognition, Clarendon, Oxford, U. K., 1995
Groß S. et al., (2013), Atmos. Chem. Phys., 13, 2487–2505,
doi:10.5194/acp-13-2487-2013
Hinton G. et al., (2006), Neural Computation, 18(7), 1527 –
1554
Nicolae et al., (2015), Proc. of 27th International Laser Radar
Conference, Aerosol Retrievals and Observations
Pappalardo et al., (2014), Atmos. Meas. Tech., 7, 23892409, doi:10.5194/amt-7-2389-2014
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The island of Cyprus, located in the Eastern
Mediterranean, is often affected by dust aerosols
transported from the Sahara or from the Middle East
desert regions. An intensive monitoring field campaign
(part of the BACCHUS project) was setup at the
background atmospheric monitoring station of Ag.
Marina, Cyprus (35.038° N, 33.058° E, 532 m a.s.l)
during March 2015 for probing the properties of dust
particles, exploiting the geographical particularity of the
island.
In this work we focus on the most severe dust
event observed during the campaign with respect to insitu hygroscopicity measurements. A custom-made
Hygroscopic Tandem Differential Mobility Analyzer
(HTDMA; Rader and McMurry, 1986) was employed to
sample atmospheric particles with dry mobility
diameters of 60, 80, 100, 140 and 180 nm and exposing
them to a relative humidity (RH) of 87±2% for
determining their hygroscopic properties. The TDMAfit
algorithm (Stolzenburg and McMurry, 1988) was used to
distinguish between modes corresponding to particle
populations of different hygroscopic properties. The
mass and chemical composition of the non-refractory
sub-micrometer particles were obtained from an Aerosol
Chemical Speciation Monitor (ACSM; Ng, N. L. et al.,
2011) along with the mass of <2.5μm diameter aerosols
(PM2.5) by a TEOM (Rupprecht and Patashnick, Inc.
Model 1400a). Aerosol Optical Depth (AOD)
corresponding to the coarse and fine aerosol modes over
Nicosia (35.114° N, 33.377° E), which was the closest to
the sampling location, were determined by the Spectral
Deconvolution Algorithm (SDA; O’Neill et al., 2003)
from AERONET observations.
The increased levels of the SDA AOD measured
for the coarse mode at 26 March 2015 indicate the
arrival of the dust at the site (Fig 1a) but not necessarily
at ground level. During this time a closure between
PM2.5 (measured by TEOM) and submicron mass
(measured by ACSM) was observed (Fig. 1b). However,
from 29 to 31 March, the PM2.5 mass increased
significantly, while the submicron mass, reported by the
ACSM, was reduced. A possible reason could be either
that (a) the dust particles acted as the
condensation/coagulation sink for precursor gases and
smaller particles due to their increased surface area, thus
reducing the mass of the sub-micrometer particle mode
or (b) that the PM2.5 was dominated by refractory
particles. Furthermore, during those days the

hygroscopic parameter κ (Petters and Kreidenweiss,
2007) of the 180-nm particles was significantly reduced,
suggesting the presence of nearly hydrophobic particles
(Fig 1c) in this size range. The hygroscopic parameter
estimated from the ACSM measurements (κACSM) is also
provided in Fig 1c, and shows good agreement with the
measurements, except the short period from 29 to 31
March. Note, that κACSM was estimated assuming that the
organic fraction has an apparent density (ρorg) of 1.4
g/cm3 and a hygroscopic parameter (κorg) of 0.1.

Figure 1. Aerosol optical depth for coarse and fine mode (a),
aerosol mass obtained from TEOM and ACSM measurements
(b), and hygroscopic parameter κ values of 180-nm particles
obtained from the HTDMA and estimated from particles’
chemical composition (c), for the period of interest (23-31
March 2015).
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Investigating the chemical composition and morphology of natural mineral dust samples
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Mineral dust is an important component of tropospheric
aerosols representing the largest mass emission rate of
particles at a global scale (Andreae and Rosenfeld,
2008). Although the primary sources are arid regions,
because of global air circulation, mineral particles
undergo long-range transportation to remote areas. Dust
particles have a direct effect on the radiation budget of
the atmosphere, thus they impact Earth climate. Besides,
they also act as efficient platforms for the scavenging or
conversion of gases.
For these reasons, the heterogeneous processes of
mineral dusts with atmospheric trace gases have
generated a great deal of interest. Particularly, the
literature studies report the kinetics and products of dust
interaction/reaction with gas pollutants under various
environmental conditions. In many cases, the authors
attempt to interpret or compare their results with others
reported on different samples, without considering the
physicochemical properties of each dust. Even for
Arizona Test Dust (ATD), used as a “reference” material
in many studies due to its commercial availability and
not its standard properties, limited information comes
from the supplier. Therefore, it is necessary to initially
investigate the chemical composition and morphology of
particles in order to better comprehend the observed
kinetics and mechanisms of degradation of pollutants.
Mineral dust samples that originate from different
arid regions, in particular natural ones collected from
Saharan, Gobi and Saudi Arabia deserts, and two
samples of commercially available ATD, were
characterized using the less-than-100-µm sieved fraction
(corresponding to the one that can be suspended in air).
N2 sorption measurements and granulometric analysis
were performed to determine the specific surface area
and the particle size distributions, respectively. The
chemical properties of dusts were examined employing
both X-Ray Fluorescence (XRF) and Diffraction (XRD).
The complementary use of the X-ray techniques allowed
the determination of the chemical composition of the
bulk samples. Besides XRF and XRD, dust could also be
characterized by means of Raman spectroscopy for
surface analysis and/or employing a Diffuse Reflectance
UV-Vis Spectrometer for UV absorption properties.
Figure 1 presents results obtained with a first
group of samples collected from six different regions
along the Sahara desert, extending from Tunisia to the
western Atlantic coastal areas of Morocco. It was
observed that the relative abundance of Si decreases
moving from the East part of Sahara to the West
(Romanias et al, 2016). The SiO2 fraction in the samples

from mid-eastern Sahara desert is around 82%. On the
contrary samples collected on the western coastal areas
of Morocco contain only ~50% of SiO2. This observation
is of significant importance since up to now it has been
considered that the relative abundance of SiO2 is around
50% (Hanisch and Crowley, 2003).

Figure 1. Elemental bulk composition (%) of Saharan
mineral dust measured with XRF and XRD.
The complete characterization of the samples will
provide further information that could be later used to
interpret the observed reactivity on these samples.
Furthermore, their large diversity will allow us to
highlight and assess the differences on the properties of
the natural samples and to examine whether ATD could
be considered as a “reference dust”.
This work is part of the CaPPA project funded by the
ANR through the PIA under contract ANR-11-LABX0005-01, the “Nord-Pas de Calais” Regional Council and
the European Regional Development Fund (ERDF).
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Atmospheric aerosol affects climate change, visibility
and human health. The formation, lifetime, and removal
of atmospheric particles are strongly influenced by their
volatility. An accurate description of volatilities of
atmospheric aerosol is important for several reasons. It
helps to predict the phase-partitioning of particular
species and it is also significant for the correct
interpretation of aerosol measurement. Moreover,
description of particle volatility is necessary for models
calculating condensation of semi-volatile species or for
calculation of particulate losses in measurement
instrumentation due to changes in temperature or
pressure. There is still a need for better understanding of
volatilities of organic atmospheric aerosol (Huffman et
al., 2009).
The main aim of this work was to describe the
seasonal differences in chemical and physical properties
between a rural and suburban site. Special focus was
given to the volatility of organic aerosol.
The measurements were carried out at a suburban
background site in Prague Suchdol (50°07' N, 14°23' E)
and at a rural background site Košetice (49°34' N, 15°05'
E). At each site we performed a six-week measurement
campaign in both summer and winter, i.e. four
campaigns in total. The main deployed instrument was
the c-ToF- AMS (Drewnick et al, 2005). Before entering
the c-ToF-AMS the sample alternately passed through a
thermodenuder (TD, Aerodyne Research, Inc.) (Huffman
et al, 2008) that was heated on 140°C.
The campaigns were further divided into episodes
according to the clusters of backward air mass
trajectories calculated using the HYSPLIT model
(Draxler & Hess, 1998). For each of the clusters a
chemical composition of thermodenuded and nonthermodenuded sample was calculated (Figure 1). The
chemical composition of non-thermodenuded sample at
the suburban site Suchdol was in compliance with a
previous measurement at the site (Kubelová et al, 2015).
It can be seen from Figure 1 that the least volatile
component was sulphate, while organics and particularly
nitrate were the most volatile. Ammonia bound in
sulphate went through the thermodenuder almost
quantitatively, on the other hand ammonia bound in
nitrate was almost completely lost.

Figure 1. Chemical composition of a sample measured at
the rural site Košetice during a summer campaign a)
non-thermodenuded sample b) thermodenuded sample.
The particular sample was connected with air mass
trajectories coming from the north-east.
We have also compared the mass spectra of the
thermodenuded and non-thermodenuded samples. As
could have been expected, the increasing mass (m/z) was
connected with decreasing volatility.
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financial support by the Czech Science Foundation under
project No. CSF P209/11/1342.
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Researches on the source profile of particulate matter in China
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Abstract
Chemical source profiles are the fractional mass abundances of measured chemical
species relative to primary PM2.5 mass in source emissions. The profiles could be used
to create chemically speciated emissions inventories, and to apportion ambient
concentrations to sources using the chemical mass balance receptor model. Different
sources such as industrial activities, motor vehicle exhaust, residential coal burning,
fugitive dust, and other aerosol sources. Different from western countries, the source
emissions of aerosols in China is more complicated, due to the rapid increase of
economic development and energy consumption, as well as the great number of
population. However, the systematic source profiles of China are very limited. The
Ministry of Environmental Protection in China started to organize the source
identification of PM2.5 in the big cities in China since 2013. Thus the establishment
of source profiles of different chemical species seems more important. In this paper,
we collected the data of source profiles in many cities, including the inorganic
elements, ions, organic carbon and so on. Also the characteristics of different sources
from different regions were investigated.
Keywords: source profile, PM2.5, chemical mass balance, coal emission, fugitive
dust
Acknowledgement: State special basic foundation (No. 2013FY112700-02), and the
welfare reform foundation of CRAES (No. 2013YSGQ01).
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Chemical composition of PM1, PM2.5-1 and PM10-2.5 in an urban environment
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Coarse and fine particles overlap in aerodynamic particle
size range 1 - 2.5 µm, known as the intermodal fraction
(PM2.5-1). Sources of both coarse and fine aerosols
contribute to the intermodal fraction to a different extent
relating to different meteorological conditions and types
of locations. According to several studies, the intermodal
fraction highly correlates with coarse aerosol in arid
areas during high wind speed episodes (e.g. Kegler et al.,
2001). In contrast, other studies have shown higher or
comparable correlation with fine aerosol (Geller et al.,
2004). The aim of this study was to determine the
chemical composition of the intermodal fraction in urban
and suburban sites and estimate the similarity with fine
(PM1) or coarse (PM10-2.5) fraction.
24-hour concentrations of PM1, PM2.5-1 and PM102.5 were sampled by a Sioutas personal cascade impactor
sampler (PCIS) at an urban (Benatska) and a suburban
(Suchdol) site in Prague, Czech Republic, during 15 days
in summer 2014 and winter 2015. The ion composition
(Ion chromatography) and the elemental composition
(SEM + EDX) of collected samples were determined. In
addition, basic meteorological parameters were
monitored.
The highest median concentrations of PM1 and
PM2.5-1 were observed during the winter season at both
sites (Table 1).
Table 1. Median of 24-hour concentrations from PCIS.
Campaign

PM1
(g/m3)
Benatska_s
8.5
Suchdol_s
8.5
Benatska_w
29.4
Suchdol_w
26.2
s-summer, w-winter

PM2.5-1
(g/m3)
0.9
0.9
1.4
1.2

PM10-2.5
(g/m3)
1.4
1.8
1.0
1.0

PM2.5-1 strongly correlated (Spearman correl.
coef.) with PM10-2.5 during all campaigns (rs=0.64-0.83)
and an association with PM1 was mostly weaker
(rs=0.26-0.78), apart from Suchdol winter measurement.
In addition, during this Suchdol winter campaign PM2.5-1
negatively correlated (rs= -0.51) with wind speed (WS)
probably due to closer relationship with PM1.
Conversely, for the Suchdol summer campaign positive
correlation between PM2.5-1 and WS (rs=0.49) was found
(closer relationship with PM10-2.5).
High relative Ca2+ ion mass was analysed in
PM10-2.5 and PM2.5-1, minimum relative Ca2+ ion mass

was found in PM1. Relative SO42- ion mass in each
fraction is shown in Figure 1.

Figure 1. Relative SO42- ion mass in all three fractions.
Higher relative mass of elemental sulphur was
measured mainly in PM1 and PM2.5-1 during winter
campaigns than in summer. Higher relative mass of
elemental iron was determined in all three fractions in
Benatska than in Suchdol, probably due to traffic in a
close busy road. Conversely, in Suchdol higher relative
mass of elemental sodium was measured for all fractions
in both seasons. At Suchdol site seasonal differences
were more evident. We observed higher relative mass of
elemental iron and silicon and less sulphur in summer.
The behaviour of PM2.5-1 depended on season,
wind speed, relative humidity and location. PM2.5-1 was
strongly associated with PM10-2.5 in all campaigns and
the correlation with PM1 was also high in some cases.
Chemical composition of each fraction showed similarity
between PM2.5-1 and PM10-2.5. Similarity between PM2.5-1
and PM1 was found mainly in some winter days.
The project is supported by Charles University Grant
Agency (274213) and the Czech Grant Agency
(P503/12/G147).
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basin, J. Air Waste Manag. Assoc., 54, 1029-1039
Kegler, S.R., Wilson, W. E. and Marcus, A.H. (2001)
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Aerosol monitoring activities at the Navarino Environmental Observatory,
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The Navarino Environmental Observatory (NEO) is a
collaboration between the Stockholm University, the
Academy of Athens and a private company (TEMES
S.A.), dedicated to research and education on the climate
and environment of the Mediterranean region. NEO's
aerosol station is situated at Methoni, a coastal site at
SW Greece (36° 49' 32'' N, 21° 42' 17'' E, 50 m a.s.l.). To
the NE and at a direct distance of 220 km from NEO the
city of Athens is situated, the largest metropolitan center
in Greece. The Megalopoli Power Plant is situated 52 km
NE of NEO and it produces electricity from coal and
lignite mainly mined locally in the Megalopoli Power
Plant. Liakakou et al., (2013) has shown the influence
from various sources on the atmospheric composition of
the area.
NEO operates an aerosol station for monitoring of
the main aerosol physical, optical and chemical
properties, as well as a radiometric station, since 2011. It
is registered in ACTRIS (Aerosols, Clouds, and Trace
gases Research Infra Structure Network) as an associate
partner station since 2012. Among the parameters
measured are:
• (a) Scattering coefficient at 530 nm monitored by
means of a nephelometer (M903, Radiance Research)
under a flow of 5 lpm on five minute integration
intervals. The instrument is coupled with a silica gel
dryer for determination of ambient relative humidity
impact to scattering.
• (b) Absorption coefficient quantified as a function of
Black Carbon (BC) with a single wavelength
aethalometer (model AE-16, Magee Scientific) at 880
nm, sampling at 7.5 lpm in five minutes basis. The
aethalometer data are corrected for multiplescattering and shadowing effects according to
Weingartner et al (2003).
• (c) Aerosol size distributions in the 0.4-20 µm
aerodynamic diameter range monitored by a custom
made DMPS (Sweden SU) and an Aerodynamic
Particle Sizer (APS-3321, TSI).
• (d) Chemical composition of aerosols (PM2.5) on a
campaign
basis
and
semi
continuously
(15days/month) since March 2016.

The role of the site is to maintain long term
monitoring of aerosol physical, chemical and optical
properties (Figure 1), in an attempt to shed light on the
factors that control their levels and variability as well as
to discriminate the relevant contribution from long range
transport versus local sources, with emphasis on the role
of biomass burning (branches burn - oil trees harvest,
domestic heating).

Figure 1. Monthly averaged values of Black Carbon
(BC) and the scattering coefficient at NEO (2011-2014).
Project ACTRIS-2 Integrating Activities (IA) has
received funding from the European Union’s Horizon
2020 research and innovation programme (grant
agreement No 654109).
Liakakou, E., Gerasopoulos, E., Paraskevopoulou, D.,
Zarmpas, P., Theodosi, C., Kalivitis, N., Maneas, G.,
Mihalopoulos, N., Zerefos, C. (2013). European
Aerosol Conference EAC 2013, Prague.
Weingartner, E., Saathoff, H., Schnaiter, M., Streit, N.,
Bitnar, B. and Baltensperger, U. (2003) J. Aerosol.
Sci., 34, 1445–1463.
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The formation and processing of Secondary Organic
Aerosol (SOA) has effects on the global atmosphere,
such as impacts on climate (Kanakidou et al., 2005).
Previous studies have emphasized the importance of
investigating the mechanisms of SOA formation from
VOC oxidation (Hallquist et al., 2009). Toluene and
Limonene have high potentials for SOA formation
(Hildebrandt et al., 2009; Pathak et al., 2012), and
organic nitrate formation has been observed for both
species (Cao and Jang, 2008; Hallquist et al., 1999). To
further characterize the formation and partitioning of
these organic nitrates, a series of flow tube reactor
experiments
were
performed
under
varied
[NOx]/[Toluene] and [NOx]/[Limonene] ratios.
Limonene experiments were performed in the
Gothenburg Flow Reactor for Oxidation Studies at Low
Temperatures (G-FROST). A characterized limonene
source was used to add concentrations of 15, 40 and 100
ppb in a step-wise pattern. A low flow (10 – 80 sccm)
from a N2O5 diffusion source (at -28C) was added to
generate NO3, similar to previous studies (Hallquist et
al., 1999). Reactions were allowed to proceed in the
dark.
For toluene experiments, a Potential Aerosol
Mass (PAM) flow reactor was used. Dry and humidified
air were mixed with O3 and irradiated using two Phillips
TUB 30 W bulbs with peak emissions at 254 nm. Varied
concentrations of NOx (~10-100 ppb, as NO) were added
throughout the experiments to facilitate nitrate
formation. OH was generated by irradiation of the
mixture to drive toluene oxidation. OH exposure in the
chamber at a residence time of 45 s was equivalent to
approximately 3.5 days of atmospheric oxidation.
Characterization of both gas and particle phase
organic species was performed using a High ResolutionTime-of-Flight Chemical Ionization Mass Spectrometer
(HR-ToF-CIMS) coupled to a Filter Inlet for Gases and
AEROsols (FIGAERO). Gases were sampled via ¼”
Teflon tubing and particles were collected through 12
mm copper tubing onto a Zefluor filter. The filter was
cyclically heated 200 ˚C, followed by a temperature soak
for at least 10 minutes to ensure full desorption of
particle phase organics. Sample and desorption times
varied 30-60 and 30-60 minutes, respectively. Aerosol
size distributions and total mass were measured using a
SMPS (TSI Inc., DMA 3081, CPC 3775, and NOx
concentrations were monitored (Teledyne, model 42i).
Several hundred organic species were observed to
be present in the SOA generated from both Toluene and
Limonene. In addition to species present in the Master
Chemical Mechanism (v3.3.1), elevated signals from

many other ions were identified during SOA desorptions.
A comparison of dominant VOCs and particle phase
species, including organic nitrates, formed from both
sets of experiments will be made. Additionally, relative
volatilities of species in the particle phase, as determined
by the timing of the peak ion signal during desorption
from the FIGAERO-HR-ToF-CIMS, will be discussed.
For example, several compounds were detected in the
Limonene experiments at high masses where dimers of
known species could exist. Figure 1 shows a comparison
of the thermal desorption of several of these ions relative
to those of ions at lower masses which desorb
significantly earlier.
3
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Figure 1. Desorption profiles for selected mid- and highmass ions detected during a Limonene experiments.
Analysis of the most important organic species
contributing to SOA mass, and potential identities of the
very high masses detected will be discussed.
This work was supported by VR – the Swedish
Research Council and is a contribution to the Swedish
strategic research area ModElling the Regional and
Global Earth system (MERGE).
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Background sites are considered to be ideal in providing
useful information regarding the trends of natural and
anthropogenic sources of airborne particulate matter
(PM). Hence a study was carried out to identify the
sources contributing to airborne PM at a background site
in the Gothenburg region. The site, Råö, is located along
the Swedish west coast and approximately 35 km south
of the city of Gothenburg. Particulate matter with a
diameter of less than 2.5µm (PM2.5) were sampled from
1st of October to 23rd of November, 2014, and analyzed
for mass concentration, black carbon (BC), and trace
elements. The said samples were part of long term
sampling by the IVL Swedish Environmental Research
Institute AB who uses an automatic sampler that consists
of eight PModel S10 impactors.
The average PM2.5 concentration was 5.7 ± 4 µg
m-3. Black carbon (BC) had the highest average
concentration of all the identified species. It accounted
for 4.9 % of the total PM2.5 mass whereas other detected
trace elements; S, Cl, K, Ca, Fe, Ni, Cu, Zn, Br and Pb
accounted for 6.9 %. The unidentified components were
assumed to be organic matter, nitrates, aluminosilicates
and oxides of both the detected and undetected elements.
A Positive Matrix Factorization (PMF) analysis
identified four source factors that contribute to PM2.5 at
the background site (Figure 1). These sources were
identified as traffic emission, local combustion, long
range transport, and industry emissions in agreement
with an earlier study by Molnár et al (2014). Local
combustion and long range transport were the main
sources and contributed approximately 77 % of the
measured PM2.5. The contribution from long range
transport was traced to sources in Eastern Europe and the
North Sea region (Figure 2). From this study, it can be
concluded that the background areas are influenced by
their own unique sources of PM in addition to the long
transportation of PM from regional sources.

Figure 1. Source factors for airborne particulate matter in
the Gothenburg region identified using PMF analysis.

Figure 2. Clustered back trajectories showing the
prevalent origin of air masses arriving in Gothenburg in
the months of October and November, 2014.
This work was supported by the Swedish Research
Council Formas
Molnár P., Johannesson S. and Quass, U. (2014).
Aerosol Air Qual. Res. 14:725-733, 2014.
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Chemical characterization of PM2.5 and PM10 at five sites in Southern Italy during
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Atmospheric aerosols can affect the climate directly by
absorbing or scattering incoming radiation and indirectly
by acting as a cloud condensation nuclei (CCN). It also
constitutes a crucial factor of air pollution since it
presents adverse effects on health and environment.
The Mediterranean basin is a hot spot for climate
change, but little information are available on aerosol
properties in this area.
In the framework of I-AMICA project (www.i-amica.it),
funded by the Italian Research Ministry trough the
European Fund for Regional Development, an
infrastructure network for environmental monitoring has
been realized in the Convergence Regions, including
four long term observatories for studying atmospheric
composition and climate change: Lecce (40°20’8’’N18°07’28’’E, 37 m asl, in Apulia), Lamezia Terme
(40°3N, 16°1E, 50 m asl, in Calabry), Monte Curcio
(39°2N, 16°2E, 1763 m asl, in Calabry) and Capo
Granitola (37.575N, 12.659E, 5 m asl, in Sicily). All
these observatories were accepted by the GAW-WMO
(Global Atmosphere Watch) program, as Regional Sites
and are equipped with instrumentation for physical,
optical and chemical properties of atmospheric aerosol,
as well as the main green house and reactive gases,
radiation and meteorological parameters.
The instrumentation includes an automatic sampler
(Swam5A Dual Channel Monitor, FAI Instruments, 2.3
m3/h), allowing the daily aerosol mass measurement,
based on β radiation absorption.
Simultaneous field campaigns have been performed on
all the I-AMICA observatories plus the urban site of San
Marcellino (40°50′ 48′′N, 14°15′ 30′′E), in the urban area
of Naples (Campania region), that is equipped with the
same sampler. The first field campaign started on
November 25th 2015 and was conducted during 36
consecutive days, with the aim of a comprehensive
characterization of the aerosol chemical composition in
five sites on Southern Italy, ranging from a urban site
(Naples) to a suburban background (Lecce), and the
remote sites on Sila mountains (Monte Curcio) and
Sicily coast (Capo Granitola). The second experiment

started on April 4th, with the same set up as the
December campaign.
The sampling was carried out on daily basis (midnight to
midnight) on burned quartz filters, analyzed by Ion
Chromatography for ion detection (Cl-, NO3-, SO42-,
C2O42-, HCOO-, CH3COO-, Ca2+, Na+, NH4+, K+,
Mg2+), by a thermal optical transmission technique by
using Sunset Laboratory Inc. (Oregon) carbon analyzer
for determination of organic and elemental carbon
fraction and by ICP-MS technique for metals analyses
(EUSAAR II protocol).

Figure 1. I-AMICA observatories, where the field
campaigns have been conducted.
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Similarities and discrepancies when surface and columnar aerosol data are jointly
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V.E. Cachorro, D. Mateos, M.A. Burgos, Y.S. Bennouna, C. Toledano, R. González, C. Velasco-Merino, C.
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One of the most challenging topics in the last years has
been the retrieval of particulate matter levels at the
surface from remote sensing techniques, which can
expand the spatial and temporal coverage of this
magnitude; hence the relationships between columnar
and surface aerosol properties are not a straightforward
problem and are deeply investigated in this study.
Two quantities about aerosol load in the
atmosphere are used: columnar Aerosol Optical Depth
(AOD) and ground-level particulate matter with
aerodynamic diameter below 10 μm (PM10). Other
related parameters such as Ångström exponent (AE) and
PM ratio (PR = PM2.5/PM10) are also used to obtain
information about the prevailing particle size. All these
measurements are obtained in two nearby background
sites belonging to AERONET and EMEP networks in
the north-central area of the Iberian Peninsula for the
period 2003–2014.
The inter-annual monthly means of PM10 present
two separated maxima in March and August (local
minimum in April) which are not apparently followed by
AOD cycle. The inter-annual variability has shown a
similar decrease trend for both quantities and a good
linear agreement between their yearly means is evident
(R = 0.9). At daily or monthly time scales these
correlations are worse (R = 0.58 and R = 0.74,
respectively). Hence, linear relationships are not always
recommended to fit the AOD-PM10 relationship. As
regards particle size, the daily PR-AE scatterplot
displays a rough-bulk correlation due to the prevalence
of medium size particles over the study area.
As day-to-day correlation is not systematic
(especially for high turbidity events), binned analyses are
also carried out to establish consistent relationships
among the four quantities mentioned above, as a
potential application in climate studies. For instance,
Figure 1 shows the PM10 vs AOD analysis. In this way
the synergy between surface concentration and columnar
remote sensing data demonstrates to provide useful
information for aerosol characterization under a climatic
perspective, but also reveals their limitations.

Figure 1. PM10 as a function of binned AOD data. The
data counts for each bin (relative occurrence) are also
shown on the superimposed histogram.

This work was supported by the projects: Nr. 262254
[ACTRIS 2] of European Union Seventh Framework
Programme (FP7/2007-2013), project CGL2012-33576
of Spanish Government (MINECO), and VA100U14 of
Consejería de Educación of Junta de Castilla y León. We
also are grateful to Spanish MINECO for the IJCI-201419477, BES-2012-051868, and PTA2014-09522-I
grants. Also thanks to EMEP (especially to MAGRAMA
and AEMET) and AERONET-PHOTONS-RIMA staff
for providing observations and for the maintenance of
the networks.
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The aim of this work is to study the contribution of
anthropogenic sources to atmospheric aerosols in Athens
for a time period over two decades long. Contribution
from a variety of sources is reflected in the concentration
of certain trace and crustal metals.
Characteristic elements for an urban area such as Athens
are Cd, V, Ni, Pb and Mn which can be considered a
group of metals originating from anthropogenic sources
and Fe, Cu and Cr, which originate from soil dust or
mechanical abrasion processes.
The input of Saharan dust has important effects on the
chemistry of the Mediterranean aerosols. These include:
i) increases in atmospheric concentrations and surface
fluxes of crustal trace metals over sea (e.g. Fe), ii)
decreases in the Enrichment Factor (EF) values on noncrustal-contribution of certain trace metals (e.g. Cu, Zn
and Pb) in the aerosols, and iii) changes in the solid state
speciation of Cu, Zn and Pb. Ca, Fe, K, Mg are typical
constituents of dust.
More information about the origin and the occurrence of
the elements can be obtained by the calculation of the
enrichment factor. The enrichment factor (EF) is defined
as:
EF= (Cia/Caa)/ (Cic/Ca c)
Calcium is chosen as the reference element, where Cia
and Caa the concentrations of an element (i) and of Ca
respectively, while Cic and Cac are the equivalent
concentrations in the earth’s crust.
Atmospheric aerosol samples on TSP suspended
particulate filters were collected at N.C.S.R. Demokritos,
Agia Paraskevi, Attiki, (GAW-DEM) station. The site is
partly influenced by the Urban area and partly by
incoming air from the North East representative of
suburban background atmospheric aerosol conditions
(Eleftheriadis et al., 2014). Samples were collected,
throughout the period 1980-2000 and specifically during
the months January-February for winter period and JuneJuly for summer period. TSP samples were collected at
an operational flow rate of 2.35 m3h-1. 24-72h samples
on Cellulose filters (Whatman 41) and analysed by
Electrothermal Atomic Absorption Spectroscopy for
metals (Ca, Cr, Cu, Fe, Mg, Mn, Ni, V and Zn).
On the other hand Fe originates from natural sources.

Figure 1: Frequency of Enrichment factor with values
higher than 10, for the metals Pb, V, Ni and Zn from
samples collected at 1980-2000.

Figure 2: Frequency of Enrichment factor, lower than
10, for the metals Mn, Cu and Fe from samples
collected at 1980-2000.
Average
value EF

Pb

V

81.2

1.12

Ni
1.3

Mn
0.49

Cu

Fe

Zn

9.01

0.89

64.5

Table 1: Average Value of Enrichment Factors for the
metals Pb, V, Ni, Mn, Cu, Fe and Zn for the whole
sampling period.
Enrichment Factors for Pb and Zn are higher than 10,
which means that in their long term occurrence these
metals have anthropogenic origin
Eleftheriadis K., Oschenkuhn Klaus, LymperopoulouTheopisti,
Karanasiou Aggeliki, Razos Panayiotis, Ochsenkuhn-Petropoulou
Maria (2014) “Influence of local and regional sources on the observed
spatial and temporal variability of size resolved atmospheric aerosol
mass concentrations and water-soluble species in the Athens
metropolitan area.”. Atmospheric Environment 97: 252-261.
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Atmospheric aerosol particles are involved in
numerous physical and chemical processes that have
major impacts on our climate (Petzold et al.1998).
Therefore, we are interested in studying soot particles
from aircraft engines (incomplete fuel combustion)
which are likely to favor the formation of ice crystals
and droplets by heterogeneous nucleation. Many studies
have been conducted over the past few years to better
understand this process of nucleation. These studies
suggest that the ability of soot particles to activate ice
nucleation is probably influenced by their size and their
chemical composition, especially functional groups that
can form hydrogen bonds with water molecules (Hoose
et al.2012, Crawford et al.2011).
In the present work, we investigate the activity of
soot particles regarding their ability to nucleate ice. The
nucleation is induced directly from vapor deposition, i.e.,
in deposition mode. Soot samples are produced by either
a kerosene flame or a Combustion Aerosol Standard
(CAST) burner supplied with various propane-air
mixture ratios resulting in a wide range of organic
carbon to total carbon ratios (OC/TC). Soot samples are
deposited on silicon wafers and further processed in the
nucleation chamber.

Figure 1. IDroNES Experimental set-up.

To carry out our study, we developed and optimized
a new reactor: IDroNES (Ice and Droplets Nucleation
Experimental Set-up). It maintains at controlled
temperature and pressure the reactor cell that is
connected to a cryogenic hygrometer, which measures its
relative humidity. A micro-Raman spectrometer coupled
to an optical microscope allows the monitoring of ice

crystals or droplets formation both optically and
spectroscopically through the vibrational signatures of
hydroxyls (O-H). In addition, prior to nucleation
experiments,
laser
desorption/ionization
mass
spectrometry was used to characterize the soot surface,
in order to establish a relationship between ice
nucleation and the physico-chemical properties of the
surfaces.
This work was supported by the CORAC MERMOSE
project, funded by French Civil Aviation Authority
(DGAC) and by the French National Research
Agency (ANR) through the PIA Programme
d'Investissement d'Avenir) under contract ANR-10LABX-005 (LABEX CaPPA - Chemical and
Physical Properties of the Atmosphere).

Hoose, C., Möhler, O. (2012) Atmos. Chem. Phys. 12,
9817-9854.
Petzold, A., Strom, J., Ohlsson, S., Schroder, F . P.
(1998) Atmospheric Research, 49(1), 21-34
Crawford, I., Mohler, O., Schnaiter, M., Saathoff, H.,
Liu, D., McMeeking, G., Gallagher, M. W. (2011)
Atmospheric Chemistry and Physics, 11(18),95499561
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Variation of spectral properties of black carbon due to biomass burning
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Biomass burning is combustion of any non- fossil or
organic matter. It occurs due to natural causes viz.,
volcanic eruptions, forest fire and manmade causes viz.,
burning of crop residue, combustion of bio fuels, burning
of wood, etc., are man-made causes. It is found to be the
second largest contributor among gases and largest
contributor of carbonaceous fine particles in troposphere.
Clearing of agricultural fields by burning of vegetation
such as paddy and wheat fields amount to release of
large amount of solid particulate matter and gases. It is
among chief source of greenhouse gases- a main culprit
of global warming and adverse climatic changes.
The Black carbon (BC) emission due to biomass
burning has very strong absorption rate at lower
wavelengths and it is formed basically due to incomplete
combustion of biomass, bio fuels and fossil fuels. This
study focuses on understanding the spectral properties of
BC produced by biomass burning at Agra, a sub-urban
region over Indo-Gangetic Basin.
The general aim of this study is to explore the
spectral dependence of biomass burning aerosols which
are required for interpretation of optical properties for
radiative forcing on climate. In this study we present an
up-to-date picture through large number of
measurements of biomass consumption and summarize
biomass consumption by the major types of biomass
burning. BC produced during the burning process has
been measured using seven channels Aethalometer
(model AE33 Magee Scientific, USA).

BC concentration is found to be higher (15.8 µg
m-3) during winter months (November- December) and
around 5.9 µg m-3 during monsoon (July- October). Data
recorded at seven channels (370 nm, 470 nm, 520 nm,
590 nm, 660 nm, 880 nm and 950 nm) has been used to
get the wavelength dependence of absorption coefficient
during three different periods. The AbsorptionAngstrom
Exponent (AAE) has been calculated by fitting the
absorption co-efficient values with power law. A
significant increase in the value of AAE has been noted.
It has been found that its properties depend on the
composition of measured particle.
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Table 1: Absorption coefficient and absorption
coefficient normalized values
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Figure 1: Normalized absorption coefficient.
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The two chromium oxidation states found in ambient
atmospheric particulate matter are trivalent [Cr(III)] and
hexavalent [Cr(VI)] chromium. Cr(III) is a trace
element essential for the proper function of living
organisms. However, Cr(VI) is toxic and exposure to
Cr(VI) may lead to cancer, asthma and bronchitis.
Therefore, it is important to accurately discriminate
between these two species in atmospheric particulate
matter (PM). Little is known regarding atmospheric Cr
chemistry and physics. It was found that atmospheric
Cr(III) is oxidized to Cr(VI) in the presence of dissolved
ozone in liquid coated particles or droplets or even at dry
conditions, while Cr(VI) is reduced to Cr(III) in the
presence of organic carbons and metal ions such as
Fe(II), As (III) and V(II) (Seigneur and Constantino,
1995) at high humidity (Huang et al., 2013). This interconversion between Cr(III) and Cr(VI) results in some
biases in measuring atmospheric Cr concentrations
(Amouei Torkmahalleh et al. 2013). Therefore, it is
critical to estimate the interconversion rate of Cr(III) and
Cr(VI) to be able to quantify C(VI) concentrations in the
ambient air. This study focuses on the simulation of
interconversion of atmospheric chromium in the
presence of PM matrix and dissolved gases such SO2,O3
and NO2 , at different temperatures and pH conditions. In
particular Cr(VI) chemistry on sampling filters is
simulated. Recent field measurements of atmospheric Cr
is used for model validations (Amouei Torkmahalleh et
al., 2013).
The physical properties of Cr containing atmospheric
particles have not been yet investigated. It is critical to
understand the interactions between Cr and dissolved
molecules in atmospheric droplets or deliquesced
particles on sampling filters.
In the present study, radial pair density distribution of
Cr(III) ions and ozone molecules, kinetic potential, and
diffusivity of these molecules in the aerosol droplets at
0°C are investigated using molecular dynamics
simulation. It was found that the presence of chromium
molecules in the cluster influences the interaction
between water and dissolved ozone including solubility
and diffusivity of ozone molecules in the atmospheric
droplets (Figures 1 and 2).

Figure 1. Pair radial distribution between molecules of
water and ozone in the absence of Cr molecules

Figure 2. Pair radial distribution between molecules of
water and ozone in aerosol cluster in presence of
chromium molecules
Mehdi Amouei Torkmahalleh, Chang-Ho Yu , Lin Lin,
Zhihua (Tina) Fan, Julie L. Swift, Linda Bonanno,
Don H. Rasmussen, Thomas M. Holsen and Philip K.
Hopke (2013) Improved atmospheric sampling of
hexavalent chromium, Journal of the Air & Waste
Management Association, 63:11, 1313-1323
Seigneur Christian and Elpida Constatinou (1995)
Chemical Kinetic Mechanism for Atmospheric
Chromium, Environmental science and technology,
29, 222-231.
Lihui Huang, Zhihua (Tina) Fan,Chang Ho Yu,Philip K.
Hopke,Paul J. Lioy,Brian T. Buckley,
Lin Lin, and Yingjun Ma (2013) Interconversion of
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University of Helsinki has performed research flight
campaigns by a light aircraft since 2009 (Schobesberger
et al, 2013) to extend the aerosol measurements into the
boundary layer and lower troposphere. They
complement the extensive on-ground measurements
conducted at the SMEAR II station (see eg. Petäjä et al,
2016). Aims of the campaigns have been to investigate
the representativeness of the SMEAR II measurements,
the new particle formation (NPF), and the evolution of
the planetary boundary layer.
In this study, we compared the airborne results to the onground measurements at the SMEAR II station. We
present the horizontal and vertical variation of the
aerosol concentration and the size distribution. The
extend of our measurement was vertically 3.8 km and
horizontally 30 km in the vicinity of the SMEAR station.
Within this, we present statistical values of these
quantities. Also interesting case study flights on NPF
days are shown.
Our study concentrates on two flight measurements
campaigns. The first one took place on May–June 2013,
and the second one on March–April 2014. The
instrumentation setups were similar. A Cessna 172
aircraft was used as a measurement platform. The
measured quantities included the particle number
concentration (cut-off size of 3 nm) and the particle
number size distribution (size range of 10–400 nm). The
flight data used in this analysis equals 111 hours.
The seasonal and meteorological differences between the
campaigns resulted in differences in the aerosol
properties. Fig. 1 shows the vertical profiles of the
nucleation mode and the CCN sized particles during the
campaigns. The airborne concentrations fit well with the
on-ground measurements. The differences between the
campaigns arise from different NPF frequencies but also
from the different airmass origins and average heights of
the planetary boundary layer. The fraction of NPF event
days of all flight days during 2013 was 57 %, while
during 2014 it was 93%.
Acknowledgements. This work was supported by the
Office of Science (BER), U.S. Department of Energy.
This research has been funded by Academy of Finland
(CoE project no. 272041), the Eurostars Programme
under no. E!6911 and the EC under FP7-ENV-2010265148, and Horizon 2020 programme (grant no.
654109). In addition, this work was supported by
CRAICC and the Swedish Research Councils.

Figure 1. Statistics of the vertical particle number
concentration profiles of the late spring flights 2013
(blue), and the early spring flights 2014 (red). Median
values, as well as 10th and 90th percentiles of the size
bins 10-25 nm and 80-400 nm presented. Circles show
the simultaneous SMEAR II concentration data.
Schobesberger, S., et al. (2013), Boreal Env. Res., 18,
145–163.
Petäjä, T., et al. (2016), Bull. Am. Meteorol. Soc.
http://dx.doi.org/10.1175/BAMS-D-14-00199.1
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The size distribution of PM, OC and EC
during the study period was depicted in Figure 1. It is
clear from Figure 1 that all three parameters depicted
bimodal
distribution
while
the
maximum
concentration for PM and OC was observed at 0.5
µm. On the contrary, EC was found to be more
enriched on particles less than 0.4 µm. The average
OC/EC ratio in particles less than 1 µm was
determined as 10 suggesting that secondary aerosol
formation in Bolu atmosphere. The levels of these
pollutants increased in winter time indication that
emissions from domestic heating are important
sources releasing these pollutants to the ambient air
of the city.
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Weekly size segregated PM samples were
collected in a station at the city of Bolu between July
2015 and January 2016. A cascade impactor was used
for the collection of weekly PM samples on pre-fired
quartz filters in eight different size ranges (9.0-10.0
µm, 5.8-9.0 µm, 4.7-5.8 µm, 3.3-4.7 µm, 2.1-3.3 µm,
1.1-2.1 µm, 0.65-1.1 µm, 0.43-0.65 µm) and backup (
<0.43 µm). The collected samples were analyzed for
large suite of parameters including EC/OC by
Thermal Optical method, metals from Li to U by
ICPMS, and major ions by IC.
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Bolu is located at the Northwestern Black Sea region
of Turkey with a population 230,000. About 60 % of
the city is covered by forests and mountains.
Frequent air pollution episodes are observed at the
city center particularly in winter time due to low
boundary layer height and ventilation. There is an
ongoing debate on which properties of particulate
matter is significant in determining human health
impact. Harrison and Yin (2000) put forward that
bulk chemical composition and particle size
distribution are the important and inter-related factors
influencing the toxicity of the particulate matter.
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Figure 1. Size distribution of PM, OC and EC during
the study period
Except for sulfate and nitrate, the rest of the
major ions depicted bimodal distribution. Sulfate and
nitrate, most important parameters determining the
acidity of the particulate matter, were peaked on
particles less than 1 µm implying the anthropogenic
origin of these parameters.
The concentrations of sulfate, nitrate,
potassium and anthropogenic originated metals (As,
Sb, Ni, Cr, Cd, Pb, V etc.) were increased in the cold
season due to elevated combustion and lower mixing
height. On the other hand, the concentrations of soil
originated metals decreased in the winter season due
to damp soil conditions.
Harrison, R.N., and Yin, J., (2000).
Particulate matter in the atmosphere: which particle
properties are important for its effects on health?,
The Science of the Total Environment, 249, 85-101.
This project was supported financially by
Turkish Scientific and Technological Research
Council (TÜBİTAK) with a project number
114Y429.
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Study of fundamental physical and chemical parameters of atmospheric aerosols from aerial
platforms research, manned and unmanned
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Water based aerosols are ubiquitous in the actual
troposphere. On Earth, the natural water cycle goes
through the aerosol phase and the liquid bulk phase on a
regular basis. Atmospheric aerosols are therefore
essential to carry both biological and chemical agents.
The study of fundamental physical and chemical
parameters of the atmospheric aerosol from different
platforms is the main goal of this project. INTA (Spanish
National Aerospace Agency) presents MICRAS as an
interdisciplinary project for the study of atmospheric
aerosols and airborne microorganisms using aerial
research platforms, both manned and unmanned.

land and on fligth and a total of 15 bioaresols samples
were collected.
Chemical Parameters
These samples were analyzed by spectroscopy and
chromatography techniques to study the chemical
composition and the formation of Secondary Organic
Aerosols (SOA) found in water droplets. We also
analyzed tracers of gases for chemical analysis of
different compounds of high interest: NO2 / NOx, SO2,
CO. These data are useful in the study of climate change,
volcanic emissions, detection of polluted areas, etc2. The
study of the SOAs is the basic methodology of organic
material removal filters and analysis by chromatographic
analytical
techniques
(GC-MS).
The
organic
composition is indicative of the various contributions of:
forests, large bodies of water (rivers, lakes, seas, ..),
human contamination and it is very different in rural and
urban areas.
Physical Parameters
Throughout the flight in situ, data will be obtained with
the probes available on the aircraft: number of particles
per cm3, relative humidity, atmospheric pressure, or
amount of size distribution of aerosols are some of the
data that we collect. The aircraft's instrumentation also
provides altitude data, flight speed, location, attitude of
the aircraft (FTI, Flight Test Instrumentation), etc.
The manned platform (C-212 s/n 301) provides:
Atmospheric instrumentation (an optical particle counter
(OPC)), Aerosol microphysics (PCASP-100X, CPAS,
that allows the study of atmospheric particles by mass
spectrometry (particles from 0 to 0.3 and from 0.5 to 50
microns), Clouds microphysics (CAPS, drops from 15 to
915 microns, LWC (Liquid Water Content), ED
(Efective Diameter), etc.), ...
Similarly, we can get models of microbial ecology to be
related to the cycles of nitrogen, sulfur and carbon
compounds. Also, DNA extraction from samples were
done and the use of molecular ecology tools will allow to
identify and quantify the presence of microorganisms of
the atmosphere.

The confluence of disciplines such as chemistry, physics
and microbiology, with the clear support of engineering
and information technology, will enable us to cover the
complete study and innovative way of aerosols. The
chemical composition of aerosols, its spatial and
temporal distribution, its optical characteristics and
microphysical parameters are essential to build a model
of the microbial ecology of the atmosphere1. All this
information requires continuous monitoring with
accurate instrumentation. The different INTA’s
platforms are able to obtain information in situ on the
characteristics of aerosol and can obtain depending on
the trajectory of the plane, vertical profiles of aerosols
from the surface to about 7000 m. The platform aircraft
with instrumentation to measure atmospheric
microphysics parameters, aerosols and thermodinamic
parameters are essential to carry out this work.
INTA is a public research agency that develops new
airborne platforms for research and has the needed
infrastructure for RPAS R&D. INTA is developing
sophisticated unmanned flying platforms with high
potential for the study of the atmosphere. Among them,
the Lightweight Observation Air Vehicle (ALO,
according to its initials in Spanish) operates in automatic
flight, and gets eight hours endurance and 100 Km
range. ALO is a flexible system, provides close range,
real time reconaissance and target acquisition
information, equipped with stereable sensors (TV or
1. Griffin DW (2001) Dust in the Wind. Global Public
FLIR). It represents a huge advantage in the study of the
and Ecosystem Health. 2:20-33.
atmospheric physicochemical parameters and its
relationship with the different microbial environments 2. 2. Vallero D (2014) Methods for Measuring Air
that we could find. Different experiments were done on
Pollutants, In Fundamentals of Air Pollution (5th), 579626.
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Processes controlling the aerosol chemical composition in the
Western Mediterranean Sea
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This work aims at evaluating the chemical transport model (CTM) Polair3d of
the air-quality modelling platform Polyphemus during the ChArMex summer campaign of 2013, using ground-based measurements performed at ERSA (Cape Corsica,
France), and at determining the processes
controlling organic aerosol concentrations at
ERSA. Simulations are compared to measurements for concentrations of both organic
and inorganic species, PM10 , PM1 , as well
as the ratio of biogenic versus anthropogenic
particles, and organic aerosol properties (oxidation state).

lated, they are not enough oxidised in the
model. The observed oxidation state of
organics shows that the oligomerisation of
monoterpenes oxidation products was overestimated in Polyphemus. To improve the
oxidation property of organics, the formation of extremely low volatile organic
compounds (ELVOCs) from autoxidation of
monoterpenes is added to Polyphemus, using the recently published data from chamber experiments of Ehn et al. (2014). These
chemical compounds are highly oxygenated
and are formed rapidly. This process may
explain some of the discrepancies between
measurements and modelling of organic oxFor inorganics, the concentrations of sulidation properties.
phate, sodium, chloride, ammonium and nitrate are compared to measurements. Different parameterizations of sea-salt emis- References
sions are compared and the parameterization of Jaeglé et al. (2011) leads the best Ehn, M., Thornton, J. A., Kleist, E.,
and SipilaX, M. (2014).
A large
agreement to sodium measurements. The
source
of
low-volatility
secondary
ordynamics of formation of semi-volatile inorganic aerosol. 506:476–479.
ganic species is studied.
For submicron organics, the concentra- Jaeglé, L., Quinn, P. K., Bates, T. S.,
tions are well modelled when compared to
Alexander, B., and Lin, J.-T. (2011).
experimental values. Moreover, an imporGlobal distribution of sea salt aerosols:
tant organic mass fraction is noted in smallnew constraints from in situ and remote
size sea spray emissions. Anthropogenic
sensing observations. Atmos. Chem.
species are influenced by emission of semiPhys., 11:3137–3157.
volatile organic compounds (SVOC). Measurements allow us to refine the estimation of those emissions, which are currently
missing in emission inventories. Although
concentrations of organics are well simu1
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Off line-measurement of Ice-Nucleating Particles
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Measurements of ice nucleating particles (INPs) can be
performed at present with a variety of techniques.
During the years the devices were modified and new
ones were created. One of the more widespread methods
was the sampling of aerosol on filter or solid substrates
and afterwards the activation of INP in a vapour
diffusion chamber. The performance of this particular
off-line method has been continuosly improved to date
(Schrod et al, 2015).
One of the problem addressed during the filter
processing in a static chamber was that the volume of
the chamber and air volume sampled affect the
supersaturation on the surface of the filter and therefore
the INP concentration. To overcome this problem
dynamic diffusion chambers were introduced (Langer
and Rodgers, 1975).
Recently, the Fifth Ice Nucleation Workshop
(FIN-2) was held at the Aerosol Interaction and
Dynamics in the Atmosphere (AIDA) facility at
Karlsruhe Institute of Technology (KIT) in Spring 2015
to comprehensively study the heterogeneous ice
formation in the atmosphere with collaboration among
twenty-six international groups. Briefly, during FIN-2,
five aerosol types were tested as being representative of
either known or potential atmospheric INPs: K-Feldspar,
Tunisian Dust, Argentinian soil, Illite and Snomax. Both
online and offline devices were used to measure INP
concentrations in given standard air volume and ice
nucletaion efficiencies.
Amongst FIN-2 participants, two groups own a
unique vapour diffusion chamber: Institute for
Atmospheric and Environmental Sciences (University
Frankfurt am Main), and Institute of Atmospheric
Sciences and Climate (CNR, Bologna).
The devices used were the FRankfurt Ice
nucleation Deposition freezinG Experiment (FRIDGE)
and the Dynamic Filter Processing Chamber (DFPC),
respectively. FRIDGE is a system that pairs electrostatic
precipitation of particles onto Si-wafers in a collection
unit with an isostatic vacuum diffusion chamber for the
activation, growth, and optical detection of ice on INP
(Klein et al, 2010).
DFPC is a modified Langer and Rodgers
chamber, in which supersaturation with respect to water
is obtained by flowing air through fine milled ice
(Santachiara et al, 2010). Aerosol particles were sampled
on cellulose nitrate membrane filters (Millipore, porosity
0.45 μm). The INP concentrations were determined with
FRIDGE and DFPC at T = - 20°C and saturation ratio
with respect to water equal to 0.95 and 1.01. These

conditions should allow the detection of deposition and
condensation- freezing nuclei. Here we present the
intercomparison of DFPC and FRIDGE informal
measurements of test aerosol samples collected in
parallel by both methods during FIN-2. Figure 1 shows a
scatter plot of the INP concentrations measured by
DFPC vs. FRIDGE.

Figure 1. INP concentration comparison between
FRIDGE and DFPC (at -20°C, open symbols:
95%RHwater; filled symbols: 101% RHwater.
INP concentrations are in agreement between the
two instruments for all mineral dusts. DFPC's Snomax
INP concentrations are lower respect to the ones from
FRIDGE.
Klein, H., et al, (2010) Atmos. Res., 96, 218-224.
Langer, G., Rodgers, J. (1975) J. Applied Meteorol.,
14, 560-571.
Santachiara, G., et al, (2010) Atmos. Res., 96, 266-272.
Schrod, J. et al. (2015), Atmos. Meas. Tech. Discuss.,
12525.12557, 2015.
The valuable contributions of the Fifth Ice Nucleation
Workshop (FIN) organizers, their institutions, and of the
FIN
workshop
science
team are gratefully
acknowledged. FIN activities were funded through
European consortium and US NSF and DOE-ASR
grants.
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Photo-transformation of single NaNO3 particle and influence on their hygroscopic
properties
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Figure 1. Raman spectra of a sodium nitrate particle at
different irradiation time: t = 0, 30 and 90 min.
The rate formation of secondary products, i.e
NO2- and ONOO-, calculated for single particle agreed
with those found previously.

By following the Raman spectrum and the size of
the photodegraded particles as a function of the relative
humidity, we demonstrated that the presence of
irradiation products modifies the hygroscopic properties,
especially for the deliquescence relative humidity (DRH)
that was seen to decrease (Figure 2). In fact, we have
evidenced both a MDRH (mutual deliquescence relative
humidity) and a second DRH, as consequence of the
final mixture in the drop, in agreement with the
NaNO3/NaNO2 deliquescence diagram.
Before irradiation

After irradiation

ERH = 43%

1,0

Normalized Raman Intensity

Marine aerosols represent more than half of global
emission of particles into the troposphere (IPCC, 2014).
During their stay in the atmosphere, aerosols are
subject to physicochemical transformations. These
transformation processes have a direct impact on
atmospheric chemistry and climate changes. One of the
well-known atmospheric reactions is the sodium chloride
conversion into sodium nitrate particles, when marine air
masses are subjected to NOx/NOy gaseous species
(Finlayson-Pitts 2003; Liu, 2007). Otherwise, aerosol
particles are exposed to solar radiation. The
photoconversion of nitrate ions into nitrite and
peroxynitrite under solar radiation is well known in
aqueous phase. Some similar process would be expected
when aged sea salts containing nitrate particles are
formed. While atmospheric photochemical processes in
gas phase are well studied, only sparse works have been
devoted to the photoreactivity of particles in the
atmosphere.
In this presentation, we will show the studies
carried out on sodium nitrate single particles when
exposed to UV radiation and the influence of the
photochemical products on their hygroscopic properties.
We have used an acoustic levitation system coupled to
micro-Raman spectrometry (See photo in Figure 1) to
investigate the physical and chemical modifications of
particles without the influence of a contacting surface.
Aqueous NaNO3 droplets were irradiated for
several minutes with UV-light (λ = 260 ± 6 nm) and
nitrite and peroxynitrite ions were identify in the Raman
spectrum for the fundamentals at 815, 1278 and 1330
cm-1 for aqueous NO2- ion (Belyi, 1995) and 980 cm-1 for
ONOO- ion (Tsai et al) and as shown in Figure 1.
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Figure 2. Relative humidity cycles of a levitated sodium
nitrate particle before and after 90 min of irradiation
according its Raman spectrum.
The phototransformation of single levitated
particles, containing sodium nitrate, yield to the
formation of NO2- and ONOO- ions which altered the
hygroscopic properties of the nitrate containing particles.
These results evidenced a subsequent implication for
hygroscopicity properties of nitrate containing particles
in the atmosphere which are in great abundance in
polluted area.
This work was supported by funds from the “Laboratoire
d’Excellence” (LABEX) -CaPPA- (ANR-11-LABX0005-01), IRENI program and PHC Sakura 34196RC.
IPCC, Climate Change 2014: Synthesis Report - Geneva,
Switzerland, 2014, pp. 151.
Finlayson-Pitts, B. J. (2003) Chem.Rev. 103, 4801–4822.
Liu, Y., Cain, J. P., Wang, H. and Laskin, A. (2007) J.
Phys. Chem. A. 111, 10026-10043.
Raes, F., Van Dingenen, R., Vignati, E., et al. (2000)
Atmo. Environ. 34, 4215-4240.
Belyi, M. U., Gaididei, G. I., Sakun, V. P.,
Skryshevskaya, M. G (1995) J. Appl. Spectrosc., 62,
76-82.
Tsai, J.-H. M., Harrison, J. G., Martin, J. C., Hamilton,
T. P., van der Woerd, M., Jablonsky, M. J.,
Beckman, J. S. (1994) J. Am. Chem. Soc., 116, 41154116.
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Atmospheric aerosols have several adverse effects on
human health and also affect the global radiative
balance. These impacts depend mainly on particle size
and chemical composition. The size and composition of
particles depends on the multiplicity of emission sources,
both natural and anthropogenic, the physical and
chemical processes that lead to their formation, and the
atmospheric transport and dispersion conditions. Since
all these factors vary substantially with time and space,
the complex scientific knowledge behind all these
processes still contains many gaps. Regional background
stations provide the opportunity to study aerosol
formation and transformation processes in the lower
troposphere without the interference of local
anthropogenic emissions. Additionally, when these
stations are located at high elevations, they are especially
suitable for identifying natural and anthropogenic
aerosols transported over long distances.
A sampling campaign was carried out between
March 2014 and September 2015 at a high altitude site
located at Mt. Aitana in southeastern Spain (38°39´ N;
0°16´ W; 1558 m a.s.l.). More than 150 daily samples
were collected using a high-volume sampler (Digitel,
820 m3/day) and analysed by ion chromatography, EDXRF and a thermal-optical method for the determination
of major ions, elements and carbonaceous species
(organic and elemental carbon), respectively.
Back trajectories of air masses arriving at Mt.
Aitana were calculated using the HYSPLIT model
developed by the National Oceanic and Atmospheric
Administration (NOAA) (Draxler and Rolph, 2003).
Table 1 summarises the mean concentrations of
chemical PM10 components for north Atlantic, African
and regional episodes observed during the studied
period.
Table 1. Average composition of PM10 as a function of
the air mass origin.
PM10 (µg/m3)
OM (µg/m3)
TC (µg/m3)
OC (µg/m3)
EC (ng/m3)
Cl- (ng/m3)
Fe (ng/m3)
SO42- (µg/m3)
Zn (ng/m3)
NO3- (µg/m3)

ANW
8,18±4,62
2,87±1,07
1,65±0,61
1,59±0,59
58,34±42,49
135,5±150,77
61,2±73,36
1,05±0,78
8,75±12,64
0,60±0,44

NAF
25,32±19,23
4,11±1,52
2,36±0,85
2,28±0,84
83,88±44,3
193,24±354,8
513,78±567,14
1,79±0,82
5,34±11,32
1,19±0,54

REG
12,52±6,45
3,24±1,69
1,86±0,97
1,8±0,94
58,14±51,95
52,63±77,62
95,47±69,53
1,49±1,1
4,23±8,24
0,65±0,61

ANW (Atlantic NW); NAF (North African); REG (Regional)

OM was calculated by multiplying OC
concentrations by a factor of 1.8.
The PM10 average concentration for the whole
study period was 13.3 µg/m3, which is of the same order
than that observed by Ripoll et al (2014) at another
regional background environment of
western
Mediterranean basin (12 µg/m3 at Mt. Monsec).
Mt. Aitana was mainly affected by air masses
coming from the Atlantic Ocean (47%) and North of
Africa (23%), while regional episodes prevailed for 23%
of the measurement days. On the other hand, air masses
from Europe and the Mediterranean Sea were much less
frequent.
The lowest PM10 concentrations were associated
with Atlantic air masses. Under this scenario, the
contribution from organic matter (OM, calculated by
multiplying OC concentrations by a factor of 1.8) to the
PM10 mass was highest (36%), while crustal components
such as Fe were considerably less abundant than for
NAF and REG episodes.
The highest PM10 levels were observed during
North African episodes that showed a clear increase in
the concentrations of crustal elements (Fe, Ti, Ca, Mn,
Sr).
Regional episodes, typical of the summer months,
are characterized by a low renovation of air masses
leading to the accumulation of PM and other pollutants
in the study area (Millan et al, 2000). The high
photochemical activity during these episodes favours the
formation of secondary aerosols such us sulfate and
secondary organic aerosols (SOA).

This work was supported by the MINECO under the
CGL2012-39623-C02-2 (PRISMA-AITANA) project.
Draxler, R.R. and Rolph, G.D. (2013). HYSPLIT
(HYbrid Single-Particle Lagrangian Integrated
Trajectory) Model Access via NOAA ARL READY
Website
(http://ready.arl.noaa.gov/HYSPLIT.php).
NOAA Air Resources Laboratory, Silver Spring,
MD.
Ripoll, A., Pey, J., Minguillón, M.C., Pérez, N.,
Pandolfi, M., Querol, X. and Alastuey, A. (2014)
Atmos. Chem. Phys. 14, 4279-4295.
Millan, M.M., Mantilla, E., Salvador, R., Carratalá, A.,
Sanz, M.J., Alonso, L., Gangoiti, G. and Navazo, M.
(2000) J. Appl. Meteor. 39, 487–508.
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In Spain, as in many other European countries,
mainly in rural areas, open fireplaces are still present.
Important quantities of wood are combusted in these
domestic devices every year. Some studies have pointed
out that wood-burning fireplaces are potential sources of
indoor air pollutants, mainly fine particles (Salthammer
et al., 2014). There are several factors that can have an
important influence on pollutant emissions, such as the
stove design, operating conditions, combustion
conditions (e.g. amount of excess air) and the species of
wood and their characteristics.
The present study aims to characterize aerosol
size distributions and chemical composition of particles
emitted during the combustion of logs of a common
Southern and mid-European wood (Quercus pyrenaica –
oak) in an open fireplace. The wood was cut into logs of
0.25 to 0.30 m in length. A total of 10 combustion
experiments were performed. During each experiment,
the fireplace was fed with oak logs four times. This
methodology tries to reproduce the common procedure
carried out in the houses. In the startup phase, 1.5 kg of
oak chips, 400 g of branches and two sheets of
newspaper were used. For the other three refueling
processes, between 11.5 and 12.7 kg of oak were added.
The duration of each combustion experiment was about
4-5 hours with a sequential average duration of each
phase of 10, 60, 60 and 130 min, respectively.
Wood combustion experiments were carried out
using a traditional Spanish brick open fireplace operated
manually in batch mode and with no control of
combustion air. The fireplace is characterized by a
combustion chamber with a volume of 0.09 m3,
corresponding to 0.35 m height, with a trapezoidal base
of 0.52 and 0.63 m width and 0.45 m depth. This
combustion device is installed in the living room of a
typical village house in Báscones de Valdivia (Palencia,
Spain). The room volume was 41 m3. Temperature in the
combustion chamber was monitored each 10 min using
an infrared thermometer FLUKE.
Two different instruments were used for particle
sampling: i) an optical particle counter (PCASP-X), for
the continuous monitoring of particle size distributions
and ii) a Gent PM10 stacked filter unit sampler using
quartz filters for later chemical analyses. In two of the 10

experiments, polycarbonate filters (0.2 μm pore size)
were used for later microscopic analysis. The
morphology and elemental composition of individual
aerosol particles were investigated by field emission
scanning electron microscopy (FE-SEM).
CO and CO2 concentrations were monitored each
minute using a HERTER meter (indoor and outdoor).
Furthermore, a Davis Weather Station was used for
continuously registering the temperature and humidity in
the room.
After PM10 mass determination by gravimetric
analysis, small punches from the loaded quartz filters
were analyzed by two different techniques: i) a thermaloptical transmission technique for organic and elemental
carbon determination and ii) ICP-MS and ICP-AES
analysis for trace and major elements.
In addition, ventilation rates were also calculated
and the biomass burned was characterized by
determining the percentage of volatiles, ash, humidity,
carbon, hydrogen, etc., and calorific value.
The evolution of aerosol size distribution and its
relationship with temperature and gas concentration
throughout the combustion cycle was examined in depth.
Furthermore, the contribution to the particle
concentration from the removal of ashes when cleaning
the fireplace was assessed. The aerosol size fractions
associated with health problems were evaluated
following the Spanish standard UNE 77213, which is
equivalent to the ISO 7708:1995. From the experimental
size distributions, first, the inhalable and thoracic
fractions, and then the tracheobronchial and respirable
fractions were assessed for healthy adults and high-risk
groups (children, elderly or infirm people).
This study was partially supported by the Spanish
Ministry of Science and Innovation (Grants TEC201457821-R and CGL2014-52556-R), the LIFE programme
(AIRUSE, LIFE 11/ENV/ES/000584), AERORAIN
project (Ministry of Economy and Competitiveness,
CGL2014-52556-R) and by AEROCLIMA project
(Fundación Ramón Areces, CIVP16A1811).
Salthammer, T., Schripp, T., Wientzek, S. and Wensing,
M. (2014) Chemosphere. 103, 205-211.
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More than one-year real-time measurements of
submicron particulate matter (PM1) and co-located SO2
measurements were carried out from 15 July 2013 to 10
September 2014 at an industrial and coastal site (Port
Est, Dunkirk, 200,000 inhab.) in Northern France. The
sampling site is close to a ship lock and located less than
2 km away from urban (SE-S) and industrial zones (SWW), and less than 30 meters from the coastline of the
North Sea (N). Significant industrial activities include
metallurgy, petrochemistry, food processing, power
plant, which emit large amounts of sulfur compounds as
SO2 gas and submicron sulfate particles. SO2 emissions
over the region are largely dominated by the industrial
sector which represents 95% of the total emissions
(Atmo Nord-Pas de Calais 2015). Dunkirk harbor,
ranked as the 7th in the North Europe range with ~600
ship movements per day, could also be an important
source of air pollution. These emissions are poorly
characterized. Long-term studies in such complex multiinfluenced environments could help assessing the
sources of sulfur compounds, their contribution to PM1
concentration, and their formation processes.
The non-refractory (NR) submicron particles
(organics, sulfate, nitrate, ammonium and chloride) and
black carbon were measured by an Aerosol Chemical
Speciation Monitor (ACSM) and an Aethalometer,
respectively. Collocated measurements included trace
gases such as SO2 and CO2. Meteorological parameters
were provided by an ultrasonic anemometer and a
weather station.
Data were classified into four sectors (marine,
industrial, urban and industrial-urban) according to the
wind direction. The average mass concentration for the
four sectors varied from 7.6 (marine) to 14.4 µg m-3
(urban) with a distinct chemical composition for each
sector. In the industrial sector, sulfate aerosols accounted
for more than 60% of the NR-PM1 mass (Figure 1). SO2
and SO4 were almost systematically observed when
industrial plumes reached the monitoring site, with a
strong influence of relative humidity (Figure 2) and
vertical turbulence on the measured concentrations. The
ratio of particulate (Sp) to total sulfur (Stot) stays
relatively constant at 0.1 when RH ranges from 30-70%
but reaches an average of 0.3 at high RH (90-100%),
reflecting SO2 to SO4 gas-particle conversion processes
generally resulting in an increase of aerosol acidity.
A total of ~2,000 ship movements was reported in
the nearby lock over the duration of the campaign. Under
favorable winds, they could result in concentration

increases for SO2 and PM1 mass concentration (mainly
due to black carbon, organic and sulfate species) up to
50 µg m-3 over a 30 min average.

Figure 1. Mass concentration and chemical speciation of
NR-PM1 from the industrial sector

Figure 2. Box plots of the particulate (Sp)-to-total sulfur
(Stot) ratio in the industrial sector for different relative
humidity (RH) ranges
This work was funded through the Research Institute of
Industrial Environment (IRENI) program supported by
the Urban Community of Dunkirk, the Regional Council
of Nord-Pas de Calais, the Ministry of Higher Education
and Research, CNRS and European funds (ERDF); and
through the CaPPA project funded by the ANR through
the PIA under contract ANR-11-LABX-0005-01, the
“Nord-Pas de Calais” Regional Council and the
European Regional Development Fund (ERDF). AtmoNPdC is acknowledged for providing the SO2 data and
logistical support.
Atmo Nord-Pas de Calais (2015). Annual report 2014 (in
French).
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Spatial and Temporal Variation of Airborne Particle Concentration in the Yangtze
River Basin
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Introduction. We analyse the particle mass and number
concentration data obtained during the extensive air
quality monitoring campaign that was conducted in the
Yangtze River Basin in November 2015. The monitoring
was carried out aboard an instrumented boat which
sailed from the Port of Shanghai up the Yangtze River
through a distance of 1075 km to the city of Wuhan and
back with a total journey time of 14 days. We will
compare and contrast the particle concentrations in the
many diverse environments constituting this region such
as large cities, industry and rural farmland.
Methods. The instruments were housed in an 8 metre
container placed on the deck of the boat and the air was
sampled through inlet tubing protruding through the
roof. The particle number concentration (PNC) was
monitored continuously at 30 s intervals with a TSI 3787
condensation particle counter (CPC) which has a particle
size detection range of 5 nm to 3 μm and can measure a
maximum number concentration of 2.5x10 5 cm-3. The
instrument was operated at a low flow rate of 0.6 lpm
which gave a response time of 1 s. The particle mass
concentration (PM2.5) was monitored with a Sidepak
aerosol monitor AM510 set to obtain a reading every 2.5
min. This instrument has a maximum detectable particle
mass concentration of 20 mg m-3. Meteorological data
such as air temperature, humidity, wind speed and
direction, were monitored with an on-board weather
station in real time and corresponding fixed-station data
were also obtained from meteorological stations along
the river bank.
Results. Fig1 shows the PNC at 30s intervals on a day
when the boat sailed up the river all day without
mooring. The PNC remained close to 1x10 4 cm-3.
However, we see many concentration spikes, some as
high as 3x105 cm-3. This pattern was typical and resulted
from emission plumes from passing ships and industries
and other combustion sources on the shore. For example,
the boat passed through an industrial region around 9-10
h and past several straw fires on the shore near 16 h. Fig
2 shows the hourly median PNC and PM2.5 on this day.
We see that the two types of combustion sources
affected both the PNC and the PM2.5, although sharp
spikes due to emissions from passing ships were not
registered by the AM510 due to its longer sampling
interval. Fig 3 investigates the relationship between the
hourly PNC and PM2.5. We see a reasonably good linear
correlation with an R2 value of 0.35 which improves to

0.66 when the single wayward point due to the straw
fires (indicated by the horizontal arrow) is removed.
The presentation will include a more detailed
analysis of the results incorporating the prevalent wind
and other conditions.

Fig 1: The PNC at 30s resolution obtained on the 27th of
November. The spikes are due to combustion sources.

Fig 2: Hourly median PNC and PM2.5.

Fig 3: Plot of hourly median PNC and PM2.5.
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Identification of unknowns in atmospheric aerosols using comprehensive twodimensional gas chromatography-time-of-flight mass spectrometer (GC×GC-TOF-MS)
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Organic aerosols contain thousands of organic
compounds and contribute to 20-90 wt% of the total fine
aerosol mass (Kanakidou et al., 2005). Comprehensive
two-dimensional gas chromatography-time-of-flight mass
spectrometer (GCxGC-TOF-MS) is a powerful tool to
analyze chemical compounds in a highly complex sample
(Kallio et al., 2006). Thus, it is suitable for analysis of
atmospheric aerosols, particularly, identification of
unknowns in atmospheric aerosols. In this study,
unknowns filtered by principal component analysis in the
atmospheric aerosols are identified.
PM2.5 samples were collected on the roof of the
Asan engineering college, Ewha Womans University,
Seoul, Republic of Korea (37.56 °N, 126.94 °E, 20 m
above ground level). A total of 68 samples were obtained
during summer (August 2014) and winter (January and
February 2014) with a PUF sampler (Tisch, TE-1000) on
quartz fiber filters. Filters were extracted using
accelerated solvent extractor with a mixture of
dichloromethane and methanol (3:1, v/v). Total extracts
were blown down to 0.5 mL using a nitrogen evaporator
(Turbo Vap II, Caliper Life Sciences).
For data processing, analytes in the PM2.5 samples
were divided into 4 groups depending on their retention
time in the two dimensions for their volatility and polarity
(Welthagen et al., 2003). All the areas of the peaks in each
group were summed and the variance of total area in each
group was compared to each other. Area of each
compound in each group was processed by principal
component analysis to characterize each group and select
meaningful unknowns in atmospheric aerosols.
Table 1. Property of divided group depending on
retention time.
Property
1st R.T
2nd R.T
Group
(min)
(sec)
Volatility polarity
1
7-32
2-4
High
High
2
32-57
2-4
Low
High
3
7-32
0-2
High
Low
4
32-57
0-2
Low
Low
In summer, the areas of group 2, 3 and 4
contributed different fraction day by day. However, the
area of group 1 showed consistently low value. In winter,

compounds of group 3 and 4 dominated most of aerosol
while compounds of group 1 and 2 showed low intensity.
The area of group 2 showed a large difference between
summer and winter. In terms of area, the area in summer
is three time higher than in winter.
By using the area of each analyte in each group
including both knowns and unknowns, principal
component analysis are processed to choose meaningful
unknowns in the principle component for identifying.
Chosen unknowns are identified by manual identification
or extra measurement and analysis.
Kallio, M., Jussila, M., Rissanen, T., Anttila, P., Hartonen,
K., Reissell, A., Vreuls, R., Adahchour, M. and
Hyötyläinen, T. (2006) J. Chromatogr. A. 1125(2),
234-243.
Kanakidou, M., Seinfeld, J. H., Pandis, S. N., Barnes, I.,
Dentener, F. J., Facchini, M. C., VanDingenen, R.,
Ervens, B., Nenes, A., Nielsen, C. J., Swietlicki, E.,
Putaud, J. P., Balkanski, Y., Fuzzi, S., Horth, J.,
Moortgat, G. K., Winterhalter, R., Myhre, C. E. L.,
Tsigaridis, K., Vignati, E., Stephanou, E. G. and
Wilson, J. (2005) Atmos. Chem. Phys. 5, 1053–1123.
Welthagen, W., Schnelle-Kreis, J. and Zimmermann, R.
(2003) J. Chromatogr. A. 1019, 233-249.
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2015 Eruption of Mt. Aso in Japan and its impacts in Air Quality over South Korea
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Aso volcano in Japan erupted at 9:43(local time)
on 14 September 2015 with the plume height of
about 2,000 m, and the volcanic ash spreaded to the
direction of northwest~west from the crater.
Synoptic-scale meteorological analysis showed that
Korean peninsula had a possibility to be affected by
the volcanic ash created from the Mt.eruption.
We carried out simulation of volcanic ash
spreading using HYSPLIT model to evaluate the
influence of Mt. Aso eruption on Korean peninsula
and its surroundings. Most of volcanic ash was
trapped below 2000 m AGL height over Jeju-do
and the southern region of Korean peninsula and
maximum concentration with 4.08 × 10-10 µg/m3
was simulated over Jeju-do in the lowest
layer(below 500 m AGL height) after 33 hours.
However, this concentration was very smaller
rather than other dust and sand storm events such as
Asian dust.
Fig. 4Figure 1. (a) Accumulated deposition amount from 00 UTC
We also applied the multi-stage impactor and
PM10 instrument for examining volcanic ash
emission effect of Mt. Aso eruption on Jeju-do.
Size-resolved soluble ions in the aerosol particle by
multi-stage impactor were also analyzed. PM10
concentration was not increased sharply at
Seogwipo in Jeju-do. The concentration of
important inorganic species (NH4+, Na+, K+, Ca2+,
Mg2+, SO42-, NO3-, Cl- , F-, HCOO-, CH3COO-,
CH3SO3-) were not varied largely except NO3when the species were compared with that of
normal day. Therefore, we considered an aerosol
species were weakly affected.
We concluded that it is possible that the volcanic
ash emitted from Mt. Aso was advected into the
Korean peninsula and its surroundings. However,
the concentration of the volcanic ash was so small
to give a direct or an indirect effects on South
Korea significantly.

14 to 00 UTC 17 September 2015 and (b) 3-hour
deposition amount over Jeju-do(green bar) and
southeastern region of Korean peninsula(red bar).
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Surfactants in PM1 aerosols from boreal Northern Finland: importance for cloud
droplet formation ?
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Clouds are essential components of the Earth’s
hydrological system and the main cooling factor of the
climate budget. But some aspects of their formation are
still not completely understood, in particular the role of
surfactants (Boucher et al., 2013). Although Köhler
theory predicts that surfactants should enhance cloud
droplet activation, current models consider their role to
be negligible (Farmer et al., 2015), and the surface
tension of growing droplets is systematically assumed to
be that of pure water.
Recent studies are starting to bring the evidence
of the contrary, especially in laboratory experiments
(Asa-Awuku et al., 2008; Ruehl et al., 2012; Giordano et
al., 2013: Ruehl et al., 2014; 2016). In addition, the
presence of strong surfactants, corresponding to surface
tensions below 40 mN m-1, has been evidenced in
atmospheric aerosols from many different regions
(Ekström et al., 2010; Baduel et al., 2012). In a recent
study, the concentration of surfactants in PM2.5 aerosols
from a coastal region was found to be large enough to
decrease the surface tension of the droplets until they
reach activation (Gérard et al., 2016).
It is thus now important to look for evidence of
the role of surfactants on cloud droplet formation
directly in the atmosphere (Nozière, 2016). For this, the
surfactants present in PM1 aerosols at the GAW station
Sammaltunturi, in Northern Finland (67°58'N 24°07'E,
565 m asl), a site directly impacted by the formation of
orographic clouds (Lihavainen et al., 2008; Anttila et al.,
2012), were extracted and analyzed from April to
November 2015.
The PM1 aerosols were collected with a
frequency of 24 hours on quartz-filters. The total
surfactant fraction was extracted with a double
extraction method (Gérard et al. 2016): a water
extraction followed by a Solid Phase Extraction (SPE)
removing interferents and concentrating the surfactants.
The surface tension curves of the aerosol surfactants
were determined with the pendant drop technique and
their absolute concentrations by a colorimetric method
(complexation with a dye, organic phase extraction, and
UV-vis spectrophotometry detection).
In total, samples were collected over 223 days
and included 70 cloud events, representing 25 % of the

sampling time. The evolution of the surfactant
concentration and properties, and of the surface tension
of the PM1 aerosols during this campaign will be
discussed and compared with meteorological parameters
and other data measured simultaneously at the site.
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Detection of charged aerosols during the BEXUS18 stratospheric flight: main results
and open questions
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Electrified aerosols have been previously detected in the
troposphere and mesosphere, not only during disturbed
weather but also in fair weather atmosphere. The detection of
electric charges and discharges of volcanic ashes (Gilbert et
al., 1991; Mather and Harrison, 2006; James et al., 2008;
Harrison et al., 2010) and of Saharan dust layers (Ulanowski
et al., 2007; Nicoll et al., 2011) are only a few examples of
charged aerosols in the troposphere. On the contrary, charged
particles have been seldom detected in the stratosphere
(Renard et al., 2013).
The “A5-Unibo” experiment by the University of
Bologna has been developed to the aim of studying
vertical profiles of atmospheric ions and particles all
along the flight of the BEXUS18 stratospheric flight.
The experiment was flown from the Esrange Space
Center from Kiruna (Sweden) on 10th October 2014
within the REXUS/BEXUS programme.
The experiment (Figure 1) collected vertical profiles
of: 1) atmospheric parameters such as temperature, relative
humidity, and pressure; 2) particles size distribution with an
innovative aerosol counter (LOAC “Light Optical Particle
Counter”); 3) ion (both positive and negative) densities (Air
Ion Counter, AlphaLab Inc.).

Figure 1. A5-Unibo experiment onboard Bexus 18
stratospheric balloon.
The preliminary results obtained (Figure 2)
indicate
good
correlations
between
particle
concentrations and ions above the tropopause level and
in the stratosphere, and suggest in particular the presence
of layers of electrified aerosols in the middle
stratosphere similar to Renard et al. (2013).
Even though model calculations are now being
used to quantify the electrification of the aerosols with a
stratospheric aerosol-ion model (Rawal et al., 2013;
Renard et al., 2013), the need for further measurements to
be conducted on stratospheric balloons clearly emerges. In

fact, the presence of layers of electrified aerosols could
have significant implications for sprite formation.

Figure 2. Vertical profiles of integrated concentrations
for all the aerosols greater than 200 nm and of negative
and positive ion densities recorded during the balloon
ascent (a sliding smoothing is applied to suppress small
length-scale fluctuations).
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Physical and chemical properties of aerosols and their impact on radiative forcing
during iAREA campaigns (Ny-Alesund, Spitsbergen)
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IAREA project was created to derive new knowledge
and techniques regarding the role of absorbing aerosols
in Arctic. Hence, field campaigns were carried out under
iAREA project during 2014 and 2015 in Ny-Alesund,
Spitsbergen.
In the following presentation we would like to
present the results of three iAREA spring campaigns
provided between 2014 and 2016, however putting an
emphasis on the iAREA2015. We used a variety of
instruments consisting of in-situ and remote sensing
measurements, specifically: Nephelometer 3563,
Microtops II Sun Photometer, particle counters system
SMPS + APS as well as Aethalometer AE31. We also
provided vertical profiling of meteorological properties
as well as black carbon concentration and particle size
distribution along the path of tethered-balloon system
ranging, on average, to 1.5 km. In addition, AWI
Aerosol Raman Lidar KARL together with Near-range
Aerosol Raman Lidar (NARLa) were operating at the
same time.
Regarding the measurement results from
iAREA2015, the average value of scattering coefficient
was found to be at 7.13 ± 3.05 [Mm-1] level, which
seems to be lower in comparison to the 2014 spring
season. In addition, absorption coefficient of 0.41±0.31

[Mm-1] was similar to the value from the previous
iAREA2014 campaign, however revealing very different
characteristics of both seasons. Spring 2014 was mainly
dominated by Sea Spray events - 2015, on the other
hand, was represented by an Arctic Haze advection.
During the campaign weather conditions were wormer,
moister and windier regarding the climatological values.
Subsequently, a detailed discussion over the
Arctic Haze event occurring between Apr 7 and 10 2015
will be presented. A case study reviles that the source of
air masses with enhanced black carbon concentration
exceeding 150 ng/m3 on a daily average in combination
with very high
fine to coarse particle number
concentration ratio of 3000, mostly were advected from
the European part of Russia in the light of the HYSPLIT
back trajectories model. In addition, a chemical analysis
of the aerosol structure will be presented as well as its
influence on the radiation fluxes using atmospheric
radiative transfer model MODTRAN5.
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Direct Measurements of Water Transport Kinetics and Viscosity of Glassy Organic
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A comparison of the diffusion constants of water
and the viscosity of the organic particle at the same
water activity will be used to illustrate the significant
errors in assuming the validity of the Stokes-Einstein
equation.
Measurements will be presented for a range of
binary component aerosol containing organic
compounds with a broad range of chemical
functionalities and for more complex multicomponent
aerosol (Figure 2).
104
103

viscosity / Pa s

Quantifying the interactions between glassy aerosol and
water vapour is crucial for understanding the formation
of cloud condensation nuclei and ice nuclei in the
atmosphere, and the partitioning of semi-volatile species
between the particle and gas phases. A glassy aerosol is
defined as a non-crystalline material and a disordered
amorphous solid. Often, the Stokes-Einstein equation is
assumed to relate molecular diffusion constants and
viscosity and, at the viscosities typical of glasses (where
timescales to reach equilibrium can be up to weeks
(Shiraiwa et al., 2012)) suggest that the composition of
atmospheric particles may be governed by kinetic rather
than thermodynamic factors. We will assess the validity
of the Stokes-Einstein equation through direct
measurements of the relative humidity (RH) dependence
of the viscosity of organic aerosol and the timescale for
water transport during condensation and evaporation.
Measurements of the water transport in organic
aerosol were made on single particles using the aerosol
optical tweezers technique (Bones et al.). The response
in size of an individual aerosol droplet (3 - 6μm radius)
to stepwise changes in RH was measured. The water
activity dependence of the diffusion constant of water
can be determined from measurements made over
transitions between many pairs of RH values.
The viscosity of an aerosol droplet can be inferred
from measurements of the timescale for the binary
coalescence of two individual trapped aerosol particles
using holographic optical tweezers (viscosities measured
over a range of 12 orders of magnitude (Power et al.,
2014)) (Figure 1).
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Figure 2. Viscosity of various sugars as a function of
relative humidity. Black (sorbitol), red (erythritol), green
(1,2,6-hexanetriol), blue (1,2,4-butanetriol) and purple
(1,4-butanediol) shown.
This work was supported by NERC (NE/M004600/1).
Bones, D. L., Reid, J.P., Lienhard, D.M., Krieger, U.K.
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Power, R. M., Reid, J.P. (2014) Rep.Prog.Phys. 77, 7, 127.
Shiraiwa, M., Seinfeld, J.H. (2012) Geophys.Res.Lett.,
39, L24801.

Figure 1. Experimental setup of aerosol optical tweezers
used to monitor the coalescence of two trapped droplets.
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STUDY OF OZONOLYSIS OF ULTRASONICALLY LEVITATED DROPLETS
CONTAINING UNSATURATED FATTY ACIDS
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Carboxylic acids are present in the atmosphere as key
components of secondary organic aerosol (SOA). It is
known that meat cooking is an important source of
atmospheric organic aerosols emission. For example,
oleic acid (OA) is a C18 mono-unsaturated fatty acid
that contributes considerably to the aerosol fraction due
to the reactions that it undergoes, such as ozonolysis,
which yields a series of products that have a notable
impact on climate and health. It is one of the most
abundant unsaturated fatty acids found in the
troposphere, and also is associated with emissions from
meat cooking. The reaction of gas-phase ozone with OA
has been extensively benchmarked as a model system for
heterogeneous atmospheric reactions of organic
compounds and also to establish gas-particle interactions
as well as the interfacial transport that influences
chemical oxidation of aerosols (compare Zahardis and
Petrucci, 2007).
Similarly, linoleic acid (LA) and palmitoleic acid
(PA) are long chained unsaturated fatty acids found at
lower concentrations in the atmosphere, from similar
sources as oleic acid. Palmitoleic acid is a long chained
mono-unsaturated fatty acid, but unlike OA, its chain is
16 carbons long. The reaction of ozonolysis of this fatty
acid has not been as extensively studied as its 18C
counterpart. Despite this, Spencer and Kleiman (1978)
reported that the ozonolysis of palmitoleic acid yielded a
seven-carbon aldehyde and a nine-carbon aldehyde-ester.
In the case of linoleic acid, a C18 di-unsaturated fatty
acid, it was found that the reaction of ozonolysis can
proceed via different routes depending on the
concentration of ozone. For example, Lee and Chan
(2007) stated that linoleic acid can experience the
formation of four conjugated diene hydroperoxides as a
result of the auto-oxidation reaction at low ozone
concentrations.
In the present work, the ozonolysis of acoustically
levitated droplets of these three fatty acids has been
studied at ozone concentrations ranging from 2 to 40
ppm, and has been analysed by Raman microscopy. The
analysis of products of the ozonolysis has been carried
out by means of gas chromatography mass spectrometry
(GC–MS) and solid phase micro-extraction (SPME). A
Matlab model (compare Pfrang et al., 2011) was used in
order to evaluate how changes in kinetic parameters
affect the fatty acid-ozone systems. The results indicate
that ozonolysis of mono-unsaturated fatty acids, oleic
and palmitoleic acids show a very similar decay
behaviour, and apparently the size of droplet does not
have a strong influence on the reaction. Unlike mono-

unsaturated fatty acids, linoleic acid ozonolysis seemed
to be influenced by the formation of peroxides, mainly at
low ozone concentrations. It is known that the formation
of products of ozonolysis of unsaturated fatty acids
involves the formation of Criegee intermediates in
secondary reactions of the mechanism. Figure 1 shows
the ozonolysis of the three fatty acids at 2 and 40 ppm.
At very high concentration, all acids show a gradual
decay, which indicates the rupture of carbon-carbon
double bonds as expected according to the Criegee
mechanism. Nevertheless, at lower ozone concentrations,
LA shows a slight increase, this may be a consequence
of the formation of C=C peroxidation products.

Figure 1. Changes in the peak intensity at 1664 (C=C
bond) and 1453 cm-1 (C=C-H bond) of the unsaturated
fatty acid levitated droplets at 2 ppm () and 40 ppm
(). Red: Oleic acid (OA); green: Linoleic acid (LA);
purple: Palmitoleic acid (PA).
E. R. Cabrera acknowledges financial support from the
Department of Science, Technology and Innovation –
Colciencias. Colombia.
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The understanding of atmospheric particulate pollution
represents one of the most important scientific
challenges of our time, due various effects on climate
and public health. These impacts are regularly
highlighted during pollution episode occurring in
densely urbanized areas. In Northern Europe, and more
particularly in France, most intense and persistent
episodes usually occur during spring, and are
characterized by a large-scale pattern, covering most of
the territory. Specific episodes are generally investigated
from a single measurement point, describing the synergy
between
sources,
chemical
composition
and
meteorological conditions over a local to a regional
scale. In this context, the development of aerosol mass
spectrometry measurements greatly improved our
knowledge of pollution (trans-)formation. Yet, this
approach conceptually fails to get the bigger picture of
large-scale
pollution
episodes,
as
multi-site
characterization is needed.
The presented work focuses on the investigation
of the intense PM pollution episode that occurred in
March 2015 from multi-site observations and near real
time data. Aerosol Chemical Speciation Monitor
(ACSM, Ng et al., 2011) and 7-wavelength aethalometer
(AE33, Drinovec et al., 2015) measurements were
carried out in Lyon, Metz, Creil and at SIRTA (Fig. 1).

Figure 1. Localisation of sampling sites.
Results
A climatology approach showed that this episode
is associated at all sites with clear rain shortage
compared to normal values. When looking back until
2007, unusually high PM concentrations are always
associated to pronounced rain shortage. If this trend
become confirmed, this could be an illustration of the

regional impact of climate change, and its link with air
quality issues.
Despite a clear dominance of secondary species,
singularities from site to site are observed (Fig. 2).
Indeed, while high amplitudes are observed in the Paris
Basin, concentrations stayed fairly stable in Lyon and
Metz, highlighting different transformation processes
linked to different meteorology.

Figure 2. Chemical composition timeseries at all 4 sites.
Combined with cluster analysis, the statistical
distribution of BC/SO4 values confirms the rather
advected pattern of the episode at all sites. It also shows
that absolute values are geographically specific,
especially regarding the intensity of BC emissions. Then,
trajectory analyses highlighted that despite this
demonstrated advected pattern, the Paris Basin, Metz
and Lyon are influenced by different long-range
emission zones, and thus potentially different sources.
This is of primarily importance to settle mitigation
policies, coordinated over large geographical scales.
Finally, real time data are a unique opportunity to
evaluate model performance. Simulated PM1 chemical
composition by CHIMERE shows satisfying consistency
for secondary pollutants, but exhibits high discrepancies
for OM and BC, underlining the need of refined
emission inventories and/or emission factors.
Drinovec, L., Mocnik, G., Zotter, P. et al. (2015) Atmos.
Meas. Tech., 8, 1965-1979.
Ng, N.L., Herdon, S.C., Trimborn, A. et al. (2011)
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Ca2+). The mass concentration of selected metals (Al, Fe,
Mn, Pb, Ba, V) has been determined by an Inductively
Coupled Plasma - Atomic Emission Spectrometer (ICPAES). Finally, the thermal optical transmittance
technique by means of the Sunset Carbon Analyzer
Instrument has been used to determine EC and OC mass
concentrations. Figure 1 shows, as an example, the
weekly evolution of the PM10 mass concentrations with
corresponding ± 1 standard deviations (error bars) for
different seasons. One observes that the PM10 mass
concentrations on average increased with the day of the
week on spring. A weak increasing trend on Sunday has
been also observed on autumn and summer.
Two Kipp & Zonen pyranometers (CMP 21
model) and two pyrgeometers (CGR 3 model) have been
used to measure upward and downward radiative fluxes
at the surface in the solar (0.31–2.8 μm) and the
terrestrial (4.5–42 μm) spectral range, respectively, and
to identify weekly cycles on the clear-sky radiative flux
measurements. Main results on the PM and radiative flux
weekly cycle will be combined with the ones retrieved
from
sun/sky
photometer
and
nephelometer
measurements to better evaluate the anthropic aerosol
impact. Analytical back-trajectories from the HYSPLIT
(Hybrid
Single
Particle Lagrangian
Integrated
Trajectory; http://ready.arl.noaa.gov) model will be used
to investigate the role of the transboundary pollution.
60
50

PM10 [mg/m3]

The effect of anthropogenic activities on the atmospheric
aerosol composition, meteorological, and climatological
parameters cannot be easily detected. However, the
identification of weekly cycles on the atmospheric
aerosol concentration and composition represents a
potent tool to understand the anthropogenic aerosol
effects on climate. In fact, the aerosol weekly cycle is
strictly related to the working one, as several studies
have revealed (e.g., Georgoulias and Kourtidis , 2011 and
references therein). A negative aerosol optical depth
(AOD) weekly cycle (higher AOD values during
weekend) was observed by Georgoulias and Kourtidis
(2011) over Eastern Europe and the Mediterranean Sea.
They investigated the spatial and temporal variability of
the aerosol weekly cycle by using the AODs retrieved
from Terra MODIS (February 2000–February 2009) and
Aqua MODIS (July 2002–December 2008) satellite
measurements. Then, the AOD weekly variability
examined in conjunction with the dominating synoptic
wind pattern from the NCEP/NCAR reanalysis has
shown that the negative AOD weekly cycle over Eastern
Europe and the Mediterranean Sea could be partially
attributed to the westerly transport of pollution.
Columnar aerosol parameters retrieved from sun/sky
photometer measurements and ground-level aerosol
parameters retrieved by nephelometer measurements
were used by Perrone et al (2015) to investigate the
aerosol weekly cycle over south-eastern Italy. The
analysis of the weekly cycle of the ground-level and
columnar aerosol parameters indicated that the weekend
daily means of the aerosol optical depth and scattering
coefficient may have been partially affected by the
transboundary pollution from Eastern Europe, due to
weekday anthropogenic activities, in good agreement
with the results by Georgoulias and Kourtidis (2011).
PM2.5 and PM10 samples have been collected on
the roof of the Mathematics and Physics Department of
the University of Salento at ~10 m above ground level,
to investigate the weekly cycle on the PM concentration
and composition. The monitoring station is located in a
suburban site of the Salento’s peninsula (40.4°N;
18.1°E), south-eastern Italy, about 20 km away from
both the Ionian and the Adriatic Seas and, consequently,
it can be considered representative of the Central
Mediterranean (Perrone et al, 2013). A low volume (2.3
m3 h -1 ) HYDRA – FAI Instruments dual sampler has
been used to simultaneous collect 24-hour PM2.5 and
PM10 samples on 47-mm-diameter preheated quartz
filters from October 2014 to September 2015. Ion
chromatography analyses have been performed to
determine the mass concentration of selected anions (Cl-,
NO3 -, SO4 2-, MS-) and cations (Na +, NH4 +, K+, Mg 2+,
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Figure 1. Weekly evolution of the PM10 mass
concentrations on different seasons.
Georgoulias, A.K. and Kourtidis, K.A. (2011) Atmos.
Chem. Phys. 11, 4611–4632.
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Table 1. Experimental INP activation fraction (fin) and
averaged ice nucleation active surface-site density (ns) of
MCC cellulose aerosol particles (* only one value).

Total particles
> 0.25 μm
Particles
Cut-off 0.8 μm
Particles
Cut-off 0.4 μm

fin
(%)
(1.0+0.4) 10-6

ns
(m-2)
(1.2+ 0.6) 108

(0.8+0.3) 10-6

(1.4+0.6) 108

0.1 10-6*

0.1 108*

Results are given in Table 1, while Figure 1
shows an example of the particle size distribution
obtained with cellulose aerosol (MCC curve).
1,0E+02

1,0E+01

1,0E+00
Normalized dN/dlog(d)

Cellulose is the most common biopolymer in terrestrial
environments. A time series of the cellulose
concentration at a downtown site in Vienna showed
average cellulose concentrations between 0.37 µg m-3
and 0.75 µg m-3 (Puxbaum et al 2003).
A recent paper by Hiranuma et al. (2015)
attempted to investigate the ice nucleation efficiency of
cellulose atmospheric particles. The experimental results
obtained with immersion freezing mode suggested that
ice nucleation by cellulose becomes significant below T
= -21°C (temperatures relevant to mixed-phase clouds).
We used a diffusion filter processing chamber
(DFPC) to carry out experiments on the ice nuclei
freezing efficiency of laboratory-generated cellulose
particles in the deposition/condensation mode.
The DFPC is a modified Langer and Rodgers
chamber in which supersaturation with respect to water
is obtained by air flowing through fine milled ice
(Santachiara et al 2010). Aerosol particles were sampled
on cellulose nitrate membrane filters (Millipore, porosity
0.45 μm). The cellulose ice nucleation particle (INP)
concentrations were determined at T = -22°C and a
saturation ratio with respect to water equal 1.01. These
conditions should allow the detection of deposition and
condensation-freezing nuclei.
Cellulose
aerosol
particles
(Cellulose
microcrystalline powder, MCC, Sigma Aldrich) were
generated by nebulization of a cellulose suspension in
deionized water at 1 mg ml-1 concentration (Palas, AGK
2000). Aerosol particle number concentration was
measured by an OPC (Grimm, 11A model) running in
parallel with two sampling lines: one to collect all the
particles generated and the other to collect only particles
with aerodynamic diameters less than 0.8 μm or 0.4 μm
by means of a cyclone (SCC 0.732) running at 2 l min-1
and 3.5 l min-1, respectively.

MCC
Puxbaum et al.
1,0E-01

1,0E-02

1,0E-03

1,0E-04

1,0E-05
0,1

1

10

Size (um)

Figure 1. Normalized aerosol size distribution of MCC
particles.
The curve obtained is comparable to the
experimental one given by Puxbaum et al 2003.
In conclusion:
• The chosen cellulose aerosol mode generates
particles representative of those found in the
atmosphere inferred by Puxbaum et al (2003).
• The activation fraction values are in agreement
with Hiranuma et al (2015).
• No ice activation of MCC particles, produced by
liquid atomization, was found at temperatures
higher than -22°C.
• The ice nuclei capability of MCC particles
decreases for particle size lower than 0.4 μm.
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Antarctica is a significant region for studying climate
change of the Earth due to experiencing dramatic
changes (Chen et al. 2009; Pritchard et al. 2009).
Aerosol particles are one of various factors for climate
change in the Antarctica. The Antarctica where there is
less anthropogenic emission source is also good place for
studying sources and processes of natural aerosols.
However, still there is a lack of long-term information on
physical characteristics of aerosols due to environmental
conditions. In this study, we present seasonal and
monthly physical characteristics of aerosol particles at
the Korean Antarctic station King Sejong (62°13’S,
58°47’W), Antarctic Peninsula.
The simultaneous observations of physical
characteristics of aerosol particles were conducted from
March 2009 to February 2015. A condensation particle
counters (TSI 3772 and 3776), a CCN counter (DMT
CCN-100), and an Aethalometer (Magee Scientific, AE22) were used to determine physical characteristics (e.g.,
concentrations of condensation nuclei (CN), cloud
condensation nuclei (CCN), and black carbon (BC)) of
aerosols. Aerosol number size distributions were also
measured in the size range 10-300 nm with a scanning
mobility particle sizer (SMPS).

concentrations were observed during austral summer,
while minimum values were observed from May to
August between late autumn and winter period. This
result is in good agreement with observation results from
other Antarctic stations (Virkkula et al. 2009).

Figure 2. Monthly variation of CCN concentration at a
SS value of 1.0% from March 2009 to February 2015
with a standard deviation.
Figure 2 shows monthly mean values of CCN
concentration at a supersaturation (SS) value of 1.0%.
The CCN concentrations were also highest during austral
summer period, while the lowest CCN concentrations
were observed during winter.
This work was supported by a National Research
Foundation of Korea Grant funded by the Korean
Government (NRF-C1ABA001-2011-0021063).

Figure 1. Daily variation of mean values of (a)
temperature, (b) total radiation, and (c) CN
concentrations of particles larger than 3 nm (black line)
and 10 nm (blue line).
Figure 1 presents daily mean values of
temperature, total radiation, and CN concentrations of
particles larger than 3 and 10 nm. Clear characteristics of
CN concentrations, temperature, and total radiation are
observed. As shown in Figure 1(c), maximum CN

Chen, J. L., Wilson, C. R., Blankenship, D., and Tapley,
B. D. (2009) Nat. Geosci, 2, 859-862.
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Highly time-resolved chemical characterization of nonrefractory submicrometer particulate matter (NR-PM1)
was conducted in Seoul, the capital and largest
metropolis of Korea, using an Aerodyne high-resolution
time-of-flight aerosol mass spectrometer (HR-ToFAMS). The measurements were performed during winter
when persistent air quality problems associated with
elevated particulate matter (PM) concentrations were
observed. This is the first time that such detailed realtime measurement results have been reported from Seoul,
Korea, providing insights into the various sources and
processes of PM in the atmosphere.
The average NR-PM1 concentration was 27.5 µg
m-3 and the average mass was dominated by organics
(44%), followed by nitrate (24%) and sulfate (10%).
Organics had average atomic oxygen-to-carbon (O/C),
hydrogen-to-carbon (H/C), and nitrogen-to-carbon (N/C)
ratios of 0.37, 1.79, and 0.022, respectively determined
using the revised elemental analysis method reported in
Canagaratna et al. (2015). Five distinct sources of
organic aerosol (OA) were identified from positive
matrix factorization (PMF) analysis of the AMS data
(Zhang et al., 2011): vehicle emissions represented by a
hydrocarbon-like OA factor (HOA; O/C = 0.06),
cooking represented by a cooking OA factor (COA; O/C
= 0.15), wood combustion represented by a biomass
burning OA factor (BBOA; O/C = 0.34), and secondary
aerosol formation in the atmosphere that is represented
by a semi-volatile oxygenated OA factor (SVOOA; O/C
= 0.56) and a low volatile oxygenated OA factor
(LVOOA; O/C = 0.68). These factors, on average,
contributed 16, 20, 23, 15 and 26% to the total OA mass,
respectively, with primary organic aerosol (POA = HOA
+ COA + BBOA) accounting for a high fraction the OA
mass (59%).
On average, both primary emissions and
secondary aerosol formation are important factors
affecting air quality in Seoul during winter, contributing
approximately equal. However, differences in the
fraction of PM source and properties were observed
between high and low loading PM period (Fig.1). For
example, during stagnant period with low wind speed
(WS) (0.99  0.7 m/s) and high RH (71%), high PM
loadings (43.6  12.4 µg m-3) with enhanced fractions of
nitrate (27%) and SVOOA (8%) were observed,
indicating a strong influence from locally generated
secondary aerosol. This enhancement may be due to the
aqueous reaction or extra SOA formation contributed by

accumulated semi-volatile organics emitted from various
primary sources. On the other hand, when low PM
loadings (12.6  7.1 µg m-3), which were commonly
associated with high WS (1.8  1.1 m/s) and low RH
(50 %), were observed due to dynamic meteorology, the
fraction of regional sources, such as sulfate (12%) and
LVOOA (21%) become higher whereas the fraction of
locally emitted primary (COA, HOA) and locally formed
secondary species (nitrate, SVOOA) become lower.
Higher O:C ratio (0.41 vs 0.35 for low loading and high
loading respectively) during this period further supports
the influences from long range transport of oxidized
organics during dynamic meteorology period.
Our results indicate that NR-PM1 concentrations,
compositions and sources in Korea are very complex and
meteorological conditions and air mass origins have a
strong influence on properties of PM.

Fig1.Average compositional pie chart of PM1+BC
species during high (43.6  12.4 µg m-3) and low (12.6 
7.1 µg m-3) loading period.
This work was supported by the Korea Institute of
Science and Technology (KIST)
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Refractory black carbon (rBC) sources in the Yangtze
River valley region include coal combustion, biomass
burning and diesel engine emissions. Shanghai, Nanjing
and Wuhan each have a population in excess of 8 million
people and many other cities along the Yangtze River
are home to over 1 million people making the region one
of the most polluted in China (Fu et al., 2013). This
paper presents results from a research cruise along the
Yangtze River and provides a unique study to
continuously capture the regional pollution in eastern
China.
The comprehensive measurements on the ship took place
along the Yangtze River between 21st November and 4th
December 2015, and covered the length of the river from
Shanghai to Wuhan and back to Shanghai. Physical and
optical properties of individual rBC particles were
characterised using a single particle soot photometer
(SP2). PM1, PM2.5 and trace gases including nitrogen
oxides (NO-NO2-NOx), carbon monoxide (CO), sulphur
dioxide (SO2) and ozone (O3) were also simultaneously
measured.

CO/NOx showed a good correlation (r = 0.70) and were
used to determine that regions are highly affected by
coal combustion emissions when both ratios are high,
whereas regions are strongly affected by diesel engine
emissions when both ratios are low (Wang et al., 2002).
The single particle BC optical properties obtained from
the SP2 during the campaign can be used to separate
ambient mass loading of BC from traffic-related and
solid fuel sources based on the variation of the scattering
enhancement (Es) as a function of BC core mass
diameter (Dc).
Particles with small BC core size dominated in the
Shanghai area, implying that BC emissions arise from
the same sources; while particles with large BC core
sizes dominated in cities outside Shanghai during the
period 25th November to 3rd December, which indicates
that the source distribution is different from that of
Shanghai. Mass size distributions of BC were classified
by SO2/NOx and CO/NOx ratios. BC particles with larger
BC core diameters were coincident with high ratios of
the gas phase tracers previously attributed to coal
combustion emissions and lower BC core diameters to
diesel emissions.
These results, and others, will be used to assess regional
variations in BC emissions and properties.

Figure 1. BC mass concentrations along the Yangtze
River during the experiment.

Figure 2. The normalized mass size distributions of BC.
The normalised error bar are the +  (standard deviation).

The rBC average concentration along the Yangtze River
(Figure 1) during the campaign was 2.41 ± 1.11 µg.m-3.
SO2 showed a good correlation with NO (r = 0.71), NOx
(r = 0.73) and CO (r = 0.84), indicating these species
were likely to be emitted from the same sources. A
previous study found similar correlations with these
pollutants and identifying ship emissions to be their
source (Lu et al., 2006). The ratios of SO2/NOx and

Fu et al. (2013) Atmospheric Environment, 70, 39-50.
Lu et al. (2006) Atmospheric Environment, 40, 27672782.
Wang et al. (2002) Journal of Geophysical Research:
Atmospheres, 107, 2156-2202.
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peaks at m/z 26, 38, 55, possibly contributed from
hydrocarbons, in positive spectra.
This paper discusses the characteristic size
dependent chemical composition of the differently
treated soil dust particles before and after cloud
expansion experiments.
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Soil dust particles, ubiquitous in the atmosphere, are
considered to be the second largest primary particle
source globally (Silva et al., 2000). The major inorganic
components, e.g. minerals, and organic species of soil
dust particles may play a yet unclear but potentially
crucial role in atmospheric ice nucleating (O’Sullivan et
al., 2014; Tobo et al. 2014; Hill et al., 2016). Large
knowledge gaps still exist related to the chemical
composition of the organic and inorganic components,
their mutual interaction, and the influence of the organic
components on the propensity of soil dust particles to act
as cloud nuclei.
We deployed a Laser Ablation Aerosol Particle
Time-of-Flight Mass Spectrometer (LAAPTOF), at the
Aerosol Interaction and Dynamics in the Atmosphere
(AIDA) simulation chamber during the SOIL02
campaign, aiming to compare the chemical composition
of the different soil dust particles with their ice
nucleating behaviour. Four different soil dusts sampled
at two sites from Germany (SDGe01 and SDPA01),
Argentina (SDAr08), and Wyoming in USA (SDWY01)
were studied with and without heat treatment (2 hours at
300°C in air), and before and after cloud expansion. The
LAAPTOF, which is a new compact single particle mass
spectrometer, commercially available for a short time, is
capable of measuring the chemical composition and
mixing state of individual aerosol particles on line
(Gemayel et al., 2016; Marsden et al., 2016). Positive
and negative ion mass spectra were recorded typically
for several hundred individual particles of each soil dust
type before and after cloud expansion experiments in the
temperature range 228−260 K.
We found that: 1) the dominant mass spectral
peak patterns are similar for all soil dust particle types
studied. They are located at around m/z 27 (Al+/C2H3+),
39 (K+/C3H3+), and 56 (Fe+/CaO+/Si2+/C4H8+) in positive
spectra; 26 (CN-), 42 (CNO-), 60 (SiO2-), and 76 (SiO3-)
in negative spectra. Less prominent but detected
reproducibly are carboxylic groups (e.g., COOH-) and
elemental carbon signatures (EC, Cn-). However,
characteristic differences can be observed, especially
between German and Argentinian soil dust particles (cf.
Figure 1). 2) Compared with the untreated samples, the
peaks related to nitrogen containing organic compounds
and elemental carbon are much more pronounced for
heat treated samples, while the peaks indicative of
organic acids are significantly reduced. 3) Compared
with the total soil dust particles before cloud expansion,
the particles after expansion have much less intensive
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Figure 1. Average mass spectra for German (SDGe01)
and Argentinian (SDAr08) soil dust particles. Black tags
represent inorganic fragments; green tags represent
organic fragments; orange tags represent fragments may
contributed by inorganic and organic species
Gemayel et al. (2016) Atmos. Meas. Tech. 9, 1947–1959.
Hill et al. (2016) Atmos. Chem. Phys.16, 7195–7211.
Marsden et al. (2016) Atmos. Meas. Tech. Discuss.,
doi:10.5194/amt–2016–150.
O’Sullivan et al. (2014) Atmos. Chem. Phys. 14, 1853–
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peaks at m/z 26, 38, 55, possibly contributed from
hydrocarbons, in positive spectra.
This paper discusses the characteristic size
dependent chemical composition of the differently
treated soil dust particles before and after cloud
expansion experiments.
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Soil dust particles, ubiquitous in the atmosphere, are
considered to be the second largest primary particle
source globally (Silva et al., 2000). The major inorganic
components, e.g. minerals, and organic species of soil
dust particles may play a yet unclear but potentially
crucial role in atmospheric ice nucleating (O’Sullivan et
al., 2014; Tobo et al. 2014; Hill et al., 2016). Large
knowledge gaps still exist related to the chemical
composition of the organic and inorganic components,
their mutual interaction, and the influence of the organic
components on the propensity of soil dust particles to act
as cloud nuclei.
We deployed a Laser Ablation Aerosol Particle
Time-of-Flight Mass Spectrometer (LAAPTOF), at the
Aerosol Interaction and Dynamics in the Atmosphere
(AIDA) simulation chamber during the SOIL02
campaign, aiming to compare the chemical composition
of the different soil dust particles with their ice
nucleating behaviour. Four different soil dusts sampled
at two sites from Germany (SDGe01 and SDPA01),
Argentina (SDAr08), and Wyoming in USA (SDWY01)
were studied with and without heat treatment (2 hours at
300°C in air), and before and after cloud expansion. The
LAAPTOF, which is a new compact single particle mass
spectrometer, commercially available for a short time, is
capable of measuring the chemical composition and
mixing state of individual aerosol particles on line
(Gemayel et al., 2016; Marsden et al., 2016). Positive
and negative ion mass spectra were recorded typically
for several hundred individual particles of each soil dust
type before and after cloud expansion experiments in the
temperature range 228−260 K.
We found that: 1) the dominant mass spectral
peak patterns are similar for all soil dust particle types
studied. They are located at around m/z 27 (Al+/C2H3+),
39 (K+/C3H3+), and 56 (Fe+/CaO+/Si2+/C4H8+) in positive
spectra; 26 (CN-), 42 (CNO-), 60 (SiO2-), and 76 (SiO3-)
in negative spectra. Less prominent but detected
reproducibly are carboxylic groups (e.g., COOH-) and
elemental carbon signatures (EC, Cn-). However,
characteristic differences can be observed, especially
between German and Argentinian soil dust particles (cf.
Figure 1). 2) Compared with the untreated samples, the
peaks related to nitrogen containing organic compounds
and elemental carbon are much more pronounced for
heat treated samples, while the peaks indicative of
organic acids are significantly reduced. 3) Compared
with the total soil dust particles before cloud expansion,
the particles after expansion have much less intensive
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Figure 1. Average mass spectra for German (SDGe01)
and Argentinian (SDAr08) soil dust particles. Black tags
represent inorganic fragments; green tags represent
organic fragments; orange tags represent fragments may
contributed by inorganic and organic species
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Study of aerosol spatial variability by means of a mobile observing system
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Aerosols are a quite variable component of the
atmosphere, impacting air quality, human health and
climate. The spatial and temporal variability of aerosol
properties makes their characterization difficult and is
one of the uncertainties in climate forcing.
A mobile system that combines passive and
active remote sensing observations with in situ optical
measurements comes as a multi-observation tool for the
characterization of aerosol vertical and near-surface
properties. This innovative tool complements the
existing atmospheric study capabilities, such as fixed
ground-based and satellite-based observation techniques.
Applications of such system are various, from the
observation of aerosol inter-regional gradients in case of
pollution events to the validation of satellite
measurements and model outputs.
The mobile system used in this study is composed
of a CIMEL micro-LIDAR (Pelon et al, 2008), a mobile
sun photometer - PLASMA (Karol et al, 2013), a
nephelometer, an optical particle counter and a
meteorological station. The measurements are performed
during the vehicle motion and data are transferred via
3G-telecommunication network for processing and
display in near real time.
As
this
observation
system
performs
measurements during motion, it allows the fast spatial
exploration to measure the aerosol variability at surface
level (nephelometer, particle counter) and within the
atmospheric column (Lidar, sun photometer). The
mobile system was used up to now for the study of intercity variability (Lille-Paris, Lille-Dunkerque) and interregional
studies
(Nord-Pas-de-Calais-Belgium).
Surrounding countryside will be explored, especially
during pollution events.
The use of all the above-mentioned instruments
provides informations on vertical profiles of lidarderived extinction coefficients, lidar ratio, aerosol optical
depth, Angström exponent, number and volume size
distribution and aerosol mass concentration.
First measurements
The investigation of Nord-Pas-de-Calais and Îlede-France regions revealed a strong inter-regional

variability in case of a pollution event that occurred in
April 2015 (Popovici, 2015). The vertical distribution
and spatial variability of aerosols is illustrated in Figure
1. Mass concentrations of 72 µg/m3 were recorded in
Lille and decreased to 25 µg/m3 when arriving in Paris.
A comparison of lidar-derived aerosol mass
concentrations with air quality model outputs was made.
The results showed that the predicted values of PM10
were higher than the values derived from mobile
measurements. This example illustrates the variability in
aerosol distribution and concentration within 200 km and
3 hours time interval in case of pollution events and
highlights the interest of such studies.

Figure 1. Lidar range corrected signal recorded during
Lille-Paris mobile measurements
This work was performed within the framework of a
CIFRE grant (ANRT contract #0161) for the doctoral
work of I. Popovici at LOA and CIMEL Advanced
Monitoring. The authors acknowledge the support from
CaPPA project and SNO PHOTONS/AERONET.
Pelon, J., Mallet, M., Mariscal, A., Goloub, P., Tanré,
D., Bou Karam, D., Flamant, C., Haywood, J.,
Pospichal, B. and Victori, S. (2008) J. Geophys.
Res., 113, D00C18
Karol, Y., Tanré, D., Goloub, P., Vervaerde, C., Balois,
J. Y., Blarel, L., Mortier, A. and Chaikovsky, A.
(2013), Atmos. Meas. Tech., 6, 2383-2389
Popovici, I. (2015) Aerosol spatial distribution as seen
from a mobile observing system, Master thesis report
available at Laboratoire d’Optique Atmospherique
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Aerosols play a key role in the Earth climatic system
because they can increase the cooling or warming of the
Earth surface depending on their properties. Therefore
the well knowledge about column and also vertical
aerosol properties is necessary to understand the Earth
energy balance. Column aerosol properties are usually
well retrieved using sun/sky photometers, but they have
not the capability to obtain vertical profiles of these
properties. Lidar systems are generally used to obtain
these vertical properties, but these kinds of systems are
generally expensive and they are not usually automatic.
On the other hand, ceilometers are not precise like a
lidar, but they are cheaper and they are more robust and
they work automatically, which implies that ceilometers
are more operative. In fact, at least at Iberian Peninsula,
there are more ceilometers than lidar systems. Therefore,
this work aims to use ceilometers in combination with
sunphotometers, in order to obtain column and vertical
aerosol properties.
Sunphotometer and ceilometer measurements can
be used as input in the GRASP algorithm (Generalized
Retrieval of Aerosol and Surface Properties). GRASP is
a versatile algorithm with the capability of retrieve
aerosol properties (Anton et al., 2013; Dubovik et al.,
2014). In the present study, GRASP was run using
vertical range corrected ceilometer signal at 1064 nm
and aerosol optical depth (AOD) and sky radiances from
a sunphotometer.
AOD and sky radiances were obtained from
AERONET network and AERONET-Europe/ACTRIS
(Aerosol Robotic Network; http://aeronet.gsfc.nasa.gov).
The vertical ceilometers profiles were given by the
Spanish and Portuguese Ceilometer Network. This
network is formed by different Spanish and Portuguese
research groups, some of them uploading ceilometer data
in near-real time to the network, which can be useful to
detect different aerosol outbreak and its evolution,
especially over the Iberian Peninsula.
In the first step of this work the GRASP retrieval
of sunphotometer plus ceilometer was compared against
more precise lidar measurements at a station located at
Granada (Spain). This comparison has been done under
different aerosol conditions. The column products of

these retrievals were also compared with the provided by
AERONET.
In a second step, the aerosol properties were
retrieved using photometers and ceilometers at locations
without operative lidar systems like Badajoz and
Valladolid (Spain), Some special aerosol cases were
analyzed at these locations and Granada. The obtained
results help to understand the spatial and vertical aerosol
behaviour during an aerosol episode over the Iberian
Peninsula.
As conclusion, the GRASP algorithm can be used
to retrieve vertical aerosol properties at locations without
lidar systems but with one photometer and one
ceilometer. The combination of both instruments at
different locations helps to obtain better knowledge of
spatial and vertical aerosol properties.
This work was supported by the Andalusia Regional
Government through project P12-RNM-2409, by the
Spanish Ministry of Economy and Competitiveness
through project CGL2013-45410-R and Juan de la
Cierva-Formación, and by the European Union’s
Horizon 2020 research and innovation programme
through project ACTRIS-2 (grant agreement No 654109)
which also support AERONET-Europe and its
calibration service (also grateful). The authors
acknowledge the use of GRASP inversion algorithm
(http://www.grasp-open.com), and also FEDER program
for the instrumentation used in this work.
Dubovik O. et al. (2014). SPIE Newsroom. Doi:
10.1117/2.1201408.005558
Lopatin A. et al. (2013). Atmospehric Measurement
Techniques, 6,2065-2088.
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This study, based on twelve month data (December 2014
to November 2015)investigates the columnar optical
properties of aerosol over Gobabeb, Namibia (23.56S,
15.04E, 405asl) using ground based remote sensing. An
AERONET station was established at Gobabeb in August
2014 but started functioning consistently in November
same year. Aerosol optical depth AOD500 has its
maximum and minimum values in August (0.37±0.30)
and June (0.06±0.02) respectively. The Angström
parameter is mostly above unity and indicates the
prevalence of fine particles for most part of the year with
maximum and minimum in August (1.44±0.19) and
December (0.57±0.19), respectively. The columnar water
vapor was highest in March (2.09±0.58) and lowest in
June (0.76±0.27). The volume size distribution shows the
fine particles having a mean radius at 0.16 µm) and the
coarse mode about 3 µm). Aerosol radiative forcing
shows cooling effect at the atmosphere only in April and
May but shows heating effect throughout the other months
with a peak of 19.97 W m-2 in August.
A. INTRODUCTION
Aerosol study in the past four decades or more has
yielded some positive results as their impacts are
gradually being known based on modelling, in situ
measurements from campaigns and long-term
measurements from both ground and satellite-based
instruments. Their optical, radiative and microphysical
properties are not totally evasive as it used to be in many
years gone by. The uncertainties on these properties
mostly derive from the spatial and temporal variability of
the aerosol load, as well as on the diversity of the
mechanisms of formation and emission. As a
consequence, aerosols from desert dust, biomass burning
or oceanic origin behave differently from each other and
differ in their impact on climate and health (Stocker et al.,
2013). Especially in light of dynamic regional socioeconomic change, the coastal stratocumulus cloud deck
off of Namibia and Angola and the near coastal, South
Atlantic Ocean is thought to have a potentially important
radiative, biogeochemical and hydrological impact on the
local, regional and possibly global climate. There is the
need to build upon the success of a number of prior largescale regional land-atmosphere experiments conducted in
the region over the past decades: the Transport and

Atmospheric Chemistry near the Equator-Atlantic
(TRACE-A); the Southern African Fire-Atmosphere
Research Initiative (SAFARI-92); the Southern African
Atmospheric Research Initiative SAFARI-2000. These
campaigns showed that: a) Southern Africa is an
important region of the world in terms of global emissions
to the atmosphere and a good natural laboratory to
evaluate the earth (land and ocean), atmosphere
interactions, and b) critical gaps remain in our
understanding of the fate and impacts of the emissions on
the functioning of the regional land-atmosphere-ocean
systems. To fill these gaps, the regional international SeaEarth-Air Linkages in southern Africa (SEALS-sA)
programme has recently been initiated in order to promote
coordinated field experiments and long-term monitoring
along the west coast of southern Africa. In this
framework, the Gobabeb Research and Training Center
research station hosts an ongoing research program
consisting in the long-term measurements meteorological
parameters, aerosols and fog. In this paper we discuss the
preliminary results of observations of the column aerosol
optical properties provided by the AERONET
sunphotometer located at the station.
B. SITE AND INSTRUMENTATION
a. Site
The Gobabeb Research and Training Center
(GRTC; 23.6° S, 15.0° E, 405 m above sea level;
http://www.gobabebtrc.org/) is located at Namib Desert in
the southwestern African coast. This desert stretches
nearly 2000 km from South Africa to Namibia. .
b. Instrumentation
The sun/sky sunphotometer (CE-318 CIMEL Inc,
Paris, France) is a radiometer is capable of taking both
direct sun and diffuse sky measurements (Holben et al.,
1998). The instrument keeps track of the sun with the
sensor head being within 1o of the sun approximately.
Measurements are transmitted through METEOSAT
geostationary satellite being received and monitored from
NASA Goddard Space Flight Center in USA. The
instrument takes direct sun measurements at eight spectral
channels of 340, 380, 440, 500, 675, 870, 940 and 1020
nm with the 940 nm band use to measure columnar water
vapor approximately every 15 minutes throughout the
day. The diffuse radiance measurements in the solar
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a. Monthly Variability of AOD500, CWV and α440-870
The Fig 1 (a-c) shows the median values of each of
the quantity indicated by the red horizontal line. The
median values for each month was used in this case as the
data have outliers which makes the frequency distribution
of the data to be skewed and in such a case the mean will
not be a good representative of the measure of the central
tendency of each month. The day to day variability of
aerosol optical depth within the month was moderate from
January to July and afterwards the daily variation became
high from August to October indicating a wide range of
anthropogenic activities within these period. The median
value ranges from 0.054 in February to 0.27 in August.
September equally has high value of 0.26. The August and
September peak of AOD is common in Southern Africa
and corresponds to the peak of the biomass burning
season and to the transport from other regions, especially
Zambia (Kumar et al., 2013; Queface et al., 2011). The
aerosol loading over this location is generally low with
frequency distribution of 77% for AOD of 0.1 and
less.This location although receive very little rainfall,
show high amount of water vapor present in the
atmosphere at the beginning of the year and the latter part
of the year but low in the middle months of the year. The
minimum recorded was in June (0.74 cm) and maximum
was in January (2.89 cm). Higher values of the water
vapor content in January and April can be associated with
relative humidity as rainfall is higher in the earlier part of
the year (Feb – May), then August and October from the
trend observed between 2002 - 2011 (Eckardt et al.,
2013). The values were reasonably low in the drier winter
month. The Angstrom parameter is a qualitative factor
determining aerosol size. It indicates the relative
abundance of the accumulation mode to the coarse mode
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with higher values greater than 0.75 representing the
dominance of the accumulation mode and vice versa. It
has median values much less than 1.0 only in February,
November and December (0.74, 0.54, 0.54) respectively.
These are months that have higher values of the coarse
mode. The Namib Desert dust and marine aerosols seems
to have more contributions to the total particulate matter
during these months. The highest value was in September
(1.48) followed by August (1.44). The frequency
distribution showed that values greater1.0 is 55.5%
meaning there was a general prevalence of fine particles
over Gobabeb.

2.0
1.0

c
1.5
 470-870

almucantar or principal plane are taken at four spectral
bands 440, 675, 870 and 1020 nm in the mornings and
afternoon mostly at low solar elevation. From those
measurement, the single scattering albedo, refractive
index, volume size distribution etc. are retrieved using an
inversion algorithm. More details regarding the error
estimation, uncertainties, calibration protocols, etc. has
been presented in (Dubovik et al., 2002; Dubovik and
King, 2000). AERONET observations are available at
three levels; level 1.0 corresponding to raw data, level 1.5
corresponding to cloud-screened observations and level
2.0 corresponding to quality assured data to which recent
calibration has been applied. In this paper, we present
preliminary analysis using level 1.5 as the level 2.0 is only
available for data prior April 2015. However, the
uncertainty for AOD retrieval under cloud screened
condition for wavelengths greater than 440 nm is < ± 0.01
and for shorter wavelengths < ± 0.02 or less than ± 5%
uncertainty in the retrieval of the sky radiance
measurements. Errors of retrieving particles in the size
range (0.1 ≤ 𝑟 ≤ 7𝜇𝑚) do not exceed 10% except for
very small values. SSA have uncertainty of about 0.03 –
0.05 depending onaerosol loading and types.Real and
imaginary parts have about 0.3 – 0.5 and ± 0.04
respectively (Alam et al., 2012; Dubovik et al., 2002).
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Fig 1 (a) Aerosol Optical depth at 500 nm (b) Columnar
Water Vapor content and (c) Angstrὃm parameter where
the red line show the median value of each month, the
vertical hinges represent data points from the lower to the
upper quartile (i.e., 25th and 75th percentiles) and the
whiskers represent data points from the 5th to 95th
percentiles for the period December 2014 to November
2015 over Gobabeb.
b. Volume size Distribution and effective radius
The volume size distribution (VSD) account for
the mixture of different types of aerosol present and
advected into a location which are conditioned on
scavenging processes and meteorological influences (Ali
et al., 2014). In the AERONET retrievals the volume size
distribution is represented in a lognormal form as
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Fig. 3. Seasonal AERONET retrieved single scattering albedo at
four different wavelengths along with the standard deviations
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Fig. 2. AERONET retrieved volume size distribution in different
seasons along with the standard deviations

c. Single Scattering Albedo
The single scattering albedo (SSA) is an important
property in understanding aerosol radiative forcing and
relates the ratio of scattering to extinction coefficient. It
depends on the aerosol refractive index (that is on the
composition) as well as the volume size distribution of the
aerosol (Dubovik and King, 2000). SSA presents a
distinct spectral behavior depending on the type of
aerosol; increase with wavelength will indicate that
aerosols absorbs more in the UV part of the spectrum.
Such aerosols are large in size representing UV-absorbing
compounds such as iron oxides from desert dusts while
decrease with wavelength is mostly characteristic of fine
aerosols which absorbs at shorter wavelengths. Such
small size particles are associated with black carbon from
biomass or urban/industrial aerosol (Dubovik et al.,
2002). The seasonal plot of the SSA is shown in Fig 3. In
summer (DJF), there is a slight increase from the shorter
to the longer wavelength having values of 0.881, 0.883,
0.885 and 0.890 at (440, 675, 870 and 1020 nm). This
indicates that particle of larger sizes predominates this
season. These particles can be of desert origin or formed
from hygroscopic growth of aerosols. In autumn, the
spectral line decreased from 0.914 to 0.905 but later
increased to 0.906 and further increased to 0.910 at the
aforementioned wavelengths. This implies that the season
is not particularly dominated by either fine or coarse
particles as aerosols of different sizes make comparable
contribution to the columnar aerosol loading. In winter,
the spectral line has a constant decrease with wavelength,
it means a higher absorption at shorter wavelength. This

d. Refractive Index
The refractive index is made of the real n(λ) and
the imaginary part k(λ). It reflects the ability of aerosol to
scatter and absorb incoming radiation. The complex
refractive indices for aerosol particles depends on the
chemical composition. High values of the real part
indicates scattering while high values of the complex part
indicates absorption.
In Fig 4, the seasonal real and
1.0
imaginary parts of the refractive index for Gobabeb is
shown. Comparing the real and the imaginary parts, it can
be observed0.9 that the imaginary part exhibits larger
dependence than the real part.
SSA
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relates more to the predominance of biomass or
urban/industrial aerosols with values of 0.837, 0.823,
0.808 and 0.799 respectively. Just like in the autumn the
spectral line first increased in the lower but later decreased
in the longer wavelength having values of 0.871, 0.878,
0.872 and 0.870 respectively. Previous studies in southern
Africa showed that at Skukuza the range of SSA at visible
wavelengths (440 – 675 nm) is between 0.91 and 0.89
while for Mongu its 0.87 and 0.83 respectively (Queface
et al., 2011) but for Gobabeb it ranges between 0.88 and
0.87.
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Where Ci is the particle volume concentration, Ri is the
median or geometric mean radius, σi is the variance or
width of each mode, r is the particle radius, and n is the
number of lognormal aerosol modes. In the Fig 2, the
VSD shows a bimodal lognormal distribution which vary
according to seasons with the spring season having the
highest distribution for both accumulation and coarse
1.0
modes. The winter has its highest distribution in the
accumulation mode while the autumn and summer have
their highest distribution in the coarse mode. The
0.9
accumulation mode has its peak at a radius of about
0.16µm and the coarse mode range between 3 µm.
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Fig. 4. Seasonal AERONET retrieved refractive index (a) Real
(b) imaginary at four different wavelengths along with the
standard deviations
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The real part ranges between 1.47 and 1.49 in the shortest
wavelength for all seasons but the imaginary part show
higher absorption for winter (0.027) season followed by
the spring (0.016). These seasons contain more of
absorbing aerosols than the other seasons as indicated
previously concerning the biomass season
e. Aerosol Radiative Forcing
Aerosol radiative forcing is defined as the
difference between the downward (top of the atmosphere)
and the upward (surface) fluxes of the short wave
radiation with and without aerosols. This quantity is made
available through the AERONET inversion code
(calculated in the solar spectrum (0.2 – 4.0 µm)) and the
assumptions has been extensively discussed in earlier
works (Dubovik and King, 2000; Dubovik et al., 2006;
García et al., 2011). García et al. (2011) further suggested
that the value recorded for the surface forcing by
AERONET is overestimated and needed to be corrected
by (1-SA) where SA is the surface albedo. In this paper
we have employed this method to make correction to the
surface forcing. Table 1 shows the monthly radiative
forcing over Gobabeb. The radiative forcing at the top of
the atmosphere (TOA) which ranges from – 0.49Wm-2 in
April to - 13.13 Wm-2 in August. The surface forcing –
0.04 Wm-2 in January to 6.83 Wm-2 was in August. The
resultant effect on the atmosphere was lowest in
November 0.34 Wm-2 and highest in August 19.97 Wm-2
resulting in warming effect but has cooling effect in April
and May with values of -0.87 Wm-2and -1.16 Wm-2 and
heating effect for the rest of the months with highest in
August (19.97 Wm-2) and lowest in November (0.34 Wm2
). The high value recorded during biomass burning
episode is not unexpected.as biomass burning is
associated with high absorbing aerosol.
Table 1: Monthly mean of aerosol radiative forcing over
Gobabeb for December 2014 to November 2015

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

TOA
(wm-2)
-1.42
-0.85
-1.78
-8.70
-1.52
-1.78
-4.48
-13.13
-8.70
-3.99
-2.05
-12.41

Surface
Atmosphere
-2)
(Wm
(Wm-2)
-0.05
1.37
-0.78
0.08
0.06
1.84
1.52
10.22
-2.68
-1.16
0.06
1.84
1.95
6.42
6.84
19.97
1.52
10.22
-2.41
1.58
-1.71
0.34
1.31
13.72

Tours, France

Page 336 of 1211

D. CONCLUSION
Gobabeb like some other Southern African
locations experiences high aerosol loading during the
biomass season having its maximum AOD in August. The
Angström parameter was above 1.0 for most part of the
year indicating the prevalence of fine mode particles
particularly when AOD was high. The radiative forcing at
the atmosphere has a warming effect for most part of the
year.
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Results of analysis of temporal variations of the
tropospheric aerosol characteristics assessed from the
data of sensing with "LOZA-S" lidar at wavelengths of
355, 387 (Raman scattering), 532, 607 (Raman), and
1064 nm are presented. Measurements were carried out
in Tomsk (560N, 850E) in the frameworks of
continuation of the Comprehensive Aerosol Experiment
(Matvienko et al, 2014) in summer of 2015 at notdisturbed conditions.
Night-time sounding sessions were selected for
processing. An analysis included (i) retrieval of the
vertical distributions of backscattering and extinction
coefficients from the raw data and (ii) solution of the
inverse problem of the aerosol scattering.
Time base of the lidar signals is shown in Figure
1.

stratosphere), no change of air mass occurs. Some mean
values of aerosol quantitative and qualitative
characteristics are presented in Table 1 (PBL – planetary
boundary layer; MTL – middle troposphere layer).
Table 1. Mean values of aerosol optical depth Ta(532),
Angstrom exponents for extinction and backscattering
and lidar ratio for wavelengths of 355 and 532 nm.
June 22
June 23
PBL / MTL
PBL
Height, km
0.5-1.2 / 2-3.6
0.5-3.85
Ta(532)
0.010 / 0.071
0.26
Angstrom exponent for:
extinction (355/532)
1.29 / 1.02
1.07
backscatter
(355/532)
1.25 / 0.95
0.99
(532/1064)
0.94 / 0.81
1.15
Lr(355), sr
59 / 49
61
Lr(532), sr
53 / 46
68
Inverse problem was solved using modified
Tikhonov’s algorithm. Modification concerns the
selection of constraints different for fine and coarse
aerosol fractions.
June 23, PBL
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Figure 1. Spatial-temporal variations of the scattering
ratio at 1064 nm.
Analysis of the backward trajectories showed that
at the beginning of sounding, air masses in boundary
layer (up to 1.2 km on June, 22, and 3.85 on June, 23)
and in free troposphere have come from North Europe,
Atlantics, Canada (south-eastern direction of transport).
Further, after the rain fall, air mass in boundary layer
came from Arctic region (southern direction of
transport), but in upper layers (free troposphere and
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Figure 2. Aerosol size distributions with different ratios
between fine and coarse aerosol fractions .
This work was supported in part by the RSF (No. 14-2700022).
Matvienko, G., Belan, B., Panchenko, M., et al. (2014)
International Journal of Remote Sensing. 35, 56515676.
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Results
The first experimental setup demonstrated the
detection of two fungicides (Impulse and Bogiron) by
OP-FTIR during spraying operation in fallow field,
young and mature apple orchards (figure 1).
Additionally, water load in LOS during each spraying
event was quantified, which allowed estimation of the
drift magnitude.
During the second experimental stage, the OP-FTIR was
used to detect and quantify spray drift generated by three
different sprayers at various heights (3, 4, 5, and 6m).

The obtained vertical profile provided new insight about
the pattern generated by each sprayer, helping to better
compare the environmental footprint of these sprayers
(figure 2).
0.12
before spraying
after spraying

during spraying
lab results

Extinction (A.U)

0.1
0.08
0.06
0.04
0.02
0
2840

2860

2880
2900
2920
2940
Wavenumber (cm-1)

2960

2980

Figure 1: OP-FTIR measurements in the mature orchard
before, during and after Impulse application. Laboratory
measured Impulse spectrum is shown for comparison.
Pesticide load (μl/m of path)

The use of pesticides is important to ensure food security
around the world. Unfortunately, acute and chronic
exposures to pesticides may result in adverse effects on
human health. Exposure to pesticide can be via
digestion, contact with contaminated surface, or
inhalation of airborne pesticide drift from field. The
present work focused on measurement of pesticide drift.
Measurement of aerosolized pesticide drift in real
time is very challenging. The active ingredient is diluted
with water up to a concentration of ~0.1%v. The sprayed
solution is exposed to constantly changing
meteorological conditions which may alter its properties
(e.g., size distribution of spray droplets). Additionally,
the active ingredient can evaporate and partition between
condense and gas phases. These facts, together with the
large variety of pesticides commonly used, make it
extremely difficult to monitor airborne pesticide drift in
real time in the field.
This study examines detection, quantification,
and identification of pesticide spray drift using ground
based remote sensing. The spectral measurements were
done using Open Path Fourier Transfer Infra-Red (OPFTIR) spectroscopy. Many materials have a distinctive
spectral signature in the OP-FTIR measuring range (5005000cm-1), which makes this technique ideal for
detecting and identifying pesticides drift.
The experiments were conducted in a research
farm with several types of orchards and sprayers. The
experiments were divided into two main setups: (1)
Measurements at a height of 1.5 meters at the edge of an
orchard to establish OP-FTIR capabilities for drift-cloud
quantification and identification of the active ingredient
in it. (2) Measurements at different heights in order to
study the vertical profile of the drift. Water sensitive
papers were placed along the line of sight (LOS) of the
device to measure the droplets size distribution, which
was required in order to estimate the water load.

4.500
4.000
3.500
3.000
2.500
2.000
1.500
1.000
0.500
0.000

Sprayer 1

1st tree line

Sprayer 2

2nd tree line

Sprayer 3

3rd tree line

Figure 2: Estimated pesticide load in the LOS along the
entire height of the measurement. Pesticide
concentration in the applied solution: Sprayer 1=~0.1%v,
Sprayer 2=~0.1%v, and Sprayer 3=~1.0%v.
Conclusion
This work demonstrates the potential of OP-FTIR
for detecting and quantifying drift of airborne pesticides
in real time. The OP-FTIR can thus be a useful tool for
assessing pesticide exposure and spraying efficiency.
This work was done under and supported by the
Technion Center of Excellence in Exposure Science and
Environmental Health (TCEEH). Additionally, this work
was supported by the Israel Science Foundation (809/12)
and the Environmental Health Foundation (864942). We
would like to thank the American Technion Society for
their financial support through the generous donation of
the Hittman Family

European Aerosol Conference 2016

Tours, France

Page 340 of 1211

Imputation of missing aerosol data over Indian region
P. Kumar1, P. Dave2 and M. Bhushan1
1

Department of Chemical Engineering, Indian Institute of Technology Bombay, Mumbai, 400076, India
2
Climate Studies, Indian Institute of Technology Bombay, Mumbai, 400076, India
Keywords: AOD; Missing value; Temporal correlation
Presenting author email: pratyushkumar@iitb.ac.in

The amount of aerosols present in atmosphere is
typically quantified as Aerosol optical depth (AOD),
where higher AOD implies higher amount of aerosols in
the atmospheric column. In literature, AOD retrieved
using remote sensing techniques have been widely used.
However, the presence of clouds in the atmosphere along
with non-uniform satellite overpass time over a given
location poses a challenge in retrieving the AOD values
at a frequent and constant rate (Lou and Obradovic,
2011).
In recent literature techniques have been
proposed to estimate the missing AOD values (Lou and
Obradovic, 2011; Radosavljevic et al., 2010). In
particular, imputation technique proposed by Lou and
Obradovic (2011) was found to accurately estimate
AOD even when the data had large fraction of missing
values. However these techniques have not been
validated over the Indian region where complex
orography and aerosol characteristics such as
predominance of anthropogenic aerosol over Indogangetic plain (IGP) (Ramchandran and Kedia, 2013)
makes the AOD estimation problem a challenging one.
The current work focuses on application of
imputation technique proposed by Lou and Obradovic
(2011) to estimate missing AOD values over the Indian
region. In particular, we exploit temporal correlation
amongst AOD values to build stochastic linear time
series models to estimate the missing values. Towards
this end, the temporal correlation amongst AOD data is
captured by use of a latent variable which is assumed to
evolve as a first order Gaussian Markov process. The
observed AOD value is assumed to be a noisy
measurement of this latent variable, where the
measurement noise is assumed to be Gaussian as well.
MODIS retrieved AOD L3 data at 1ox1o
resolution was used for the analysis for period of MarchSeptember (Pre-monsoon: March-May; Post-monsoon:
June-September; total 214 days) for year 2000.
Longitude and latitude of spatial domain was from 66.5o100.5o and 6.5o-40o respectively. Fraction of missing
values in the AOD data was largest over North-western
India (>0.8) while over the IGP (R1) and Peninsular
India (R3) fraction of missing values were small (<0.4)
as shown in Fig.-1(a).
To characterize the performance of the stochastic
linear time series modelling approach, only pixels with
at-least 15% available values were considered. The
available AOD values at each of these pixels were
divided into training and testing sets. In particular,
randomly chosen 10% of the available values were
assigned to the testing set while the remaining 90% were
assigned to the training set. At each pixel a separate time
series model was obtained using the training set and used

to impute the missing values corresponding to testing
set. Mean squared error (MSE) was obtained from the
differences of the imputed and the corresponding known
testing values. This entire procedure was repeated ten
times at each pixel and averaged MSE (ARMSE) across
these 10 realizations are depicted in Fig.-1(b). It can be
seen that the ARMSE values are lower in Western

Figure 1: (a) Fraction of missing values and (b) ARMSE value. R1, R2
and R3 represent regions with differing model performance.

coastal (R2) and R3 regions while they are higher in R1
region, though the fraction of missing values is lower in
R1. This suggests that the model performs relatively
poorly in R1 as compared to Peninsular region. This
could be due to the variability of aerosol characteristics
over R1 where more anthropogenic aerosols are emitted
during pre-monsoon period leading to significant
changes in aerosol characteristic in this period. The
improved model performance over R2 and R3 could be
due to abundance of dust and sea-salt aerosols that show
less seasonal variability during the period under
consideration. The results thus indicate that the models
performed better when the aerosol variability is low
despite the missing value fraction being large.
The current work, to the best of our knowledge, is
a first attempt at imputing observational AOD values
over Indian subcontinent and further work is required to
improve the imputation performance over regions with
large aerosol variability.
Lou. Q, Obradovic. Z, “Modelling multivariate spatiotemporal remote sensing data with large gaps”, Proc.
22nd Int. joint Conf. on Artificial Intelligence, Barcelona,
Spain, 2011.
Radosavljevic, V., Vucetic, S., Obradovic, Z., “A data
mining technique for aerosol retrieval across multiple
accuracy measures”, IEEE Geoscience and Remote
Sensing Letters, vol. 7, no. 2, 2010, pp. 411-415.
Ramchandran, S., Kedia, S., “Aerosol, clouds and
rainfall: inter-annual and regional variations over
India”, Climate Dynamics, vol. 40, 2013, pp 1591-1610.
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In the continuity of our contributions presented at former
EAC conferences (Manchester, Granada), our group has
developed new lidar remote sensing methodologies to
partition two or three-component particle mixtures
(David et al., 2013). Moreover, we here present the
results of two recently published Optics Express papers,
dedicated to two new lidar methodologies addressing i)
the carbon aerosol in the atmosphere (Miffre et al.,
2015), ii) new particles formation events in the
atmosphere (David et al., 2013), which is new.
Lidar remote sensing of the carbon aerosol with lightinduced-incandescence (LII-lidar)
The carbon aerosol (for example, soot particles) is
nowadays recognized as a major uncertainty on the
Earth’s climate and human public health. In (Miffre et
al., 2015), we coupled lidar remote sensing with LaserInduced-Incandescence (LII) to allow retrieving the first
vertical profile of very low thermal radiation emitted by
the carbon aerosol, in agreement with Planck’s law, in an
urban atmosphere over several hundred meters altitude.
Figure 1 hence presents the first lidar remote observation
of the incandescence of the carbon aerosol in the
atmosphere after its heating by the laser lidar pulse (LIIlidar). Apart from the elastic and inelastic Raman
channels, the observed spectrum exhibits a continuously
increasing spectrum that we could adjust with Planck’s
law, as a clear optical signature of the presence of lightabsorbing particles in the low troposphere. Moreover, we
could set the corresponding formalism of this LII-lidar
methodology and record the first vertical profile of LII
from carbon aerosol as published in (Miffre et al., 2015).

(NPF) in the presence of non-spherical mineral dust
particles. In this context, in (David et al., 2014), awarded
as June 2014 OSA Spotlight, we identified the optical
requirements ensuring an elastic lidar to be sensitive to
such NPF-events in the atmosphere. Our new
methodology is based on the use of a sensitive and
accurate UV-polarization lidar. The UV-wavelength acts
as a size discriminator, while the polarization acts as a
shape discriminator. Hence, provided that a sufficiently
high sensitivity and accuracy are achieved on the UVpolarization lidar, newly formed spherical sulfuric acid
particles can be remotely detected, as enhanced by the
observed Figure 2 backscattering enhancement on the
spherical backscattering coefficient.

Figure 2. Time-altitude map of the spherical lidar
particles backscattering coefficients enhancing an NPFevent promoted by mineral dust (red area around 2 km).
Both papers proceed with the same methodology by
identifying the optical requirements from numerical
simulation (Planck and Kirchhoff’s laws in (Miffre et al.,
2015), Mie and T-matrix numerical codes in (David et
al., 2014), then presenting lidar field case studies. We
believe that these new atmospheric lidar methodologies,
may be useful for climate, geophysical, as well as for
fundamental purposes. The presentation (oral or poster)
will hence focus on these aspects.

Figure 1. Measurement of the first LII-lidar signal in the Lyon
troposphere: the spectrum can be adjusted with Planck’s law.

Lidar remote sensing new particle formation events
If all the ingredients initiating nucleation are still being
unrevealed, Dupart et al. (2012) however recently
identified a new pathway for new particle formation

David, G., Miffre, A. Thomas, B. Nousiainen, T.,
Rairoux, P., Miffre, (2013), Atm. Chem. Phys., 13,
6757-6776.
Miffre, A., C. Anselmo, S. Geffroy, E. Fréjafon, P.
Rairoux, (2015), Optics Express, 23, 3, 2347-2360.
David, G., B. Thomas, Y. Dupart, B. D’Anna, C.
George, A. Miffre and P. Rairoux, (2014), Optics
Express, 22, A1009-A1022.
Dupart, Y., et al.,, (2012), PNAS, 109.
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Improving atmospheric aerosol identification is a
necessary step for a better forecasting of particulate
pollution events. Detailed knowledge of the vertical
distribution of aerosol optical properties can provide a
strong constraint to data assimilation systems (Wang et
al, 2013), and the link with surface operational
measurements needs to be strengthened. Lidar
measurement has emerged as a powerful technique for
this integrated approach coupling measurements and
modeling. The signal recorded by the atmospheric lidar
system is related to the chemical and size distributions of
particles, as well as their internal and external structures.
A ground-based lidar measurement is thus an efficient
way for identifying the aerosol nature over a site and/or a
network over time.
We developed a mobile N2-H2O vibrational
Raman lidar system, called WALI (Water vapor and
Aerosol Lidar, Chazette et al, 2015), partly for such
aerosol studies. The WALI system performed
measurements during the international campaigns of
ChArMEx
(Chemistry-Aerosol
Mediterranean
Experiment) and HyMeX (Hydrological Cycle in the
Mediterranean Experiment). It allowed to classify the
aerosol types present over the study site thanks to crosspolarization and N2-Raman scattering channels (Chazette
et al, 2016).
Figure 1 gives the temporal evolution of aerosol
classification after defining a specific colour map as a
function of BER (Backscatter-to-extinction ratio, inverse
of the lidar ratio) and PDR (particle depolarization ratio).
The colour map is only associated with the PDR during
daytime, because N2-Raman signal-to-noise ratio is
limited when the sun is up. Whereas during nighttime, an

automatic algorithm using several regularization
methods allows to estimate directly and simultaneously
the BER and the aerosol extinction coefficient (AEC)
against the altitude, from the N2-Raman signal. BER is
proportional to the single scattering albedo. Thus the
couple of variables BER and PDR can be used for
aerosol classification in colour, whereas AEC is shown
by the intensity of the aerosol signal.
A Monte Carlo algorithm has been used in
parallel to assess the uncertainties on derived optical
parameters, and to evaluate different regularization
methods.
We will present these algorithms and their
sensitivity studies. It will be illustrated by concrete
examples obtained during the mentioned campaigns. The
different lidar profile regularization approaches will be
discussed in terms of advantages and disadvantages
toward an operational process.
This work was supported by the Institute Pierre Simon
Laplace (IPSL) and the Commissariat à l’Energie
Atomique et aux Energies Alternatives (CEA).
Wang, Y., Sartelet, K.N., Bocquet, M. and Chazette, P.
(2013) Atmos. Chem. Phys. 13, 269–283.
doi:10.5194/acp-13-269-2013
Chazette, P., Flamant, C., Shang, X., Totems, J., Raut,
J.-C., Doerenbecher, A., Ducrocq, V., Fourrié, N.,
Bock, O. and Cloché, S. (2015) Q. J. R. Meteorol.
Soc. doi:10.1002/qj.2671
Chazette, P., Totems, J., Ancellet, G., Pelon, J. and
Sicard, M. (2016) Atmos. Chem. Phys. 16, 2863–
2875. doi:10.5194/acp-16-2863-2016

Figure 1. Results of aerosol classification as given by lidar-derived extinction, PDR and BER, with backscatter
coefficient coded as saturation (no saturation, white = 0, full saturation = 5 10 -6 m-1 sr-1). Key for the colours is given on
the right. Nighttime: dust-, pollution- and marine-like aerosols coded as red, green and blue respectively. Daytime: PDR
coded as the saturation of red (top of the colour key). Intermediate colours and grey thus designate undetermined layers
where aerosol mixing may occur.
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Influence of breeze circulation on local wind climatology and AOD changes in Svalbard
fjords: Kongsfjorden and Hornsund
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Keywords: breeze, AOD, aerosol, aerosols transport
Presenting author email: gosiak@iopan.gda.pl

In this research we study wind directions in two
Svalbard fjords. We analyse data series (1992-2013) of
wind measurements from meteorological station in
Ny-Alesund (Kongsfjorden) and Hornsund and relate
them to the surface layer winds from the NCEP/NCAR
analysis (Kalnay et al., 1996). Surface winds usually
blow along the axis of the fjord (Esau and Repina,
2012).
We show large distinctions between the local
wind direction and directions of wind compatible with
analysis of the pressure fields. We argue that one of the
most important factors controlling the wind directions
in Svalbard fjords is breeze circulation. The
temperature difference between the neighbouring
glaciers and surface sea temperatures of open waters
warmed by the West Spitsbergen Current (WSC)
creates atmospheric circulation patterns similar to night
breeze in temperate climates.

a

b

c

d

The measurements of AOD (aerosol optical depth)
levels form 6th of April were made along the
Kongsfjorden with use of the Microtops II hand-held
sunphotometers. The AOD height was impacted by the
breeze circulation observed in the area.

Figure 2. Aerosol optical thickness and angstrom
exponent.
This study has been supported by the funds GAME
"Growing of Marine Arctic Ecosystem" project, funded
by Narodowe Centrum Nauki grant DEC2012/04/A/NZ8/00661. We thank Tomasz Wawrzyniak
and Hornsund Polish Polar Station staff for the
meteorological data from the station used in the paper.
The research leading to these results has received
funding from the Polish-Norwegian Research
Programme operated by the National Centre for
Research and Development under the Norwegian
Financial Mechanism 2009-2014 in the frame of
Project Contract No Pol-Nor/196911/38/2013
Esau I.,
I. Repina (2012), Wind Climate in
Kongsfjorden,
Svalbard,
and
Attribution
of
LeadingWind
Driving
Mechanisms
through
Turbulence-Resolving Simulations., Advances in
Meteorology, 2012, 568454, doi:10.1155/2012/568454

Figure 1. Local wind rose for Ny-Alesund station (a)
and Honsund station (b), large-scale wind rose (from
NCEP/NCAR reanalysis) interpolated for Ny-Alesund
station position (c) and Horsund station position (d).
Most of the breeze events are mesoscale
phenomena of at least 200 km length (investigated
fjords are separated by 2 degrees of latitude). The large
scale of this phenomena means they may have impact
on air-sea fluxes off the Spitsbergen coast in the region
of the WSC.
Local breeze circulation was observed during
the iAREA campaign in Ny-Alesund in spring in 2014.

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D.
Deaven, L. Gandin, M. Iredell, S. Saha, G. White, J.
Woollen, Y. Zhu, M. Chelliah, W. Ebisuzaki, W.
Higgins, J. Janowiak, K. C. Mo, C. Ropelewski, J.
Wang, A. Leetmaa, R. Reynolds, R. Jenne, and D.
Joseph (1996), The NCEP/NCAR 40-Year Reanalysis
Project", Bull. Amer. Meteor. Soc., 77, 437–471.
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Aerosols particles are important constituents of the
atmosphere as they affect the energy balance directly,
through scattering and absorption of solar radiation and
indirectly by acting as cloud condensation nuclei.
Although the ways by which aerosols affect climate are
known, understanding the detailed mechanisms is far
from complete. A factor that hinders the complete
understanding of these mechanisms is the high
variability of suspended particulate matter in the
atmosphere. Atmospheric particles cover four or five
decades in size, while the loading and composition are
source and location dependent. Because of this high
variability, the long-term monitoring of the aerosols is
important for validating and calibrating models with
observations.
Here we examine the temporal variability of
aerosol size distributions (ranging from 9 to 516 nm) at
the CESAR observatory near Cabauw (51°58.223' N,
4°55.575' E) in the Netherlands. The analysis is based on
data collected from a Scanning Mobility Particle Sizer
(SMPS) situated at the observatory during the period
2008-2014.
Cabauw is a rural site, with only a few pollution
sources nearby. However, the wider area is densely
populated, with the city of Utrecht (to the North-East)
and a dense highway grid being within 25 km distance.
The cities of Rotterdam (South-West), The Hague
(West) and Amsterdam (North) are situated within a
distance of 30 to 50 km. The surface elevation is 0.7 m
and it varies from -3 to 5 m within a radius of 30 km.
The site is representative of the north-western Europe
region. It is influenced by maritime and continental air
masses and due to the fact that it is surrounded by
several cities it experiences pollution events very often.
Our first results show that for the years 2008,
2010 and 2014, the total particle number concentration
was relatively high and ranged from 1.0×104 cm-3 to
1.2×106 cm-3. During the day, the total number
concentration starts to increase at around 06:00-07:00
UTC, then it decreases gradually and start to increase
again at around 17:00-18:00 UTC before it drops again
to reach the background values after midnight. Winds
from the East, South and South-West are associated with
increased total number concentrations compared to
Westerly and Northerly winds.

The data revealed several particle growth events,
which occur throughout the year but are more
pronounced during springtime. Figure 1 shows aerosol
size distributions (top panel; normalized to the maximum
value per measurement) for three consecutive days with
particle growth and the corresponding total number
concentration (lower panel). The events take place
between 10:00 and 14:00 UTC mostly under cloud free
conditions. The fact that there is no flux of particles in
the lower observable size range (lower detection limit
9.6 nm), but the particles we observe have sizes in the
range of 17-20 nm, is an indication that they formed
further upwind, and grew while they were transferred to
the site few hours later. The apparent particle growth rate
is 2.5 nm/h which is in line with values reported in the
literature.
This work examines the aerosol size distributions
from in situ observations at Cabauw and sets the ground
for the investigation of aerosol size distributions at
different height levels in the future.

Figure 1. Particle growth events from 01 May 00:00
UTC to 04 May 00:00 UTC
References
Asmi et al. (2011), Atmos. Chem. Phys., 11, 5505–5538
Stratmann et al. (2003), Atmos. Chem. Phys., 3, 1445–
1459
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2

Fine particulate matter (PM2.5) issue has being concerned
around the world and is the hot topic in Taiwan. Taiwan
Environmental Protection Administer (TEPA) adapted
the ambient air quality standard and developed a
preliminary control plan to improve the ambient
concentration by reducing the emissions of primary and
secondary PM2.5. This study investigates the
improvement of ambient PM2.5 concentration by various
control measures in this plan.
Emissions of primary PM2.5, SOx, and NOx under
various scenarios were estimated according to the
contents of control measures. Three scenarios have been
evaluated in this study, which include basic case and two
controlled cases. Basic case scenario represents business
as usual. Case A is the scenario of the adapted plan
which designed to adapt more stringent emission
standards for stationary sources and on-road mobile
sources, eliminate the high-polluting aged vehicles, and
promote the electric vehicles. Case B scenario assumed
to conduct more control measures beyond the case A,
including eliminate the 2-stroke motorcycles, promotion
of hybrid vehicles, promotion of electric buses, and
encouraged to use natural gas in power plants.
Community Multi-scale Air Quality modelling system
(CMAQ) v4.6 along with the fifth-generation
Pennsylvania State University - National Center for
Atmospheric Research Mesoscale Model (MM5) ver. 3.7
were used this study to simulate the ambient
concentration of PM2.5 in Taiwan. The grid resolutions
in the modelling work are 81 km × 81 km for domain 1
(covers East Asia), 27 km × 27 km for domain 2 (covers
Southeast China and Taiwan), and 9 km × 9 km for
domain 3 (covers Taiwan). Total number of grid cells is
70 × 80.
Emission estimation shows a clear tendency of
decreasing primary PM2.5, NOx, and SOx emissions
from case A and case B. Table 1 shows the emissions of
air pollutants in different scenarios. The emission
reductions would be 13,870 tons/year (PM2.5), 17,900
tons/year (SOx), and 158,220 tons/year (NOx) in case A.
The vales would be 18,760 ton/year (PM2.5), 59,500
tons/year (SOx), and 200,210 tons/year (NOx) for case B.
The results of PM2.5 concentration simulation for
three cases are shown in Figure 1. Annual average
concentration of basic case is 14.2 μg/m3 in northern
Taiwan, 28.4 μg/m3 in central Taiwan, and 29.9 μg/m3 in
southern Taiwan. The annual average concentration of
PM2.5 would be reduced by 13.6-23.1 % and 19.5-32.9 %,
respectively, for cases A and B. The composition of

airborne PM2.5 is also shown in Figure 1. For the base
case, the concentrations of NO3- are 1.22 / 4.64 / 5.58
μg/m3 in northern, central, and southern Taiwan,
respectively. The values are 0.91 / 2.99 / 3.77 μg/m3 for
case A, and 0.80 / 2.49 / 3.13 μg/m3 for case B. Both
control scenarios show a clear improvement on airborne
nitrate concentration. It is implied that control NOx
emissions may result in significant improvement on
airborne PM2.5 concentration in Taiwan. However the
result also indicates that the preliminary control plan
could not attain the air quality standard. More control
measures to reduce much more emissions from various
emission sources should be developed in the future.
Table1 Emission scenarios of PM2.5, NOx, and SOx in
this study.
Emissions (tons/year)
Scenarios
PM2.5
SOx
NOx
Base Year (2014)
73,540
121,280 404,480
Case A (2020)
59,670
103,380 246,260
Case B (2020)
54,780
61,780
204,270

Figure1 Simulated concentrations of PM2.5 in different
regions in Taiwan under various control scenarios.
Acknowledgments
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The ensemble simulation provided probabilistic
information for the plume dispersion. We found that a
small ensemble spread of wind speed resulted in a large
uncertainty in aerosol concentrations (shown in Figures
1 and 2; RSD stands for Relative Standard Deviation
=σ/mean); i.e., the error in aerosol plume simulation was
cumulative with the error in wind simulation. This
finding implies that a high accuracy of dispersion
simulation requires much higher accuracy of
meteorological simulation, representing a limitation of
deterministic simulations for analysing/predicting the
location and intensity of aerosol plumes.

A single-model initial-perturbed ensemble simulation for
the meteorological field of Eastern Japan in March 2011
was performed in this study. Then, using the
meteorological simulation results, we conducted the
dispersion simulation of radioactive Cs-137 aerosols
emitted by the Fukushima Daiichi nuclear power plant
(FDNPP) accident.
The ensemble of the meteorological field was
prepared by an ensemble-based data assimilation system
that consisted of the Japan Meteorological Agency’s
non-hydrostatic weather-forecast model (JMA-NHM;
with a 3 km horizontal resolution) and a fourdimensional local ensemble transform Kalman filter
(4D-LETKF; with 20 ensemble members) in accordance
with Sekiyama et al. (2015). The off-line radioactive Cs137 aerosol dispersion model was developed by Adachi
et al. (2013).
The meteorological ensemble simulation result
was validated by local surface wind observations of the
Japanese national weather observation network (called
AMeDAS, cf. http://www.jma.go.jp/en/amedas/). The
dispersion ensemble simulation result was validated by
surface Cs-137 concentration observations of Tsuruta et
al. (2014) and Oura et al. (2015). The Cs-137
concentration was reconstructed by measuring the
residuals on the Suspended Particle Matter (SPM)
sampling tapes of local prefectural governments.
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Figure 1. Comparison between the surface wind speed (U10) observations and the ensemble simulation. (unit = m/s)
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Figure 2. Comparison between the Cs-137 concentration observations and the ensemble simulation. (unit = Bq/m3)
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Following a severe nuclear reactor accident,
radionuclides like caesium and iodine can be released
into the atmosphere. Modelling tools should be able to
predict the source term (Katata et al., 2015) as well as
dispersion. These data are used to predict radiological
consequences and possible counter-measurements as
population evacuation if needed.

In a near future, this work will be encapsulated in
chemical transport models (Chimere and Polair3D in our
case) to carry out simulations in more relevant
conditions.
The last part will consist in simulating the
Fukushima iodine atmospheric chemical transport.

During the Fukushima accident, significant
differences between iodine activity measurements and
predictions have been observed while a good agreement
was obtained for caesium. This difference may result
from the iodine chemical reactivity in the atmosphere not
considered in the current dispersion crisis tools. Indeed,
parameters like deposition velocity and the dose-effect
factor depend on iodine chemical speciation and its
physical form (gas, particle, liquid, solid). Therefore, the
iodine chemical network in the atmosphere has to
include heterogeneous reactions.

This work takes part in the common laboratory
C3R IRSN/CNRS/Lille1.

In a first step, an atmospheric iodine gas-phase
mechanism was developed (Trincal, 2015) which contain
246 elementary reactions resulting from a critical review
of the literature and was implemented into both 0D and
3D models. The simulations highlighted the important
reactivity of iodine with atmospheric pollutants (NOx,
O3), which can lead to formation of iodine aerosols via
the formation of iodine oxides or high-molecular weight
organic iodine compounds.

Trincal J., Modeling of the behaviour of iodine in the
atmosphere, 2015, Ph-D France, University Lille 1.

In a second step, the modelling is extended in
order to include an aerosol phase to take into account
possible gas/particles interactions. A bibliographic
review has been performed based on the available
experimental and theoretical data about iodinecontaining species reactions and interactions with the
particles. For each potential reaction, data are analysed
and selected by the following order of criteria : NIST
and IUPAC recommendations, experimental data,
theoretical data, and then estimations.
The gaseous phase mechanism has been
completed with the heterogeneous reactions and a 0D
study has been conduct to evaluate the iodine species
speciation under various atmospheric conditions
(temperature, photolysis, gas, and aerosols concentration
...).

Katata G., Chino M., Kobayashi T., Terada H., Ota M.,
Nayai H., Kajino M., Daxler R., Hort M.C., Malo A. et
al; Detailed source term estimation of the atmospheric
release for the Fukushima Daiichi nuclear power station
accident by coupling simulations of atmospheric
dispersion model with improved deposition scheme and
oceanic dispersion model; Atmos. Chem. Phys., 2015,
15, 1029-1070.
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Total TSP ( mg/L)

Total TEQ concentration (pg WHO-TEQ/ L)

by particulate phase PCDD/Fs, as shown in Fig. 2. The
trend of the contributed percentages of particulate phase
PCDD/Fs was consistent with that of PCDD/F TEQ
concentrations in the cloud water. Samples G and H had
the highest PCDD/F TEQ concentrations and greater
contributions from particulate phase PCDD/Fs, while
Samples D and E had the lowest PCDD/F TEQ
concentrations and also lowest particulate phase
PCDD/F percentages. In conclusion, the origin and
transport paths of fine particles that finally arrived at Mt.
Bamboo should be the decisive factor affecting the
PCDD/F concentrations in the cloud water because the
fine particles were usually combustion-originated and
their high specific surface area was also favourable for
the adsorption of gaseous PCDD/Fs during long-range
transport.

Figure 1. Total TEQ concentration (pg WHO-TEQ/L) and TSP
concentration (mg/L) in cloud water

Partition(%)

Polychlorinated
dibenzo-p-dioxin
and
dibenzofurans (PCDD/Fs) are considered as a group of
persistent and bioaccumulative toxicants which drawn
lots of attention. PCDD/Fs can transport through
atmospheric long-range transport from where
anthropogenic sources were, including biomass burning,
automobile emission, and incinerators, to remote regions.
In this study, cloud water samples were collected
on Mt. Bamboo, in Yangmingshan national park, in
northern Taiwan. The sample site is often immersed in
clouds, which formed primarily due to north-easterly
monsoonal flow during winter season. When a northerly
flow prevails during cloud events, the cloud water
collected at this site is typically not contaminated by
local anthropogenic emissions (Sheu and Lin, 2011).
Cloud water samplings were conducted during January
26th to March 5th, 2015 by using two cloud water
samplers placed next to each other. The two individual
cloud water samples were then combined into one to
reach 20 litres due to the low solubility of PCDD/Fs in
water and detection limit of PCDD/Fs. The samples were
divided by cloud events, and a total nine events were
collected during the sampling time, which can be
ranging from 17 hours to 58 hours, with a mean of 34
hours. PCDD/Fs were analyzed by HRGC/HRMS.
The total suspended particles (TSP) concentrations
and PCDD/Fs TEQ concentrations in the nine cloud
water samples were depicted in Fig. 1. The TSP
concentrations ranged from 0.03 mg/L to 0.28 mg/L
except for sample G, which was 2.38 mg/L. The trend of
PCDD/F concentrations in cloud water seems to not
consistent with that of TSP concentrations. For example,
the sample G had the extremely high TSP concentration
(2.38 mg/L) and also high TEQ concentration (1.60 pg
WHO-TEQ/L), while the subsequent sample H had the
common TSP concentration (0.15 mg/L) but highest
TEQ concentration (2.52 pg WHO-TEQ/L). The reason
should be related to the origins and transport paths of air
masses that arrived at Mt. Bamboo. Our previous study
showed the air masses could pass and/or remain over
eastern, central, and southern China, the major coal
burning regions, or they could origin from Mongolia,
passing over northern China, the Yellow Sea, and the
East China Sea, before arriving at Mt. Bamboo. On the
other hand, air masses could also transport from marine
air (Sheu and Lin, 2011).
No matter which samples, the cloud water
collected during northeastern monsoon were dominated

Figure 2. Percentage of particulate and aqueous phase PCDD/Fs in
cloud water
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Climate change and a warming of Arctic regions are
research topics of current interest. Equivalent Black
(EBC) aerosols, amongst other atmospheric trace
constituents, are considered to be of importance in this
respect. The magnitude of the aerosol forcing of black
carbon (EBC) on snow and ice is 0.04 (0.02 to 0.09)
W m–2 (IPCC, 2013).
In order to determine a high-resolution, long-term
aerosol EBC climatology for the European Arctic,
results from ongoing measurements at the GAW NyÅlesund Zeppelin station (474 m asl; 78°54’N,
11°53’E) with an AE-31 model (7-wavelength) are
reported here.

A Potential Source Contribution Function
(PSCF) model based on FLEXPART footprints was
subsequently applied (Eleftheriadis et al., 2009).

Figure 2. FLEXPART Air Tracer PSCF for the 10%
highest EBC values (2010-2011). Cells with very
low values (below the 65th percentile) at the
footprint of peak concentrations are removed.

Figure 1. BC time-series at Zeppelin, Ny-Ålesund,
Svalbard from 2007 to 2014 for 4 seasons. Dots are
monthly averages of EBC.
A trendline with 95% confidence intervals for
spring (March, April, May), summer (June, July,
August), autumn (September, October, November)
and winter (December, January, February) is also
depicted. A decreasing trend is observed, mainly in
spring. The winter-spring months exhibit frequent
episodes of high BC concentration (monthly averages
~ 40 ng m-3). In comparison, summer-autumn BC
concentrations were generally < 20 ng m-3 with
occasional episodic BC events. The annual average
(median) EBC concentration for 2007 to 2014 is 22
(11) ng m-3. In the long term a significant decrease is
found compared to the 1998-2007 annual average
(median) at 39 (27) ng m-3.
The Lagrangian particle dispersion model
FLEXPART (Stohl et al., 2013) with a 1o x 1o
resolution was used to track EBC transport history for
the period 2007 to 2014. Twenty-day backward
simulation was performed, using hourly releases of
40,000 particles per release, in daily runs covering the
aforementioned period.

Sources affecting Ny Alesund indicated for the
period 2010-2011 are Norilsk, Yakutsk and Volga
industrial regions attributed to gas-flaring emissions
(Stohl et al., 2013). The areas west of the
Kamchatka and north Canada lakes are probably due
to forest fires. There is also evidence of influence
from Mongolia and North China, despite that the
distance is large. Influence from the North of the
United States can be also observed.
Vertical distribution patterns of aerosols have
shown that aerosols originating from Asia are mixed
throughout the entire troposphere within a few days
(Stohl et al., 2002). This might explain why
influence from Northern China and Mongolia was
recorded in Zeppelin despite that the distance of
these sources is much more than 5000 km.
Eleftheriadis, K., Vratolis, S. and Nyeki, S.
(2009). Geophysical Research Letters VOL. 36,
L0280.
IPCC, (2013) edited by Stocker, T.F., et
al.,Cambridge University Press, Cambridge Univ.
Press, Cambridge, UK, and New York, USA.
Stohl, A., et al. (2013) Atmospheric Chemistry
and Physics 13.17: 8833-8855.
Stohl, A., et al. (2002). Atmospheric
Environment 36 4635-4648.
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Clouds play a major role in the atmosphere due to their
influence on the Earth’s radiative budget, on the
hydrologic cycle and on the tropospheric chemical
composition (e.g. Ramanathan et al., 2001). Cloud
lifetime is driven by the dynamics of the atmosphere at
the synoptic scale and, in close interaction, by
microphysical processes (e.g. nucleation of cloud
droplets and ice crystals, condensation and evaporation,
collision/coalescence processes, freezing, sedimentation
of hydrometeor) on the small scale.
These processes depend on the chemical
composition of particles and cloud droplets. In addition,
microphysical processes redistribute chemicals among
the various reservoirs: gaseous, particulate, liquid and
ice phases. Clouds favor the development of “multiphase
chemistry” since they are an ideal reaction medium for
this: (1) clouds support very efficient photochemical
processes inside droplets; (2) certain homogeneous
chemical reactions within clouds can be usually faster
than the equivalent reactions in the gas phase, and
reactions such as those involving ionic species, can be
important; (3) finally, interactions between the aqueous
and solid phase can contribute additionally to chemical
processes in clouds (for example dissolution of soluble
particulate species). The evaluation of multiphase
chemistry versus overall tropospheric chemistry and its
role in the Earth’s radiative budget is challenging since
microphysical and chemical processes occurring at
different time scales within clouds are still poorly
known.
The model system COSMO-MUSCAT consists
of MUSCAT (Wolke et al., 2012) and the forecast model
of the German Weather Service (DWD) COSMO
(Schättler et al., 2014). Both models are coupled online.
MUSCAT was extended to consider size-resolved cloudchemical processes (chemical aqueous phase reactions
and phase transfer processes) on the regional scale
replacing the former aqueous phase parameterization.
Based on the increasing kinetic and mechanistic
knowledge on chemical aqueous phase reactions in the
last two decades, advanced aqueous phase chemical
mechanisms such as the Chemical Aqueous Phase
Radical Mechanism (CAPRAM) are continuously
developed (Tilgner and Herrmann, 2010). CAPRAM is
an almost explicit mechanism which describes relevant
chemical aqueous-phase conversions of both inorganic
and organic compounds. A reduced version of the
mechanism, applicable for 3D chemistry transport
models was created (C3.0RED, Deguillaume et al.,
2009).

The enhanced model system was applied for case
studies connected to the field experiment HCCT-2010
(Hill Cap Cloud Thuringia, 2010, van Pinxteren et al.,
2012) that took place in autumn 2010 at Mt. Schmücke,
Germany (see Fig. 1). Interesting spatial effects of real
clouds on e.g., tropospheric oxidants and inorganic mass
have been studied for the first time with a chemistry
transport model (CTM) considering an aqueous phase
mechanism with the complexity of C3.0RED. The
comparison of the model output with available
measurements revealed many agreements and also
interesting disagreements.

Figure 1. Modelled sulphate mass and topography of the
domain (lower left corner).
This work was funded by the scholarship program of the
German Federal Environmental Foundation (DBU).
Furthermore, we thank the JSC Jülich for providing
computing time.
Deguillaume, L., et al. (2010), Journal of Atmospheric
Chemistry, 64(1), 1-35.
Ramanathan, V., Crutzen, P. J., Kiehl, J. T. and
Rosenfeld, D. (2001) Science. 294, 2119 – 2124.
Schättler, U., Doms, G. and Schraff, C. (2014): A
Description of the Nonhydrostatic Regional COSMOModel Part VII: User's Guide.
Tilgner, A. and Herrmann, H. (2010) Atmospheric
Environment, 44(40), 5415-5422.
van Pinxteren, D., et al. (2012), Biennial Report
2010/2011, 30-39, Leibniz Institute for Tropospheric
Research, Leipzig.
Wolke, R., Schröder, W., Schrödner, R. and Renner, E.,
(2012), Atmospheric Environment, 53, 110-130.
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Budapest platform for Aerosol Research and Training
(BpART) was created for advancing long-term on-line
atmospheric measurements and intensive aerosol sample
collection campaigns in Budapest through complex
surface based and satellite born measurements. The
facility has been in continuous operation since November
2013. The aerosol instruments available include an
FDMS-TEOM 1400a, RT-OC/EC analyser, DMPS, SFU
sampler, MOUDI and nano-MOUDI samplers and HiVol
virtual impactor. Meteorological data are available from a
regular Urban Climatological Station operated within the
university campus, and from a simpler on-site
meteorological station. Aerosol optical thickness data can
be retrieved via satellite receivers from the MODIS on the
Terra satellite.
Air flow and dispersion of aerosol particles in the
surroundings of the BpART facility were investigated by
using a three-dimensional CFD model of the
neighbouring territory for both summer (vegetation with
leaves) and winter (no vegetation) canopy conditions.
Flow structure around the platform for the prevailing wind
direction of N is shown in Fig. 1. The studies confirmed
that the BpART facility represents a well-mixed, average
atmospheric environment for the city centre.

Arch-type size distribution surface plots consisting of an
obvious and uninterrupted particle growth which was
followed by a continuous decrease in nucleation-mode
median diameter were observed in 4.5% of quantifiable
nucleation events (Fig. 2). In some cases, the newly
formed particles shrank back to the smallest measurable
diameter limit of 6 nm. The shrinkage phase took 1:34 h
in general, and the shrinkage rate varied from –4.8 to –2.3
nm h–1 with a mean and standard deviation of (–3.8±1.0)
nm h–1. Concentrations N6–25, N6–100 and N increased
substantially (by approximately 45–70%) during the
particle growth as expected, and they decreased by about
30–50% during the particle shrinkage. Variation in
N100–1000 over these time intervals were negligible.
Changes of O3, GRad, gas-phase H2SO4 proxy, RH, T and
partially WS are biased by their ordinary diurnal cycling,
while the atmospheric concentrations are also influenced
by planetary boundary layer dynamics and mixing
intensity. The largest relative changes expressed by the
mean growth/shrinkage ratios were associated with GRad,
T and gas-phase H2SO4 proxy. They substantially differed
from 1, which indicates that there can be further
relationships – in addition to the diurnal bias – between
these variables and the physicochemical processes
undergoing within the particles during the shrinkage
phase. Some alternative explanations are also possible.

Figure 1. Path lines and speeds around the BpART
facility for the prevailing wind direction of N
in summer in a perspective view.
The wind direction is marked by an arrow, and
the location of the platform is indicated by red dot.

Figure 2. Arch-type size distribution surface plots
at the BpART facility.
Financial support of the Hungarian Scientific Research
Fund (contract K116788) is appreciated.
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Abstract
With the development of tourism grown rapidly in
Ilan County, traffic pollution is increasingly serious. The
vehicle exhaust emission has become one of the major
sources of air pollution in the suburban area. Because of
the deteriorating air quality, the impact of people’s
health exposure to the air pollutants has becoming a
primary topic of concerns. The main purpose of this
study is to estimate spatial distribution of the traffic
volume and the traffic emissions in Ilan City in Taiwan.
The concentration of mobile sources traffic-related air
pollutant exposure is simulated with using CALINE4. It
is also very important to investigate the differences of air
quality between rush hours and normal traffic condition.
The emission rate in the databank of Taiwan EPA
TEDS8.1 shows that NOX (nitrogen oxides), CO (carbon
monoxide) and NMHC (non-methane hydrocarbons) are
the major pollutants, which accounted for 43%, 80% and
19% of mobile source emissions, respectively, during
normal traffic condition. Therefore, it is necessary to
analyze the air pollutants contribution from mobile
source during rush hours since the air quality become
worst in the period. The effects of traffic volume on air
quality are also required to be investigated. The
influential ranges of each air pollutant, where the air
quality beyond standard, are also assessed.

composition. In addition, traffic volume and pollutant
emissions rate become higher during rush hours. The air
quality becomes worst along highway centerline, as
shown in Table1 and Figure 1. The air quality is below
standard during normal traffic periods. In contrast, the
air quality is beyond standard during rush hours periods.
Table 1. The predicted air quality along the highway
Species
TSP PM10 PM2.5 SO2 NO2 CO
Distance(m) (μg/m3) (μg/m3) (μg/m3) (ppb) (ppb) (ppm)
-50
0.54
0.42
0.35 <0.1 0.32 0.0044
-40
0.62
0.48
0.40 <0.1 0.36 0.0051
-30
0.73
0.57
0.48 <0.1 0.43 0.0060
-20
0.91
0.71
0.60 <0.1 0.54 0.0075
-10
1.29
1.01
0.85 <0.1 0.78 0.0104
0(West)
2.33
1.84
1.57 <0.1 1.48 0.0177
0(East)
2.18
1.73
1.47 <0.1 1.39 0.0164
10
1.12
0.87
0.74 <0.1 0.68 0.0089
20
0.81
0.63
0.53 <0.1 0.48 0.0065
30
0.65
0.51
0.43 <0.1 0.38 0.0053
40
0.56
0.44
0.37 <0.1 0.33 0.0045
50
0.49
0.38
0.32 <0.1 0.29 0.0040
─
─
Background ─
1.7 3.9 0.53
─
─
─
Standard
250 250 35

Methods
The air pollutant concentration along high way
during rush hours and normal traffic periods was
predicted with Caline4. The nearest ambient monitoring
station data, including CO, NOx, NMHC, PM2.5, PM10
concentrations and weather information, were used for
comparing the measured and predicted results and
revising the parameters in Caline4. The spatial
concentration was also estimated at high and low
population density area. Different emission control
strategies, such as adopting low emission vehicles,
limiting the traffic volume, admitting the high
passengers pass, were also assessed to improve air
quality. According to the different kinds of road and air
pollutant emission rate, the parameters of the model and
meteorological conditions are necessary to be set to
assess the incremental impact of the pollutant
concentration from transport simulation with Caline4.
Results
The estimated air quality depended on temporal and
spatial variations. The results were incorporated into
exposure assessment for comparing the data in ambient
monitoring station and understanding the exposure of
each air pollutants. The distribution of pollutant emission
rate was affected by street density, road type and traffic

Figure 1. The predicted results of hourly air pollutant
concentration simulation
Qu, L., Li, M., Chen, D., Lu, K., Jin, T., and Xu, X.
(2015). Atmospheric Environment, 110, 103-110.
Wu, J., Lurmann, F., Winer, A., Lu, R., Turco, R., and
Funk, T. (2005). Atmospheric environment, 39(2),
259-273.
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Elemental carbon (EC) particles are characterized by
their strongly radiation absorbing effect and adverse
health effects. The emission inventory is one of the key
elements for the evaluation of the EC climate effect with
models. Unfortunately, high uncertainties still exist in
EC emission inventories, with at least 50% on global
scales, and a factor of 2-5 on regional scale (Ramanathan
et al., 2008). The fully online-coupled WRF-Chem was
applied and focused on central Europe to evaluate
European EC inventory, developed within the frame
work of European Integrated project on Aerosol, Cloud,
Climate, and Air Quality Interactions (EUCAARI),
adopted with a 1/8o ×1/16o high resolution and three size
segregations (PM1, PM1-2.5 and PM2.5-10 (Visschedijk
et. al., 2008). The simulation results were evaluated by
the meteorological and EC in-situ measurements from
GUAN and HOPE-Melpitz Campaign.
The WRF-Chem simulations were performed for
the HOPE Campaign (10-20th September 2013) and for a
special case in April 2009 (Nordmann et al., 2014). The
model was initialized and forced by Final Analysis
(FNL) Operational Global Analysis data. EUCAARI and
EMEP (http://www.ceip.at) inventories were applied as
the anthropogenic emissions. Detailed model setup can
be found in Chen et al. (2015).
The meteorological parameters were in good
agreement between simulation and ground observation at
the Central European Observatory Melpitz, with a
correlation coefficient (R2) of 0.88, 0.72, 0.74, and 0.74
for temperature, relatively humidity, wind speed and
wind direction respectively. The vertical thermal
stratification was well captured, validated by the radiosounding observations over Europe. However, the EC
mass concentrations were overestimated by a factor of
2.8 at Melpitz, and by a factor up to 6-10 for peak
periods with a remarkable high fraction in the coarse
mode. We found that this was due to an overestimation
of the point sources EC emissions by a factor of around
2-10 in Germany, especially in the coarse mode (Chen et
al., 2015). The plume, emitted from a nearby point
source, approached Melpitz and lead to the
overestimation. A similar phenomenon was also found
for the measurement station Bösel in Northern Germany.
For the area emissions of EC, the fraction of
coarse mode EC (ECc) was overestimated in the

inventory by about 10-30% for Russia and 5-10% for
Eastern Europe (e.g., Poland and Belarus), respectively
(Chen et al., 2015). This over proportion of EC in the
coarse mode results in a shorter atmospheric lifetime of
EC particles and inhibits their long range transportation.
We re-simulated the case in Nordmann et al. (2014),
where the model underestimated the EC concentration in
the east of Germany by at least a factor of 2 in April
2009. In this simulation, the ECc fraction in the emission
inventory was adjusted to only 5% (the average value for
Western Europe, longitude<15oE). Our results show that
the over proportion of ECc in the emission over Eastern
Europe can be one of the reasons for the underestimation
of EC in Germany. It contributed to 20-40% of the
model underestimation of EC concentration in Melpitz
when air masses came from the eastern direction (Chen
et al., 2015). This result is consistent with a depositiontransport concept model (Fig. 1, Chen et al., 2015).

Warsaw  Melpitz
Fine mode

Warsaw  Melpitz
Coarse mode

Moskva  Melpitz
Fine mode

Moskva  Melpitz
Coarse mode

Figure 1. Aerosol mass residential rate with relationship
of transport time and lifetime. The color indicates the
percentage of mass that can be transported to Melpitz.
This work was supported by the GUAN Network (F&E
371143232) and HOPE Campaign (01LK1212 C).
Chen, Y., et al. (2015) Atmos. Chem. Phys. Discuss.,15,
31053-31087.
Nordmann, S., et al. (2014) Atmos. Chem. Phys., 14,
12683-12699.
Ramanathan V. and Carmichael G. (2008) Nature
geoscience, 1, 221-227.
Visschedijk, A. and Denier van der Gon, H. (2008) TNO
Built Environment and Geosciences, D42.
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Within the Mediterranean Sea, the Adriatic-Ionian
region is one of the most congested, both for
international ship traffic and for short sea shipping
routes. Therefore, shipping has several potential effects
on environment and health especially at local scale.
Because of that, several studies quantified the
contribution of shipping on air quality degradation in
coastal cities, focusing on ship releases of gaseous
pollutants (NOX, SOX, O3) and particulate matter (PM).
Inter-comparison of shipping impacts in different areas
requires a homogenization of the evaluation approach in
order to obtain comparable results and to facilitate the
planning of future mitigation strategies.
This work focuses on an inter-comparison
analysis of the impact of shipping to atmospheric PM
concentrations in four important Adriatic-Ionian portcities: Brindisi and Venice (Italy), Rijeka (Croatia) and
Patras (Greece). A comparable state-of-the-art
methodology based on an approach that integrates
emission inventories, dispersion modelling and
experimental measurements (at low and high temporal
resolution) was used.
Emission inventories (at Municipality level)
confirmed that shipping sector represents a nonnegligible emission source in all port-cities compared to
other transport modes (e.g. road traffic), especially for
NOX (range 9.2-54.8% for the maritime sector and 8.036.8% for road transport) and PM2.5 (range 11.2-31.0%
for maritime sector and 14.8-29.0% for road transport).
Internal harbour logistics and typology significantly
influence emissions and impacts. The cruise ports
(Venice and Patras) had higher emissions from
passenger ships with respect to Brindisi and Rijeka
(commercial harbours) with cargo and containers ships
as greater emitters. At regional scale (Central and
Eastern Mediterranean), the anthropogenic source
sectorial contribution to pollutant emissions confirmed
the comparability between maritime and road sector. A
seasonality of emissions was clear, with the maximum in
summer for NOX (28%), SOX (17%), CO (6%), PM10
(10%), and PM2.5 (13%).

WRF-CAMX simulations were performed on the
Central and Eastern Mediterranean, with the zero-out
method (i.e. including and omitting ship emissions). In
the summer period (July 2012) NOX and SO2 exceeded
90% in relative impact along the main international
shipping routes, over 70% for NOX and 60% for SO2.
Regarding to PM10 and PM2.5 concentrations, shipping
impact decreased from 15% and 13% respectively at
larger scale and to 5% and 3% in the Adriatic area.
Experimental data were processed by two methods: PMF
(Positive Matrix Factorization) receptor model for PM
data; statistical treatment of high temporal resolution
data for gaseous and PM concentrations. Source
apportionment by PMF showed a factor/source
characterized by Ni and V, with V/Ni ratio between 1.4
and 4.2 at the different sites, indicating a common
industrial and heavy oil combustion source with local
differences in the chemical profiles. The contribution of
ship emissions to primary PM2.5 was calculated based on
V concentrations and it ranged from 0.5% (Rijeka) to
2.8% (Brindisi). The analysis of high temporal resolution
data (Contini et al., 2011; Donateo et al., 2014) showed
that gaseous pollutants (NOX, SO2) impacted 3-5 times
more than PM. Impacts to particles number
concentrations (PNC) are larger (3-5 times) than those to
mass concentrations, PNC could be more appropriate to
investigate this source with respect to PM10 or PM2.5.
In Venice and Rijeka, inter-annual analysis
demonstrated the declining impact of ships on PM
concentrations at local scale but a very limited effect on
PAHs, metals, nitrogen oxides due to the implementation
of the European Directive 2005/33/EC (Gregoris et al.,
2015) and voluntary agreements (Venice Blue Flag).
This work was supported by the MED program,
European Territorial Cooperation 2007-2013, through
the POSEDON project (grant 1M-MED14-12).
Contini et al. (2011) J. Environ. Manage. 92, 2119-2129.
Donateo et al. (2014) Environ. Sci. Pollut. Res. 21, 94159429.
Gregoris et al. (2015) Environ. Sci. Pollut. Res., DOI
10.1007/s11356-015-5811-x.
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Nuclear facilities introduce different types of
radionuclides into the atmosphere in the form of gases
and aerosols during chronic or accidental releases. These
particles may be submitted to atmospheric dispersion,
dry and wet deposition. The study of dry deposition
based on the dry deposition velocity (dry deposition flux
divided by an atmospheric concentration above the
substrates) concept is a major issue concerning the
impact of radionuclides on the population and the
environment. Uncertainties on the dry deposition
velocity values of submicronic particles are up to several
orders of magnitude discrepancies according to the
model used (Petroff et al., 2008). Moreover there is no
data for particle diameter under 10 nm. So, the aim of
this study is to quantify dry deposition velocity for
particles sizes between 2.5 nm and 1 µm.
Dry deposition flux can be calculated from the
covariance between fluctuations of the vertical wind
velocity and fluctuations of the atmospheric aerosol
particle concentration during 30-minutes periods at high
frequency. The aerosol particle concentration was
measured by an Electrical Low Pressure Impactor (ELPI,
Dekati, Inc.) for particle sizes between 7 nm and 1 µm,
and coupling two Condensation Particles Counters (CPC
3788, TSI, Inc.) for particle sizes between 2.5 and 14 nm
(Twin CPC method). The wind 3-component velocity
was measured by an ultrasonic anemometer (Young
81000, Inc.). Different tests to validate measurements
(stationarity, integral characteristic of turbulence) and
then spectral analysis and the calculation of fluxes were
done (Damay et al., 2009).
Two experimental campaigns were conducted on
grassland in western France (near Poitiers) in April and
September 2015.The results of these sampling
campaigns have been compared with the results obtained
by Damay (2010) above different substrates: bare soil,
maize and grassland, and with another campaign led
during the NEEDS REMORA project above a forest.
Results show a significant increase of the
emissive events when the particle diameter is above 0.2
µm and greater for campaigns on grass in 2015 and
maize (Figure 1). This increase may be due to the
magnification of the accumulation mode particles size,
by condensation/coagulation reactions of fine particles.
Furthermore, for neutral and stable atmospheric
conditions, the normalized dry deposition velocities
according to the particles diameter are the same order of
magnitude discrepancies for all the environmental
substrates studied (Figure 2). Moreover, during 2015

campaigns, measurements of dry deposition velocities of
ultrafine particles (2.5—14 nm) have been carried out
and results are coherent with the rest of the results
(Figure 1 and 2). This result is a first at International
level.

Figure 1: Percentage of emissive events above
environmental substrates according to the particles
diameter, triangles are Twin CPC results and circles are
ELPI results

Figure 2: Dry deposition velocities Vd above
environmental substrates normalized by friction
velocities U* according to the particles diameter; error
bar represent two standard deviations; triangles are Twin
CPC results and circles are ELPI results
Petroff, A., Mailliat, A., Amielh, M., Anselmet, F.,
(2008). Aerosol dry deposition on vegetative
canopies. Part I: Review of present knowledge.
Atmospheric Environment 42, 3625-3653.
Damay, P.E., Maro, D., Coppalle, A., Lamaud, E.,
Connan, O., Hébert, D., Talbaut, M., Irvine, M.
(2009), Size-resolved eddy covariance measurements
of fine particle vertical fluxes, Journal of Aerosol
Science 40, 1050–1058.
Damay P. (2010). Détermination expérimentale de la
vitesse de dépôt sec des aérosols submicroniques en
milieu naturel : Influence de la granulométrie, des
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In the boundary layer, the vertical exchange of matter
and energy is mainly driven by turbulence. Thus,
turbulent transport determines the vertical distribution of
aerosol particles as well as particle-borne nutrients and
pollutants. Measuring vertical aerosol fluxes is essential
in order to locate and quantify net particle sources and
sinks.
In this study, vertical aerosol fluxes were directly
measured by eddy covariance above the Melpitz
grassland site close to the town of Torgau in Saxony
(Germany) from May to June 2015. The eddy covariance
setup included a sonic anemometer (usonic3, METEK,
Germany) and two condensation particle counters
(CPC), a commercial CPC (Model 3010, TSI, USA) and
a custom-built Fast CPC (FCPC; Wehner et al., 2011).
One major difference of the two particle counters is their
characteristic response to fast changes in particle
number, which is extremely important in order to resolve
all frequencies that contribute to the total turbulent flux.

Figure 1. Comparison of deposition velocities vd as
determined with the CPC and the FCPC a) before and b)
after correction for the time response; grey data are
within the uncertainty of the measurement, and not taken
into account for calculating the linear regression.

With time constants of tCPC = 0.68 s and tFCPC = 0.17 s
(Sandgaard, 2015), high frequency fluctuations of the
particle number concentrations cannot be fully resolved
and the corresponding aerosol number fluxes are
attenuated. Here, the differences of the observed CPC
and FCPC flux measurements are compared with a
theoretically estimated difference due to flux attenuation.
As expected, due to the faster response behavior,
the fluxes derived from the FCPC data were typically
larger than the CPC fluxes. Figure 1a shows a direct
comparison of the particle deposition velocity vd, i.e. the
particle deposition flux normalized by the particle
number concentration, derived from the CPC and the
FCPC. The linear regression slope of 1.28 indicates that
the high frequency contribution, which is only covered
by the FCPC, yields 28 % higher deposition velocities on
average.
Horst (1997) provides a simple correction method
to estimate the flux attenuation due to a non-perfect time
response. When applying this correction to the CPC and
FCPC fluxes, the corresponding particle deposition
velocities vd (Figure 1b) are close to the 1:1 line (slope
of 0.97).
In conclusion, it was possible to explain the
differences in particle deposition velocities derived from
two co-located condensation particle counters by their
characteristic response behavior, and to correct the
associated flux attenuation as described by Horst (1997).
However, additional reasons for the observed differences
cannot be excluded. Overall, a standard CPC in
combination with the Horst (1997) correction can be
used for standard aerosol flux measurements. Due to the
fact that this correction was up to 30 – 40 % of the
estimated CPC fluxes, measurements with high time
resolution as provided by the FCPC are recommended
for direct eddy covariance measurements.

Horst, T.W. (1997) A simple formula for attenuation of
eddy fluxes measured with first-order response scalar
sensors. Bound. Lay. Meteorol. 82, 219-233.
Sandgaard, J. (2015) Charakterisierung eines schnellen
Aerosol-Sensors für Partikelflussmessung. B.Sc.
thesis, TU Braunschweig.
Wehner, B., Siebert, H., Hermann, M., Ditas, F., and
Wiedensohler, A. (2011) Characterisation of a new
Fast CPC and its application for atmospheric particle
measurements. Atmos. Meas. Tech. 4, 823-833.
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Deciphering origins of acidic pollutants in Svalbard - Hansbreen case study
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The central Arctic is within range of air pollution
transported from the industrial areas of Eurasia and
North America. Poor network of weather stations
reduces the quantity of information about air quality and
contaminant deposition in the Arctic. Thus seasonal
snow cover is an important source of information.
In early May 2006 a high pollution event was
observed in the Arctic. That anthropogenic haze was a
typical rapid transport of BB aerosols (smoke) from
agricultural fires in Eastern Europe to the Arctic. We
want to present the results from chemical analyses of
fresh snowfall, and how the hydrochemical processes
and the transformation of atmospheric precipitation and
deposits influenced the atmospheric boundary layer.
Chemical properties of precipitation and snow
cover have been monitored at the Hornsund Polish Polar
Station, Spitsbergen. The chemistry of fresh snow and
the properties of snow cover were monitored in the
altitudinal profile of the Hansbreen Glacier.
Meteorological data from the cost and from the glacier
helped to precisely examine the impact of atmospheric
processes on snow cover contamination. The episode
with extreme acid precipitation was recorded in snow
cover from spring 2006. A source area of pollution and
type of synoptic situation which enhanced transfer of
pollution to the European Arctic were identified. The
changes of snow chemistry in hypsometric profile
demonstrated the impact of the atmospheric boundary
layer on the chemical properties of precipitation and
snow cover. The largest sources of SO2 emissions and
the role of nitrate in the acidification should be
considered as serious threat to the Arctic environment.
presentation to the most appropriate session.
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Figure 1. Study area – Hornsund Polish Polar Station and
Hansbreen Glacier.
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The BVOCs account for a major fraction of total VOCs
emission affecting atmospheric O3 and secondary aerosol
concentration. Over 90% of global annual VOCs are
emitted by plants (Guenther et al., 1995). Since forest
lands account for 59% of total area in Taiwan and
previous studies have indicated that BVOCs contribute
to about 33% total VOCs in Taiwan (Chang et al., 2009).
The original database of land use types used in
Taiwan BVOCs emission inventory system (TBEIS)
(Chang et al., 2009) was based on the survey data of
forest resources and land use collected by the Forestry
Bureau of Taiwan in 1995. However, land use pattern
has been dramatically changed due to typhoons,
mudslides and more importantly, the horrible September
21, 1999 earthquake. Also, both cultural and ecological
changes also affect land use type. Consequently, the
need for developing a new land use database is urgent.
To modify the changes in land use, the satellite
remote sensing data collected by the Center for Space
and Remote Sensing Research of National Central
University (CSRSR) from 2005 to 2006 were adopted in
this study. These image data were sorted from remote
sensing image pictures obtained by FORMOSAT-2. The
highest spatial resolution is 8 m×8 m and an image
identification ratio of 79%. Except for unidentified data,
twelve types of objects including clouds, water bodies,
buildings, seas, roads, riverbeds, beaches, dry farmlands,
grass lands, paddy fields, small amount of plants, and
plants in the mountains can be identified.
The comparison between original and new land
use database is shown in Table 1. Clearly, there are
significant differences between these two database sets.
An additional area of 1790 km2 (398% increase) and
2100 km2 (65%) was added to grass lands and paddy
fields, respectively. Only dry farmland was reduced by
1830 km2 (61% decrease). A new forest area of 2400
km2 was also added with the overall net increase of
about 4460 km2, which accounts for 16% of the total
vegetation area of Taiwan.

The Taiwan Air Quality Model (TAQM) with fourlevel nested domains (Chen and Chang, 2006; Chang,
2008) was used to simulate air quality; and the impact of
updating the land use database was evaluated. The
meteorological information required for simulation is
based on MM5.
The period from July to September was selected to
simulate air quality because of maximum BVOCs
emitted in Summer in Taiwan. The impact on O3 and
secondary PM2.5 levels by original and new land use
databases will be discussed. The maximum difference of
ozone values for each grid during simulation is shown in
Figure 1. It reveals a significant increase in ozone was
located in the mountain areas of central and southern
Taiwan. The greatest increase in ozone was 5-7 ppb in
southern Taiwan and 3-6 ppb in central Taiwan.

Figure 1 Spatial distribution of maximum ozone
difference between original and new land use database.
This work was supported by the Ministry of Science and
Technology, Taiwan.

Table 1. Areas in original and new land use databases
Land use type

Original
New database Difference
database (km2)
(km2)
ratio (%)

Forests

20580

22980

+12

Grass land

450

2240

+398

Paddy field

3210

5310

+65

Dry farmland

2990

1160

-61

Total

27230

31690

16

Chang, K.H. (2008) Atmos. Environ. 42, 6733–6742.
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1816–1827.
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The abrupt orography surrounding the Western
Mediterranean Basin (WMB), which remains under
weak pressure gradient conditions during warm season,
induces a regional meteorology that favours the
recirculation and layering of pollutants affecting air
quality and climate. (Rodríguez et al., 2002; Pérez et al
2004).
This study focuses on the characterization of the
spatial distribution and vertical stratification of
atmospheric aerosols with the aim of reducing
uncertainties on aerosol radiative forcing, by mean of
providing physical and optical aerosol column
observations.
16 vertical profiles were performed by mean of
flight airborne measurements during summer period in
2014 and 2015 over northeast of Spain. Aircraft was
equipped with nephelometer, aethalometer, condensation
counter, optical counter and meteorological instruments.
Helicoidal profiles, with a diameter of approximately
750 m, were performed from 600 up to 4000 m.a.s.l.
Aircraft observations were supported with columnar
measurements (LIDAR at Barcelona site, and ceilometer
and sun photometer measurements at Montsec site) and
aerosol in situ observations at Barcelona, Montseny and
Montsec stations.
Here we present a case study which took place
on 16 July 2015. Atmospheric scenario was leaded by
anticyclonic conditions over the Iberian Peninsula. The
weak pressure gradient gave rise to local and regional

atmospheric circulation process resulting in the presence
of stratified polluted layers above the Planetary
Boundary Layer (PBL).
Aerosol layers were found above the PBL up to
approximately 4 km (Fig. 1a). Larger levels of PMX,
scattering and absorption were detected within the three
stratified layers (identified by grey background colour).
Large scattering angstrom exponent (SAE~1.7-2) and
low absorption angstrom exponent (AAE~1) indicated
the presence of fine particles of anthropogenic origin.
Interestingly, the SSA increased with altitude, leaded by
increasing scattering and more constant absorption with
altitude, revealing a darker atmosphere at lower levels.
LIDAR vertical profiles (Fig. 1b) confirmed the
presence of polluted layers until approximately 4.5 Km.
Mean backscatter Ångström exponent (BAE=1.48) and
lidar ratio (Saer=66.9 sr) indicated dominance of fine
particles.
This work has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 654109. IDAEA
was supported by the MINECO and MAGRAMA
Spanish Ministries, and FEDER funds under the
PRISMA project (CGL2012-39623- C02/00). UPC was
partially supported by TEC2012-34575.
Rodríguez et al., 2002. Atmos. Environ., 36, 3101–3112
Pérez et al., 2004. Atmos. Environ., 38, 3983-4000

Figure 1. a) Vertical profiles from aircraft measurements of PMX, Scattering, Absorption, Scattering Ångström
Exponent (SAE), Absorption Ångström Exponent (AAE) and Single Scattering Albedo (SSA) on 16/07/2015 during
09:45-10:06 UTC. b) Vertical profiles from LIDAR measurements of range corrected signal, backscatter (Bsc) at 1064
nm and Backscattering angstrom exponent (BAE) at 1064-532 nm during 10:44-11:44 UTC on 16/07/2015.
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Atmospheric pollution is one of the most
challenging problems to which contemporary societies
are faced, affecting human health, ecosystems, historical
heritage and climate. Different strategies have been
displayed by the European Commission to improve air
quality throughout Europe in recent decades; others have
been adopted at national levels; and local policies have
been critical in this battle. Administration managers urge
to develop tools to evaluate reduction air pollution
concerning to the policies elaborated.
In this work we present a semi-quantitative
method to assess the efficiency of the adopted abatement
strategies discerning local to continental. It is possible
studying trends of traditional pollutants depending on
long-range transport air mass origin or lack of advection
episodes. This methodology has been applied for the
Balearic Islands regional case.

when LA occurs would be caused mainly by local
strategies added to the continental strategies affecting
also local emissions, such as vehicle emission
restrictions. Therefore, differences between variations
for LA and LR scenarios may be due to local actions.
Moreover, for a given pollutant, the subtraction of
RB concentrations to the UB and SB will provide the
estimation of the urban and suburban inputs respectively
(Leschow et al. 2001). Thus allows to distinct if local
policies are affecting more in a regional, suburban or
urban stage.
Calculations have been done for Balearic Islands
region. In Table 1 we can see the inter-annual variations
for EU episodes, as a representative for the long-range
transport, and those for Summer Regional (SR) episodes,
as lack of advection scenario.

Description of the Methodology and some results
1) Database Generation: long time series of O3
and PM10, driven by local, regional or long-range
external sources, are necessary to obtain appreciable
results. Other traditional pollutants, such as NO, NO2 or
SO2 do not comply those requirements.
For the case of Balearic region a 13-year database has
been created as in Cerro et al. 2015, averaging
concentrations for urban (UB), suburban (SB) and
regional background environments (RB).
2) Air Mass Origin: air advections must be
classified in a) long-range transport (LR) or b) lack of
advection (LA). LR can be beyond classified depending
on the origin. In our case, Atlantic (AT), Mediterranean
(MD), European (EU) and North African (AF) are
considered. Affection of all type of episodes in air
quality has been previously studied in Pey et al., 2009,
and the same within methodology has been used to
classify advection episodes. Other methods could be
used, for example, multiple backward air mass trajectory
compilation
using
HYSPLIT
tools
(http://ready.arl.noaa.gov/HYSPLIT.php).
3) Inter-annual variations: annual trends in air
pollutant concentrations have to be calculated for each
air mass origin. It is suitable to use Theil-Sen method of
Openair package from the software developed by the R
project (http://www.R-project.org/, references within).
4) Considerations: Inter-annual variations for LR
can be considered mainly for policies affecting
throughout the continent. Whilst inter-annual variations

PM10

O3

EU
SR
Local
contribution
EU
SR
Local
contribution

UB
-0,57
-0,87

SB
-0,48
-1,23

RB
-0,62
-0,73

-0,30

-0,75

-0,11

1,65
1,26

-1,75
-0,78

0,01
0,43

0,39

0,97

0,42

Table 1. Inter-annual variations (Theil-Sen) in µg m-3 for
Balearic Island Region.
This work was supported by CTQ2013-47461-R and
RYC-2013-14159 Spanish projects.
Cerro J.C., Cerdà V. and Pey, J. (2015). Trends of air
pollution in the Western Mediterranean Basin from a
13-year database: a research considering regional,
suburban and urban environments in Mallorca
(Balearic Islands), Atmospheric Research, 103, 138146.
Lenschow P, Abraham H.J., Kutzner K., Lutz M., Preuß
J.D.and Reichenbächer W. (2001). Some Ideas about
the Sources of PM10. Atmospheric Environment, 35,
Supplement No. 1, S23 – S33.
Pey J., Querol X. and Alastuey A. (2009). Variations of
levels and composition of PM10 and PM2.5 at an
insular site in the Western Mediterranean,
Atmospheric Research, 94, 285-299.
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Since March, 2011 an atmospheric sampling program by
means of High Volume samplers has been established at
Demokritos urban background station (GAW-DEM,
2007) located at the North East part of the Greater
Athens Metropolitan Area and at an altitude of 270
m.a.s.l. Measurements were conducted using a six-stage
high volume cascade impactor (nominal 50% cutoff
sizes: 10.1, 4.2, 2.1, 1.4, 0.73, 0.41, 0.05 μm).
Concentrations of radioisotopes were measured after
weekly sampling. Each sample was collected after
approximately 84h of sampling (Air Vol. 2500 m3) while
since September 2014, continuous weekly sampling was
applied (Air Vol 4600 m3). Cellulose Filters and
impaction substrates were used (Whatman), cut in a
diameter of 70mm. Gamma-spectroscopy was conducted
and the radioisotopes of concern were detected by their
photopeaks. The detector used is a coaxial HP 30%
Germanium detector, with energy resolution of 1.93keV
for 60Co (1332keV) and a 8k multichannel analyzer, with
energy resolution 0.25 keV/channel. The spectra
produced, were then analyzed using the software
Interwinner 4.1. In this study, 137Cs and 40K
concentrations’ time series and parameters from their
calculated size distributions were studied with respect to
atmospheric conditions during the last 4 years.
137
Cs is a technogenic radionuclide, with half life
of 30.17y, and is of great concern for long- and shortterm exposure. Traces of 137Cs are originating from
fallout, from atmospheric nuclear weapon tests, and
nuclear accidents e.g. Chernobyl, Fukushima. 137Cs
levels depend on meteorological conditions and long
range transport. Sahara dust events tend to carry soil
particles with attached 137Cs, originating from global
fallout (Masson et al., 2010). This can easily lead to
increased airborne activity levels something which is
visible in the graph of 137Cs time series (Figure 1). High
peaks have been identified to coincide with air mass
transport from North Africa. Air mass origin was
calculated by means of 7 days HYSPLIT back
trajectories. Typical activity levels are below the
detection limit (6.3*10-4 mBq/m3). However, large
quantities of Sahara dust soil with higher burdens can
increase 137Cs levels.
40
K has a half life of 1.248 · 10 9 yr. The ambient
levels are very low compared to the literature (Korontzi,
S., 2006) something that is visible in the time series
(Figure 2), but it has also some maxima over the years.
These maxima (> 0.1 mBq/m3) are due to the 40K’s

origin, which is local or regional biomass burning, and
soil dust. Studies so far reveal that croplands currently
occupy about 17 million km2. At the global scale,
agricultural fire activity shows two peaks, the first
occurring during April to May, and was associated
primarily with burning in the croplands of Eastern
Europe and European Russia and the second in August
from burning mainly the croplands across central Asia
and Asiatic Russia. During spring and summer months
the high 40K concentrations are associated with air
masses from the NE, carrying aerosol from biomass
burning most probably agricultural fires in Eastern
Europe/Ukraine. Also high 40K concentrations occur
during Sahara dust events identified with relatively high
40
K activities.

Figure 1. 137Cs time series; blue line depicts monthly
running mean, red dots depict weekly values.

Figure 2. 40K time series; blue line depicts monthly
running mean, red dots depict weekly values.
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Models have been used to describe intra-urban transport,
dilution and transformation of particle number size
distributions (PNSD) from roadsides to the urban
background. However, these models often require
complex input data and are computationally expensive.
Therefore, their use for particle exposure studies is
limited. Simplified process-oriented model approaches
(Wehner et al., 2002) for PNSD prediction are rare and
Land Use Regression (LUR) models (e.g. Ghassoun et
al., 2015) tend to represent transformation processes
only indirectly. In this study, a model was established
based on simplified process descriptions and relying on
meteorological background data and inverse parameter
estimation.
PNSD data for model calibration were measured
in transects from a kerbside up to a distance of 400 m
into a built-up urban background area in Braunschweig,
Germany during measurement tours at specific dates in
2013 (Ruths et al., 2014). Meteorological background
data were taken from the German Weather Service
(DWD) in 3 km distance. The data set has been
subdivided into a calibration and a validation data set.
The model includes calculation routines for
coagulation,
condensation/evaporation,
dilution,
deposition and sources within the urban background.
MCMC methods were used to estimate necessary model
(for determination of dilution, condensation/evaporation
and diffuse sources) and uncertainty parameters. The
log-likelihood function was defined both for the
assumption of normally and t-distributed errors.
Standard deviation and scale parameter, respectively,
were defined as an interpolation function depending on
measured PNSD.
t-distribution was found to represent standardized
residuals better and decrease the width of confidence
intervals of the model parameter estimations. Especially
a dilution describing parameter could be estimated with
high certainty. A parameter describing the concentration
of condensable vapour remained uncertain within a
priori assumed boundaries. A good agreement between
measurements and model simulation was achieved (Tab.
1, Fig. 1) and deviation of measurements were well
represented by estimated uncertainties.
Dilution dominated the changes of PNSDs near
the road. Also, diffuse particle sources were found to
significantly contribute to PNSD. Because of the short
transportation time coagulation, deposition and
condensation/evaporation did not lead to major PNSD
variation.

Table 1: Measures of goodness for calibration and
validation data set
Calibration Validation
Pearson’s corelation
0.92
0.91
Model efficiency
0.84
0.80

Figure 1. Mean measurement and model output results
with x: distance from main street (preliminary).
Ghassoun, Y., Ruths, M., Löwner, M.-O., Weber, S.
(2015) Sci. Tot. Env. 536,150-160.
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Air quality in the greater region of Innsbruck and eastern
North Tyrol is affected by large traffic volumes along
some of Europe’s most important international road
transport flows over the Alps. In order to quantify this
potentially large anthropogenic impact on air quality,
and help validate bottom-up emission inventories, the
Innsbruck Air Quality Study (iNNAQS) aimed at
measuring reactive trace gas and aerosol fluxes at an
urban location in Innsbruck (Austria).
Aerosol flux measurements by eddy covariance
were carried out during the iNNAQS second intensive
observation period from July 2015 to September 2015 in
downtown Innsbruck 38 m above ground level. The eddy
covariance setup included a CSAT sonic anemometer
(Campbell Scientific, USA) for measuring the 3D wind
speed and direction, a condensation particle counter
(CPC 3772, TSI, USA) for total aerosol number
measurements, and an electrical low pressure impactor
(ELPI+, Dekati, Finland) for size-resolved aerosol
number measurements. Depending on the local wind
patterns of the Inn valley, the flux measurements were
influenced by different parts of the city of Innsbruck.
Total aerosol number fluxes and exchange
velocities derived from the CPC measurements showed a
typical diurnal cycle: At night, the net vertical transport
of particles was close to zero. In the morning hours,
turbulent transport developed and a clear increase of
exchange velocity with a maximum of 0.9 cm s-1 was
observed (Figure 1). During the day the median
exchange velocity was 0.5 cm s-1 before the emission of
particles decreased again in the evening to negligible net
fluxes. Only sporadic aerosol deposition events were
observed.
While the total aerosol number fluxes as
measured with the CPC were clearly dominated by
particle emission, preliminary results of the size-resolved
aerosol number flux measurements indicate that bidirectional aerosol fluxes are possible. Particle size
fractions with diameters smaller than 300 nm typically
show emission, whereas larger particle size fractions
show net deposition at the same time. Such a change of
the flux direction depending on particle size has been
reported previously for aerosol flux measurements in
other urban environments (e.g. Deventer et al., 2015).

Figure 1. Diurnal cycle of median particle exchange
velocity measured during iNNAQS.
Urban aerosol flux measurements are still scarce,
and the iNNAQS data set contributes to an improved
understanding of aerosol sources and sinks in the city of
Innsbruck. Moreover, the presented data set promises
additional insight into chemistry-transport interactions
due to the measurement site’s unique setting in the
complex terrain of an Alpine valley, and the combination
with turbulent flux measurements of reactive trace gases
such as volatile organic compounds and nitrogen oxides.
Support and equipment provided by Westfälische
Wilhelms-Universität Münster (O. Klemm) is gratefully
acknowledged.
Deventer, M.D., El-Madany, T., Griessbaum, F., and
Klemm, O. (2015) One-year measurement of sizeresolved particle fluxes in an urban area. Tellus B 67,
25531, doi:10.3402/tellusb.v67.25531.
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The long-term characterization of free troposphere (FT)
aerosols is often performed using measurements from
high altitude stations. The analysis of high altitude station
data is however complicated by the difficulty in
determining the planetary boundary layer (PBL) influence
at the measuring site. The methods usually applied to sort
out FT from PBL influenced periods are based on the
diurnal and/or seasonal pattern of aerosol parameters,
wind direction selection, and/or analysis of the
concentration of other pollutants (for example CO2).
Depending on observatory location, topography and
meteorology, several mechanisms can cause the upward
movement of lower elevation air resulting in PBLinfluenced sampling conditions. Thermally–driven valley
wind is the most frequently cited phenomenon bringing
low elevation polluted air masses to mountain summits.
However, transport mechanisms occurring on larger
spatial scales are also common enough to contribute to the
aerosol load at high altitude. For example, the convective
boundary layer was measured by an airborne lidar up to
4000 m over the Jungfraujoch (JFJ) massif during a fair
weather day in summer (Nyeki et al., 2000). Depending
on the various possible sources of the PBL residuals
layers at high altitude, the FT aerosol should then be
considered as local or regional rather than global in
nature.
In this study, the effect of the topography on the influence
of the PBL on 19 high elevation sites (BEO, CHC, CMN,
ESP, IZA, JFJ, LLN, MBO, MSC MLO, PIC, PDD, PYR,
SPL, SUM, TLL, WHI, WLG, ZUG) with aerosol
measurements is evaluated. Most of these sites are GAW
stations located between 1500 and 5300 m a.s.l., and have
several years of scattering, absorption and/or particle
number concentration measurements (Andrews et al,
2011). The topography information is taken from
GTOPO30 (https://lta.cr.usgs.gov/GTOPO30), a global
digital elevation model covering the whole earth with a
horizontal grid spacing of 30 arc seconds (~ 1 kilometer).
Each analysis was performed on a 3° (~330 km) square
domain around the site.
To estimate if convective processes are enhanced or
impeded by the topographical environment of the station,
seven parameters were calculated, some of them
originating from hydrology. The thermally-driven PBL
influence is considered to be minimized if (a) the station
elevation is at the highest point, (b) the slopes around the
summit are sharp and (c) the drainage basin applied to
thermal convection is large. Explicitly, we evaluate the
topographic wetness index (a measure of the extent of
flow accumulation), the cumulative height frequency
curve, the mean altitude difference as a function of the

distance, the mean gradient in elevation in eight directions
and the drainage basin of the inverse topography (with
elevation= - real elevation). The PBL topographic index is
given by the geometrical mean of the defined parameters
and it allows ranking of the 19 high altitude sites as a
function of the PBL influence due to the regional
topography.
The effect of the modification of the topography by
adding the PBL over the low elevation regions was also
investigated. For example, a PBL of 700-1000 m overlaid
on low elevation terrain around the JFJ induced new flow
paths (cyan) from the N-E and S-E, the S-E path
explaining the frequently measured pollution from the Po
Basin. This newly defined PBL topographic index was
then evaluated in the context of the seasonal and diurnal
cycles of the aerosol parameters measured at the high
elevation stations.

Figure 1. Topography around the JFJ with the mean flow
paths (magenta) and the flow paths found if a PBL is
added to the topography (cyan).

Andrews, E. et al., Climatology of aerosol radiative
properties in the free troposphere, Atmos. Res. 102,
365–393, 2011
Nyeki, S., et al., Convective boundary layer evolution to 4
km asl over high-alpine terrain: Airborne lidar
observations in the AlpsGeophys. Res. Lett., 27, 689–
692, 2000.
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The International Monitoring System (IMS) developed
by the Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO) is a global system of monitoring
stations, using four complementary technologies:
seismic, hydroacoustic, infrasound and radionuclide.
Data from all stations, belonging to IMS, are collected
and transmitted to the International Data Centre (IDC) in
Vienna, Austria. The radionuclide network comprises 79
stations, of which more than 60 are certified. The aim of
radionuclide stations is a global monitoring of
radioactive aerosols, radioactive noble gases and
atmospheric transport modeling (ATM).
Beryllium-7 (7Be) is one of key radioactive
isotopes which concentration is measured on a daily
basis by CTBT particulate stations. 7Be is a natural
radionuclide (T1/2=53.3d), originating from the
interaction of cosmic rays with terrestrial atmosphere.
The amount of 7Be that reaches the surface depends on
the production rate which is a function of latitude,
altitude and solar activity. 7Be attaches predominantly to
aerosol particles in the submicron size range (e.g.
Ioannidou et.al, 2005) and is removed from the
atmosphere by dry and wet fallout. Recent studies
indicate that the effect of the air masses originated over
Sahara on the activity concentration of 7Be aerosols
depends on the altitude at which the air masses arrive
over a certain location (e.g. Piñero-Garcia et al., 2015).
In case of arrival at high altitudes (≥ 3000 m), Saharan
intrusions lead to increase in the activity concentration
detected in the samples; in case of altitudes near the
boundary layer (≤1500 m) the activity concentration of
7
Be decreases.
This study investigates the influence of mineral
dust on changes in 7Be concentrations in atmosphere.
For that purpose, data collected during 2009-2015 for the
IMS radionuclide station, MRP43 (see Figure 1), located
in Nouakchott, Mauritania were used. This station is
often affected by the mineral dust transported from
Sahara, especially from the Bodélé depression in The
Northern Chad, which is considered to be the most
vigorous source for dust over the entire globe (Koren et
al., 2006). Figure 1 illustrates such a situation.
To ensure that changes observed in 7Be
concentrations are caused only by the mineral dust, for
the further analysis only data collected during dry
periods (no precipitation) and originated over the Bodélé
depression, as indicated by the analysis of air mass
backward trajectories provided by FLEXPART, were
selected. FLEXPART (e.g. Stohl et al. 2005) is a
Lagrangian particle diffusion model, designed for

calculating the long-range and mesoscale dispersion of
air pollution assuming point sources.
To quantify the effect of dry deposition data
collected by IMS stations affected by mineral dust were
thoroughly analyzed.

Figure 1. Air masses which arrived on 29 June 2010 at
IMS station in Nouakchott, Mauritania (MRX43) needed
only 4 days to transport mineral dust from The Bodélé
depression in The Northern Chad.

Ioannidou, A., Manolopoulou, M. and Papastefanou, C.
(2005), Appl. Radiat. Isot. 63, 277-284.
Koren, I., Kaufman, Y.I., et al., (2006), Environ. Res.
Lett. 1, doi:10.1088/1748-9326/1/1/014005
Piñero-Garcia, F., Ferro-Garcia, M.A., Chham, E.,
Cobos-Diaz, M and Gonzàlaz-Rodelas (2015),
J. Environmental Radioactivity 147, 142-152.
Stohl, A., Forster, C., Frank, A., Seibert, P., and C.G.
Wotawa, (2005), Atmos. Chem. Phys., 5,
2461-2474.
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Geometry effect of a novel two-stage ESP with indirect charging method on
collection efficiency against ultrafine particles
Y.J. Kim, H.J. Kim, B. Han, and C.G. Woo
Environmental and Energy Systems Research Division, Korea Institute of Machinery and Materials,
Daejeon, Korea, Republic of
Keywords: indirect, charging, electrostatic precipitation, ultrafine, collection.
Presenting author email: yjkim@kimm.re.kr
A novel two-stage ESP for industries such as chemicals,
IT etc using highly corrosive and explosive gases
developed that uses an indirect charger to generate
negative ions at outside of a gas duct and put them into a
main gas flow by using additional electric field (Kim et
al., 2015). In this study, an indirect charging stage (100 x
100 x 200 mm3) is composed of brush type charger
located at outside of upper part of the charging stage and
two parallel plates to which high voltage and ground
were connected to generate electric field. At downstream
of the charging stage, a collection stage was located with
a collection area of 0.1 m2 at 50 L/min. Electrical and
particle removal characteristics of the ESP were
evaluated with ultrafine particles by varying the
geometry of the ionizer, applied voltage and polarity of
the power source. The total air flow rate for the test were
approximate 55 L/min with 10 : 1 ratio of main and
mixing flows in the ESP. With our novel concept of
indirect charging stage, when high voltage of – 5 kV
between a brush charger and a bottom plate was applied,
electric potential between upper and bottom plates was
generated automatically due to induction between tip of
the charger and upper plate, and the potential was
changed by varying geometry of the upper plate such as
thickness and size. The maximum collection efficiencies
with different geometries in the first stage of the ESP
was not changed, and achieved 90% against ultrafine
particles with mode diameter of 60nm. The Figure 2
shows the collection efficiency of the ESP with change
of applied voltage between upper and bottom plates.
With only 1st stage, the efficiency was approximately
50%, and enhanced up to 90% with applied voltage to
the 2nd collection stage because charged particles
escaped from the 1st stage were efficiently collected in
the collection stage. However, when we increased
voltage between upper and bottom plates in the 1 st stage
over automatic induction voltages to increase additional
electric field in the 1st stage, collection efficiencies were
dramatically decreased to almost zero with increase of
several kilo voltages between upper and bottom plates.
These results indicate that in our ESP additional
enhancement of the collection efficiency is impossible
with change of geometries of the 1st stage because of
existence of automatic induction voltage.
In this study, we conclude that an ESP without any
contact of a corona charger with dirty exhaust explosive
and corrosive gases from industries could be possible,
and needs to study how to enhance its collection
efficiency.

Figure 1. Experimental set up in this study.

Figure 2. Size-dependent collection efficiency of the
ESP with change of applied voltage between upper and
bottom plates.
This work was partially supported by the Eco-Innovation
project (GG2660) of the Ministry of the Environment,
Republic of Korea, and also supported by the Basic
Research Fund of KIMM (SC1180).
Kim, H.J., Han, B., Woo, C.G., Kim, Y.J., Park, S.J.,
Yoon, J.P. (2015), Proceedings of the 2015 IEEE
IAS Annual meeting, #2015-EPC-0492, 1-7.
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Ballast water is used as weights for balancing
ships. The ballast water is discharged at a distinction port
where is different from a source port country, whereby
that may cause problem in a marine ecosystem. The
purpose of this study is to inactivate microorganisms in
seawater using pulsed electric field.
The schematic diagram of the experimental
system is shown in Fig. 1. Simulated seawater was
poured into a beaker and installed a needle electrodes,
which the electrode gap was between 1 and 10 mm.
Microorganism
concentration,
which
was
Zygosaccharomyces rouxii (Z. roxii), in simulated
seawater was 104~105 CFU/ml. The pulsed electric field
was generated in the seawater due to applying the pulse
high voltage to between electrodes. The voltage and the
current were measured using a high voltage probe and a
current probe. The peak value, the rising time and the
frequency of the pulse voltage were 10 kV, 75 ns and 50
Hz, respectively. Seawater of 1 mL was sampled
periodically, and then incubated for 72 hours at 25 °C.
The survival ratio  was calculated by equation (1):
 = log (N/N0)

Fig. 1 Schematic diagram of experimental system.

(1)

where N is the number of colony count after treatment,
and N0 is the initial number of colony count.
The survival ratio as a function of the number of
pulses for various electrode gaps is shown in Fig. 2.
Decreasing the survival ratio means improving the
inactivation effect. The survival ratio decreased with
increasing the number of pulses for any gaps. And the
survival ratio decreased as the gap decreased.
The SEM images of Z. rouxii before and after
applying the pulsed electric field were shown in Fig. 3.
The microorganisms were washed three times with pure
water by centrifugation to remove seawater before
observation. Z. rouxii before treatment was a spherical
shape as shown in Fig. 3 - a). However, it was clear that
Z. rouxii after treatment was distorted as shown in Fig. 3
- b). This result shows that the survival ratio decreased
as shown in Fig. 2 due to destroying cell membrane. It is
considered that the survival ratio decreased with
decreasing the gap because cell membrane tend to be
destroyed due to increasing the electric field intensity.
These results indicated that the microorganism in
simulated seawater was destroyed in the pulsed electric
field due to electroporation.

Fig. 2 The survival ratio as a function of the number of
pulses for various electrode gaps.

Z. rouxii

10 m
a) before

Z. rouxii

10 m
b) after

Fig. 3 SEM images of Z. rouxii before and after applying
the pulsed electric field.
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1. Introduction
An electrostatic precipitator (ESP) has a high
collection performance for particles smaller than 1μm.
An ESP using corona discharge is expected to inactivate
microorganisms. Authours have investigated to
inactivate microorganisms collected on a plate electrode
using corona discharge for improving ESP performance.
As a result, it was cleared that a survival ratio decreased
due to corona discharge1).
In this study, it was investigated to comfirm dead
microorganisms and the inactivation process using a
fluorescent microscope.
2. Experimental Method
The schematic diagram of the experimental apparatus
is shown in Fig. 1. The apparatus consists of discharge
wire and grounded plate electrodes ． Staphylococcus
aureus (NBRC13276) was used as model airborne
microorganisms. S. aureus diluted with pure water was
put on conductive slide glass (thickness 0.02ml). The
glass was located under the discharge wire. A control
was located at the outside for estimating natural
decrement of S. aureus. After natural drying for 0.5
hours， microorganisms on the glass were exposed to
corona discharge. The applied voltage was
approximately DC -8.6 kV, the discharge current was
between 20 and 24 μA, the ozone concentration was
approximately 1 ppm. The wind velocity was 0.5 m/s,
the temperature was approximately 22 ℃, the relative
humidity was approximately 50%. Ctrl and the apparatus
were installed in a clean bench．
After corona discharge treatment, dead and live
microorganisms on the glass, which were stained with
fluorescent dye, were observed using a fluorescent
microscope．The threshold of fluorescence intensity to
distinguish live or dead was decided in a preliminary
experiment．

Fluorescent microscope image under the discharge
wire after operation is shown in Fig. 3. Most
microorganisms emit red light. In comparison with Ctrl
as show in Fig 2，dead microorganisms emitting red
light significantly increased. This result shows the
inactivation effect of corona discharge, and cell walls
was destroyed because of staining with red.

Fig.1 Schematic diagram of experimental apparatus.

50m
Fig. 2 Fluorescence microscope image on the Ctrl.

50m

3. Result and Discussion
Fluorescent microscope image of the Ctrl after the
experiment is shown in Fig. 2．SYTO®9 and PI were
used for fluorescence reagent, therefore live or dead
microorganisms emit green or red light, respectively.
Yellow parts may indicate layers of live and dead
microorganisms. Dead and live microorganisms were
observed in the image. Dead microorganisms in the Ctrl,
which was not exposed to corona discharge, were due to
natural drying．

Fig. 3 Fluorescence microscope image under the wire electrode.

References
1) Akinori Zukeran, Yuki Miura, Tomohiro Oku, Risei
Wada, Jun Sawai, “Humidification effect on inactivation
of Staphylococcus aureusin by ozone generated in
corona discharge” Europian Aerosol Confereuce 2015,
1ELE_P0008, 2015.
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Introduction
Sampling and identification of bioaerosol which can
affect human health by causing infectious diseases, acute
toxic reactions, and allergies are needed to assess indoor
air quality.
Electrostatic sampler is most efficient equipment
to collect airborne particles which are electrically
charged and then removed from the air stream by an
electrical field.
MALDI-TOF mass spectrometry is reliable and
fast technique used for identification of microorganism.
In the MALDI technique, a unique mass spectral
fingerprint is produced from extracted bacterial proteins.
It is then compared with the existing database and
identified to the genus or species level based on the
degree of match [1].
In this study we monitored indoor bioaerosol
diversity using electrostatic sampler and MALDI-TOF
mass spectrometer (MS).

Figure 1. Processes of field test for indoor air monitoring.

Materials and Method
The electrostatic sampler consists of a wire-rod corona
charger and a cylindrical collector. During sampling, air
enters the collector through the wire-rod charger causing
particles in the air to become positively charged. Next,
the charged particles are collected on the collecting rod
by an externally applied electric field [2].
Figure 1 shows the processes of the experiment.
After sampling the indoor bioaerosols, the rod is
removed and washed in de-ionized water with vortexer.
Then, microorganism containing water is spread on
prepared agar plates and grown in an incubator for 24h.
Subsequently, grown microorganisms are picked up and
mixed with matrix solution then spotted onto a MALDI
plate. Then run the mass spectrometer and data are
compared with existing database.
Results
Figure 2 shows the results of the field sampling test
conducted in a hospital. Figure 2 (a) shows incubation
result of 1 h of sampling and incubating on anaerobic
condition (brucella agar). M. sp and M. aurum were
detected. Figure 2 (b) shows incubation result of 1 h of
sampling and incubating on aerobic condition (choco
agar). M. sp and unknown microorganism were

Figure 2. (a) incubating result on brucella agar, (b)
incubating result on choco agar, (c) incubating result on
SAB agar in a hospital.
detected. Figure 2 (c) shows incubation result of 1 h of
sampling and incubating on aerobic condition (SAB
agar). Pseudomonas luteola was detected.
Acknowledgements
This work was supported by BioNano Health-Guard
Research Center funded by the Ministry of Science, ICT
& Future Planning (MSIP) of Korea as Global Frontier
Project (Grant Number HGUARD_2013M3A6B2078
959)
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Charged nanoparticles are widely used for buildingblocks in electrostatic patterning (You et al, 2010; Ha et
al, 2014). Spark discharge is a proper method which
generate charged sub 10 nm nanoparticles easily. In a
spark discharge nanoparticle generation, plasma
developed by electrical breakdown of carrier gas
between two electrodes vaporizes electrode material.
And then, nanoparticles generated from the spark
discharge chamber with surrounding ions and charges
acquire charges by diffusion charging. However, bipolar
charging of nanoparticles has a lower yield of charged
particles than unipolar charging (Adachi et al, 1985)
In this study, we devised a new spark discharge
scheme to increase the production of positively charged
particles by using the electrodes themselves of spark
discharger as the supplies of positive ions in situ. To this
end, as shown in Figure 1, we invented a new spark
control circuit to maintain the voltage of electrode with
the value above the corona discharge voltage always
excepting the moment of spark discharge.

We confirmed the 1.8-fold increase of the amount
of positively charged particles generated from the spark
discharger when using the pin-to-plate type electrodes
and the new circuit. And the amount of the negatively
charged particles was reduced by half due to the increase
of positive ion generation. For investigating the effects
of electrode geometry, we conducted the comparative
study on generation of positively charged particles
between rod-to-plate and wire-in-hole type electrodes.
Finally, we studied the effects of flow rate that
confirmed the positively charged particles increased by
positive ion generation.
The new spark discharge scheme in this study is
the simple method to increase the positively charge
particle production which can be utilized in the
electrostatic aerosol lithography as a building block.
This work was supported by the Global Frontier
R&D Program on Center for Multi-scale Energy System
funded by the National Research Foundation under the
Ministry of Science, ICT & Future, Korea (20110031564, 2012M3A6A7054855).
Adachi, M., Kousaka, Y. and Okuyama, K. (1985)
Journal of Aerosol Science, 16(2), 109-123.
Ha, K., Choi, H., Jung, K., Han, K., Lee, J. K., Ahn, K.
and Choi, M. (2014) Nanotechnology. 25(22),
225302.
You, S., Han, K., Kim, H., Lee, H., Woo, C. G., Jeong,
C., Choi, M. (2010) Small. 6(19), 2146-2152.

Figure 1. (a) Spark discharger scheme for unipolar
charged particle generation, (b) voltage profile measured
from the anode of spark discharger by using new type
external circuit.
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During the last 30 years, the Aerosol Laboratory of the
University of Technology Delft has performed research
in the field of “the manipulation of aerosol particles by
electrical forces”. The different topics include Electro
HydroDynamic
Atomization
(Electrospraying),
influencing the trajectories of charged aerosol particles,
the extraction of materials from plants by electrical fields
(milking of trees) and the developing of instruments to
measure charge on aerosol particles. Numerous papers
have been published on these subjects, of which a few
can be found in the references (Meesters e.a. 1992,
Meesters 1992, Vercoulen e.a. 1992, Vercoulen 1995,
Hartman e.a. 1999, Sanden van der 1999, Marijnissen
e.a. 2001, Khoury 2006, Djairam 2008, Yurteri e.a.
2010)
In continuation of this work and with data from
literature (Weinberg 1968, Johnston e.a. 1987, Uchiyama
and Jyumonji 1995, Roos 1996), a dust reduction system
has been developed, which working is based on
electrical effects. The system employs corona wires
and/or needles, to create ions and an electric wind. With
an appropriate configuration of corona wires /needles
and a particle collector, a very efficient aerosol particle
collection system can be constructed. The first system
was developed together with BAM Infratechniek bv, and
partially financed by the Ministry of Transport, Public
Works and Water Management of the Netherlands. A
very extensive research project was undertaken in a real,
in use tunnel of 1100m long in the Netherlands, the
Thomassentunnel. Only a limited amount of dust
collection racks was used, and yet the reduction in outlet
dust concentration (by mass) was measured to be about
16 % in comparison with no dust reduction. Modelling at
TU Delft indicates that by increasing the number of
collection racks from 28 till 340, the outlet dust
concentration reduction is enhanced till 70%.
Measurements and modelling prove that all filtration
mechanisms, including electric ones and turbulence in
the tunnel play a role and that the collection takes place
over the whole measured size range (report IPL 2009,
Valbuena 2011).
In a next stage the dust reduction system has been
modified to be utilized in heavy polluted industrial sites,
in the exhaust of large-scale pigsties and poultry farms,
outside street canyons and restricted outside areas. In all
situations the system demonstrates a good efficiency in
dust collection.
Recently the system has been adapted for indoor
use, such as hospitals, offices, light industries and

households. While the energy consumption is very low,
the particle collection efficiency is very high.
In the presentation the scientific background of the
dust collections system will be clarified and examples
for the different applications will be provided, including
particle collection efficiency as a function of particle size
and the energy consumption.
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Indoor air purifier has been one of the active control
technologies to removal of indoor air pollutants such as
fine particles and odors. Most air purifiers use air filters
composed of fiber media and they need periodic
replacements of the filters and thus considerable
maintenance fee. They can generate volatile organic
compounds (VOCs) and odors from the microorganisms
cultivated on the surface of the filters when the filters are
not replaced at the right time.
In this study, to improve the maintenance of indoor air
purifiers, a wet-type two-stage electrostatic air purifier
has been developed. This purifier does not need filter
replacements because it collects fine particles using
electrostatic forces and cleans the collection plates with
continuous water flow.

could adjust the air flow rate with a range of 1-2.5
m3/min.
Increase of applied voltage to the charger from 7 kV to
10 kV at the 10 kV applied voltage to the collector led to
the increase of CADR (0.3 mm) from 65 to 92 m3/hr.
The CADR could be reached to 129 m3/hr at the particle
size of 0.9 mm.
Figure 2 shows the relative particle concentrations of 0.3
mm particles under operations of conventional air washer
with a lot of water film discs and the electrostatic air
purifier developed in this work. The CADR of the
electrostatic air purifier developed in this work was
about 12.4 times higher than that of the commercial air
washer.
Our system could supply humid air from 42 % R.H. to
56 % R.H. after one-hour operation at the 30 m3 test
chamber by the natural evaporation of water at the
surfaces of the water-film collectors.

Figure 1. Experimental setup for a two-stage electrostatic
indoor air purifier.
Figure 1 shows the experimental setup. Particle charger
was a set of four carbon fiber ionizers with four
rectangular ground ducts (65 mm x 75 mm x 50 mm).
Carbon fibers as a discharging electrodes had a diameter
of 7-8 mm and a carbon component of about 95%.
Ozone was little generated due to the micro-sized
electrodes with a level less than 10 ppb (Han et al., 2008;
Kim et al., 2010). Collector was composed of a set of
five polymer collection plates (160 mm x 300 mm x 2
mm) and metal counter electrodes. The polymer
collection plates had a lot of nozzles at the top of the
plates and barrier patterns on the surface of the plates to
let water flow uniformly from top of the plates with a
thin water film without any dry spot. High voltages of 510 kV were applied to the charger and collector,
respectively. Fan equipped at the rear of the collector

Figure 2. Changes of particle concentration by operation
of conventional air washer and the developed one
This research was supported by the Eco-Innovation
Project operated by the Korea Ministry of the
Environment
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The diesel engine is used for the ship. However, the air
pollutant is exhausted by the diesel engine. IMO
MARPOL ANNEX Ⅵ has entered into force by the
IMO (International Maritime Organization) in 2005. The
air pollutant was severely limited by the agreement. The
electrostatic precipitator (ESP) is a means to collect PM.
They are characterized by a high particle collection
efficiency with low pressure drop. The particle behavior
in ESP depends on the particle characteristic, electric
field, space charge and flow pattern. Moreover, reentrainment phenomenon is caused according to the
condition. The new hole-type ESP was developed to
overcome the re-entrainment in the ESP. The particle
flow into the hole by ionic wind. The Electric field of a
collecting zone in the hole is zero. Therefore, it can be
expected that suppression of the re-entrainment.
It is important to understand the particle behavior
in ESP. Particle image velocimetry (PIV) was used to
grasp the particle behaviour in ESP. In this study, the
particle behavior, the particle velocity, and the influx
rate of particle in the hole were investigated.
The experimental system is shown in Fig. 1. The
system composed of the needle discharge electrode and
plate electrode. The needle discharge electrode was set
up right above the hole. The negative DC voltage was
applied to the needle-electrode. The hole of φ20mm was
opened to the plate electrode. The particles were visible
to irradiate with the laser sheet. The movement velocity
distribution of particle was requested by analysing the
image acquired with a high-speed camera.
The particle velocity in ESP is shown in Fig. 2.
Tracer particles are talc, copper powder (Cu) and
particles of ethylene glycol (EG). Primary flow velocity
is an average speed when the particle flows from the
upstream to the downstream. Primary flow velocity was
measured with PIV. As a result, the particle velocity

Fig1. Hole type Electrostatic Precipitator

increase with increasing primary flow velocity. The
particle velocity of Cu was the fastest. Cu is the most
suitable for the collection.
Influx rate of particle in the hole was
quantitatively judged. The influx rate of particle in the
hole is shown in fig. 3. The influx rate of particle in the
hole measured by the number of pixels of inlet and
collecting zone. The influx rate of particle in the hole
increase with increasing discharge current. This is
attributed to increase in ionic wind. It also confirmed
that the particle flowed in the hole by ionic wind.
Therefore, it can be expected that suppression of the reentrainment.
This work supported by Grant-in-Aid for Scientific
Research (B) of the Japanese Society for the Promotion
of Science.

Fig2. Particle velocity as a function of
primary flow velocity (3μA)

Fig3. Influx rate of particle in the hole as a
function of discharge current (Talc, 0.15m/s)
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Electrostatic precipitator (ESP) for exhaust gas treatment
of marine diesel engines has been attracting attention.
When the heavy oil is used as fuel of diesel engine, due to
the high particle concentration and low electrical
resistance in the exhaust gas, a technique for suppression
of re-entrainment phenomenon (once collected particle
are scattered) is required. The authors have proposed a
hole-type ESP as to suppress the re-entrainment
phenomenon (Y. Ehara, 2014). It is composed of charging
zone and collecting zone, and the electric field of the
collecting zone is zero. Therefore, suppression of reentrainment can be expected, due to collect the particle in
collecting zone pass through the hole. This paper reports
the simulation analysis results on hole-type ESP.
This study was used COMSOL Multiphysics®
(simulation software based Finite Element Method). By
coupling of Poisson’s equation and the positive ion
continuous, it was analyzed electric field and space charge
density. Further, by calculating the Coulomb force as an
external force term of the Navier-Stokes equation, it was
fluid analysis affected by the ionic wind. Simulation
model was designed as shown in Fig. 1 for the purpose of
comparison with experimental data.
Fig. 2 shows the analysis results of the fluid
affected by the ionic wind. (a) is no primary flow
conditions (primary flow velocity of 0m/s), (b) is primary
flow velocity of 0.15m/s (same as the experimental
conditions), (c) is 0.7m/s. Primary flow is flowed from the
left, both are the result of 1.0s after the voltage applied. In
(a), ionic wind blows from the discharge electrode toward
the hole, blow up on the grounded electrode, and create a
Karman vortex on the upstream of the discharge electrode.
In addition, the fluid brown into the hole also create a
vortex, flow the collecting zone to the downstream. The
flow velocity of the ionic wind was around 1m/s at just
below the needle. In (b), to make a Karman vortex on the
downstream of the discharge electrode, fluid that flows
into the holes are generated. Without flowing too much to
the downstream, a lot of the primary flow induce into the
hole. In (c), the flow entering the hole is small and it flows
toward the downstream since very fast the primary flow
velocity compared to the ionic wind. In the simulation
model, with primary flow of around 0.15m/s, it can be
expected to induce the particles into the hole. In addition,
it was verified the validity of this simulation and
investigated model design to improve the collecting
efficiency by analysis of particle behavior and
comparison of these results with experimental results

Figure 1. Simulation model

(a) Primary flow velocity 0m/s

(b) Primary flow velocity 0.15m/s

(c) Primary flow velocity 0.7m/s
Figure 2. Fluid analysis (t=1.0s)
This work supported by Grant-in-Aid for Scientific
Research (B) of the Japanese Society for the Promotion of
Science.
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1. Introduction
Polycyclic Aromatic Hydrocarbons (PAHs) is one of
harmful chemical substances included in diesel emission
from ships. PAHs were generated due to incomplete
combustion of fuel and lubricating oils. Some PAHs
have carcinogenicity, mutagenesis and strong toxicity.
Thereby Environmental Protection Agency (EPA)
specity for PAHs as a harmful pollutant. There are many
reports measuring PAHs concentration in the world. It
may be regarded for diesel exhaust gas in the future.
The aim of this study is to remove PAHs in a diesel
emission using an electrostatic precipitator.
2. Experimental method
The schematic diagram of the experimental system is
shown in Figure 1. The experimental system consisted of
a diesel engine (DA-3100SS-IV, Denyo, 5.5 kW), a heat
exchanger (HE) and an electrostatic precipitator (ESP).
Bunker A (S:0.61 %) was used as a test fuel oil. The HE
can cool the exhaust gas from 160 ℃ to 20 ℃ using a
refrigerant (city water) of 20 ℃ with a controlled flow
rate. The ESP has a parallel plate electrode structure
composed of high-voltage application electrode and
grounded plate electrode alternately arranged with a gap
of 9.5 mm. The high-voltage electrode have saw-tooth
edges on their upstream and downstream side, while the
grounded electrodes have no such edges.
The high-voltage electrode was supplied with DC
voltage of 0 to -9.5 kV to generate corona discharge and
collect charged particles. PAHs in the exhaust gas have
two phases, which were gasous and particulate matters.
The particulate matter is that PAHs attach on the surface
of particles, which may be soluble organic fraction
(SOF). In this experiment, PAHs concentration attached
on particles was measured by drawing a portion of the
gas and passing it through a Teflon-coated glass filter to
sample PAHs. PAHs on the filter were extracted using a
Soxhlet extraction with dichloromethane. PAHs
concentration in the extracted solution was measured by
a gas chromatograph mass spectrometer (GCMS).
3. Result and Discussion
PAHs concentrations at sampling locations is shown
in Figure 2. In this experiment, 4 kinds of PAHs were
measured which were Chrysene, Benz[a]anthracene,
Benzo[b]fluoranthene and Benzo[a]phrene, because of
having strong toxicity. The vertical axis indicates a peak
area of the spectrum measured by GCMS, which concern
with the concentration. All concentrations on the
downstream side of the HE decreased in comparison
with the concentration on the upstream side. This is

because PAHs may be absorbed into SOF particles
generated due to condensation at low temperature. All
PAHs concentrations at the downstream side of ESP
significantly decreased. This result shows that SOF
particles absorbed PAHs are charged and collected by
the ESP.
4. Conclusion
The effect of the HE and the ESP on removal of PAHs
in the exhaust gas was investigated. Results are
follows :
1) PAHs concentration increased due to cooling the gas
temperature.
2) Particles included PAHs were removed by the ESP.
This work was supported by a Grant-in-Aid for
Scientific Research (B), 15H04216, from the Japan
Society for the Promotion of Science.

Figure 1. Schematic diagram of experimental system.

Figure 2. PAHs concentration at locations
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Natural gas is one of the most widely used domestic
commodities. Given its odourless nature, to facilitate
easy detection of leaks, artificial odorization is carried
out by conventional drip injection of odorant through
orifices in the pipeline. Despite the widespread usage of
this method by the natural gas industry, it allows poor
control of droplet size and thus has limited effectiveness
with respect to diffusion of the odorant in the gas. It has
been observed that, given the large droplet size produced
in such systems, only a part of the odorant diffuses in the
gas flow leading to accumulation of odorant at the
bottom of the pipeline.
In this work an Electrohydrodynamic Atomization
(EHDA or electrospray) system was investigated as an
alternative to allow control and manipulation of the
odorant’s droplet size and dispersion with the intention
to provide better diffusion and prevent accumulation of
odorant at the bottom of the pipeline. Results of pilot
scale experiments carried out in a 1200 cm long natural
gas pipeline section have shown a 66% increment in the
diffusion of odorant, mainly due to reduction in droplet
size and better dispersion, when compared to a drip
injection situation. Experiments have shown that, despite
the perpendicular flow of natural gas (to the direction of
the electrospray) and operation under restricted
conditions, a cone-jet mode was achieved, with a narrow
droplet size distribution (RSD ~ 0.26). If EHDA can be
implemented in such systems, reduction of ~ 50% in the
consumption of the odorant compared to conventional
systems seems possible.
The work was supported by Center of Expertise
Water Technology, N.V. Nederland GasUnie and DNV
GL.
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Electrospray is a liquid atomization process capable of
producing monodisperse microdroplets. Simultaneous
operation of many electrospray emitters (multiplexing) is
required to achieve industrially relevant production rates.
The linear array of electrospray emitters is a geometry of
interest for producing coatings and particles. However,
the electrical field at any one given emitter is weakened
by the electrostatic charges from the sprays and the other
emitters. Therefore, this work aims to identify robust
configurations that lead to stable spraying from linear
arrays.
We have characterized the conditions leading to
stable cone-jet mode and spray plume behaviour in linear
arrays as a function of the geometrical parameters of the
arrays and the relevant liquid properties (e.g. electrical
conductivity). We have established:
(1) that it is possible to produce stable spraying along
the linear array without the aid of extractor-type
electrodes (otherwise necessary in 2D arrays;
Bocanegra et al, 2005; Deng et al, 2006), provided
that “blind emitter” electrodes are located at the
ends of the array (in agreement with Rulison and
Flagan, 1993, Hubacz and Marijnissen, 2003, and
Quang Tran et al, 2010) (Fig. 1a-1c);
(2) that the sprays are similar for all emitters except
those at the ends (Fig. 1a), where the spray is more
expanded and their deposition patterns are oval
(“kidney”-like) instead of elliptic, as found
elsewhere (Fig. 1d);
(3) that the electrical potential difference needed to
sustain stable operation increases with the number
of spraying emitters but tends towards an
asymptotic value (i.e., it is bounded regardless of
the length of the array);
(4) that as the pitch (inter-emitter separation) is
reduced below the spray width at the collector, the
spray elongates along the array-cross direction, and
distorts in correlation with the sprayer
misalignments (Fig. 1d);
(5) and that at high electric field strength (Fig. 1b), the
Taylor cones retract, becoming misaligned and
producing distorted spray patterns, similarly as for
single emitter electrosprays.

(a)

-7.44 kV

(c) left most
emitter
-9,23
kV
-7,46
kV

(b)

central
emitter

-10.3 kV

(d)
Pitch = 4.5 mm

‐6.6 kV

Pitch =
2.3 mm

‐7.9 kV

Figure 1. (a),(b): Spray plumes from seven emitters
operating in cone-jet mode (94:4:2 ethylene
glycol/AcH/water with 0.00038 S/m; negative image).
(c): Taylor cones response to voltage is nearly the same
for different emitters. (d): Deposition patterns from two
arrays with different inter-emitter distance (pitch) (1%
w/v ethyl cellulose in 2-butanone). All: The reported
minus voltage is applied to collection plate; emitters and
top plate are Earth-grounded.
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Compact arrays of multiple electrosprays are used to
increase droplet production rates in nanoparticle
production, thin film coatings, colloid thrusters, and
mass spectrometry (Jaworek, 2007). Different design
strategies have been adopted to achieve stable spraying
from such arrays. For example, so called extractor
electrodes are often placed in front of each Taylor cone
in order to lower the voltage requirements to
“reasonable” low levels, and to prevent uneven spraying
in different zones of the array (assuming equal voltage is
applied on all the emitters) (Bocanegra et al, 2005; Deng
and Gomez, 2007; Agostinho et al, 2013).
However, our theoretical understanding on these
arrays is limited. We lack models which can be used to
predict the trends in the electrostatic field experienced by
the spray clouds as a function of array factors like the
emitter spacing or the total number of emitters. Simple
questions such as “what impact does the number of
sprays (size of the array) have on spray expansion” or
“can an array be operated stably without extractor
electrode” cannot be easily answered except for
experimentally tested situations.
In this work, we gain insights into the
electrostatics of scaled up electrospray sources by
solving “simplified” analogues of these systems. By
reducing the complexity of the system description, we
are able to theoretically solve for an electrical field
which resembles the real system reasonably, and to
enquire how it changes as a function of the geometrical
parameters describing the array.
For example, in figure 1 for a 1D array of
emitters with extractor plate, each electrospray is
modelled by a simple homogeneous line-of-charge
(inspired in Deng and Gomez, 2007). The electrical field
has analytical solution as the sum of an infinite series. In
the figure we show the electrical field strength at the
center of the line-of-charge which is located at edge of
the array, as the number of sprays (lines of charge) is
increased. The field strength approaches its asymptotic
value already when the array width W attains one inter-

plate separation H (W/H = 1 in the graph). A similar
curve is obtained with much lower emitter lines
densities, suggesting that the main effect from the spray
density is to increase the asymptotic value of the field,
but not its functional dependence with array width.
500
400
300
200

EMP/E0

100
0
-100
-200
0.0

0.5

1.0

1.5
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Figure 1. Dimensionless E-field at the edge of an array
of lines-of-charge arranged between two parallel plates
separated a distance H, as a function of the width of the
array W (where the total number of lines-of-charge =
1+W/P). The plates are separated a distance of 50 times
the interline separation (pitch, P). The dashed line is the
direct contribution from the lines-of-charge, whereas the
dot-dashed line is the contribution from their image
charges in the plates.
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In electrosprays of polymer solutions interesting particle
shapes can be obtained when electrospray droplets
undergo electrocapillary instability. Also called a
Coulombic instability or Coulomb explosion (Ferdández
de la Mora, 2007), an electrocapillary instability occurs
to an electrically charged droplet while drying and
shrinking, at the moment when the (outward)
electrostatic stresses on the droplet surface exceed the
(inward) capillary tension stresses which try to hold the
droplet together. Droplets undergoing instability develop
one or two nanojets, which can either (i) break up
spontaneously into smaller progeny droplets, or (ii)
freeze to solid form, in the case when the droplet
contains condensable solids, resulting in filamented
particles. Though in some technological fields spherical
particles are required (e.g. pharma), shapes with different
aspect ratio may also be desirable, such as filamented
particles for use as micromotors (Liu et al, 2015).
However, the conditions leading to solid phase formation
in the nanojets formed during such instabilities are not
theoretically well understood.
In the present work we aim to experimentally
characterize the different shapes that can be obtained,
and to suggest possible fluid mechanical mechanisms
responsible for the formatoin of the different particle
shapes observed. We have electrosprayed solutions of
different water insoluble polymers in various volatile
solvents. We have identified different particle
morphologies, such as filamented and non-filamented
particles with or without progeny particles (derived from
the drying of progeny droplets), and shapes not
previously described in the electrospray literature:
dumbbell and intensively elongated shapes (see some
examples in Figures 1 and 2).
(a)

(b)

Figure 1. Microstructures collected from 0.2% w/v
PMMA – MEK solutions, (a) 15 kDa PMMA, (b) 350
kDa PMMA; scale bar: 1 µm

In some samples we find significant differences in
particle shape at different spray radial locations, i.e. in
the central region vs. the periphery of the collection
pattern (Figure 2).
We hypothesize various formation pathways
(fluid dynamic qualitative model) resulting in the
different shapes.
(a)

(b)

(c)

(d)

Figure 2. Microstructure collected from 35 kDa PS
solutions in center (a,c) vs. periphery (b,d) of the film,
(a,b) 1% w/v PS in butanone, (c,d) 5% w/v PS in DCM;
scale bar: 1 µm.
This work has been supported by the Spanish MINECO
under grants DPI2015-68969-P and DPI2012-35687, and
the Catalan government under grant 2014 SGR 1640.
Fernández de la Mora, J. (2007) Ann. Rev. Fluid Mech.
39, 217-243.
Liu, L., Liu, M., Su, Y., Dong, Y, Zhou, W., Zhang, L.,
Zhang, H., Dong, B., Chi, L. (2015) Nanoscale 7,
2276-2280.
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Fine dust in Korean peninsular has become a serious
issue regarding its adverse effect on human health. It is
understood that not only respiratory problems but
hyperpiesia, cardiac disorder, and also stroke can be
caused from a contaminated air with heavy dust.
Electrostatic precipitator is a common device that
removes either solid particles or liquid droplets
especially from industial processes, and also used for air
pollution control. From the studies in advance (Kim et
al., 2015), techniqe for the electrode coating with
activated carbon (AC) powder was developed. The
surface coating resulted in the even distriburion of
electric power density and lowered electric resistance so
that successsfuly improved dust removal efficiency. As
its porous characteristics remains after the coating
procedure, AC functioned as an excellent adsorbent for
volatile organic gases also present in contaminated air.
This abstract aims to introduce first result of pilot scale
AC-coated electrostatic precipitator (ACE) performance
which was conducted as a preliminary test for field trial
to remove dust and VOCs simultaneously in an urban
road tunnel.
ACE was composed of six chambers installed with AC
coated electrodes. Front four chambers has 23 electrode
plates and 22 insulating panels of same size. The
electrodes and insulating panels were arranged in turn, to
restrain the back discharge phenomenum which can
deteriorate removal efficiency by resuspended dust. The
chambers were supplied with 5kV electric power. Two
additional chambers in the rear part were to support
VOC adsorption by AC coated on the electrode surface,
and electric power was not connected. Therefore in these
chambers only AC-electrodes were used (Fig. 1).

Fig. 1 Schematic of ACE electrostatic precipitator
Continuous dust removal performance was monitored for
the air flow rate 72, 144, 216 and 288 m3/h, each
containing 600-1000 ppm dust concentrations. Reagent
grade JIS test powder (Test powder 1, class 11) was used

as a PM10 dust and supplied through a dust generator
(Model 3211, Kanomax). Dust concentration was
monitored with particle counters (dust monitor, Model
3442, Kanomax) at the inlet, after second chamber, forth
chamber, and the outlet of the plant.
Under the same operational condition, VOCs removal
was tested using benzene, toluene, ethyl benzene and mxylene(BTEX) gas mixture of each 1ppm inflow
concentration. Samples were collected from the inlet,
after forth chamber and the outlet into tedlar bags, and
analyzed by a gas chromatogrphy (ThermoFisher Trace
1310 GC System).
Average dust removal efficiencies after 30 minutes
operation at each condition were found 97, 98, 98 and
99% at 72, 144, 216 and 288 m3/h flow rate, respectively.
It is likely that flow rate did not influence on the removal
efficiency but it rather showed good dust removal
performance consistantly. It appeared most of dust
removed within the front two chambers as the
efficiencies were 93, 88, 90 and 89 already at second
chamber, under the 72, 144, 216 and 288 m3/h conditions.
Application the experimental data to Mett-ohnfeldt
model equation revealed that the data fitted well with the
model at k value 0.5 (Matts and Ohnfeldt, 1964).
Regarding VOCs removal, BTEX gases were removed
100% except toluene at all four-different flow rate
conditions. The three gases were not detected in the
outlet gas samples. In case of toluene, however, final
removal efficiencies were 66, 67, 81 and 48%. The
relatively low efficiency should be evaluated again.
Previous adsorption isotherm study with the gases
showed benzene and toluene were the least adsorbed into
the AC coating mixture as an adsorbent.
Pilot-scale ACE test revealed that the system
successfully removed both dust and VOCs regardless of
air flow rate, although it needs the verification process
especially for touene removal.
This work was supported by the Korea Institute of Civil
Engineering and Building Technology under grant 20160133.
Kim, K. S. Kim and T. Jun (2015) Water, Air, & Soil
Pollution. Nov. 226:367.
Matts, S., and P.O.Ohnfeldt (1964) Efficienct Gas
Cleaning with SF Electrostatic Precipitators. Flakten.
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The fine dust is one of the restricted IAQ (Indoor Air
Quality) pollutants due to the tiny size and its reactivity,
which can influence to human respiratory organs and
public health in indoors. In order to control and remove
these fine dust particles from indoors, the
electrodynamic
dust
remover
enforced
by
dielectrophoretic and electrostatic force was designed.
This electric force can remove the dust particles which
are charged and uncharged from surfaces and mitigate
the accumulation of particles on such surface powered
by 3-phased alternating current generator. Because of the
particles size, their movement cannot interpret
effectively through lab scale test, which consists of 3phased
alternating
current
power
generator,
electrode(flexible printed circuit board) and fine
dust(PM10). Therefore, the EDEM simulator based on
the DEM(Discrete Element Mothod) has been applied to
find the main factors that can solve the interaction
between particles.
In this paper, the experiment conditions were
changed such as the falling patterns; case of falling to
only circuit board; case of falling to whole board; case of
falling to centre of circuit board. DEM(Discrete Element
Mothod) was employed to investigate as a mean to
describe the movement of fine dust particles depending
on changing of experiment conditions using the
simulator.
For investigation of particle movements enforced
by electrodynamic force, the EDEM (produced by DEM
Solution) simulator can explain and interpret the
interaction and following movements of particles
according to the discrete element method technique.
When the force is provided to the electrodynamically
heterogeneous state, the particle on the surface of
electrodynamic fields may be moved to outside of
electrode enforced by the dielectrophoretic and
electrostatic force. Through applying the EDEM, the
particle movements could be simulated to illustrate the
dust removal
From the simulation results, the interaction of
particles contributes to the whole movement. Through
the simulation conditions were selected and changed, it
is found that the size, shape and density of particles and
width of electrode and force strength are can be the key
parameters for dust movement to outside of electrode.
All of these parameters need to apply to the system with
higher degree in order to overcome the worked gravity
and statical friction force of particles

Figure 1. Simulation results of fine dust particles
movement using EDEM simulator enforced by
electrodynamic force.

Figure 2. The experiment results of test for fine dust
particles removal from electrode using activated carbon
powder with supplied 3-phased alternating current:
before power supply(left), and after power supply(right)
This work is financially supported by the KICT internal
project named ‘Development of monitoring and removal
technology of gaseous and particulate pollutants in
indoor air (No. 20160158)’ in Republic of Korea.
Curtis, I., Hook, P., Morris, S. and Sumner, B. (1996)
Proc. 2nd Int. Conf. on Aerosols in the Atmosphere,
World Scientific.
Yoon, Y.H., Ahn, H.S., Joo, J.C. and Choi, S.Y. (2014),
11th Int. Conf. on Indoor air quality in Heritage and
Historic Environment, Prague, Kaiserštejn Palace
April 13 – 16, 2014
Calle, C.I., Buhler, C.R., McFall, J.L. and Snyder, S.J.
(2009), Journal of Electrostatics, 67, pp. 89-92.
BCC Research,(2012) U.S. Indoor Air Quality Market
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Mechanism of nanoparticles formation during coal
grinding has been investigated. Particles number
concentration and size distribution in the face of the coal
mine with a coal-plough machine under operation have
been measured with diffusion aerosol spectrometer. 90%
of the aerosol particles were found to be below 200 nm
in diameter. Moreover there are modes in the size
distribution, corresponding to 20 and 150 nm (Fig. 1 and
Fig 2). TEM analysis showed that the 1st mode belongs
to individual particles, while the 2nd – to aggregates of
the individual particles.
To understand the mechanism of these
nanoparticles formation, the kinetics of gaseous
compounds and nanoparticles emission during coal
grinding in a flow mill has been studied. The particles
size distribution and morphology, produced in the mill,
were shown to correspond qualitatively with the
nanoparticles in the mine. GC-MS analysis showed that
the major nanoparticles components are alkanes and
polyaromatic compounds with 3 – 4 condensed rings.
Investigation of the gaseous compounds emission
showed that methane and ethane concentration in the gas
flow, coming out of the mill, can reach 10 and 1%
respectively. The concentration of organic particles is
about 100 g/m3. Comparison of the nanoparticles
number concentration in the mine face and at the mill
outlet allows one to conclude that the concentration of
organic aerosol in the mine face reaches 1 g/m3.
To investigate the coal aerosol influence on the
combustion of gaseous mixtures the 10 l the standard
“constant volume combustion bomb” was used. The
explosibility of lean methane-air was shown to increase
greatly in the presence of coal nanoparticles. This is
demonstrated as in the increase of maximal pressure
value, as in the significant increase of the rate of pressure
increase. The explosive range of such aerosol was
measured to be 120 g/m3.
The results of our investigation allow us to
conclude that the source of nanoparticles are organic
compounds in the coal, emitted to the gas phase during
local rock heating at coal grinding. Thus, the organic
aerosol nanoparticles in the face can influence
significantly on the explosion risk.

Figure 1. Aerosol particles size
distribution, measured in the face of the mine
“7-th November” with a coal-plough machine
under operation.

Figure 2. TEM image of aerosol particles
collected in the face of “7-th November” mine
with a coal-plough machine under operation.
The reported study was funded by RFBR according to
the research project №16-33-00012.
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emitted from a diesel-generator
Jen-Hsiung Tsai1, Shui-Jen Chen1*, Kuo-Lin Huang1, Wen-Yinn Lin2, Guo-Ping Chang-Chien3,4,
Chih-Chung Lin1 and Cheng-Hsien Yang1
1

Department of Environmental Science and Engineering, National Pingtung University of Science and Technology, Pingtung, Taiwan
2
Institute of Environmental Engineering and Management, National Taipei University of Technology, Taipei City, Taiwan
3
Supermicro Mass Research and Technology Center, Cheng Shiu University, Kaohsiung City, Taiwan
4
Department of Cosmetics and Fashion Styling, Cheng Shiu University, Kaohsiung City, Taiwan
Keywords: PAH, waste cooking oil, biodiesel, generator.
*Corresponding author email: chensj@mail.npust.edu.tw
those obtained when D100 was used (Fig. 1). When the
amount of added pure-butanol/water-containing-butanol
was at least 30%, the reductions of emitted PAHs and
BaPeq increased as the addition percentage increased.
The largest reductions of PAHs and BaPeq were observed
when the blended fuels contained 30%-purebutanol/water-containing-butanol (W20B30, W20B'30,
and W20B''30). The emission reductions were 51% for
Total-PAHs and 48% for Total-BaPeq using W20B30,
59% for Total-PAHs and 55% for Total-BaPeq using
W20B'30, and 58% for Total-PAHs and 52% for TotalBaPeq using W20B''30. The reductions of emitted PAH
and BaPeq concentrations achieved using biodieselhols
with water (2% or 5%)-containing butanol exceeded
those achieved using biodieselhols with dehydrated
butanol, except for the BaPeq when W20B''40 was used.
100

20

W20B''10
W20B''20
W20B''30
W20B''40

W20B'10
W20B'20
W20B'30
W20B'40

0

HMW-PAHs reduction rate(%)

W20B''10
W20B''20
W20B''30
W20B''40

W20B'10
W20B'20
W20B'30
W20B'40

W20B10
W20B20
W20B30
W20B40
W20B50

W20

W20B''10
W20B''20
W20B''30
W20B''40

60

40

20

0
W20B''10
W20B''20
W20B''30
W20B''40

40

Biodiesel
Butanol
2 % Water-containing butanol
5 % Water-containing butanol

80

W20B'10
W20B'20
W20B'30
W20B'40

60

W20B10
W20B20
W20B30
W20B40
W20B50

20

100

W20

Biodiesel
Butanol
2 % Water-containing butanol
5 % Water-containing butanol

W20

40

0

100

80

60

0

W20B''10
W20B''20
W20B''30
W20B''40

W20B'10
W20B'20
W20B'30
W20B'40

20

Biodiesel
Butanol
2 % Water-containing butanol
5 % Water-containing butanol

80

W20B10
W20B20
W20B30
W20B40
W20B50

Total-PAHs reduction rate(%)

W20B10
W20B20
W20B30
W20B40
W20B50

0

40

W20B'10
W20B'20
W20B'30
W20B'40

20

60

Total-BaPeq reduction rate(%)

40

Biodiesel
Butanol
2 % Water-containing butanol
5 % Water-containing butanol

80

W20B10
W20B20
W20B30
W20B40
W20B50

60

MMW-PAHs reduction rate(%)

100
Biodiesel
Butanol
2 % Water-containing butanol
5 % Water-containing butanol

80

W20

LMW-PAHs reduction rate(%)

100

W20

Diesel engine exhaust has been of great concern in many
countries owing to its adverse health effects. Diesel
engines are commonly known to be a major source of
polycyclic aromatic hydrocarbons (PAHs) emission.
Biodiesel is one of the most promising, clean, alternative
fuels that are generated from renewable resources.
However, the viscosity and cetane number of biodiesel
are higher than those of conventional fossil diesel.
Blends with an excessively high percentage of biodiesel
are unfavorable for engine operation. Therefore,
“biodieselhol” (which is a blend of biodiesel, solvent,
and fossil diesel) with an oxygen agent from ethanol,
butanol or acetone, usually has a lower viscosity than
biodiesel to provide better engine fuel combustion
efficiency and lower PM emissions (Chang et al., 2014;
Tsai et al., 2014a, 2014b). Butanol has a lower volatility
and auto-ignition temperature than methanol and ethanol,
so it can be ignited more easily when burned in diesel
engines (Sarathy et al., 2009). It is also less corrosive
and can be blended with diesel fuel without phase
separation. To explore the impact of biodieselhols
containing water-containing butanol on engine exhaust
emissions, pure petrochemical diesel and different tested
biodieselhols were used as fuels in this study.
Different blended fuels were tested at the stable
energy output (110 V/60 Hz, 1800 rpm) of a generator
under 3 kW load. The tested biodieselhols consisted of
10–50 vol% pure (or dehydrated) butanol (denoted as B)
or 10–40 vol% water-containing butanol (2% and 5%
water content, denoted as B' and B'', respectively), 20
vol%
waste-edible-oil-biodiesel
(WEO-biodiesel,
denoted as W20), and 30–80 vol% conventional diesel.
An auto-detector flow sampling system equipped with
quartz fiber filters was installed on the downstream side
of the diesel generator tailpipe to determine suspended
particles and particulate-phase PAHs in exhaust. Gasphase PAHs were collected by two connected cartridges
(filled with XAD-16 resins). Each sample was extracted
in a Soxhlet extractor with a mixed solvent (n-hexane
and dichloromethane 1:1 vol/vol) for 24 hr. The extracts
were then concentrated by gently purging with ultra-pure
nitrogen, and cleaned-up with a silica gel column. The
effluents were re-concentrated to exactly 1 mL. Twentyone PAH congeners were detected with a gas
chromatograph/mass spectrometer (GC/MS).
Experimental results showed that the use of W20
and pure-butanol/water-containing-butanol biodieselhols
reduced the emitted concentrations of LMW-, MMW-,
HMW-, and Total-PAHs as well as Total-BaPeq below

Figure 1. Reduction of PAHs emissions emitted from the dieselgenerator fuelled with biodieselhols when operating at 3 kW.
This work was supported by the Ministry of Science and
Technology, Taiwan, under grant MOST 103-2221-E020-005.
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2,3,7,8-substituted PCDD/Fs congeners were highchloride species, including 8-chloride OCDD (34.6%) and
OCDF (28.7%) as well as 7-chloride 1,2,3,4,6,7,8HpCDD (7.20%) and 1,2,3,4,6,7,8-HpCDF (5.89%).
These 4 congeners summed up to 76.5%. However, the ITEQ concentration was mainly contributed from lowchloride but high I-TEF (1.0 and 0.5) congeners, such as
4-chloride 2,3,7,8-TeCDD, 5-chloride 1,2,3,7,8-PeCDD
and 2,3,4,7,8-PeCDF. At 3.0 kW load, among the
PCDD/Fs congeners, 2,3,7,8-TeCDD (49.3%) and
2,3,4,7,8-PeCDF (17.2%) had the two highest I-TEQ
values for different fuels using D100, while they were
1,2,3,7,8-PeCDD (39.0%) and 2,3,4,7,8-PeCDF (25.4%)
using W20, and 2,3,4,7,8-PeCDF (44.8%) and 1,2,3,4,7,8HxCDF (13.7%) using W40. In conclusion, the use of
WCO-based biodiesel not only alleviates the problem of
waste oil disposal, but also reduces the PCDD/Fs emission
from diesel engine generator.
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Numerous studies have focused on the polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/Fs) emissions from various stationary sources,
such as municipal solid waste incinerators (MSWIs) and
metallurgical activities (Li et al., 2007; Wang et al.,
2010a). Mobile sources are also of concern for emission
of PCDD/F. Several studies show that the use of waste
cooking oil biodiesel (WCO-biodiesel) as an alternative
fuel for diesel engines can increase combustion efficiency
and reduce emissions of CO, HC, PAH, and PM (Lin et
al., 2007; Tsai et al., 2010). However, the possible high
chlorine content of WCO is one uncertain factor that may
increase the emissions of chlorine substituted pollutants
(e.g. PCDD/Fs) from diesel-engine exhausts.
In order to characterize toxic organic pollutants
(TOPs) emitted from combustion of conventional fossil
diesel (as D100) mixed with waste cooking oil biodiesel
(WCO-biodiesel), this study used D100 blended with 20
and 40 vol% WOC-biodiesel (as W20 and W40) as diesel
engine generator used alternative fuels to investigate
emissions of PCDD/Fs. Different blended fuels were
tested at the stable energy output (110 V/60 Hz, 1800 rpm)
of a generator under 3.0 kW load. An auto-detector flow
sampling system equipped with quartz fiber filters was
installed on the downstream side of the diesel generator
tailpipe to determine particle-phase samples in exhaust.
Gas-phase samples were collected by two-stage glass
cartridges (filled with XAD-2 resins). The quartz fiber
filter and two-stage glass cartridges from each exhaust
sampling were combined for analysis to represent a whole
exhaust sample. Each exhaust sample was extracted in a
Soxhlet extractor with a mixed solvent (n-hexane and
dichloromethane; vol/vol, 1:1; 250 mL each) for 24 h. The
extracts were then concentrated by gently purging with
ultra-pure nitrogen, and cleaned-up with a silica gel
column. Then, the sample solution was treated with
concentrated sulfuric acid, and this was followed by a
series of sample cleanup and fractionation procedures,
using a multi-layered silica column, alumina column and
an activated carbon column. During the alumina column
cleanup, non-planar PCBs were eluted with 25 mL hexane,
and were then further eluted with 15 mL DCM/hexane
(1/24, v/v) for activated carbon column use. Finally, the
solutions in the vials were then analyzed for seventeen
2,3,7,8-substituted PCDD/F congeners. The detailed
analytical procedures are given in our previous works
(Wang et al., 2010b).
Preliminary results showed that emitted PCDD/Fs
mass and toxic equivalent (I-TEQ) concentrations
decreased as the added WCO-biodiesel increased,
compared with D100 at the 3.0 kW load (Fig. 1). When
using D100, W20, and W40, the mainly emitted seventeen

Figure 1. Congener profiles of (a) PCDD/Fs mass and (b)
toxicity in the exhaust from the diesel generator fueled with
varying blends of biodiesel and fossil diesel at 3.0 kW load.
This work was supported by the Ministry of Science and
Technology, Taiwan, under grant MOST 104-2221-E-020-003MY3.
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CLEANBIOM research project aims to investigate the
sustainability of medium scale biomass combustion
plants for power and heat production and their upgrade
for fulfilling new legislation (EU, 2015). A series of
experiments has been conducted in a semi-industrial
scale plant. Very little research work has been done so
far on the application of hybrid filters (HF) to biomass
combustion (Aragon, 2015; Sanz, 2012).

Results
Fly ash size distribution varied with operating
conditions, higher concentration being produced when
burning non-sieved fuel (tests 2.1 and 2.2). The HF
reaches high efficiencies in all studied conditions (92.099.5%) (figure 1) with very low pressure drop, inspite of
raw gas fly ash featuring a large proportion of fine
particles (50%) (figure 2).

Facility and method
The facility consists of a bubbling fluidized bed
combustion plant (1 MW nominal output) and a HF that
integrates electrostatic precipitation (ESP) (dry, wireplate) and fabric filter (BF) modules. Different
combustion operating conditions were tested firing olive
prune chips, sieved and non-sieved. Gas to cloth ratio
and ESP voltage were varied during the tests.
Pseudo isokinetic aerosol sampling was
undertaken both upstream and downstream of the HF.
The aerosol sample was past through a cyclon and then
collected on 47mm filter for mass concentration
detemination. In addition, a low pressure cascade
impactor was used to assess mass size distribution. Also,
CNC and DMA were used for determination of number
concentration and size distribution.
After each test day the hoppers of ESP and BF
modules were emptied and the ashes were weighted.
Secondary voltage and current was periodically recorded
during each test.

Figure 2. Raw (red), treated (blue) gas mass size
distribution and fractional efficiency (black) in Test2.3.
Fractional collection efficiency shows a minimum
at 0.4 µm, in agrreement with filtration theory and
bibliography (Nussbaumer, 2010).
Mass size distribution in treated gas was
dominated by few very large particles collected on the
first stage of the impactor.
This work was funded by the Ministerio de Economía y
Competitividad of the Goverment of Spain.
Aragon, G. et al (2015) Energy & Fuels 29, 2358-2371
EU directive 2015/2193 On the limitation of emissions of
certain pollutants into the air from medium
combustion plants
Nussbaumer, T. (2010) Overview on technologies for
biomass combustion and emission levels of
particulate matter. Swiss Federal Office for the
Environment (FOEN)
Sanz, D. et al (2012) European Aerosol Conference 2012
P038.

Figure 1. Fly ash mass concentration in raw (red) and
treated (blue) gas.
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Figure 1. PM10 emission factors for the combustion in
the woodstove with or without passage of the flue gas
through a pollution control device.
Although without effectiveness in removing particles,
most of the gaseous pollutants in the flue gas of a pellet
stove undergo a decrease in their concentrations. Due to
lower flue gas temperatures, these reductions are not
observed in the exhaust of a traditional woodstove.
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The emissions from domestic biomass combustion are
highly technology-dependent. In Europe, traditional
woodstoves are very common and a high diversity of
designs with different performances and emissions can
be found. In Portugal, national statistics show that
traditional stoves and closed fireplaces represent almost
half of the total number of appliances in use (Gonçalves
et al., 2012). Particle precipitation devices and catalytic
converters are already available on the market for
residential combustion systems, being especially
attractive for old systems, which have high particulate
and gaseous emissions. However, detailed studies
concerning the efficiency of these devices in different
combustion systems are scarce. In this study, pollution
control devices were tested in two different combustion
systems in order to observe the emission reduction
potential.
A manual and batch operated woodstove and an
automatic pellet stove were selected for the combustion
experiments. Two types of firewood, pine and eucalypt,
were used as fuel in the manual stove. Two types of
pellets (type I-certified pellets and type II- non-certified
pellets) were selected for the experiments in the
automatic stove. Particulate matter (PM10) sampling was
carried out in a dilution tunnel under isokinetic
conditions with a TCR TECORA. The flue gas
composition was determined using an online Fourier
Transform Infrared Gas analyser (Gasmet, CX4000). A
catalytic converter (CAT) and an electrostatic
precipitator (EP) have been applied to the flue gases.
For most cases, these tests could not document
any significant reduction of PM10 mass emissions. In the
case of EPs, possible particle formation due to
condensation of organic compounds, which result from
poor burnout conditions, may contribute to particle
formation downstream the charging electrode.
Significant differences in conductivity have been
previously found for salts, soot, and condensable organic
compounds (Nussbaumer and Lauber, 2010). Thus,
depollution of flue gas from traditional residential
combustion equipment is problematic, because of
incomplete combustions and high emission of
condensables. Although a catalytic converter is designed
to clean the flue gas, most of the chemical compounds in
wood smoke are only combustible at high temperatures
which are hardly achieved in small-scale traditional
appliances. In addition, ash/soot clogging and creosote
fouling may take place on the surface of the catalyst.
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Figure 2. PM10 emission factors for the combustion in a
pellet stove with or without passage of the flue gas
through a pollution control device.
This work was supported by EC through the "Testing
and development of air quality mitigation measures in
Southern Europe" (AIRUSE), 11/ENV/ES/000584 LIFE
project.
Nussbaumer and Lauber (2010) Proc. 18th European
Biomass Conference and Exhibition. Lyon, France.
Gonçalves, C., Alves, C., Pio, C. (2012) Atmos. Environ.
50, 297–306.
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ENPs (Engineered Nanoparticles) are widely used in
many applications like motor- or vehicle-related
products, electronics, paints, coatings and adhesives,
household products, personal care and cosmetic
products. For instance, ZnO is one of the relevant
metallic ENPs regarding possible high exposures and it
is often used for paints, impregnation and waterproofing
sprays.
Increasingly with the interest in reduction of
atmospheric particle emission, the release of such
nanoparticles from waste incineration processes is of
great importance. To date it is not fully clear whether the
filtering systems used in waste incinerators can
completely remove nanoobjects from the offgasses, and
hence avoiding their emissions to the environment
(Roes, 2012).
Under incomplete waste combustion mostly
carbonaceous particles in the range of aerodynamic
diameter of 100-200 nm are generated, however,
metallic ultrafine particle emissions are reported
(dominated by K, Zn and Ca, Fe, Mg and Na)
(Sanderson, 2014).
In this work we aimed to study the behaviour of
ZnO during wood combustion as model for a waste
biomass, and hence to understand the influence of the
different generated species on the redox-sensitive Zn
(Ludwig, 2001). For a complete characterization of the
ZnO and particles emitted from the combustion process,
two important parameters are needed, namely the size
distribution and the elemental composition.
Different techniques can be used to determine
online particle size distribution and concentration of gasborne particles; among them the Scanning Mobility
Particle Sizer is one the most suitable (SMPS). The
chemical composition is often determined off-line with
multi elemental techniques (Krystek, 2011), such as
Inductively Coupled Plasma Mass Spectrometry
(ICPMS), on the previously collected particulate matter,
segregated in the different size classes with the use of
low pressure impactor. However contamination or
morphology alteration of the particles for offline
analytical methods must not be neglected.
For all these reasons, we recently developed and
validated an analytical method to determine on-line the
particle size distribution and elemental composition in
aerosols and process gases, coupling a modified SMPS
operating with argon instead of air with an ICP-MS
(Hess, 2015 a, b). In our previous study we measured online different metallic particulate in aerosols emitted by
impregnated
wood
samples,
heated
in
a
Thermogravimetric Analyzer (TGA).

In the current study the experimental setup
consist on a tubular furnace, used as lab-scale
incinerator, connected to the above mentioned SMPSICP-MS with a rotating disk diluter (RDD) and a heating
tube, allowing an adjustable and high dilution ratio, in
order to prevent condensation and introduce a welldefined flow of the aerosol into the SMPS.
The behaviour of Zn is studied considering two
relevant situation, i.e. gas-borne NPs and NPs which are
present in the feedstock. In the first case a stream of
dried nanoparticles, generated by an aerosol generator, is
injected in the lab-scale incinerator during the
combustion, while in the other a wood sample is
impregnated with ZnO nanomaterial. The physical and
chemical behaviour of the ZnO in both cases is
investigated.
Hess, A., Tarik, M. and Ludwig, C. (2015 a) J. Aerosol
Sci., 88, 109-118.
Hess, A., Tarik, M., Losert, S., Ilari, G., Ludwig, C.,
(2015 b) J. Aerosol Sci., in press.
Krystek, P., Ulrich, A., Garcia, C.C., Manohar, S. and
Ritsema, R. (2011), J. Anal. At. Spectrom., 26, 170.
Ludwig, C., Lutz, H. and Wochele, J. (2001) J. Anal.
Chem., 371, 1057-1062.
Roes, L., Patel, M. K., Worrell, E. and Ludwig, C.,
(2012) Sci. Tot. Environ., 417–418, 76–86.
Sanderson, P., Delgado-Saborit, J.M. and Harrison,
R.M., (2014) Atmos. Environ., 94, 353-365.
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Wood pellets have become an important fuel in domestic
heat generation, since the coasts of fossil fuels are rising
and the emissions are nearly CO2 neutral. All
households are incited to turn to the use of biomass as
energy source for domestic heating. In contrast to other
wood based fuels, the utilization of pellets is easy and
automatic feeding to the boiler is possible. Furthermore,
the pelletization densifies the wood and produces a fuel
with high energy content. On the one hand, wood pellets
are a convenient choice for domestic fuel because of its
simplicity of implementation and its low cost. But on the
other hand, wood pellets combustion is a source of fine
Particle Matter (PM2.5) [1]. In the last decade, numerous
studies were devoted to the evaluation of emission
factors for gaseous compounds or PM2.5 from
residential wood combustion appliances. Most of them
have attempted to compare pollutant emissions as a
function of both the nature of the wood and/or
technologies of the domestic heating appliances [2].
Investigations on both influences of the wood
preparation and pre-treatment on PM emissions are
scarce.
An aerosol is composed by mineral and organic
particles. The mineral part is principally metallic trace
elements, sulphates, nitrates, ammonium and salts (KCl,
K2SO4, CaCO3, CaO…). The organic part is itself
composed by elemental and organic carbon. Elemental
carbon (EC) is represented by black smoke and soot, so
mostly carbon (close to 100%). Organic carbon (OC) is
constituted by Polycyclic Aromatic Hydrocarbons
(PAH), Volatiles Organic Compounds (VOC) and others
organic molecules.
This work aims to study the influence of the nature of
the biomass fuel and its pre-treatment on both emission
factors of gaseous and particulate pollutants generated
by new domestic heat generation in real use conditions.
Indeed, these last years, domestic wood heating
manufacturers have highly optimized combustion
conditions, thanks to new technologies development, to
respect the new European legislation proposed in 2022
[3]. To increase the environmental performance of these
installations, this study aims to establish relationships
between the properties of the biomass fuel used (type,
size, chemical composition, moisture rate, ash content
…) and the emission factors of gaseous and particulate
pollutants generated by combustion in real domestic
conditions.

Studies on pre-treatment of wood fuel have been
conducted at laboratory scale by sawdust distilled water
washing operation. Rinse water and dry biomass have
been analysed by Atomic Absorption Spectroscopy
(AAS) and results show that contents of elements as
Potassium, Calcium and Magnesium could be mainly
reduced in wood by washing operation with reduction
yields ranging from 20% for Calcium and Magnesium
and 60% for Potassium. The consequences of having less
of these alkali and alkali-earth elements in the woody
fuel would minimize particulate matter concentrations in
the exhaust and dry corrosion phenomena in heatexchangers. These points would be checked by
performing burning tests of wood washed pellets in a
domestic stove. Lixiviation of wood logs in external
conditions by rainwaters would also be studied in order
to point out chemical differences on biomass fuel and
their impacts during domestic combustion tests in
several appliances as insert and stoves.
This work was carried out in the framework of the
PREPA Bois project supported by the Agence De
l’Environnement et de la Maitrise de l’Energie
(ADEME).
[1]
K. M. Win, T. Persson, and C. Bales, “Particles
and gaseous emissions from realistic operation of
residential wood pellet heating systems,” Atmos.
Environ., vol. 59, pp. 320–327, Nov. 2012.
[2]
C. Boman, E. Pettersson, R. Westerholm, D.
Boström, and A. Nordin, “Stove Performance and
Emission Characteristics in Residential Wood Log and
Pellet Combustion, Part 1: Pellet Stoves,” Energy Fuels,
vol. 25, no. 1, pp. 307–314, Jan. 2011.
[3]
Flamme Verte, “Le label Flamme Verte : un
chauffage au bois écologique, performant, économique
et contemporain !,” Dossier de presse, 2015.
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The reduction of fine particle emissions from small
scale biomass combustion is an actual problem. The
electrostatic precipitators (ESPs) are well known
apparatus which ensure effective particle collection
by various operation conditions. The development of
the ESPs for small scale biomass, especially wood,
combustion needs the correspondence to the several
demands, such compact design, low pressure drop
and power consumption. The ESP should be
characterized by low operation costs and high safety.
The current study is devoted to the
development of compact electrostatic precipitation
modules which could be applied for exhaust gas
cleaning from small scale biomass, especially, wood
chips and wood pellets boiler.
The results are obtained in the framework of
the joint project by the partner consortium, which
includes the Karlsruhe Institute of Technology, HDG
Bavaria and CCA-Carola Clean Air GmbH. The
study was carried out at the test facility of the first
partner and the second partner provided the small
scale wood chips boiler for the investigations and the
third partner developed and manufactured the
compact electrostatic precipitation modules.

Figure 1 Compact CAROLA® -ESP for 50 kW boiler

The
compact
CAROLA®-ESPs
were
developed for exhaust gas cleaning from the boilers
with heat capacity up to 50, 100 and 200 kW. The
modules could be installed downstream the boilers
(“Stand alone” units, Fig.1) and could be integrated
into the housing of the boiler. The control of the ESP
could be realized using the ESP control unit or the
boiler could partly (“Adapted” unit) or completely

(“Integrated” unit) overtake the control of the ESP
operation parameters.
Among the study at the test facility, the ESPs
were also operated in “field” conditions. In the report
the authors discuss the results of the long-term
operation stability of the ESPs. It is shown, that the
stability of operation of the ESP depends on
combustion conditions, e.g. gas temperature and
composition. During the start-up combustion phase,
the corresponding condensation phenomena could
disturb the ESP operation stability, causing sparkover discharges and short-current. The gas
temperature and fly ash composition are responsible
for back corona discharge in the ESP ionizer and
spark-over discharges. The loading of the ionizer
with particles is responsible for spark-overs and high
particle number concentrations are responsible for
the corona discharge suppression.
In the report the authors present the technical
solutions for the above mentioned problems, e.g. they
discuss the approaches to the development of special
high voltage insulators which ensure the stable ESP
operation even in high temperature gases. The use of
the special designed ionizer cleaning system ensures
effective particles charging by various operation
conditions. The corresponding approaches to the
control of corona discharge parameters allow the
reduction of spark-over discharges and improvement
of the stability. It is shown, that there is a limit of
power consumption P for particle charging for which
the collection efficiency remains rather constant even
with further increase of the P. In the report the
authors also discuss the approaches to the design of
the compact collector stage of the ESP in which the
charged particles collection takes place under the
influence of the aerosol space charge effects.
The tests were carried out both for a singlefield and so called two-field ESPs, when the two of
single-field compact modules were installed one after
another. The last technical solution is useful for
combustion not only pf high but also of low quality
fuel. The compact ESP modules could be
recommended for design of the ESP up to 1000 kW.
Acknowledgement: Acknowledgement: The authors
thank Klaus Woletz, Wolfgang Aich and Damir
Brand for their able technical assistance. Funding by
the Fachagentur Nachwachsende Rohstoffe e.V.
(FNR), Germany (FKZ 22017814)
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Need for the reduction of CO2 emissions drives the
energy companies to develop new ways to increase their
renewable fuel based energy production. In coal-fired
power plant one possibility for that is to substitute part of
the coal with biofuel pellets. In principle, this kind of
changes in fuels can lead to changes in flue gas and thus
has potential to affect also the characteristics of particle
emissions of power production.
The studied power plant was 363 MWth reheater
equipped natural circulation cylinder boiler. The boiler
was equipped with 12 low-NOx technology burners
(Tampella/Babcock-Hitachi HTNR low NOx) which
situated at the front wall. The power plant is designed to
combust pulverized coal, which is grinded in ball
grinders. In this study 6-13% of the coal was substituted
with wood pellets; roasted pellets or industrial pellets (rp
or ip).

particle sizer (DMA 3071, CPC 3025; both from TSI
Ltd.) and Electrical low pressure impactor (ELPI, Dekati
Ltd.). The gaseous emissions were measured with FTIR
gas analyser (Gasmet DX-4000) after the primary
dilution. The CO2 concentration was also measured after
tertiary dilution.
In addition to particle size distribution
measurements the charging state of the particles were
studied. This was made using a self-made electrostatic
precipitator for the flue gas sample to remove
periodically the electrically charged particle fraction
before the SMPS measurement.
Figure 1 shows that the primary dilution ratio did
not affect the particle size distribution. This indicates
that the most significant particle formation processes
happens at the boiler, not in the flue gas sampling
system. This indication was strongly supported by the
results related to electric charge of particles. Particle
number size distribution measurements showed that the
ip-substitution (10.4%) changed the particle size
distribution from unimodal to bimodal (see Table 1).
Although the observed changes were relatively small,
those may have effect e.g. on the loading of electrostatic
precipitators in power plants or, in principle on
emissions.
Table 1. Characteristic values for particle number size
distributions with coal and coal + 10.4% industrial pellet
Modes
Coal

Figure 1. Effect of primary dilution ratio to the particle
size distribution measured for coal+rp7.7%
The particle measurements were made from the
boiler super heater area, where the temperature ranged
900-1000 °C. Primary dilution of the flue gas sample
was performed with porous tube type diluter using 200
°C nitrogen (Aho et al., 2008) as diluting gas. Secondary
and tertiary dilution, again with nitrogen, was performed
with ejector diluters (Dekati Ltd.). The primary dilution
ratio was calculated based on CO2. Particle number size
distribution was measured with Scanning mobility

Coal+
10.4% ip

1
2

GMD
(nm)
25

GSD
1.4

Ntot
(1/cm3)
246·106

25

1.4

208·106

120

1.6

1.01·106

This work was made in the MMEA research program
(work package 4.5.2.), supported by Tekes.
M. Aho, P. Vainikka, R. Taipale, P. Yrjas, 2008, Fuel,
vol 87, pp. 647-654.
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CLEANBIOM project aims to a sustainable management
and operation of decentralized medium-scale plants (150 MWth) for the combustion of typical Mediterranean
Basin annual biomasses. The Medium Combustion Plant
Directive (EU Directive 2015/2193) set emission limit
values although enforces a surveillance plan of quite a
low frequency (every 3 years). In the meanwhile, the
consequences of such a lack of emissions records, in
terms of a rationale for control operation could be
fulfilled by robust predicting tools, such as
thermodynamic modeling.

Table 1 includes the thermodynamic prediction results
for some relevant elements. Sulfur is present as a single
species (K2SO4), the most part of calcium forms silicates,
potassium is mainly present as phosphate and sulfate
compounds. Finally, silica distributes the most,
combining primarily with alkaline earth elements.
Compared to experimental results, K2SO4 is the only
phase predicted by the model. KCl is supposed to
condense at lower temperatures. Predicted silica phases
most probably are present in the amorphous phase, not
distinguishable by XRD.

Methods

Table 1. S, Ca, K and Si molar partitioning prediction in
solid species for Test 2.1 at bed temperature, as obtained
by chemical equilibrium modeling.

The field study was performed in a bubbling fluidized
bed combustion plant (1 MW nominal output) equipped
with a Hybrid Filter, which integrates electrostatic
precipitator (ESP) and bag filter (BF), as described in
detail by (Aragon, 2015; Sanz, 2012).
Five 1-week experiments were carried out, using olive
prune chips, with variable operation conditions
(sieved/non-sieved, combustion air temperature and
primary/secondary air distribution). Raw aerosol samples
were collected and analyzed by X-Ray Diffraction
(XRD). MTDATA v5.01 was used for thermodynamic
equilibrium calculations. Input data were the fuel
elemental composition and bed operating temperature.
Results
Figure 1 shows the results for the most abundant
crystalline species in all tests. All samples present the
same common species with some differences in the
relative abundance.
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Figure 1. Relative abundance of fly ash crystalline
species in raw aerosol (by XRD analysis).

Aragon, G. et al (2015) Energy & Fuels 29, 2358-2371
EU directive 2015/2193 on the limitation of emissions of
certain pollutants into the air from medium combustion plants.
Sanz, D. et al (2012) European Aerosol Conference 2012 P038.
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Oil separators are used in the automotive industry for the
separation of oil mist from blow-by gases in internal
combustion engines. These so-called “blow-by gases”
result from leakages between the combustion chamber
and the crankcase. The resulting oil mist has to be
cleaned up, for pollution control, oil consumption
reduction and also to avoid oil deposit in the intake line,
mainly turbo-charger and intake valves.
In laboratory conditions, the separation
performances evaluation of different devices is usually
based on the measurements of the fractional efficiency
and associated pressure losses. In this study, the oil mist
is produced by an aerosol generator (PALAS PLG
2010), and fractional efficiency curves are determined
from measurements of the aerosol particle concentrations
upstream and downstream of the tested device with a
WELAS OPC (optical particle counter).
However, when running bench engine testing, the
amount of carry away oil depends on both the collection
efficiency of the separator, and on the upstream particle
size distribution generated by the engine. For these
reasons, engine car manufacturer mainly use gravimetric
measurements, to evaluate the amount of oil carried
away.
The aim of this study is to provide a consistent
comparison between these two measurement techniques,
in laboratory conditions. For this evaluation, a standard
cyclone separator configuration was chosen, with the
following dimensions:
Do
Dimensionless ratios
vortex finder
( Lb  Lc ) D =2,
Lb D =1, S D =0.62,

impactor were carried out. Optical and Stokes diameters
were converted to geometrical diameters for these
spherical particles.

Figure 1. Comparison of OPC and Andersen cascade
impactor results.
As illustrated in figure 1, cumulated mass
distributions measured with both Welas OPC and
Andersen are in good agreement. Fractional efficiency
curves are presented in figure 2.

inlet pipe

S

H

Lb

W
D
Lc
Dd

W D =0.22,
H D =0.48,
D Do =2.23

Cyclone size
D =35 mm

For this cyclone configuration, measurements of
collection efficiency curves were carried out with the
WELAS OPC on a wide range of flow rate (20 to 120
Nl.min-1). Cutoff size diameters d50 and pressure losses
were found to be in good agreement with
Muschelknautz’s model (Muschelknautz, 2010). For an
intermediate flow rate value of 84 Nl.min-1,
measurements with both OPC and Andersen cascade

Figure 2. Comparison of OPC and Andersen cascade
impactor results.
Measurements error bars based on three
determinations are quite wide for both small and large
diameter particles, due to insufficient loading of the
impactor collection plates. However, a good
confrontation is obtained for the main parameter which
is the cutoff size diameters d50.
Muschelknautz, U. (2010) L3.4 Cyclones for the
Precipitation of Solid Particles. 1226-1237, VDI
Verlag GmbH Heat Atlas, 2ème. ed, Ed Springer,
Düsseldorf
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Worldwide, between 80 and 90% of the global trading
volume is moved by ships, while the vast majority of the
ships engines is operated on heavy fuel oil (HFO) which
features high contents of sulphur, nitrogen and heavy
metals. In 2008, the Marine Environmental Protection
Committee (MEPC) of International Maritime
Organisation (IMO) decided to reduce the sulphur
content of marine fuels to generally 0.5 % (from 2020
on) and 0.1% in sulphur emission control areas (SECA,
from 2015 on). One the one hand, ship owners can
continue to burn HFO if they install sulphur scrubbers as
exhaust after treatment. One the other hand, ships can
operate on distillate fuels, such as marine gas oil (MGO),
with fuel sulphur content (S) of the required 0.1%. The
most economic solution is determined by the spread of
the prices for HFO and MGO. For a new-build scrubber
system, the spread must be lower than 231 €/t fuel to
economically explain the usage of MGO (Jiang 2014),
which is nowadays the case.
The primary and secondary emissions of a benchscale marine engine (nominal power of 80 kW), fuelled
with HFO (2.3 % S), MGO (0.08 % S) and ultra-low
sulphur B7 diesel (ULSD; <15 ppm S) at several
conditions (diverse engine loads of 11, 25, 50, 75 and
100 %; injection times, injection pressures) were studied
by laser-based time-of-flight mass spectrometry
(TOFMS) with single-photon ionisation (SPI) at 118 nm
and resonance-enhanced multi-photon ionisation
(REMPI) at 266 nm (Hanley & Zimmermann 2009) as
well as an aerosol mass spectrometry (AMS) and ABB
gas analysers.
Applied fuels and engine loads did not affect the
emission of NOx, ranging between 25 and 45 g/kg fuel,
whereas emission factors (EF) of SO2 were directly
proportional to the fuel sulphur content and
consumption. EFs of total hydrocarbons (THC) revealed
the most complex behaviour concerning the dependence
on fuel and engine load: For all fuels, highest emission
of THC was observed at 11 % load whereas HFO led to
the overall highest emission.
Regarding gas-to-particle conversion as essential
mechanism for secondary organic aerosol formation
(SOA), the volatile organic compounds (VOC) in the
primary emission play a key role for an assessment of

the total influence of ship traffic to the atmosphere. In
HFO as well as both distillate fuels homologue series of
alkylated benzenes and naphthalenes, carbonyls, alkanes
and (poly)unsaturated hydrocarbons were observed.
Consistent with THC gas analysis, highest volatile
emissions appeared apart from 11 % during engine
operation with MGO, in particular for m/z of alkylated
naphthalenes, phenanthrenes, alkenes and dienes, which
are all main ingredients of diesel-like fuel, supporting
the hypothesis that unburned fuel is the main contributor
to the total organic emission (Sippula 2014) in the gas
phase as well. Organic sulphur-containing species were
less abundant in the VOC fraction because the sulphur
content of the fuels usually increases with its boiling
point. Thus, among its conversion into SO2, organic
sulphur emissions are enriched in the particulate phase.

Figure 1. REMPI spectrum of HFO (up) and MGO
(down) emission normalised to internal standard of
D3-toluene (equal to 3 ppmv)
This work was supported by the German Science
Foundation (DFG) and the Swiss National Science
Foundation (SNSF).
Hanley, L., & Zimmermann, R. (2009) Anal. Chem.
81(11), 4174-4182.
Jiang, L., Kronbak, J., & Christensen, L. P. (2014)
Transp Res D: Transp Environ., 28, 19-27.
Sippula, O., Stengel, B., Sklorz, M., et al. (2014),
Environ. Sci. Technol., 48(19), 11721-11729.
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In the last 15 years, the number of motor vehicles has
increased from 475 to 550 per 1000 inhabitants in
Germany. Despite the emissions of diesel vehicles
dominated the recent reports in media, petrol-driven cars
produce a variety of toxic compounds as well. Most
studies cover only total hydrocarbon concentration
(THC), inorganic permanent gases (e.g. CO or NOx) or
particles, but unregulated volatile organic compounds
(VOC) carry great weight with toxicity and the potential
of secondary aerosol formation (Claxton 2015, Bahreini
2012). In particular, the dependence of the emission on
speed is a matter of public interest in Germany because it
is one of three countries (incl. New Zealand and the U.S.
state of Oregon) with motorways without speed
restrictions.
The speed-emission dependence of a flexible-fuel
spark ignition engine (EURO5) fuelled with E10 and
E85 (10 and 85 vol-% of bioethanol) was investigated on
a test bench. Time-of-flight mass spectrometry
(TOFMS) equipped with a Nd:YAG-laser for singlephoton ionisation (SPI) at 118 nm and resonanceenhanced multi-photon ionisation (REMPI) at 266 nm
was applied to detect the fast shift of the VOCs during
the “New European Driving Cycle” (NEDC) and a selfdesigned “High-Speed Driving Cycle” (HSDC) with
speeds from 80 km/h up to 180 km/h. REMPI is known
as a soft and selective technique for the ionisation of
aromatic compounds, whereas SPI is a more universal
ionisation technique, which generates molecular ions
from compounds with ionisation energies below the
photon energy.
Both NEDC and HSDC, including engine cold
start, were performed 11 times with additional idling to
cover a full time period of 4 hours. Alkylated benzenes
and small polyaromatic hydrocarbons (PAH) were
qualitatively equally detected by REMPI-TOFMS for
both types of fuels and driving cycles. Apart from the
first NEDC (including the engine cold start) which
produces about 50 % of the total 4 h emission (calculated
by peak areas of SPI spectra), highest concentrations
were observed during acceleration in NEDC (Figure 1)
and constant driving at 180 km/h in HSDC. In SPI mass
spectra, ethanol as the major component in both fuels
revealed highest abundance during cold start, but it
decreased rapidly after a few seconds with a
simultaneous increase of acetaldehyde, which indicates a

direct conversion. However, the combustion of E85
compared to E10 generally reduced detected VOCs by
60 % for HSDC and 75 % for NEDC on average, except
for ethanol and acetaldehyde. Additionally, all quantified
aromatic hydrocarbons were even diminished by 86 %
for HSDC and 91 % for NEDC on average.

Figure 1. Naphthalene concentration from (dashed line)
and speeds (solid line) in first NEDC with E10.
Interestingly, calculated emission factors of pollutants
related to the covered distances were higher for NEDC
than for HSDC (Table 1). It seems that many start-stop
and acceleration scenarios, e.g. in city traffic, lead to
higher VOC emissions than a constant fast driving on
motorways. Furthermore, it was made use from the
simultaneous analysis with SPI and REMPI. Knowing
photoionisation cross sections at both wavelengths,
emission factors for isobaric aromatic compounds, such
as phenanthrene and anthracene, were calculated by
solving a system of linear equations.
Table 1. Emission factors of BTX aromatics over 4 h.
[mg/km] NEDCE10 HSDCE10 NEDCE85 HSDCE85
benzene
1.2505
0.1372
0.0062
0.0051
toluene
1.5822
0.1502
0.0151
0.0055
xylenes
1.1197
0.1058
0.0088
0.0035
This work was supported by Helmholtz Virtual Institute
of Complex Molecular Systems in Environmental Health
(HICE).
Bahreini, R., Middlebrook, A. M., et al. (2012) Geophys.
Res. Lett., 39(6), L06805.
Claxton, L. D. (2015) Mutat. Res. – Rev. Mutat. Res.,
763, 30-85.
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Since 2005, new limit values for fine particulate matter
hold in areas of Germany which are predominantly
affected by heavy traffic or urban centres, called lowemission zones (LEZ). In those LEZ, the fine dust air
pollution is expected to declining. However, as one of
very few countries in the world (New Zealand and the
US state of Oregon), in Germany it is still allowed to
drive without speed restriction on motorways. In
addition to that, it is well-known that petrol engine start
to leave stoichiometric combustion at speed higher than
approximately 130 km/h towards fuel excess,
consequently leading to higher fuel consumption and
particulate emissions.
A flex-fuel engine was operated on petrol with
10 vol-% (E10) and 85 vol-% (E85) to investigate
possible reductions in particulate carbonaceous
emissions by using higher amounts of ethanol. Firstly,
the engine was started (cold start) and performed 11
times the “New European Driving Cycle” (NEDC) with
both fuels. Secondly, and a self-designed “High-Speed
Driving Cycle” (HSDC) with speeds from 80 km/h up to
180 km/h was applied to examine particulate emissions
from high speed. On-line measurements were carried out
with a 7-wavelengths aethalometer and ABB gas
analysers. Furthermore, the exhaust was diluted 1:40 or
1:10 to sample PM2.5 on quartz fibre filters for
thermal/optical carbon analysis (TOCA) hyphenated to
photoionisation time-of-flight mass spectrometry (PITOFMS). The TOCA-PI-TOFMS enables the
investigation of the molecular composition of thermal
fractions during carbon analysis (Grabowsky 2011).
According to ImproveA protocol, four fractions of
organic carbon are defined by the slope of the flame
ionisation detector (Chow 2007). While resonanceenhanced multi-photon ionisation (REMPI) refers to a
selective technique for aromatic compounds, singlephoton ionisation (SPI) is a more universal technique
which ionises analytes with lower ionisation energies
than photon energies (Hanley & Zimmermann 2009). In
the first two OC fractions, mainly thermodesorption of
semi-volatile compounds occurs whereas in OC3 and
OC4 decomposition of larger molecules takes place
Switching from E10 to E85, organic carbon (OC)
was reduced by about 83 % for both driving cycles,
whereas elemental carbon (EC) even declined by 98 %
due to a improved combustion by additional oxygen in

the fuel. Surprisingly, higher OC and EC emission
factors (EF) were obtained for NEDC. Although the selfdefined HSDC features high speeds, accelerations and
brake appear less frequently than in NEDC. Thus, it can
be concluded that typical start-and-stop in urban areas
produces higher emissions than constantly fast driving
on motorways. However, only E10 showed significance
in this observation while no distinct difference could be
identify for E85. Due to one to two orders of magnitude
lower EFs of OC and EC for E85, the relative variance to
the mean value increases that more experiments have to
be carried out for a reliable prediction (Figure 1).
In the REMPI spectra, the majority of aromatic
species contained no alkylation indicating a dominant
formation mechanism by radical reactions rather than
unburned fuel. Finally, a strong relation between OC-toEC ratio and Ångström exponents could be observed,
indicating that particle-bound organic matter from the
flex-fuel engine contains light-absorbing carbon in the
lower visible UV range, i.e. brown carbon.

Figure 1. Logarithmic scatter plot of OC and EC
emission factors together with Ångström exponents.
This work was supported by Helmholtz Virtual Institute
of Complex Molecular Systems in Environmental Health
(HICE).
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Grabowsky, J., Streibel, T., Sklorz, M., et al. (2011)
Anal. Bioanal. Chem., 401(10), 3153-3164.
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The investigation of diesel particulate emission is
nowadays an intensively studied issue for several
reasons. Diesel soot has significant contribution to
atmospheric carbonaceous particulate matter (CPM).
CPM is the second most important anthropogenic
pollutant regarding its radiative forcing. In addition,
there are also severe human health effects attributed to
CPM. As a result of their large surface area per unit
carbonaceous particles have a strong capacity for
adsorbing various toxic atmospheric substances. Lately,
numerous studies have reported that although CPM is
negligible in total aerosol mass it is the most dominant in
terms of toxicity.
Diesel particulate emission has also been
intensively studied from the pit of view of engine
development. As vehicle emission is being continually
restricted manufacturers are forced to develop engines in
accordance with that. The various properties of diesel
emission strongly depend on both the chemical
composition of the fuels (e.g. biodiesel blend rate) and
on the operational condition of the engine. Since diesel
exhaust is in a constantly changing thermal equilibrium
state with the local ambience the complex chemophysical features of diesel exhaust can go through
essential transition even during its relatively short
ambient residence time. Currently only mass and number
concentration is being regulated in the European Union
however, the climatic and human health effects of diesel
emitted particulate matter also depend on its complex
non-regulated chemo-physical properties. There is no
available standardized method that would be capable of
determining the source specific relationships between the
convoluted diesel exhaust properties or their climatic and
health impacts. The main reasons for that can partly be
attributed to the incomplete knowledge regarding aerosol
mixing states and partly to the lack of proper
instrumentation.
Concerning diesel exhaust investigation, the
greatest challenge to face is accurate sampling. This is to
be imputed to the extreme dynamic properties of the
turbulent reactive plume in the tailpipe and dilution
systems. Posterior temperature treatment of the diluted
of the initially diluted and cooling tailpipe exhaust under
controlled measurement conditions is prosperous
candidate for investigation of the above mentioned
complex processes.
In this study we are focusing on the dynamic
changes and the thermal evolution of diesel exhausted
particulate matter using commercial diesel and biofuel

blends. The measurements have been carried out on a
EURO4 engine dyno laboratory. Number concentration
and size distribution of the exhaust was measured by a
by a Scanning Mobility Particle Sizer (SMPS, GRIMM
System Aerosol Technik, Germany) in the 10-1100 nm
size range. Organic to elemental carbon ratio (OC/EC)
was determined by a Sunset Laboratories SemiContinuous OCEC Carbon Analyzer. Optical absorption
spectra were investigated by our self-developed state-ofthe-art four-wavelength photoacoustic spectrometer (4λPAS).
We have been investigating pure diesel (B0) and
biodiesel with low biofuel content (B7). Three engine
operational conditions were applied during the
measurements (from idle to maximum engine load). The
posterior temperature treatment was carried out by our
self-developed updated version of the Burtscher-type
low-flow thermodenuder (Burtscher, 2004). We have
experimentally demonstrated, that even low biodiesel
content in the fuel blend content and engine load have
significant impact size distribution and absorption
response. We have also shown that the wavelength
dependency of the absorption spectrum - Absorption
Angstrom Exponent (AAE) - can be a composition
selective indicator of fuel types and can modify the
interpretation of the SMPS data. We found relationship
between the OC/EC ratio and the AAE of the emitted
particles.

Figure 1. Changes in AAE in the function of engine load
Burtscher H., Baltensperger U., Bukowiecki N., Cohn P.,
HuKglin C., Mohr M., Matter U., Nyeki S.,
Schmatloch V., Streit N., Weingartner E. (2001)
Separation of volatile and non-volatile aerosol
fractions
by
thermodesorption:
instrumental
development and applications. Aerosol Science. 32,
427-442.
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acetate) ionization mode. Acids, alcohols, diols,
oxygenated organics, nitrogen, sulphur and halogen
containing species were identified using the above
reagents in different time periods in both campaigns.
During 2015 campaign, CIMS was employed with a
particle inlet filter (FIGAERO), allowing for the semicontinuous measurement of the condensed phase.
Particle emissions from multiple ships were collected on
a filter, with a solenoid valve opening only when a sharp
increase of the particle number was detected by a
Condensation Particle Counter (CPC). Individual ship
plumes were detected and identified by sharp increases
in the particle number and CO2 levels measured by a
CPC and a CO2 monitor respectively (Figure 1).
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Gaseous and particulate emissions from the marine
transport sector contribute significantly to air pollution,
climate and human health (Corbett et al., 2007). It has
been estimated that for the year 2000, in the seas
surrounding Europe, SO2 and NOx emissions reached 2.3
and 3.3 million tonnes per year respectively, while
particulate matter emitted reached 250,000 tonnes.
Previous studies have shown that ship exhaust particles
are dominated by organic species, sulphates and black
carbon, while the organic to sulphate ratio is increasing
the last years (Psichoudaki et al., 2015).
The International Maritime Organization has
released a new legislation, applying from 1/1/2015
regarding the sulphur fuel content (SFC) of the ships
fuel. According to that, sulphur content must be less than
0.1% in the fuel, while the previous limit was at 1%. In
order to assess the impact of this change on the ship
emissions, two intensive campaigns were conducted.
One from 24 October to 12 November 2014, before the
change of the legislation, and a second one after the new
legislation applied, from 23 of September to 12 of
November, 2015. The measurements were conducted at
a sampling site located on a small peninsula at the
entrance of the port of Gothenburg, Sweden.
While fresh ship emissions affect mostly coastal
areas close to big ports, these emissions can also affect
larger areas when they remain in the atmosphere and
undergo photochemical aging, producing secondary
aerosols and gases. Thus, the goal of this work was to
simulate this photochemical aging and measure the long
term products of the ship emissions. A Potential Aerosol
Mass (PAM) flow reactor was employed in order to
achieve the oxidation of the fresh ship emissions during
the first campaign. In the second campaign, a modified
PAM chamber was employed: This reactor operates in a
laminar flow and the oxidation achieved in both of them
is equivalent to a few days of atmospheric
photochemical aging. Similar oxidation conditions were
achieved in both flow reactors. A constant concentration
of 500 ppb of ozone was present in the reactor, while the
addition of water vapor assisted in the formation of OH
under UV light, inside the reactor.
In order to monitor the concentration of the
gaseous species produced from the oxidation of fresh
ship plumes, an Aerodyne High Resolution Time-ofFlight Chemical Ionization Mass Spectrometer (HRToF-CIMS) was used. The concentrations of various
organic and inorganic species present in the aged gas
plumes were measured using negative (iodide and

380
00:00

Figure 1. Increase of particle number (left) and CO2
concentration (right) during a ship plume.
Each of these peaks was afterwards directly related to an
individual ship so a classification of the ships and their
emissions according to their type was achieved.
Based on the above, a comparison of the average
gaseous chemical composition of different types of ships
before and after the change of the SFC legislation was
achieved. Additionally, ship emitted aerosol species
were identified from 2015 campaign. Simultaneous CO2
measurements and calibrations for individual species
allowed the calculation of emission factors that are also
presented here.
The Swedish Research Council, Swedish
FORMAS and the Swedish Governmental Agency for
Innovation Systems (VINNOVA) are acknowledged for
funding. Göteborgs Hamn, Göteborg Energi and NCC
are thanked for their field site support.
Corbett, J. J., Winebrake, J. J., Green, E. H., Kasibhatla,
P., Eyring, V. and Lauer, A. (2007) Environ. Sci.
Technol. 41, 8512–8518.
M. Psichoudaki et al., (2015) 21st European Aerosol
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Particles emitted by internal combustion engines
constitute one of the major health hazards. Carcinogenic
particles, mostly tens of nanometers in diameter, are
emitted in the immediate vicinity of urban inhabitants,
and in many areas, constitute most of the particle number
concentrations found on the streets at breathing levels.
When inhaled, they efficiently deposit in human lung
alveoli and penetrate through cell membrane into the
blood.
Historically, emissions legislation pertaining to
the type approval of new vehicles was the most effective
measure to reduce vehicle emissions per km driven.
While the emission limits were decreasing, the
laboratory conditions to which the limits are applicable
remained more or less the same. In the European Union
(EU), the relative low power levels at which the engine
is operating throughout the currently used NEDC driving
cycle, the increasing sophistication of engines and
exhaust aftertreatment and their control, the competitive
nature of the automotive market, and the lack of
regulatory oversight, has lead to a condition where the
ratio of the emissions during real driving to the
emissions measured during the type approval cycle is
increasing.
On automobile diesel engines, high emissions of
particulate matter (PM) and nitrogen oxides (NOx) are
associated primarily with high-power operation at higher
speeds and loads than those encountered during the
NEDC. In many cases, high emissions of NOx were
observed even during regimes normally covered during
the NEDC, due to deliberate manipulation of the engine
controls by the manufacturers. A formal accusation of
one specific manufacturer by the US EPA of such
practice became known as “DieselGate”.
In this paper, the phenomena of “excess”
emissions is investigated for spark ignition (gasoline,
petrol) engines and for PM.
An emerging direct injection spark ignition (DISI,
also known as GDI – gasoline direct injection) engine
technology, now comprising tens of percent of the
gasoline engines sold, has been reported to have
substantially higher PM emissions compared to the port
fuel injected (PFI) engines. “Enrichment” conditions,
where excess fuel is injected into the engine to provide a
little additional power and to reduce exhaust gas
temperatures at maximum loads, have been known to
drastically increase PM emissions. PM from gasoline
engines has been reported to contain more carcinogenic
polyaromatic hydrocarbons compared to diesel PM.

While diesel PM emissions have been addressed
by now a widespread use of particle filters on new
vehicles, both the technology and the legislation on
gasoline engine emissions has been lagging and only
recently, particle emissions limits have been imposed on
gasoline engines.
In this paper, results of particle emissions
measurements done by the authors under real driving
conditions on the road, and under different than type
approval conditions on a chassis dynamometer, are
summarized and reviewed, with the following
conclusions:
1. The PM emissions from gasoline engines, both port
and direct injection, are substantially elevated
during “enrichment”, where the engine is operated
with excess fuel. Such conditions are not covered by
the type approval procedures (neither existing nor
proposed). Enrichment for additional power has
been expressly prohibited in the United States.
2. The PM emissions from gasoline engines may be
substantially elevated during highly transient
operation, notably in cases where excess fuel is
injected to avoid a drop in performance.
3. A large share of particles was smaller than 23 nm
and a large share of particles was volatile.
Therefore, the current type approval procedure for
particle
number
measurement
(Particle
Measurement Programme), where only non-volatile
particles are counted, with 50% counting efficiency
at 23 nm, detects only a small fraction of total spark
ignition engine particles.
Small non-road engines, currently subject to only very
lenient gaseous emissions standards, and no PM limit at
all, pose an additional and major problem.
Overall, gasoline engine PM emissions under
real world driving conditions are higher than during
type approval test conditions, and cannot be
considered harmless or negligible.
This work was supported by EU LIFE program (LIFE10
ENV/CZ/651, www.medetox.cz) and by Czech Ministry
of Education project LO1311.

European Aerosol Conference 2016

Tours, France

Page 403 of 1211

Exhaust particulate matter emissions of ethanol in comparison with gasoline and diesel
fuels in a heavy-duty compression ignition engine
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Vehicles with compression ignition (CI) engines are
responsible for a significant fraction of air pollution in
urban areas. Major air pollutants from CI engines with
conventional lean diesel combustion techniques are soot
and NOx. To limit the negative impact on climate and
health, emission legislation regulating emissions from
internal combustion vehicles is continuously made
stricter, which has driven the major part of the engine
research to focus on providing efficient engines of both
low emissions and fuel consumption. As a consequence,
more advanced combustion CI combustion strategies
have been developed, of which the low temperature
combustion (LTC) has seen much attention. In this new
combustion concept, NOx formation can be suppressed
by lowering combustion temperatures and soot formation
can be minimized by adequate premixing of fuel and air.
One of the common techniques among LTC strategies is
to employ high amount of exhaust gas recirculation
(EGR) as well as different types of fuels. It has been
reported that gasoline-like fuel emit much less soot than
diesel (Kalghatgi et al., 2007), while ethanol was found
to generate ultra-low soot emissions (Shen et al., 2013).
To determine the characteristics of exhaust
particulate matter (PM) emissions in terms of particle
mass concentration and size distribution, particle
measurements were performed in the exhaust on a
modern heavy-duty diesel engine with varying EGR
(corresponding to inlet oxygen concentrations from 9%
to 18%). A comparison of the total particle mass and
particle size distributions between ethanol, gasoline and
diesel fuels was done in order to determine the exhaust
particle characteristics for different fuels. Particle size
distributions were measured with a Fast mobility
analyzer (DMS500; Cambustion Ltd. UK) and particle
mass concentrations with an AVL micro soot sensor.
When adding EGR with gasoline and diesel fuels,
particle mass emissions increase as the inlet oxygen
concentration decreases and then decline upon further
reduced oxygen concentration (Fig.1). Ethanol, in
contrast, emitted almost zero soot mass regardless of the
inlet oxygen concentration. Compared to diesel fuel,
particle mass emissions of gasoline were much lower
and this reduction becomes increasingly significant as
EGR increases. In high temperature combustion with
low EGR (18% O2) large particles in accumulation mode
dominate the size distribution while most particles from
ethanol are in the nucleation mode. Although almost no
soot is detected from combustion with ethanol, the
magnitude of the nucleation mode depends on the level
of EGR.

The increase in soot mass observed when
increasing EGR during combustion with gasoline and
diesel is explained by a significant increase in both
particle number and particle size (Fig.1). At very low
levels of oxygen, the decrease in gasoline and diesel soot
mass is mainly due to a reduction in particle numbers.
Regardless of EGR, the geometric mean diameter
(GMD) of the soot size distribution was lower for
gasoline than for diesel. We thus conclude that,
compared to conventional, diesel high octane gasoline
emits lower particle number emissions and of smaller
sizes.
The results show that new fuel strategies to
complement EGR in LTC may be powerful tools for
continued particle emission reduction in CI engines.
Although gasoline show great improvements in emission
levels compared to conventional diesel, ultra-low soot
emissions from ethanol are more attractive.
The altered soot properties obtained from
different fuels and EGR could have implications for the
efficiency of soot after-treatment systems. However,
especially emissions from LTC at high EGR requires
further study including particle chemical composition,
optical properties and micro- and nano structure.

Figure 1. Exhaust particle mass and size distributions at
various inlet oxygen levels and for different fuels.
This work was supported by the the Competence Center
for the Combustion Processes, KCFP, the Swedish
Energy Agency (Project number 10738150289) and the
FORTE competence centre METALUND.
Kalghatgi, G. T., Risberg, P., & Ångström, H. E. (2007).
SAE paper, (2007-01), 0006.
Shen, M., Tuner, M., & Johansson, B. (2013). (No.
2013-01-0277). SAE Technical Paper.
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Dynamics of secondary breakup of an emulsified fuel drop
O. G. Girin
Odesa National Maritime University, Odesa, 65029, Ukraine
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Presenting author email: club21@ukr.net

We consider a fuel drop of macroemulsion consisting of
a spherical fuel layer (SFL), which bounds the water
vapor bubble. Behavior of this system, which we called
fuel globule, differs both from behavior of a liquid drop
and of a gas bubble in an infinite liquid. In this regard
the ordinary differential equation of a fuel globule radial
motion of second order is derived and key estimations
are obtained.
The numerical solution shows that SFL is
affected by huge inertia forces, caused by acceleration of
order 109 m /sec2 . At such accelerations 1kg of SFL
mass is affected by inertia force of 10 9 N / kg . The
question regarding hydrodynamic instability of SFL of
Rayleigh – Taylor type arises, and this allows us to
formulate a hypothesis of the possible SFL breakup by
the instability mechanism. The justification is carried out
via the analysis of feasibility of necessary conditions for
the instability realization. It is done on the basis of
regularities of SFL motion, which are obtained
numerically. Calculations show that in the DE
combustion chamber the fuel globule makes damped
oscillations with the period Tosc  (107 106 )sec .
The analysis confirms that the external SFL
surface is unstable and the necessary conditions are
satisfied. The obtained relations give the opportunity to
estimate the induction time tin of instability, the sizes
and quantity of droplets which are formed as a result of a
fuel globule microexplosion. The tin value is small,
tin 108 sec , so that it gives the possibility of the  e35 fold growth of the disturbance amplitude. Therefore it is
obvious that the instability has high probability of
realization at external SFL surface at the moment tm of
a fuel globule maximal expansion when the acceleration
and related inertia forces are maximal. For water
concentrations  20  30% and at large ratio of vapor–to
combustion chamber pressures there exists a possibility
of the internal SFL surface instability.
The similarity of a fuel globule microexplosion
and a drop breakup in a “claviform” mode in a airstream
is used. The fuel globule surface is divided then onto the
system of “claviform” cells, so that each of them is
bursting similarly to a drop. At the stage of breakup the
inertia forces are pulling out the liquid from SFL in the
form of thin stems in outward radial direction, making
up a “hedgehog” form, and are blowing out thin films at
penetration of air through SFL in inward counterdirection (fig. 1). All the surface of a fuel globule is

divided thus by the two-dimensional unstable
disturbances into the system of “claviform cells”, each of
which consists of a stem and the surrounding air troughs.
These cell elements form the droplets of different sizes
at breakup. The total amount of droplets of secondary
dispersion of EF is defined also by number of cells
Nc  4 bm2 / m2 ( bm is SFL radius at tm , m is
disturbance wavelength). The stem generates
0.4m2 hm
nsm 
 28hm / m droplets, which have
 /6(0.3m)3
diameter dsm  0.3m ( hm is SFL thickness at tm ).
There are also nfm 

2
0.6m2 hm
 42m / hm  droplets
 /6(0.3hm)3

of diameter dfm  0.3hm formed by the film.
Thus, the total number of the droplets formed at a
fuel globule microexplosion equals to N  Nsm  Nfm ,
where Nsm  nsm N c  28hm / m  4 bm2 / m2 112 hmbm2 / m3 ,
Nfm  nfm Nc  42m / hm  4 bm2 / m2 168 bm2 / mhm . These
sizes are the key ones for calculation of further processes
of preparation of homogeneous gas mixture in the diesel
engine combustion chamber.

Figure 1. Bursting of a fuel globule.
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Investigation of the release of engineered nanoparticles by waste incineration
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Presenting author email: werner.baumann@kit.edu
The amount of consumer products containing
engineered nanomaterials is constantly growing. As
these products reach their end of life cycle they often
end up in the waste incineration. Till now only few
data is published concerning a possible release of
nanoparticles (NP) into the environment (Walser et
al., 2012).
In the Institute for Technical Chemistry (ITC)
at the Karlsruhe Institute of Technology (KIT) this
topic is analysed in fundamental investigations of NP
behaviour in lab-scale flames (Lang et al., 2015), in
technical investigations at a 3 MW combustion
chamber in the KIT and in large-scale investigations
at an industrial hazard waste incineration plant. A
new project concerning the behaviour and possible
release of NPs by incineration of polymer
nanocomposites (ProCycle) started in 2015.
Fundamental research at a lab-scale burner
with different nanomaterials shows that cerium
dioxide is suitable for use as a tracer in experiments
on pilot and industrial scale plants.
The pilot scale experiments are performed at
the KIT combustion plant BRENDA. The tracer was
dispensed into the post-combustion chamber via a
two-phase nozzle. The tracer concentration along the
furnace, boiler and flue gas cleaning system was
analysed. The particle size distribution of the fly ash
was measured by DLPI, ELPI+, SMPS and WELAS
downstream of the boiler. To determine the
concentration of the tracer material along the exhaust
gas pipe, filter and impactor (DLPI) samples were
analysed via inductively coupled plasma – mass
spectrometry (ICP-MS). The mass concentration of
the fly ash in the flue gas was varied by combustion
of either natural gas or hard coal.
1000
fly ash - mass concentartion:
Cer - mass concentration:
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380 mg/Nm³
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The influence of the mass concentration of the fly ash
on the size distribution of the nano sized tracer
material was determined by analysing the different
impactor plates via ICP-MS.
The results show that the CeO2 tracer agglomerates
with the fly ash and does not longer exist in nano
sizes. The removal efficiency of the flue gas cleaning
system for the injected tracer nanoparticles is in the
range of 99.99 %.
At the industrial hazardous waste incineration
plant the tracer material was injected as a suspension
into the post-combustion chamber. The size
distribution of the fly ash was measured by ELPI+ at
the boiler outlet. To determine the concentration of
the tracer along the exhaust path, filters were
sampled inside the boiler, behind the boiler, behind
the wet electrostatic precipitator and at the exhaust
chimney and all samples were analysed via ICP-MS.
Additionally all relevant material flows were
sampled and also analysed via ICP-MS.
The mass balance of the injected tracer at the
industrial waste incineration plant shows that over
80 % could be retrieved and the largest amount with
roughly 70 % is found in the acid scrubber effluent.

0
20

particle diameter [µm]

Figure 1. ICP-MS-analysis of the cerium
concentration on the impactor plates for the
combustion of a mixture of coal dust and switch
grass.

Figure 2. Mass balance of the injected tracer
material.

Walser, T., Morawska, L. et al. (2012) Nature
Nanotech. 7, 520-524.
Lang, I.-M., Hauser, M., Baumann, W., Mätzing,
H., Paur, H.-R., and Seifert, H. (2015b) in K.J.
Thomé-Kozmiensky and M. Beckmann (Eds.),
Energie aus Abfall, 12, 347–370.
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A methodological approach for evaluating the contribution of coal-fired power plant to
atmospheric PM10 concentrations using PMF and CMB receptor models
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The evaluation of the contribution of large coal-fired
thermo-electrical power plant to atmospheric particulate
matter (PM) concentrations is important for evaluation
of risks to human health and potential influence on
climate. The application of receptor models, based on
chemical composition of PM, is not straightforward
because the chemical profile of this kind of source is
generally loaded with Si and Al and it is collinear with
the profile of crustal particles (Bi et al, 2007).
In this work a methodology, based on Positive
Matrix Factorization (PMF) receptor model and Si/Al
diagnostic ratio, has been developed to discriminate the
coal-fired power plant contribution from the crustal
contribution. Measurements were taken in six different
campaigns from February 2010 to August 2014,
collecting in total 347 PM10 daily samples at three sites
having different
characteristics:
urban,
urban
background, and rural sites. These were located between
2.8 and 5.8 km from the Torrevaldaliga Nord power
plant (indicated as TVN). The area studied was in the
municipality of Civitavecchia in Central Italy. PM10
samples were collected simultaneously on quartz and
polycarbonate substrates. Quartz filters were used for
determination of OC/EC concentrations by thermooptical method (Sunset instrument, NIOSH 5040
method). Polycarbonate filters were used for the
determination of water soluble ions concentrations
(NH4+, Ca2+, Mg2+, Na+, K+, Mg2+, SO42-, NO3-, Cl-),
using high performances ion chromatography (HPIC),
and of main metals concentrations (Si, Al, Ti, V, Mn, Fe,
Ni, Cu, Zn, Br), using Energy Dispersive X-ray
Fluorescence (ED-XRF).

Figure 1. The relative contributions of the different
sources to PM10 concentrations.

Nine sources were identified using PMF5.0 model and
their contributions are shown in Figure 1. Results
showed an average primary contribution of the power
plant of 2% (±0.8%) in the studied area, with limited
differences at the three sites analysed.
The robustness of the methodology was tested
inter-comparing the results obtained with two other
independent evaluations of TVN power contribution: the
first using the Chemical Mass Balance (CMB) receptor
model and the second correlating the daily Si-Al
factor/source contributions of PMF with wind directions
and CALPUFF/CALMET dispersion model results.
Results showed a good comparability within
experimental uncertainties. The contribution of the
power plant to secondary ammonium sulphate was
investigated using an approach that integrates dispersion
model and receptor models results (PMF and CMB). The
contribution of the coal-fired power plant to secondary
ammonium sulphate in PM10 were between 1.2% and
1.8% of PM10 at the three sites with an average of 1.5%
of PM10 (±0.3%).
The other sources apportioned were marine,
nitrate, sulphate, crustal, road traffic, resuspended dust,
biomass burning, and harbour-industrial. The
comparison between the source contributions estimated
with PMF and CMB showed a good agreement for all
the source with the exclusion of traffic source that was
overestimated in CMB with respect to PMF and harbourindustrial that was underestimated by CMB with respect
to PMF. Both receptor models were able to reconstruct
measured PM10 following the differences between the
sites and the daily variability. However, not explained
mass was negligible with PMF but more relevant (7.6%
of PM10) for CMB.
The contributions for marine and secondary
sulphate sources were also evaluated using a
stoichiometric approach. Marine contribution was
evaluated as Cl-+1.4468Na+ (Contini et al, 2010) and
secondary sulphate as the sum nss-SO42-+NH4+ where
nss-SO42-=SO42--0.25Na+. The estimates obtained with
receptor models and stoichiometric calculations were
comparable within the uncertainties with small
differences observed at the three sites.
Bi, X., Feng, Y., Wu, J., Wang, Y, Zhu, T. (2007)
Atmos. Environ. 41, 903-912.
Contini, D., Genga, A., Cesari, D., Siciliano, M.,
Donateo, A., Bove, M.C., Guascito, M.R. (2010) Atmos.
Res. 95, 40-54.
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The whole study was conducted total dust and metal
concentrations at furnace area and casting area in three
selected aluminium smelter industries in Taiwan.
Samplings were conducted to long-term personal
sampling (n=18), area sampling (n=19), and short-term
personal sampling (n=9), respectively. The ICP / MS
analysis was used to characterize composite of metals
emitted from the workplace.
The results showed that the arithmetic mean
concentration (AMMVUE) and GSD of total dust
concentrations were 1.38 mg / m3 and 2.24 in the furnace
area (n = 14) and 1.14 mg / m3 and 2.89 in the casting
area (n = 10), respectively. The 95% confidence interval
(CI) of total dust concentrations were 0.98-2.45 in the
furnace area and 0.68-3.85 in the casting area. These
above results clearly indicated the average total dust
concentration in the furnace area was greater than the
casting area. The mean concentrations of heavy metals
contained in the dust were 66μg/m3 and 63μg/m3
obtained by personal sampling and area sampling time,
respectively. To conduct the composite of heavy metals
obtained from personal sampling in the furnace area, the
concentration of Al was 62% of the total heavy metal,
and Mg and Fe were 18% and 13%, respectively. The
consistent results of samples obtained by long term and
short term sampling were found in the furnace area. On
the other hand, the highest exposure concentrations of
the metal were compared to the occupational exposure
limit (OEL) of UK, we found that Al and Pb were over
to 3% and 2% OEL and the other heavy metals are less
than 1% OEL. Therefore, measurements, such as the
installation of effective ventilation systems and the use
proper personal respiratory protection equipment, are
suggested for these industries in order to effectively
reduce workers' inhalatory heavy metal exposures.

Table 2. The metal concentrations (g/m3) obtained from
the selected work area in A factory.
Metal
Al
Cr
Mg
Fe
Co
Ni
Cu
Zn
Pb

Factory
working area

AMMVUE
(min-max)

GSD

95% Confidence
interval

Log-Normal
distribution

Metal
Al
Cr
Mg
Fe
Co
Ni
Cu
Zn
Pb

furnace area (n=8)
casting area (n=3)

0.67
(0.33-1.22)
0.32
(0.21-0.41)

1.63

0.44-0.89

Yes

1.4

0.16-0.49

Yes

2.56
(0.87-4.44)
0.77
(0.29-1.99)

1.99

0.78-4.33

Yes

2.41

0.19-1.74

Yes

1.92
(1.92-1.921)
2.71
(0.84-4.40)

1.01

1.91-1.93

Yes

2.36

0.29-5.71

Yes

B
furnace area (n=4)
casting area (n=4)
C
furnace area (n=2)
casting area (n=3)

Casting area
8hrs area sampling(n=3)
mean
GSD
(min-max)
9.07
1.41
(6.38-12.55)
0.03
2.49
(0.009-0.05)
2.93
1.18
(2.47-3.46)
1.44
1.55
(0.82-1.82)
0.10
3.63
(0.002-0.03)
0.12
1.09
(0.11-0.13)
0.10
1.37
(0.07-0.13)
3.78
3.1
(1.05-8.76)
0.25
2.46
(0.04-0.20)

8hrs personal sampling(n=3)
mean
GSD
(min-max)
72.1
(68.5-75.8)
0.10
(0.07-0.12)
14.9
(13.3-15.9)
10.8
(9.16-12.7)
0.02
(0.02-0.03)
0.13
(0.12-0.14)
0.36
(0.31-0.40)
3.14
(2.77-3.42)
0.16
(0.09-0.22)

1.05
1.38
1.1
1.18
1.23
1.07
1.14
1.12
1.82

Furnace area
8hrs area sampling(n=3)
mean
GSD
(min-max)
108
(28.5-175)
0.16
(0.08-0.20)
23.0
(6.32-37.4)
14.3
(4.27-22.0)
0.02
(0.005-0.04)
0.17
(0.04-0.25)
0.49
(0.19-0.78)
3.59
(0.88-5.14)
0.14
(0.09-0.22)

2.62
1.63
2.55
2.41
3.09
2.75
2.01
2.71
1.65

Casting area
15 mins personal sampling(n=4) 8hrs personal sampling(n=2)
8hrs area sampling(n=3)
mean
mean
mean
GSD
GSD
GSD
(min-max)
(min-max)
(min-max)
1.88
1.24
1.15
116
11.7
7.19
(64-207)
(9.99-13.5)
(6.19-8.19)
1.61
3.09
2.76
0.29
0.10
0.03
(0.19-0.55)
(0.03-0.17)
(0.01-0.07)
1.61
1.23
1.3
39.3
9.91
3.82
(21.4-65.8)
(8.45-11.4)
(3.05-5.02)
2.4
1.01
1.42
14.2
7.86
3.79
(4.48-25.3)
(7.79-7.93)
(2.52-5.09)
3.10
1.08
1.58
0.03
0.004
0.005
(0.02-0.22)
(0.004-0.005)
(0.003-0.008)
2.53
1.47
1.04
1.20
0.05
0.04
(0.33-1.99)
(0.04-0.07)
(0.036-0.038)
1.74
1.25
1.22
0.83
0.12
0.07
(0.51-1.65)
(0.098-0.14)
(0.05-0.08)
3.83
1.08
1.24
5.23
1.28
0.82
(1.20-13.1)
(1.21-1.35)
(0.65-0.99)
2.75
1.24
2.33
0.92
0.06
0.07
(0.22-1.45)
(0.05-0.06)
(0.02-0.11)

Table 4. The metal concentrations (g/m3) obtained from
the selected work area in C factory.
Metal
Al
Cr
Mg
Fe

Ni
Cu
Zn
Pb

A

15 mins personal sampling(n=4)
mean
GSD
(min-max)
56.42
2.63
(15.8-150)
0.71
2.16
(0.30-1.68)
31.0
1.8
(17.3-63.8)
12.0
3.28
(2.06-35.2)
0.08
8.55
(0.002-0.41)
0.24
2.63
(0.06-0.55)
1.20
2.57
(0.35-3.08)
7.62
3.34
(1.26-21.0)
0.77
1.14
(0.70-0.84)

Table 3. The metal concentrations (g/m3) obtained from
the selected work area in B factory.

Co

Table 1 The total dust concentrations obtained from the
selected factories (mg/m3).

Furnace area
8hrs area sampling(n=8)
mean
GSD
(min-max)
17.1
1.65
(6.86-30.9)
0.04
2.29
(0.01-0.11)
6.39
1.67
(2.60-11.9)
3.83
1.74
(1.69-9.83)
0.03
2.75
(0.003-0.098)
0.20
3.7
(0.011-0.59)
0.23
2.02
(0.06-0.58)
3.55
1.89
(1.65-11.8)
0.31
1.95
(0.07-0.48)

Personal sampling(n=5)
mean
GSD
(min-max)
22.26
1.71
(11.38-42.04)
0.067
1.38
(0.05-0.11)
9.68
1.69
(5.91-21.19)
7.51
1.38
(4.62-9.82)
0.02
1.22
(0.01-0.02)
0.13
3.45
(0.01-0.26)
0.28
1.8
(0.11-0.56)
3.75
1.35
(2.64-5.36)
0.28
2.33
(0.06-0.46)

Furnace area
15 mins personal sampling(n=1)
8hrs area sampling(n=2)
mean
mean
GSD
GSD
(min-max)
(min-max)
112
*
26.3
49.3
0.14
0.14
0.42
5.18
0.23

-

18.1
(10.5-25.8)

1.89
-

*
3.23
(2.04-4.43)
5.48
(2.93-8.02)

1.73

0.08**

-

0.25

**

2.04

-

-

0.16**

-

-

1.65
(1.25-2.05)

1.42

-

0.23

**

-

Casting area
8hrs personal sampling(n=8)
mean
GSD
(min-max)
41.4
(8.36-181)
0.20
(0.04-0.31)
16.9
(2.78-64.2)
14.8
(5.43-22.9)
0.02
(0.02-0.05)
0.08
(0.02-0.18)
0.58
(0.05-1.62)
3.45
(0.87-14.5)
0.16
(0.11-0.73)

2.51
2.1
2.91
1.61
1.51
2
3.27
2.45
1.97

* : <1/2 MDL, ** : n=1

Godderis, L., Vanderheyden, W., Van Geel, J., Moens,
G., Masschelein, R., Veulemans, H., 2005. Expoaure
and inhalation risk assessment in an aluminium casthouse. J. Environ. Monit. 7: 1359-1363.
Health and Safety Executive. 2000. EH40/2000.
Occupational exposure limits. Norwich: HMSO.
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Given the emergence of new problems related to
radioprotection survey in dismantling operations, it is
necessary to significantly improve knowledge related to
radioactive aerosols measurements. A contamination air
monitor (CAM) continuously measures gross α and β
activity concentration in the air (Dominikov et al.,
2001). In these specific atmospheres, alarms often
appear but not related to any artificial activity
concentration: they are considered as false. As a
consequence, the generated false alarms are attributed to
the presence of radon daughters in large quantities and
could lead to a trivialization of the risk. Our study aims
at characterizing ambient aerosols according to CAM
measurement in order to provide better explanation of
the false alarms.
Thus, we conducted a measurement campaign in
a dismantling nuclear site (former NPP Brennilis).
During three weeks, we have recorded all the parameters
from the CAM used there, an ABPM203M from Mirion
Technologies1 company. Simultaneously we have
measured the aerosols size distribution and concentration
with an optical particle counter Fidas Mobile (Pallas)
and an Andersen impactor. The radon and its daughters
were measured independently by an AlphaGuard
(Saphymo) and a BWLM-PLUS-S (TracerLab).
The artificial alpha-activity has obviously varied,
regularly presenting some increases, and six times the
alpha alarm threshold has been crossed. The CAM filter
never seemed to be clogged and the ambient conditions
were pretty stable, without any relation with the alarms.
Moreover, none of them can be associated to the 222Rn
nor its daughters variations: the 222Rn, and its daughters,
cannot be the direct cause of false alarms.
However,
the
aerosols
characteristics
measurements highlight one particular point: each
artificial alpha activity peak measured by the CAM can
be related to significant increases of aerosol mass
concentration (figure 1) and mass median diameter
(values upper than 10 µm). These increases are mainly
due to particles resuspension during cleaning operations
on working area. Sampling filters from the CAM were
analysed by MEB & EDX imaging and showed that the
filters were effectively covered by coarse particles upper
than 10 µm.
We propose two hypotheses on the impact of
these coarse aerosols. Firstly, the particle resuspension
1

https://www.mirion.com/products/particulate-monitors-2/

could lead to an increase in concentration of 210Po, an
alpha-emitter far in the 222Rn decay chain, which may
not be compensated by the CAM. Secondly, we know
that the coarse particles cause a degradation of the alpha
spectrum (broadening toward lower energies). The CAM
compensates dynamically the background noise
especially due to 222Rn progenies. Despite this
compensation, the kinetics of evolution of aerosol size
distribution during punctual resuspension event may be
too fast for the CAM algorithm to compensate properly
the spectrum degradation, resulting in detection of events
in the artificial region of interest.
Three points have to be foreseen in the EPICEA
laboratory (Monsanglant-Louvet et al., 2012): the 210Po
issue, the response time of the CAM and the parameters
of its algorithm. A second measurement campaign
focused on the response time of the CAM algorithm will
be also conducted.

Figure 1 – Conjoint evolution of artificial alpha concentration
measured by the CAM and the particle median diameter measured by
the optical counter.

We want to thank EDF/CIDEN and the personal
from Brennilis to allow this measurement campaign on
improving understanding of the mechanisms leading to
false alarms in dismantling nuclear sites.
Dominikov, V. N. et al. (2001) Applied radiation and
isotopes, 55, 543-547
Monsanglant-Louvet, C., Liatimi, N. and Gensdarmes, F.
(2012) IEEE transactions on nuclear science, 4: Vol.
59
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Over the past years, CO2 emission reducing technologies
were widely investigated due to alarming climate
change, particularly, global warming. International
energy agency states that one third of all CO2 emissions
are due to the combustion of anthropogenic fossil fuels,
and forecasts that transport and power generation sectors
will be responsible for 70% of CO2 emission increase to
2030 (IEA, 2008). One of the most promising and
perspective methods for capturing CO2 is applying
Carbon Capture and Storage (CCS) of flue gases using
reactive absorption based Post Combustion CO2 Plants
(CESAR, 2011) using a 30 wt.% aqueous solution of the
monoethanolamine (MEA); however, high energy
consumption of this process results in the decline of the
overall plant efficiency. Apart from mechanical losses,
solvent loss due to evaporation and aerosol particulate
phase emissions result in the increase in total operational
cost and environmental impact (IEAGHG, 2010).
Solvent loss due to mechanical entrainment and vapour
emissions have been well investigated. On the other
hand, experimental studies on particulate matter (PM)
measurements in PCCC columns are scarce in the
literature necessitating developments of simulation and
modelling studies in this field. Nonetheless, prediction of
PM formation in PCCC columns is a complex task
requiring modelling of several steps including gas-phase
supersaturation, PM formation (nucleation) and PM
dynamics (growth and loss). Pre-existing PM into PCCC
columns facilitates formation of new particles as a result
of gas phase supersaturation. Hence, developing a
simulation tool to understand the key parameters
impacting the supersaturation of the gas phase in PCCC
columns is of paramount importance. Few attempts were
made to setup a simulation tool using Aspen Plus
simulator to predict supersaturation of gas streams in
PCCC columns in the absence of particulate phase, and
in the presence of the flue gas PM. However, such
simulation models still need to be improved to better
understand the interactions between the particulate phase
and other phases inside the column. The true mass and
heat transfer between the particulate phase and gas phase
needs to be determined using a nonequilibrium (ratebased) model. The first objective of this study is to
firstly set up a simulation model to predict gas phase
supersaturation inside PCCC columns. Under this
objective, the influences of two separation modelling
approach (equilibrium vs. nonequilibrium) on the level
of gas phase supersaturation, mass transfer from gas to
PM phase and MEA loss through the particulate phase
were investigated. Hence, two models were created: (1)
first model assumes equilibrium between gas and PM

phases, and (2) the second model, (the rate based model)
calculates true mass and heat transfer between the gas
and PM phases using theoretical mass transfer
correlations and estimated interfacial area.

Figure1. The MEA loss in aerosol stream via gas-aerosol interaction

It can be observed from Figure1 that the MEA content of
PM phase representing MEA (solvent) loss in absorber
stream, increases from bottom (stage 10) to the top
(stage 1) of the absorber column. In addition, it is shown
that the change in the molar flowrate of MEA is very
negligible in the equilibrium based model compared to
rate-based model.

Figure 2. Estimated nucleation rate

Figure 2 shows the estimated nucleation rate on each
stage which is found to be higher at lower section of the
column. The second objective of this study is to find
more accurate values for nucleation rate using molecular
dynamics simulation. Finally, this study is aimed to
model PM dynamics along the column.
1IEAGHG, 2010. Environmental Impacts of Amine
Emissions During Post Combustion Capture, Rep. No
201011 2010.
2International Energy Agency (IEA), 2008. World
Energy Outlook 2008, OECD/IEA. CESAR, 2011. EUProject, CO2 Enhanced Separation and Recovery
(CESAR): Integrated Research Project Partially Funded
by the European Commission Under the 7th Frame Work
Program, Grant Agreement Number 213569

1
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Introduction Condensation particle counters (CPC) are
widely used in science and industry for measuring
particle number concentrations. The condensation nuclei
magnifier (CNM) is the part of the CPC where the actual
particle growth happens. This work deals with an
approach for a CNM operating at around 150 - 200 °C
(HT-CNM) for engine exhaust.
On one hand this concept prevents formation of
artefacts in the aerosol stream caused by dilution and
heating and on the other hand the effort of aerosol
preconditioning will be minimized. The main application
field are defiled aerosols, in particular automotive
exhaust gases, but such devices are also of interest for
interference-free measurement of aerosols e.g. in highly
humid environments.
Experimental Methods Lacking previous data or
findings on how to design and operate an HT-CNM, the
development started from scratch. The original approach
described here is based on a standard “low temperature”
CNM geometry in combination with paraffins, i.e. longchain n-alkanes, as working fluid. Paraffins are nontoxic, thermally highly stable and chemically inert, i.e.
they will not react with aerosol or gas components even
at high concentrations and/or temperatures. Long
chained alkanes proved useful, as they have sufficient
vapour pressure at the intended temperatures.
To prove the fundamental feasibility of an HTCNM, two embodiments were designed, built and
characterised: an L-shaped (Fig. 1) and a T-shaped
geometry. The two designs allow studying e.g. the
influence of strictly laminar (T-type) vs. swirling flow
conditions (L-type) and the impact of different (super)saturation profiles on the activation of the growth on the
nuclei. Furthermore testing of different materials and
shapes for the gas saturator, including metal foams and
porous ceramics was done.
The design was supported by extensive
computational fluid dynamics (CFD) simulations of the
flow and the (super-)saturation behaviour using Ansys
Fluent and OpenFOAM. Both types of the HT-CNM
were subsequently realised as functional models in an
experimental setup. In order to prove sufficient
activation of particle growth for different conditions (e.g.
working fluids, temperature gradients) a static light
scattering apparatus was realised allowing to characterise
the process in detail.

Results The experimental material testing showed the
chosen materials to be fully stable for more than 2
months at 250°C. This also applies in particular the
chosen working fluid, which showed no signs of
deterioration, even when in contact with water/steam.
This is a vital difference to other working fluid
candidates tested in this study, which decomposed
thermally and/or corroded in particular the structural
parts made of aluminium.
The detailed CFD simulation of the HT-CNM
geometries under consideration provided important
insights about the gas (super-)saturation of the studied
HT-CNMs and the subsequent growth of droplets around
the nm-sized nuclei. Besides aiding the design of the
functional demonstrators, this simulation data (Fig. 1 for
L-type) indicates very good gas saturation in the
saturator and negligible aerosol particle losses due to
wall contacts in both geometries. The cut-off size can be
adapted by controlling the relative temperatures in the
system; Fig. 1 shows a device designed for operation at
10 nm cut-off. This ability to discriminate between
differently sized particles was found to be extremely
sensitive for the L-type (which provides a low detection
limit) and very stable for the T-type.
The functional demonstrators, each of which are
easily modifiable, have been realised and tests are
ongoing. First experimental results of the main
objectives will be shown: 1) established practical
feasibility of a functional HT-CNM using the chosen
working fluid 2) characterisation of the heterogeneous
nucleation for different operating conditions (e.g. flow
rates, temperature gradients) 3) validation and
optimisation of the CFD model (e.g. binary diffusion
coefficients).
a)

b)

c)

Fig. 1: L-type CNM; a) Geometry of the L-type CNM;
b) relative gas (super-)saturation and c) dK (in nm), as
predicted by Ansys Fluent simulations
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The formation mechanism of soot particles is still not
clear. One of the chanllenges is to measure size
distribution of nascent soot particles down to nuclei size.
Attempts have been made in recent years using on-line
dilution tube with DMA-FCE (differential mobility
analyzer – Faraday cage electrometer) system
(Commodo et al, 2015), while DEG-SMPS (diethylene
glycol – scanning moblity particle spectrometer) has
been developed for measurement of particles size
distribution down to ~1 nm (Jiang et al, 2011). Here we
report incipient soot nuclei and evolutions of nascent
soot particle size distributions measured in a laminar
premixed burner-stabilized stagnation ethylene flame,
using both a DMA-FCE system and SMPS systems.
The experimental setup is shown in Figure 1. A
laminar premixed flat ethylene flame was generated by a
commercial McKenna burner. An online dilution tube
was used to sample soot particles directly from the flame
and to dilute them instantly. Flame temperature and
dilution ratio were calibrated. Generated soot particles
were measured by downstream electrical mobility
spectrometers. A traditional butonal SMPS was used to
measure particles larger than 3 nm. A DEG-SMPS
including a specially designed cDMA for particles in the
nanometer size range was used to measure sub-5 nm
particles. A high-resolution half-miniDMA with FCE
was used for particles and clusters spectra with higher
resolution. Particle losses and instrument detection
efficiencies were characterized.

symmetrical unimodal distribution, while the combined
size distributions have shown a distinctively bimodal
form at the heights from 0.6 to 1.2 cm. As Hp gets higher,
total number density of 1~3 nm particles, the peak
diameter and standard deviation of the first peak increase
first and then decrease. At the height of 1.2 cm, the
number density of the first peak decreases by an order of
magnitude comparing with that at Hp=0.7 cm, indicating
that the particle growth pattern has gradually changed
from simultaneous coagulation and surface growth to
surface growth dominant.

Figure 2. Evolution of PSDFs at different burner-tostagnation separation distances.
Financially support from the National Key Basic
Research and Development Program of China
(2013CB228502 & 2013CB228505), the National key
foundation for exploring scientific instrument of China
(20121318549), and the National Natural Science
Foundation of China (21221004, 41227805, and
21422703) are acknowledged.

Figure 1. Schematic of experiment setup.
Figure 2 presents the measured and fitted particle
size distributions at several selected representative
burner-to-stagnation surface separation distances, Hp =
0.45 - 1.2 cm. At Hp = 0.45~0.5 cm, newly formed
particles are characterized by the approximately

Commodo, M., Tessitore, G., De Falco, G., Bruno, A.,
Minutolo, P. and D’Anna, A. (2015) Proc. Combust.
Inst. 35 (2) 1795-1802.
Jiang, J., Modi, C., Chongai, K., Michel A. and Peter M.
(2011) Aerosol. Sci. Tech. 45 (4) 510-521.
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Elemental Carbon (EC), Black Carbon (BC) and Organic
Carbon (OC) contribute a large amount to atmospheric
aerosols. Due to climate and health effects, there is an
essential need for reliable measurements of these
components. Despite intensive investigations, there are
still discrepancies between data obtained with different
methods. Especially during winter, the discrepancies
increase with a coincident increase of Brown Carbon
(BrC) caused by wood combustion. (Reisinger et al.
2008, Hitzenberger et al. 2006, Wonaschütz et al. 2009).
The thermal-optical method, based on a
two-phase thermal analysis, is a common tool for EC/OC
determination. An optical laser correction should take
into account the effect of pyrolysis. Nevertheless this
effect leads to uncertainties in the OC/EC split (Cheng et
al. 2012)
In this study structural analysis of the pyrolysed
material
was
performed
with
Raman
micro-spectroscopy. Combustion aerosol from a
miniCAST soot generator, deposited on quartz fibre
filters, was analysed with a dual-optics ECOC analyser
(Sunset Instruments Inc.). Filter punches were heated for
Raman measurements. The obtained data were analysed
according to Sadezky et al. (2005) and compared to the
thermal-optical measurements of EC/OC and to optical
measurements of BC/BrC with the integrating sphere
method (Wonaschütz et al. 2009).
The Raman spectroscopy analysis sheds light on
structural changes caused by heating. By applying a five
curve fitting method developed for soot spectra (Sadezky
et al. 2005) it was possible to interpret the degree of
graphitisation and the amount of organic and amorphous
carbon in the sample (Table 1)

Figure 2 Raman spectrum of the same CAST soot
sample after heating
Sample
orig. Sample
heated Sample

G/D1
0.243
0.137

D1/D4
1.155
5.972

Table 1 Ratios of the fitted peak areas
First results from the analysis show the bands of
amorphous and organic carbon (D4, D3), graphitic
lattice (G, D2) and graphitic defects (D1) (Fig 1 and 2).
While the relationship of the G, D2 and D3 bands stays
rather constant, significant differences appear in the
D1/D4 ratios before and after heating, indicating a
change in the degree of graphitisation (Table 1)
This measuring procedure is applied to mixtures of soot
and BrC standards, wood combustion aerosol and
atmospheric aerosol, respectively, and compared to
EC/OC as well as BC/BrC analyses.
Acknowledgement: This work is supported by the FWF
(Austrian Science Fund) grant P26040.

Figure 1 Raman spectrum of a CAST soot sample before
heating

Cheng Y. et al (2012) Atmospheric Environment,
61 453-462.
Hitzenberger R. et al. (2006) Environmental Science and
Technology, 40 6377-6383.
Reisinger P. et al. (2008) Environmental Science and
Technology, 42 884-889.
Sadezky A. (2005) Carbon, 43 1731-1742.
Wonaschütz A. et al. (2009) Environmental Science and
Technology, 43 1141-1146.
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Residential coal combustion emits a large amount
of fine particles and has been identified as a major
source of air pollution in China. In this study, size
distributions, effective density, chemical composition of
particles emitted from typical residential stoves were
tested. The objective is to investigate how the particle
size distribution and chemical composition affect their
effective density.
The experimental setup is shown in Figure 1. The
stove was placed in a sealed chamber. A PSD
spectrometer was used to monitor particle size
distributions. It includes a regular SMPS and a Nano
SMPS for obtaining particle size distribution from 3-800
nm(Liu, et al, 2014). We employed a DMA-CPMA
system to measure the effective density. A NMCI(Chien
et al., 2015) was used for simultaneous particle sizeselective sampling. Elemental analysis of the collected
particles were carried out by using energy dispersive Xray spectroscopy equipped with TEM, X-ray
fluorescence spectroscopy.

Figure 1. Experimental set-up to study particles emitted
from residential coal combustion.
Particle size distribution and effective density
evolution are shown in Figure 2. A large amount of
particles in the size range of 100-800 nm was emitted
during the coal ignition stage during which devolatilized
organic compounds escape from the combustion region.
After that, a significant amount of ultra-fine particles
smaller than 50 nm were observed. Especially, mean
particle diameters increased from 3-6 nm to ~20 nm.
Following that, mean particle diameter decreases back to
3-6 nm. As mean particle diameter increases, their
effective density decreases. Off-line composition
analysis indicates that ultra-fine particles emitted from
residential coal combustion consist primarily of metal
oxide and rare earth oxide. With the increase in

combustion temperature, combustion degree and
oxidation degree, the carbonaceous particle (soot)
formation was promoted and this consequently increases
their coagulation rate lead to an increase in particle
diameter and a decrease in particle effective density.
Correlations between particle composition and the
effective density will be discussed. In addition, the
DMA-CPMA system seems to be able to measure the
ultra-fine particle effective density.

Figure 2. Top, the particle size distribution between 3
and 800 nm. Bottom, the lower three images show the
effective density of 3 size fractions evolution.
Chien, C., et al. (2015). Aerosol Science and Technology,
49(10), 1009-1018.
Liu, J., et al. (2016). Frontiers of Environmental Science
& Engineering, 10(1), 63-72.
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The maturity, for example degree of graphitization has in
premixed flames been related to combustion conditions
and residence times of the soot in the flame. Soot
maturity affects key soot properties such as absorptivity,
nanostructure and reactivity. The miniature Combustion
Aerosol Standard (mini-CAST) based on a quenched
diffusion flame can be used to produce highly repeatable
soot properties. With the mini-CAST, nascent soot with
immature soot properties can be obtained by reducing
the oxygen-fuel ratio and increasing N2 in the premixed
gas (e.g. Maricq, 2014). Recently, a technique to study
the chemical composition of refractory black carbon
(rBC), the soot-particle aerosol mass spectrometer (SPAMS; Onasch et al., 2012), was developed. In the SPAMS, refractory species are vaporized by focusing an
Nd-YAG laser (1064nm) on a beam of particles. The
laser effectively vaporizes refractory components by
heating the particles to ~4000K. The vapors are ionized
by electron impaction (70eV) and ions are detected in a
high-resolution time-of-flight mass spectrometer.
Notably the SP-AMS is able to distinguish between
different soot properties, separating mature and
immature soot. The relationship between immature soot
properties and mass spectra in the SP-AMS has
previously attracted attention and proposed markers have
been the fullerene-carbon signal and the C1+/C3+ ratio
(Corbin et al., 2014; Onasch et al., 2015). Even so, well
defined markers of immature soot without interference
from organic components remain to be reported.
An SP-AMS and a mini-CAST was used to study
soot properties with varying degree of maturity. Four out
of the seven recommended mini-CAST operation points
(OP) were selected, where 1 represents the most mature
soot and 7 represents the least mature soot. The soot was
thermodenuded at 250°C in order to remove volatile
compounds. Refractory species, of which rBC is the sum
of all ion signal from elemental carbon clusters, were
determined by laser vaporization. Non-refractory species
(e.g. organic compounds) were determined by
vaporization on a heated (~900K) porous-tungsten
vaporizer with the laser turned off.
Figure 1 shows trends in the rBC mass spectra as
the maturity of the soot decreases with increasing OP.
The trends in the refractory mass spectra illustrated in
Figure 1 represents the fraction of the total rBC signal
originating from mid-carbons (C6-C29) and fullerenecarbons (C30-C59). In addition, the PAH fraction of the
total non-refractive organic signal (OA) is shown for the
same OP but with the particles bypassing the

thermodenuder. The observed trends in Figure 1 show
increasing contributions from mid- and fullerene-carbons
as the maturity of the soot decreases. While mid- and
fullerene carbons show a distinct increase from OP3 to
OP5, the PAH fraction of OA increases continuously
with OP.
The ratio of organic compounds (which were
measured without the Nd-Yag laser) to rBC was
approximately 10% after passing the thermodenuder.
Thus, it is highly unlikely that mid-carbons, which for
immature soot (OP5 and OP7) account for more than
25% of the rBC signal, are formed artificially from low
volatile organic components during laser vaporization.
Similarly, fullerene-carbons contribute to approximately
10% of the rBC signal for nascent soot. For mature soot
(OP1 and OP3), mid-carbons and fullerene-carbons
contribute to less than 3% of the total rBC signal.
From our preliminary results, we suggest that the
SP-AMS can distinguish between immature and mature
soot properties. Pronounced markers of immature soot
properties are increasing signals from mid- and
fullerene-carbons in refractory mass spectra of the SPAMS.

Figure 1: SP-AMS markers of immature soot. The soot
maturity decreases with increasing OP. Thermodenuded
soot refractive Mid-carbon ion fraction of rBC (left) and
fullerene-carbon ion fraction of rBC (middle). Bypass
soot PAH fraction of OA (right).
This work was supported by the Swedish Research
Councils FORMAS and VR.
Corbin et al., (2014). Atmospheric Chemistry and
Physics, 14(5), 2591-2603.
Maricq, M. M. (2014). Aerosol Science and Technology,
48(6), 620-629.
Onasch et al., (2012). Aerosol Science and Technology,
46(7), 804-817.
Onasch,. et al., (2015). Aerosol Science and Technology,
49(6), 409-422.
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Polybrominated diphenyl ethers (PBDEs) are
persistent organic pollutants that are of growing
environmental concern (La Guardia et al., 2006).
They are commercially available products used as
flame retardants but have also been shown to be byproducts of thermal processes such as municipal solid
waste incinerators (MSWIs) (Wang et al., 2010). This
group of compounds are lipophilic and tend to
bioaccumulate and biomagnify within the food chain
and available data show they have a health risk which
include being possible carcinogens and endocrine
disruptors, especially the lower brominated
congeners (Hooper and McDonald, 2000).
This study monitors the PBDE emissions in
the flue gases during the cold start-up period of two
MSWIs, MSWI-A and MSWI-B. It also aims to
control PBDE emissions during this critical period by
appropriate measures. These measures include
adjusting the activated carbon and lime injection time
and shortening the retention time of the combustion
chamber between 200-450oC.
MSWI-B was operated under normal startup operating procedures while MSWI-A procedures
were adjusted. Two trials of MSWI-A were carried
out each with different operating conditions. The
operational parameters adjusted in the study are
shown in Table 1.
Table 2. Operational parameters for MSWI-B and
MSWI-A during the cold start-up procedure.
MSWI
MSWI-B
MSWI-A
1st Trial 2nd Trial
Retention
5
3
3
time (hr)
AC injection 12
0
2
(hr)
Lime
11
6
6
injection
(hr)

The PBDE emissions from the two MWSIs
were then compared. The highest concentration of
PBDE in the stack flue gases for MSWI-B during the
period was 24.5 ng/Nm3 as shown in Table 2. The
measures employed in MSWI-A decreased that value
by 58.8% to 10.1 ng/Nm3. The PBDE emission
quantities (mg) from MSWI-A were lower than from
MSWI-B by 72.9%.
Table 2. Comparison between highest PBDE
concentration and emission quantities from MSWI-B
and MSWI-A
MSWI
MSWI-B
MSWI-A
(2nd Trial)
Highest PBDE
24.5
10.1
concentration (ng/Nm3)
Emission quantities
30.8
8.35
(mg)
In conclusion, PBDE emissions can be
significantly reduced by employing
a shorter
retention time and setting an appropriate injection
time for activated carbon and lime.
Hooper, K. and McDonald, T.A. (2000). The Pbdes:
An Emerging Environmental Challenge and
Another Reason for Breast-Milk Monitoring
Programs. Environmental health
perspectives 108: 387.
La Guardia, M.J., Hale, R.C. and Harvey, E. (2006).
Detailed Polybrominated Diphenyl Ether
(Pbde) Congener Composition of the Widely
Used Penta-, Octa-, and Deca-Pbde
Technical Flame-Retardant Mixtures.
Environmental Science & Technology 40:
6247-6254.
Wang, L.-C., Hsi, H.-C., Wang, Y.-F., Lin, S.-L. and
Chang-Chien, G.-P. (2010). Distribution of
Polybrominated Diphenyl Ethers (Pbdes)
and Polybrominated Dibenzo-P-Dioxins and
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In situ Raman microspectroscopic analysis of soot during temperature-programmed
oxidation
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With this cell different kinds of test aerosols like
spark discharge soot and propane soot have already been
analyzed. The reactivity of the soot samples was
determined by TPO while the change in the soot
nanostructure and the fluorescent background of the
sample was analyzed in situ by RM. In addition, the
heating of some soot samples in inert gas under the
Raman microscope was performed. The next step is to
perform TPO or isothermal oxidation experiments of
spark discharge soot and propane soot generated at
different air to fuel ratios with different (oxidative) gas
compositions and temperature profiles while monitoring
the emission products by FTIR and following the change
in the soot structure by RM in situ to gain
comprehensive results on the soot oxidation with these
techniques.
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T

Soot particles generated at incomplete combustions of
fossil or bio fuels can influence the human health by
causing diseases like lung cancer and have direct and
indirect effects on the environment and the climate, e.g.
as cloud condensation nuclei or interference with the
earth’s radiation balance. To protect the environment and
the people, the EU sets limits for the emission of diesel
particles by law. To reach these limitations, cars and
trucks are equipped with diesel particle filters (DPF) in
order to trap soot particles in the exhaust. However,
these DPFs have to be regenerated after a certain amount
of soot is trapped inside the filter. In this regeneration
step, the soot is oxidized to gaseous products to clear the
DPF and remove the soot. As a regeneration at low
additional energy demand would be, it would be
desirable to produce a reactive soot in the exhaust, which
can be oxidized easily but controlled. As it is known that
the reactivity of the soot, i.e. the temperature at which
the soot can be oxidized, depends on the soot’s structure
(Knauer et al., 2009), effective tools for the
determination of the soot reactivity and its structure are
necessary to allow a better soot characterization and
consequent DPF regeneration optimization.
Currently, two of the most effective tools for soot
characterization are temperature-programmed oxidation
(TPO) and Raman microspectroscopy (RM). TPO is a
tool for soot reactivity determination as the soot is
burned in a defined environment with a constant
temperature ramp and the oxidation products are
quantified by FTIR (Schmid et al., 2011). RM instead
provides information about the soot nanostructure as
spectral parameters of the Raman spectra are connected
to the nanostructure of the soot (Ivleva et al., 2007,
Schmid et al., 2011). The aim of the project is to
combine these two powerful individual tools in one setup
und follow the changes of the nanostructure of the soot
in situ during heating or oxidation experiments.
Therefore, a measurement device was developed
and homebuilt providing the possibility to perform TPO
and RM measurements combined in one setup. The
measurement cell’s inside is heated up to 1000 °C, while
the frame is water-cooled, so that the cell can be placed
under the objective of a Raman microscope and the soot
can be analyzed by RM through a quartz glass window
in situ during the oxidation. Different possible
temperature programs and various gases or gas mixtures
provide multiple measurement conditions for
thermophoretically deposited soot samples of diverse
origin.
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Figure 1. Changes in the spark discharge soot’s Raman
spectra during the oxidation in 5% O2 in N2 at 373-973 K
heated with 5 K/min.

This work is supported by the Audi AG, Ingolstadt.
Ivleva, N. P., Messerer, A., Yang, X., Niessner, R. and
Pöschl, U. (2007) Environ. Sci. Technol. 41, 37023707.
Knauer, M., Schuster, M. E., Su, D., Schlögl, R.,
Niessner, R. and Ivleva, N. P. (2009) J. Phys. Chem.
A 113, 13871-13880.
Schmid, J., Grob, B., Niessner, R. and Ivleva, N. P.
(2011) Analytical Chemistry 83, 1173-1179.
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Production and characterization of internally-mixed soot aerosols
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Diesel soot is one of the major pollutants in the world
and is classified as carcinogenic by the WHO’s
International Agency for Research on Cancer
(Benbrahim-Tallaa et al, 2012). In North America and
Europe, soot is mainly emitted by diesel engines,
whereas in other parts of the world residential cooking
and heating are responsible for the highest emissions.
(Ramanathan and Carmichael, 2008). Soot/black carbon
also has the second largest impact on global warming
after CO2 (Bond et al, 2013).
To minimize emissions, particulate filters are
used. Regeneration of the filter is done by oxidation
(combustion) of the soot. Uncatalyzed oxidation requires
temperatures > 600 °C in O2, which results in poor fuel
efficiencies. Additives enhance the soot reactivity during
soot formation, leading to internally-mixed soot and
possible oxidation temperatures under 400 °C. Previous
results showed that besides oxides, also salts were able
to lower the temperatures for soot oxidation significantly
(Bladt et al, 2014), which means that there must be some
kind of interaction. Until then, only small amounts of
soot were sampled, which were not enough for BET
sorption measurements. Therefore, a homemade
propane/air diffusion burner was optimized for the
controlled production of higher amounts of soot by
introducing mass flow controllers, best possible
conditions for maximum soot production and a
thermophoretic precipitator for soot collection.
Ion Chromatography was used to characterize the
salt content in the soot samples, Raman Microscopy was
applied to analyse the graphitic soot structure and the
presence of salts/minerals or hydrocarbons. It was found
that there is no significant difference in the soot structure
with and without salts, confirming previous results
(Bladt et al, 2014).
To simulate combustion in a Diesel Particulate
Filter, Temperature-Programmed Oxidation (TPO) was
used. Soot samples were combusted in a defined
atmosphere (5 % O2 in N2) and temperature range
(100 °C - 700 °C; 5 °C/min). Combustion products were
detected in an FTIR spectrometer. The temperature of
maximum CO and CO2 emission (Tmax) was used as a
benchmark for soot oxidation reactivity. Increased saltcontents lead to lower Tmax and lower ratios of CO/CO2
at Tmax. Both findings indicate that salts promote
complete soot oxidation.

Another way to get insight on structural changes
of solids is BET analysis, which is a method to
determine specific surface areas. If there is an interaction
between the salts and the primary soot particles and/or a
change in the inter-layer spacing between the graphene
planes, there should also be a change in the specific
surface areas of the internally-mixed soots. First
measurements with laboratory-produced soots and
several salts were started.

Figure 1. TPO profiles of 4 soot samples with different
NaCl content normalized to soot mass.
This work was supported by the Institute of Hydrochemistry, Technical University of Munich.
Benbrahim-Tallaa, L. et al (2012) The Lancet Oncology
13, 7, 663-664.
Bladt et al (2014) J. Aerosol Science 70, 26-35.
Bond, T. C. et al (2013) J. Geophys. Res. Atmos. 118,
5380-5552.
Ramanathan, V. and Carmichael, G. (2008) Nature
Geoscience 1, 221-227.
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An aerosol is a mixture containing liquid droplets and
potentially solid particles suspended within a gas.
The combustion process is likely to produce solid
carbon particles whereas their production is kinetically
much less favoured when an organic substrate like
tobacco material is heated (K. C. Oha et al.). To verify if
this is the case, the potential release of particles in the
mainstream aerosol generated by the heat-not-burn
product THS2.2 was assessed in comparison with the
smoke produced from the 3R4F combustible reference
cigarette. For this purpose, a methodology using a Dekati
commercial Thermo-denuder operating at 300°C
associated with chemical characterization was
developed.
Prior to investigating the possible presence of
solid particles in the mainstream of tobacco products, the
Thermo-denuder removal efficiency was quantified
using model glycerine-based droplets. In separate
experiments, a thermo-resistant aerosol constituted by
NaCl dry crystals was used to determine the thermodenuder average aerosol penetration for sizes ranging
from 20 to 300 nm. From findings, the effective glycerin
removal efficiently was determined to be 86 ± 2 %.
This means that to enable the quantification of
solid particles in the mainstream of 3R4F reference
combustible cigarette and Tobacco Heated System
THS2.2, their fraction should exceed 14% in number
otherwise they would be indistinguishable from
remaining liquid droplets. For chemical characterization
of particles, the Thermo-denuder was coupled in a
separate experiment with a two stages impactor trap (T.
Jalanti and P. Henchoz) used to perform Scanning
Electron Microscope (SEM) and EDX analyses of the
collection substrates.
From experiments conducted using 3R4F
reference combustible cigarette, the methodology
allowed to determine that approximately 80% in number
of the total particulate matter was neither evaporated nor
removed in the Thermo-denuder. This was likely
attributed to the presence of solid particles or low
volatile liquid droplets. For the experiments with
THS2.2, the removal of the particulate matter from the
mainstream was slightly larger than the determined
glycerin effective removal efficiency. To confirm the
absence/presence of solid particles in the mainstream of
3R4F reference combustible cigarettes and THS2.2,
similar experiments were conducted and potential solid
particles were trapped in the impactor. The collection
substrates used to trap particles present in the
mainstream of 3R4F reference combustible cigarette and

THS2.2 were analysed separately using a SEM and EDX
analyses. Figure 1 presents blank experiments (left hand
side pictures) against 3R4F (A) and THS2.2 (B)
From the pictures related to 3R4F experiments
(A), solid particles were identified and composed mainly
of carbon based material, oxygen and traces of
potassium/chlorine whereas a related Count Median
Diameter (CMD) of 75 nm was determined. When
considering the picture for THS2.2 (B) in comparison to
the blank (experiments prior aerosol generation started),
no particle were identified using SEM imaging. This
result is consistent with the fact that no combustion
process takes place in THS2.2.

Figure 1: Pictures of trapped particles from mainstream
aerosol/smoke after its passage in the Thermo-denuder
operating at 300°C. A) 3R4F B) THS2.2. Left side:
blank
This work was funded by Philip Morris International.

K. C. Oha, C. B. Leea, and E.J. Leeb, (2011),
Characteristics of soot particles formed by diesel
pyrolysis. Journal of Analytical and Applied
Pyrolysis, 92,456–462
T. Jalanti and P. Henchoz, Analycal Scanning Electron
Microscopy: a most important aid for solving
microcontaminant problems, Swiss contamination
control (1990), 3, 428–432
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High-temperature tandem differential mobility analysis on the oxidation of wood
combustion soot particles
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Wood combustion emissions are of special importance
due to their detrimental effects on the environment and
human health. Oxidation of particles is especially
important for decreasing the emissions in small-scale
appliances because they often deteriorate the local air
quality. To better understand the behaviour of wood
combustion particles, their oxidation was studied using a
high-temperature tandem differential mobility analyser
system (Higgins et al. 2002) and a real-life combustion
appliance.
Particles were generated using a pellet boiler,
which was operated with low load mode to increase the
proportion of soot within the particles (Lamberg et al.
2011). Although pellet boilers are not believed to cause
major problems on the air quality, it offers a possibility
for stable production of particulate matter and with
selected setting it represented rather typical particle
composition in small-scale appliances.
The aerosol was diluted using a porous tube
diluter and an ejector diluter, and led to a sampling
chamber that stabilized the small variation in the particle
concentration generated by the combustion process.
Sample was led from the chamber to a differential
mobility analyser, which classified particles to a certain
size class (40 nm, 100 nm or 200 nm). This was
followed by a temperature-controlled laminar flow
reactor. The oxygen concentration in the reactor was
close to atmospheric concentration because of the
sample dilution. Therefore temperature and residence
times were the limiting factors in particle oxidation.
Temperature inside the reactor tube was varied up to
1000 °C and the changes in the particle size were
measured using a scanning electrical mobility analyser
(SMPS, TSI Inc.). Particle samples were additionally
collected for chemical analysis and electron-microscope
analysis.
There was no considerable oxidation of the wood
combustion particles below 500 °C for 40 nm and 200
nm particles. 100 nm particles on the other hand started
to shrink considerable more already at 400 °C. The small
change below these temperatures was most likely due to
the evaporation of organic matter. In all particle sizes,
the minimum particle sizes were reached at 750 °C. At
750 °C, both 100 nm and 200 nm particles reached GMD
28 nm, and 40 nm particles reached GMD 19 nm. Only
very small changes in particle sizes were seen between
750 °C and 850 °C, but at 900 °C there was no particle
mode left; soot particles in 100 nm size were oxidized at
750 °C and once temperatures reached 900 °C, also

inorganic particles were evaporated. Furthermore, the
double mode in 600 °C shows (Figure 1) that there were
two types of particles in the 100 nm size, for which the
oxidation rate was different.
Chemical analyses of the PM1 samples showed
that about 50% of the PM1 was composed of EC and
about 10% of OC. The most abundant inorganic species
were potassium, sodium, sulphate, chloride and nitrate.
Their total share was about 25% of the total PM1.
Previous studies have been made using similar
oxidation systems for analysing hydrocarbon flame soot
particles and diesel particles. The oxidation of wood
combustion particles in this study was found to oxidize
in clearly lower temperatures compared with diesel and
hydrocarbon flame particles. This difference originates
from the different soot structures and different chemical
compositions of the particles; wood combustion particles
contain alkali metal and metal particles, which catalyse
the oxidation reactions of soot particles.
These results bring new information on the wood
combustion particle oxidation characteristics and can be
utilized in designing of wood combustion appliances to
enhance the soot particle oxidation.

Figure 1. Particle number-size distributions using
varying reactor temperatures with 100 nm particles.
This work was supported by Maj and Tor Nessling
Foundation (grant number 201600029).
Higgins, K.J., Jung, H., Kittelson, D.B., Roberts, J.T.,
Zachariah, M.R. (2002) J. Phys. Chem. A 106, 96–
103.
Lamberg, H., Sippula, O., Tissari, J., Jokiniemi, J. 2011.
Energy Fuels 25, 4952–4960.
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Investigation of soot nanoparticles during liquid hydrocarbons combustion with water steam
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In this study, we investigate properties of combustiongenerated soot particles in the original laboratory-scale
burner device with water steam gasification. This regime
provides drastic intensification of the liquid
hydrocarbons combustion due to the supply of a
superheated water steam jet into the reaction zone
[Alexeenko, 2014]. Such combustion regime can be a
promising way to incinerate the low-grade fuels and
dangerous industrial wastes with heat-power generation.
Samples were collected from the flame by ejector
diluter, slowing down the combustion and coagulation
processes. Particle number concentration and size
spectrum were measured by diffusion aerosol
spectrometer in the gasification region, in the flame and
in combustion products cooled to room temperature. The
concentration in the outer flame decreases rapidly with
increasing distance from burner edge h from 108 to
5·106 cm-3 (Fig.1) due to combustion, mixing with the
ambient air and coagulation.

Soot mass concentration in combustion products
was approximately 3.5 mg/m3. Corresponding mass
median diameter was 90 nm. For diesel fuel
consumption 888 g/h (762 g of carbon per hour) and exit
gas volume-flow rate 15 m3/h, underburning is below
0.01%. Measurement results for water steam gasification
regime were compared with results for compressed air
jet supply.

Figure 2. Soot particles from different sampling points:
a) h = –20 mm – gasification region; b) h = 0 mm –
burner edge; c) h = 120 mm – top of flame; d) cooled
products of combustion.

Figure 1. The concentration of soot particles along the
vertical axis of the burner.
The size and shape of soot particles were studied
by TEM JEM-100SX. The sampling was carried out by a
low-pressure impactor. Aerosol is formed as fractal-like
aggregates consisting of small primary particles (Fig. 2).
The aggregate characteristic size increases with h. In the
cooled combustion products (after a long lifetime)
branched aggregates become compact and similar in
shape to a sphere (Fig.2d). HRTEM observations show a
concentrical, onion-like structure of individual soot
nanospherule (primary particle) with interplanar spacing
between layers less than 1 nm, well-known structure for
soot [Ishiguro, 1997]. In the gasification region, both
primary particles and aggregates size are smaller than in
outer flame. Frequency distribution functions for primary
particles (TEM measurement) are shown as an example
for some sampling points in Fig.3.

Figure 3. Frequency distributions for primary particles
size being a part of aggregates: 1 – h = –20 mm; 2 –
h = 0 mm; 3 – h = 120 mm; 4 – cooled products of
combustion.
The reported study was supported by RFBR,
research projects №15-58-04032-bel_mol_a and №1633-00012.
Alekseenko S. V. et al., (2014) Thermophysics and
Aeromechanics, 21(3), 393-396.
Ishiguro, T. et al., (1997) Combustion and flame, 108(1),
231-234.
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S. Korea has particularly high energy consumption rates
among OECD countries, relying 97 % of them on
imports. This indicates that it is urgent to develop and
produce renewable energy in order to secure energy
resources. Due to increase in waste and greenhouse
gases, plans to replace fossil fuels using waste have been
underway. However, there are more demand for research
on emissions characteristics cause by SRF(Solid Refuse
Fuel) & Bio-SRF. In this context, the study aims to
indentify emissions characteristics of PM(particulate
matters) and develop emissions factors base on the use
of SRF & Bio-SRF.
As of in 2014, there are 219 SRF & Bio-SRF
manufacturing facilities and 79 using facilities, of which
21 using facilities were investigated in the study.
The study revealed that the average concentration of PM
was 10.16 mg/m3.
Table 1. Concentration of PM by Solid fuel
(Unit : mg/m3)
SRF + Bio-SRF
SRF
Bio-SRF
(n=49)
(n=37)
(n=12)
Ave.
10.16
8.19
16.27
Min.
0.24
0.24
2.10
Max.
58.58
50.61
58.58

Figure 1. The Various solid fuel concentrations.
Chemical analysis was conducted to see if heavy metals
and other hazardous air pollutants were included; with
the average concentration of 34.83 μg/m3, zinc was the
highest among other 6 heavy metals. As for VOCs
analysis for 5 facilities, benzene was detected in all the
facilities, with the maximum concentration of 6.58 ppb.
The emissions factors for PM were similar to the
previous research, but the values were highly affected by

the type and shape of SRF & Bio-SRF. More details on
this will be presented at the conference.
We plan to accumulate emissions data from the SRF &
Bio-SRF facilities and analyze them to further develop
emissions factors.
Fournel, S., Palacios, J.H., Morissette, R., Villeneuve J.,
Godbout, S. and Heitz, M. (2015)
Particulate concentrations during on-farm combustion
of energy crops of different shapes and harvest
seasons, Atmospheric Environment, 104, 50-58
Poslusny, M., Daugherty, K. and Moore, P. (1989)
Analysis of PAH and PCB emissions generated during
the combustion of binder enhanced densified refuse
derived fuel, Chemosphere, 19, 1375-1381.
Chang, Y-H., Chen, W. C. and Chang, N-B. (1998)
Comparative evaluation of RDF and MSW
incineration, Journel of Hazardous Materials, 58, 3345
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The utility of submerged discharges to create original
molecules has been demonstrated by several groups –
see e.g. (Oshima et al., 2014) or (Cataldo, 2004).
It is well-known that discharges in carbonaceous
liquids like acetonitrile, n-hexane or methanol for
instance lead to the synthesis of nanoparticles that have
compositions varying from hydrogenated amorphous
carbon to diamond.
Submerged spark discharges transform liquid
molecules into by-products that can further react to
create new molecules, clusters and nanoparticles.
However, till now only little is known about chemical
processes in these media that are far from equilibrium.
In the sketch of processes that succeed during one
discharge event, one finds (i) dielectric breakdown, (ii)
shockwave emission, (iii) streamer propagation, (iv)
transition to spark and (v) bubble oscillations.
Chemical transformations induced by the shock
wave might contribute significantly to liquid
modifications, the part of the energy released in the
shock wave being relatively large, typically from 20 to
40% of the deposited power for nanosecond pulsed
plasmas, the rest being essentially dissipated as thermal
energy. However, to the best of our knowledge, no study
was devoted to this question till now.
At the beginning, matter must be almost fully
ionized. The streamer propagates in a straight line till
electrodes are connected. The gas ionization degree
decreases and the high pressure is so high that the liquid
is repelled outside the plasma volume. Then, the plasma
volume expends isotropically.
Sano et al. (2008) showed that a specific interface
exists between the plasma and the liquid phase. Based on
observations performed in microgravity conditions, they
found out that a gas film is generated in the gas phase at
the gas–liquid interface, and this film acts as a barrier
between the two phases, limiting reactions between
species of each domain.
The specific structure of the plasma-liquid
interface, where huge gradients prevail, is responsible
for the synthesis of specific molecules with limited chain
lengths. Recently, Wagener et al. (2013) resorted to
small angle X-ray scattering to study in situ the
dynamics of nanoparticles synthesized by laser ablation.
Just after the plasma pulse, two populations of particles
are formed: primary particles with sizes in the range 8–
10 nm and agglomerates with sizes in the range 40–60
nm. Only a weak fraction of primary particles are
transferred into the liquid after the first rebound. On the
other hand, agglomerates strongly increases in number
density during the first bubble collapse and the following

rebound. Most of the nanoparticles are trapped inside the
bubble and follows its oscillation, even before its final
collapse.
Electrode erosion contributes to producing
nanoparticles and this combines with liquid
transformation. In figure 1, we show a surprising
example where a core-shell Al@C nanoparticle is partly
oxidized in air, the shell being not completely protective.

Figure 1. Half-oxidized Al nanoparticle synthesized in
heptane. A graphite shell coats partly the Al
nanoparticle. The uncoated part is transformed into
amorphous alumina by air oxidation of the raw Al
nanoparticle.
We cannot exclude that a metallic nanoparticles
expulsed from the plasma at high temperature might
contribute to catalytic transformations of the liquid. In
figure 1, whereas carbonaceous nanoparticles from the
liquid are hydrogenated amorphous carbon, the carbon
shell is here made of graphite. This argues in favour of
specific chemical processes driven by nanoparticles from
electrodes. However, this aspect has hardly been studied
to date.
Cataldo F. (2004) Carbon 42, 129.
Oshima F., Stauss S., Inose Y., Terashima K. (2014)
Jap. J. Appl. Phys. 53, 010214.
Sano N., Kawanami O., Charinpanitkul T.,
Tanthapanichakoon W. (2008) Thin Solid Films 516,
6694.
Wagener P., Ibrahimkutty S., Menzel A., Plech A.,
Barcikowski S. (2013) Phys. Chem. Chem. Phys. 15,
3068.
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Experiments are carried out with a Radio-Frequency
Capacitively Coupled Plasma (RF CCP) at 13.56 MHz.
The plasma discharge is produced between a polarized
cathode and a grounded metallic grid (anode)
surrounding and confining the plasma (Szopa et al.
2006). The gas mixture is continuously injected in the
reactor at 55 sccm and pumped through a rotary valve
vacuum pump. The gas flow composition is adjusted in
order to introduce from 0% to 10% of CH4 in N2. Four
mixtures conditions are chosen here to scan chemical
conditions in agreement with the methane concentration
profile in the atmosphere of Titan: 1, 2, 5 and 10 % of
CH4 diluted in N2. Experiments are performed at room
temperature and a 0.9 mbar pressure.
In our experimental set up, the thin organic films
are produced on SiO2 substrates placed on the grounded
anode, whereas levitating grains are produced
simultaneously in the gas volume without interaction
with the walls. Films are analyzed by X-ray
Photoelectron Spectroscopy (XPS) and Secondary Ion
Mass Spectrometry (SIMS). The solid grains have been
previously analyzed by elemental analysis in (SciammaO’Brien et al. 2010).
For XPS measurements, sputter depth profiling is
performed using an Argon ion gun (2 keV energy, 10 µA
current), with an etch time of 10 s. An etch time of 10 s
is equivalent to an etching thickness of 15 nm, calibrated
using Ta2O5. After each etching step, XPS measurements
(C, N, O, Si) are performed. XPS analysis directly
provides the C/N ratio of the films, but the hydrogen
content, important for characterizing an organic material
can unfortunately not be given solely by this technique.
After XPS analysis, the organic solid film is
covered with a thin gold film for SIMS analyses. Those
are performed using a Cameca IMS4F ion microscope.
The organic film is bombarded by a 14.5 keV Cs+ ion
beam, of 10 µm diameter. The etch time can reach 3000
s. The ions monitored are therefore H-, 12C-, 16O- as film
constituents.
XPS analysis shows that the first external layer,
of about 20 nm thickness, has a higher oxygen content.
Oxygen reaches up to 10% of the elemental ratio at the
surface of the film. Below this oxidation layer, the film
is homogenous in terms of its N/C ratio, confirmed by
SIMS, which shows that the samples are homogeneous
down to the film-substrate interface.

Table 1. Elemental analysis of both thin films and grains.
Thin films N/C ratios are determined here from XPS
data at a 150 nm depth; and thin films H/C ratios are
taken from Cs-M+ molecular ions from SIMS analysis.
The grains elemental analysis has been made in
(Sciamma-O’Brien et al. 2010).
Samples

1%
2%
5%
10%

Thin films
N/C
H/C
(XPS)
(SIMS)
0.4
~0.1
0.3
~0.1
0.2
~0.1
0.1
~0.1

Grains
N/C
H/C
0.9
0.8
0.6
0.4

1.1
1.1
1.2
1.4

Films are found less rich in nitrogen by a factor of 2 to 3,
compared to grains. This lower nitrogen content explains
the lower amine signature compared to the aliphatic one
observed in a previous first study (Quirico et al. 2008)
opposing films and grains by mid-infrared absorption
spectroscopy.
The H/C ratio in the films is independent of the methane
content, which is not the case for the levitating dust
particles. The H/C ratio in grains was indeed found to
increase with the initial methane amount: C was found
constant by elemental analysis, meaning that this ratio
increase corresponds to a higher H amount in the grains
(in agreement with the suspected role of H as inhibitor
for grains growth). Moreover, the similar ~0.1 H/C ratio
obtained by SIMS for all films is much lower than the
H/C observed in the grains.
NC & LG acknowledge the financial support of the
European Research Council (ERC Starting Grant
PRIMCHEM, grant agreement n°636829).
Sciamma-O'Brien, E., et al., Titan's atmosphere: An
optimal gas mixture for aerosol production? Icarus,
2010. 209(2): p. 704-714.
Szopa, C., et al., PAMPRE: A dusty plasma experiment
for Titan’s tholins production and study. Planet.
Space Sci., 2006. 54: p. 394-404.
Quirico, E., et al., New experimental constraints on the
composition and structure of tholins. Icarus, 2008.
198(1): p. 218-231.Marr, J. and Morrissey, S. (2010)
Phys. Rev. Lett. 210, 123-126.
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Post-plasma SiOx Coatings of Metal and Metal Oxide Nanoparticles for Enhanced
Thermal Stability and Tunable Photoactivity Applications
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An aerosol technique is presented, which allows the
coating of particles with silicon oxide directly in the gas
phase in a continuous Plasma Enhanced CVD process. It
uses a non-thermal dielectric barrier discharge (DBD)
plasma at atmospheric pressure making the method quite
flexible in its integration into other processing steps. The
precursor is not in contact with the DBD plasma itself,
enabling a more stable process without the risk of
changing the discharge behaviour. Tetraethyl
orthosilicate (TEOS) is used since it reacts more slowly
compared to other common precursors, which facilitates
the control of the process.
In the presented contribution active species are
generated with a DBD discharge to facilitate the
reaction. Since the mixing of the gas flowing through the
discharge with the precursor/particle flow takes place
after the discharge, many reactive but short-living
species from the discharge do not participate in the
reaction. Ozone and nitrogen oxides are the main species
found in the post-plasma of nitrogen and air mixtures
and are as such the important species for this reaction.
As shown in figure 1 a difference in the coating
thickness measured with a SMPS and with a TEM was
observed when spherical particles were coated. This and
a liquid-like form of the coatings coupled with a cluster
formation of aerosol particles suggest an intermediate
vapour that condenses on the aerosol prior to the
formation of the solid SiOx coating in a sol-gel reaction.
The results also show that a reaction time of at least a
few minutes between mixing of the precursor and the
plasma species and the sampling is required for these
ambient conditions. The reaction time of 1.4 min in
figure 1 (left) is too short to completely convert the
liquid film into a solid coating, so that the solid coating
thickness is here independent of the concentration. In
contrast, the reaction time has a significant impact on
both the liquid and solid coating thickness for a given
precursor concentration as shown in figure 1 (right). The
control of both the reaction time and precursor
concentration allows a variation of the coating thickness
on spherical particles as well as on agglomerates. On
agglomerates the coating can be controlled to cover
nearly only the interparticle spaces between branches.
Results for different particle materials are
presented that confirm the proof of concept of this
process for the homogeneous coating of nanoparticles.
Examples are shown in figure 2 with coated CuO, TiO2
and Pt particles.

The process could be used for the thermal
stabilization of agglomerates or the control of
photoactivity. For both examples first experiments
showed promising results.

Figure 1. Comparison between coating thickness
measured with SMPS and TEM for different precursor
concentrations (reaction time of 1.4 min) (left) and for
different reaction times (TEOS concentration of
0.7 ppmv) (right).

Figure 2. SiOx coated CuO
(top left), TiO2 (top right)
and Pt (bottom) nanoparticles.

This work was supported by the German Research
Foundation under grant WE 2331/18-1.

European Aerosol Conference 2016

Tours, France

Page 427 of 1211

Synthesis of single digit nanoparticles with a dielectric barrier discharge at atmospheric
pressure
A. Werner1and A.P. Weber1
1

Institute of Particle Technology, Technical University of Clausthal, Clausthal-Zellerfeld, 38678, Germany
Keywords: nanoparticle, DBD, single digit, synthesis
Presenting author email: alexander.werner@tu-clausthal.de

Applications of non-agglomerated, single digit nanoparticles in the gas phase are of particular interest. Many
syntheses methods have difficult operating conditions
e.g. low pressure or high mass flows, to generate nonagglomerated, single digit nanoparticles.
In this work a particle synthesis method with a dielectric
barrier discharge (DBD) reactor will be investigated.
This DBD reactor works at low temperature and ambient
pressure. Figure 1 shows a plate DBD reactor that was
used for the experiments.

Furthermore, it is possible to coat one of the dielectrics
with a metal suspension (e.g. Zinc particles bigger 2 µm
in isopropanol). Hence, synthesis of nanoparticles dependent on the coating material, as shown in figure 2, is
possible. Even nonmetal suspensions, like sulfur, allow
particle production.
There are several methods to adjust the particle
size distribution of the synthesized particles. The energy
per filament is higher for bigger gaps between the electrodes. Therefore, the particle size is increasing with
higher discharge energy [2]. Furthermore, the gas mass
flow and the type of gas are parameters that also influence the filamentary discharge. Figure 3 illustrates the
dependence of the particle size distribution on the discharge power.

Figure 1. Sketch of a plate DBD reactor.
An AC voltage was applied between the two metal electrodes. Each of the electrodes is covered by a ceramic
plate (dielectric). Because of the dielectric, a filamentary
discharge was initiated. Every filament evaporates the
surface that it hits during the discharge. The evaporated
surface condenses again and primary particles are
formed by homogeneous nucleation and are able to grow
by coagulation [1]. One dielectric can be exchanged with
a metal plate, so that the produced particles consist of the
used metal.

Figure 3. Comparison of several density distributions in
dependence on the discharge power that was measured
with a Lissajous figure.

[1] Borra, J.-P., N. Jidenko, J. Hou and A. Weber (2015)
J. Aerosol Sci. 79, 109 – 125.
[2] Borra, J.-P., N. Jidenko, C. Dutouquet, O. Aguerre J.
Hou and A. Weber (2011) Eur. Phys. J. Appl. Phys. 56,
24019-p1 - 24019-p7.
Figure 2. Synthesis of nanoparticles with different suspensions. Top left: Zn, top right: Sn, bottom left: C,
bottom right: S.
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Aerosol processes imply increasing research
efforts to control the charge distribution of aerosols for
size measurement, sampling, transport, and material
processing. The main method used for the measurement
of submicron particles size distributions is based on
differential mobility analysis (DMA) and requires to
charge aerosol with a well-defined charge distribution
(Fuchs, 1963; Wiedensohler, 1988) to convert aerosol
mobility distribution to aerosol size distribution.
A bipolar charger based on post-Dielectric Barrier
Discharge (DBD) has been evaluated as neutralizer for
submicron particles size measurements by mobility
analysis. The aim is here to test such post-DBD
neutralizer for the measurement of aerosol size
distribution in the range from 15 to 730 nm.
The post-DBD neutralizer consists of a DBD used
to produce bipolar ions and a charging chamber
downstream the DBD, where the sampled aerosols and
ions from the DBD are mixed. Aerosol is injected in
post-DBD to avoid aerosol precipitation in the discharge
gap and the related discharge destabilization. The DBD
is a plane-to-plane arrangement. Two planes of alumina
(thickness of 0.5 mm) are separated by a gap of 1.6 mm
and polarized by cylinder electrodes with 4 mm diameter
and 30 mm length. The flow section is 1.6 mm height ⨯
50 mm length. The discharge occurs as thin and brief
filamentary discharges (100 µm diameter and 20 ns
duration). Each filament is a transient and localised
source of positive and negative ions initially located and
the cathode and anode side of the filament respectively
(Borra 2006, Bourgeois 2009). Ions are blown from the
discharge using air or N2 flow. During the 100 ns ion
transport from the discharge to the charging chamber,
the positive and negative ions are mixed to reach
homogeneous bipolar ion cloud.
Post-DBD ions densities and mobilities can be
controlled by flow rates and DBD voltage, and thus that
charge distribution could be adjusted for aerosol
neutralization. Bipolar ion currents injected in the postDBD charger control the maximal aerosol concentration
that can be neutralized and the nion.τ product. Charge
distributions were measured versus DBD voltage,
aerosol diameter and concentration for monodisperse
aerosols from 15 to 730 nm as detailed in Alonso (2000).
An example of a size distribution measured with
85
Kr and post-DBD neutralizers using the data inversion
of the software without any modification is presented on
Figure 1 at F=60 kHz, Vp=8 kV and 0.3 L.min-1 for both
sampled aerosol and post-DBD ion flows.

Figure 1. size distribution of poly-modal aerosol
produced by nebulization of SiOx particle suspension
dp = 34 nm & np = 2 × 1011 m-3 with air flow in the DBD.
The size distributions are similar with 85Kr and
post-DBD neutralizer, for aerosol with diameters from
20 to 730 nm and concentration up to 6×1012 m-3 with a
total concentration of the size distribution only affected
within less than 10 %. The differences arise from the
slightly different mean charge in post-DBD than in 85Kr
that could be corrected using the real charge distributions
in the data inversion.
As expected from Gunn’s law, the mean charge
and the squared standard deviation are proportional to
particle diameter and constant whatever the aerosol
concentration is.
This post-DBD bipolar charger can neutralizer
submicron aerosol and is suitable for SMPS size
distribution measurements with air, or with nitrogen
injection in the DBD to suppress ozone production from
air DBD.
The authors would like to thank Palas GmbH for their
funding of this research.
Alonso M. et al. (2000). After-charging effects downstream of
a neutralizer. JAS, 32(2), 287-294
Borra J.-P. (2006). Aerosol processing in electrical discharges.
J Phys.D.: Appl. Phys. 39(2), R19-R54.
Bourgeois, et al. (2009). DBD as a post-discharge bipolar ions
source. J Phys. D: Appl. Phys.42(20), 205202.
Fuchs, N. A. (1963). On the stationary charge distribution on
aerosol particles in a bipolar ion. Geofisica Pura e
Applicata, 56, 185-193.
Gunn, R. (1955). The statistical electrification of aerosols ionic
diffusion. J. Coll Sci, 10(1), 107-119.
Wiedensohler, A. (1988). Bipolar Charge distribution for
particles in submicron size. JAS, 19(3), 387-389.
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Chemical characterization of airplane soot: complete engine versus combustion
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Emission of soot particles by airplanes are nowadays
a big concern due to their effect on air quality and
climate, either directly (interaction with incoming
solar radiation) or indirectly (generation of nuclei for
cirrus clouds formation). For example, up to 10%
increase of cirrus clouds has been observed in flight
corridors (Boucher, 1999).
Soot chemical
composition,
especially
surface
chemical
composition, plays a key role in its reactivity in the
atmosphere. The hydrophilic or hydrophobic
character of the compounds adsorbed on the soot
surface will determine its ice nucleation potential.
The present work has been developed in the
frame of the French national project MERMOSE
(http:// mermose.onera.fr/), which aims to
characterize the soot emissions from aircraft engines
and to determine their role in the contrail formation.
Our specific goals have been to provide a systematic
characterization of soot particles that can be used to
interpret ice nucleation studies under development in
the frame of the project. We focused this study on
two experimental tests performed during MERMOSE
project. In the first campaign soot samples were
collected from a complete airplane engine
(SNECMA/Saturn PowerJet SaM-146 turbofan)
operating in various engine regimes corresponding to
the LTO cycle certification regimes. In addition, a
regime representative of cruise condition was tested.
Nevertheless, it has to be noted that the essay was
performed at ground level, thus not all parameters
were representative of the real high-altitude cruise
regime. In the second test campaign, a combustion
chamber representative of SAM-146 engine was
tested in the M1 test bench at ONERA facilities. This
bench allows reproducing the operating conditions of
an engine throughout its flight cycle. Therefore in
this test it was possible to optimize all the parameters
to reproduce high-altitude cruise conditions.
We have used two mass spectrometry
techniques to determine the surface chemical
composition of the samples: Two-Step (Desorption/
Ionization) Laser Mass Spectrometry (L2MS) and
Time of Fight Secondary Ion Mass Spectrometry
(ToF-SIMS). In L2MS, the adsorbed phase is probed
by nanosecond laser desorption, then, the ejected

molecules are ionized with a second laser and further
mass-separated by ToF-MS. In ToF-SIMS the sample
is bombarded with a Bi3+ ion beam and the secondary
ions generated are detected by ToF-MS. L2MS is
especially well suited for the study of PAHs present
on the soot surface, thanks to the resonant enhanced
multi-photon ionization (REMPI) of these
compounds at 266 nm. ToF-SIMS is complementary
to L2MS since it gives a more uniform response to
various families of molecules, also the higher
resolution achieved with this instrument allows a
more precise identification of certain compounds. On
the other hand, the fragmentation produced in this
technique is higher than in L2MS.

Figure 1. Total PAH content measured by L2MS
technique for both campaigns
The mass spectrometry studies allowed a
complete chemical characterization of the samples. In
general the contents in PAH were higher for the soot
collected from the combustion chamber. In both tests
the PAH content presents a similar dependence with
the engine regime (Fig 1.) with the only exception of
the 85% regime.
This work was supported by the CORAC
MERMOSE project, funded by French Civil Aviation
Authority (DGAC) and by the French National
Research Agency (ANR) through the PIA
(Programme d'Investissement d'Avenir) under
contract ANR-10-LABX-005 (LABEX CaPPA Chemical and Physical Properties of the
Atmosphere).
Boucher, O. (1999) Nature 397, 4525-4537.
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The Lille Ice Nucleation Chamber (LINC). Progress toward the definition of an
experimental protocol and results of early measurements.
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Aircraft jet engines release in the high
troposphere soot aerosols that potentially act as
condensation nuclei for either water or ice. The
nucleated ice particles and water droplets that form the
so called condensation trails (contrails) may evolve in
persistent cirrus–like clouds when the conditions are
favorable, and therefore impact the local albedo hence
the radiative balance of the atmosphere especially in
high density air traffic regions. Within this project we
developed a dedicated facility, the Lille ice nucleation
chamber (LINC), for a better understanding of the
indirect role of soot aerosols on persistent cloud
formation.
The LINC is a continuous flow diffusion chamber
based on the system first developed at the Colorado State
University (CSU-CFDC)1 which then evolved in the
Zurich ice nucleation chamber (ZINC) built at the Swiss
Federal Institute of Technology2. The LINC was
developed as a tool to obtain information on the dynamic
of heterogeneous ice nucleation in deposition mode and
in condensation freezing mode with soot particles as ice
nuclei. Indeed, we believe that the heterogeneous
nucleation of ice particles in the troposphere can be
reproduced in laboratory conditions once the physical
and chemical properties of the seeding aerosols are well
characterized. Hence, some critical properties of
nucleated ice like the particle size distribution and the
complex refractive index can be related to those of the
seeding aerosols.
The main goal of this work is to validate the
experimental protocol to operate the LINC and
eventually nucleate ice particles under controlled and
reproducible conditions. Since the measurements on the
efficiency of soot particles as ice nuclei are still subject
to large uncertainties, it is our opinion that any
experiment aiming to reproduce ice nucleation at
laboratory scale should detail the experimental
conditions as thoroughly as possible. In this work, we
take a step in this direction and we present a first
complete characterization of the onset of conditions in
which ice particles are nucleated inside the LINC
chamber. Such characterization is especially important
whenever any comparison of the data obtained in
different ice nucleation chambers is to be made. Since
the methodology behind the operation of ice nucleation
chambers is not yet fully validated, this approach will
help in creating a common measurement protocol,
possibly at international level. The investigated variables
include the ice layer thickness, the iced walls
temperature map, the reactor flow conditions and a

detailed characterization of the seeding aerosols for
instance.
At this stage of the project, particular attention is
devoted to aircraft engine exhausts. Soot aerosols are
generated in laboratory flames and have morphology
close to that of aeronautics soot3. In a typical experiment,
soot aerosols are sampled by means of a quartz
microprobe, diluted with a cold, inert gas to prevent
post-sampling coagulation, size selected, dried and
finally injected into the LINC main nucleation chamber
at controlled temperature, pressure and ice
supersaturation. The seeding aerosols are injected from
the top inlet of the nucleation chamber, while ice
particles are detected by optical counting at the bottom
outlet after a permanence time in the supersaturated
region of about 10 s. Temperature as low as –50°C and
ice supersaturation as high as 140% can be reached. A
short timescale, up to 10 s, is chosen in order to simulate
the early steps of the formation of contrails. The onset of
thermodynamic conditions at which heterogeneous
nucleation occurs and the nucleation rates are then
investigated as a function of the size distribution,
morphology and surface chemical composition of the
seeding soot aerosol.
The experimental data are expected to provide
useful information on the heterogeneous ice nucleation
mechanisms, and to help validating theoretical models
representative of the ice formation dynamic in the high
troposphere. The comparison of the data obtained from
different measurements is expected to provide original
and useful information on the interaction between soot
aerosols and water.

This work is supported by Labex CaPPA and by project
MERMOSE.
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Particulate matter emissions from aircraft gas turbines
are a concern for human health, environmental
degradation and climate change. Understanding the
effect of aromatics in the fuel on non-volatile particle
matter (nvPM) emissions is important for establishing
future regulations and for assessing potential emission
abatement strategies that intend to change fuel feedstock.
This work presents non-volatile PM mass and number
emission indices (EIs, mass or number nvPM/ mass fuel)
as a function of fuel aromatic content for two
measurement campaigns (Aircraft Particulate Regulatory
Instrumentation Demonstration Experiments (A-PRIDE)
7 and 8 with an aircraft gas turbine source run in the test
cell of SR Technics, Zurich airport.
The nvPM sampling system and system operation
corresponded to the recommended practice (SAE
International, 2013). The fuel (JET A-1) total aromatics
level was changed by a controlled injection of two
aromatic solvents into the fuel supply line to the engine.
The two aromatic solvents were Solvesso 150 and
Solvesso 150ND, of which the first one contained 6 %
by volume naphthalenes and the second one was
naphthalenes depleted (< 0.3%). Besides the unmixed
fuel that had a total aromatic content of 17.8% by
volume, three fuel blending ratios ranging from 22.5% to
24.7% by volume in total aromatic content were tested
for each solvent at various engine thrust points ranging
from idle to take-off.
The results show an increase in nvPM mass and
number EIs with increasing fuel aromatics content
(Figure 1).

experiment performed with the naphthalenes depleted
solvent (Solvesso 150ND); the bottom two panels show
the experiment performed with Solvesso 150 that
contained 6% (v/v) naphthalenes.
The most pronounced increase in EI (up to +100
% for mass and + 90% for number) was found at idling
engine thrusts (4-7%), indicating that fuel aromatics
have an impact on soot formation under this condition.
At the engine thrust near take-off (100%), the nvPM EIs
increased by 5 - 10 % for number and 10 - 20% for mass,
indicating a less significant effect of fuel aromatics. Of
the various fuel parameters tested, the EIs correlated best
with fuel hydrogen mass content. A simple model that
could be used for correcting fuel effects in emission
inventories and in future aircraft engine nvPM emission
standards was developed. The work presented here
extends our previous findings from A-PRIDE 7 (Brem et
al., 2015) which covered thrust levels greater than 30%
to the entire engine thrust range. The order of magnitude
of the increase in emissions with the increase in fuel
aromatics is in line with that study. A detailed analysis
that includes the correlation of relative change in
emissions with the change in fuel hydrogen mass content
is ongoing and will be presented at the conference.
The authors gratefully acknowledge SR Technics
Switzerland AG for their help and support
This work was supported by the Swiss Federal Office of
Civil Aviation (FOCA), project “Particulate Matter
and Gas Phase Emission Measurement of Aircraft
Engine Exhaust”, and the Swiss National Science
Foundation. Additional support was received from
GE Aviation and SNECMA for the A-Pride 7
campaign.

SAE International (2013) E-31, AIR 6241, 2013-11-18
Brem, B.T., Durdina, L., Siegerist, F., Beyerle, P.,
Bruderer, K., Rindlisbacher, T., Rocci-Denis, S.,
Andac, M.G., Zelina, J., Penanhoat, O., Wang, J.
(2015) Environ. Sci. Technol. 49, 13149−13157.
Figure 1. BC mass (circles) and nvPM number (crosses)
EIs as a function of sea level static engine thrust and fuel
total aromatics content (color coding) acquired during APRIDE 7. The top two panels correspond to the

European Aerosol Conference 2016

Tours, France

Page 433 of 1211

Poster Session P1-AT-SS3:

Physico-chemical characterization of soot particles and
their evolution

European Aerosol Conference 2016

Tours, France

Page 434 of 1211

Broadband Measurements of the Mass Absorption Coefficient of Soot Emitted by an
Inverted Methane Diffusion Flame
L. Renbaum-Wolff1,2, A. Fischer3, T. Helgestad4, A. Lambe1, G. Smith3, C. Cappa4, A. Sedlacek5,
P. Davidovits2, T. Onasch1 and A. Freedman1
1

Aerodyne Research, Billerica, MA 01821 USA
Department of Chemistry, Boston College, Chestnut Hill, MA 02467 USA
3
Department of Chemistry, University of Georgia, Athens, GA 30602 USA
4
Department of Civil and Environmental Engineering, University of California, Davis, CA 95616 USA
5
Environmental & Climate Sciences Department, Brookhaven National Laboratory, Upton, NY 11973 USA
Keywords: soot, absorption, broadband, flame
Presenting author email: af@aerodyne.com
2

Emission of soot by combustion systems comprises the
primary source of light absorbing carbon-based aerosols,
a species which plays an important role in radiative
transfer affecting climate change. The starting point of
all Global Climate Model (GCM) calculations is the
assumption that the wavelength dependence of the mass
absorption coefficient (MAC) of soot is λ-1. We present
wavelength dependent measurements of nascent soot
produced by a methane diffusion flame over a wide
spectral range (300-660 nm) in order to determine the
validity of this assumption.
For all these measurements, soot was generated
using a methane diffusion flame operated at an overall
fuel to oxygen ratio of 0.7 produced by an inverted
burner. The advantage of the inverted configuration is
that the buoyant gases from the downward combustion
flow prevent the flame from flickering, producing
relatively steady size distributions and concentrations,
not only over a short measurement period, but from dayto-day. A small fraction of the soot and combustion
gases was sampled using an eluter which serves to
heavily dilute the soot sample with nitrogen so as to
minimize any coagulation of the soot particles and to
keep the relative humidity of the gas phase below 15%.
The soot sample then flows through a neutralizer which
produces an equilibrium charge distribution on the soot
sample and then into a DMA where a nominal particle
size can be selected. The output of the DMA is then
directed to a Centrifugal Particle Mass Analyzer
(CPMA) where a fixed particle mass is then chosen.
The output of the CPMA is then sent to
instruments for the measurement of number density
(MCPC), mass (CPMA) and the presence of multiply
charged particles (SP2).
Soot absorption is also
measured with three instruments. The first two are
photoacoustic-based instruments which directly measure
absorption, one a laser-based monitor operating at 532
and 405 nm and the second, a lamp-laser hybrid
employing laser operating at 405 nm and 660 nm and an
incoherent light source combined with a rotating filter
wheel that produces measurements at a total of 8
different wavelength from 301 to 660 nm. The third
monitor, a CAPS PMssa monitor, provides an indirect
absorption measurement. It employs cavity attenuated
phase techniques to measure the total optical extinction
and an internal integrating nephelometer to measure the

scattering component. Absorption is derived from the
subtraction of these two quantities. At the low single
scattering albedo values measured (0.1-0.2), this
approach provides an extremely accurate measurement
of the soot absorption.
The results are shown below in Fig. 1. The value
of the MAC ranges from 6 m2 g-1 at 660 nm to 19 m2 g-1
at 301 nm. The error bars represent an estimate of the
accuracy of the relative absorption (not the MAC)
measurement at each point. Errors in the measurement
of the total mass loading, estimated at ±7% (which
includes contributions from measurement of soot particle
number density, per particle mass and the influence of
multiply charged particles), cause the entire set of points
to move up or down in concert. Plotting log(MAC)
versus log(λ) and using a linear least squares fit produces
an Ångstrom absorption exponent (AAE) of 1.25±0.25
where the uncertainty is 2σ in value. The data seem to
suggest that the AAE of nascent methane-flame
produced soot could be slightly greater than 1.

Figure 1. Measurement of the mass absorption
coefficient (MAC) of methane flame-produced soot as
a function of wavelength.
This work was supported by Atmospheric System
Research of the U.S. Department of Energy. A.F. also
acknowledges support from the DOE Small Business
Innovation Research program.
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Characterization in the discharge of plants, of atmospheric emission of black carbon
C. Raventos1, I. Fraboulet1, O. Favez1, J. Poulleau1, A. Fievet1, P. Dubois1, N. Karoski1, J. Ringuet2,
N. Allemand2, J. Sciare3, N. Bonnaire3, P. Hease3
1

Institut National de l’Environnement industriel et des RISques (INERIS), Verneuil-en-Halatte, 60550, France
Centre Interprofessionnel Technique d’Etudes de la Pollution Atmosphérique (CITEPA), Paris, 75010, France
3
Laboratoire des Sciences du Climat et de l'Environnement (LSCE) - UMR8212, CNRS-CEA-UVSQ, Gif-surYvette, France

2

Keywords: black carbon (BC), atmospheric emission, measurement technique, combustion
Presenting author email: cecile.raventos@ineris.fr
Soot, also commonly called Black Carbon (BC) is a
component mainly present in fine particles, which has an
impact on human health and climate. It results from
incomplete combustion of fossil fuels and from biomass.
But the knowledge on the emission factors of the main
sources requires to be improved, so as to be able to target
the suitable reduction actions of emissions from
industrial installations and domestic sources of
combustion to be implemented.
Today various techniques have been developed
for the measurement of soot in ambient air, allowing the
characterization of immissions, even if these methods do
not show themselves fully equivalent, and if a
harmonization of the practices and an improvement of
the methods are still necessary.
On the other hand the measurements of soot
emissions due to combustions sources remain very
limited, as in particular mentioned by the group of expert
in charge of the preparation of the amendment of the
Protocol of Göteborg, in which the soot was recently
included. The gaps in the knowledge on black carbon
emissions, and the uncertainties on the available data are
mainly due to the absence of comparison between the
applied methods, which uses generally remain rather
limited to research purpose.
This study proposes to:
- Identify the existing measurement methods for the
characterization of soot in emission, or estimating the
adaptations to be brought to ambient air methods, to
characterize BC emissions from combustion sources
- Evaluate the methods on bench test: performances
(robustness, repeatability), implementation (necessary
equipments, required quality controls), comparison of
the results during measurements on the same source
(biomass boiler)
- Perform measurement campaigns on installations
corresponding to sources identified, as important
contributors of BC emission by CITEPA to: confirm "the
applicability" of the methods on real sites, estimate their
equivalence on different sources / matrix, calculate
sources emission factors, confirm or estimate the
distribution in size of the particles of BC
State of progress: implementation and test on
bench test, of the measurement methods identified as the
most suited and interesting.
Methods chosen by taking into account potential,
levels of concentration:

- Adaptation of method using optical analysers, applied
in ambient air, with a preliminary dilution of the sample
(measurement of equivalent BC: EBC);
- Sampling on filter of total suspended particulates (TSP)
and with cascade impactor, associated to a thermal
analysis 2-Steps developed by Cachier and al.
(measurement of elementary carbon: EC).
Test bench with 13 sampling ports (SP)

CO, CO2, NOx, water
vapour with FTIR

O2, CO2, COVT

Boilers
Biomass/fuel/gas
SP 1:
Dilution probe +
AE33 + CAPS +
TEOM + filter TSP

SP 3:
Impactor
SP 2:
Pitot tube

SP 5:
TSP

SP 7:
TSP

SP 9:
Impactor

SP 4:
Measurement of water vapour

Figure 1. Test of chosen methods on a test bench.
Results so far:
- Good repeatability of each method individually (when
2 equipments were available), and good comparability of
both optical equipments tested on one hand, and
“thermal” measurements on the other hand
- But important gap between EC and EBC measurements
(ratio EBC/EC comprised between 7 and 44; mean: 30)
EC, EBC (mg/m03)

BC concentrations in mg/m03

11
10
9
8

EBC - CAPS
EBC - AE33-54 - 880 nm
EC - TSP-T7
EC - PM10-T3
EC - PM10-T9

EBC - AE33-47 - 880 nm
EC - TSP-T5
EC - PM2,5-T3
EC - PM2,5-T9

7
6
5
4
3
2
1
0

Figure 2. Comparison of EC and EBC measurements
- Identification of key points and weak points for each
method: from the point of view of the implementation,
performances, equipments, cost;
Additional tests are planned in 2016 before of
realizing on-site tries.
This work is supported by ADEME (French
Environment and Energy Management Agency) and the
French Ministry of Ecology, Sustainable Development
and Energy (MEDDE).
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In-situ characterization of soot formation based on the temporal analysis of laser
induced incandescence and scattering signals
G. Lefevre1 and J. Yon1
1

UMR 6614 CORIA, Normandy University, CNRS, University and INSA of Rouen, BP 12, 76801, Saint
Etienne du Rouvray Cedex, France
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Soot emitted from various combustion systems and fires
into the atmosphere have been considered as the second
largest contributor to global warming just after CO2
(Bond, Doherty et al. 2013) and found harmful to human
health. This second point can be explained by their nanosize and large specific area (Brown, Wilson et al. 2001)
favoring the transfer of toxic compounds as PAH (Lighty,
Veranth et al. 2000) to the organism. For these reasons
and for a better understanding of soot formation and
growth during combustion processes, it is important to
develop techniques able to follow the growth of soot
particles and their chemical composition. This hard task
is rarely achieved by in situ optical techniques.
Furthermore, a single optical technique can not inform us
about all parameters of soot. Therefore it is important to
couple techniques to properly characterize these
nanoparticles. LII is a powerful laser based technique that
allows obtaining information on the soot volume fraction
and more indirectly on the primary particle size,
respectively through the amplitude and the time related to
the LII signal decrease. Generally, LII measurements are
performed with an infrared laser source in order to avoid
the contamination of the signal by fluorescence and
detected with a lower wavelength. Static light scattering
(SLS) is another optical technique, able to inform us about
the particle size because this signal is proportional to the
aggregates concentration and to the square number of
primary particles per aggregate. SLS being an elastic
phenomenon, visible wavelengths are generally used as
excitation source. (Reimann, Kuhlmann et al. 2009;
Snelling, Link et al. 2011; Olofsson, Simonsson et al.
2015) have already shown that the coupling of these
techniques could bring new information on properties of
soot aggregates.
In this study, a coupling of LII and SLS with only one
laser source (ND:YAG doubled at 532 nm) and one
detection system (photomultiplier tube) with an
interference filter centered at 442 nm is proposed to study
the soot formation along the centerline of an ethylene
diffusion flame and some ethylene/air partially premixed
flames. SLS signal being more than ten thousand times
stronger than the LII signal, a part of the SLS signal
remains detectable in spite of the interference filter and a
temporal extraction of LII and SLS signals becomes
possible. This extraction is validated by comparing the
obtained results with true LII (at 1064 nm) and true SLS
(Detected at 532 nm). The first advantage of this approach
is that SLS/LII signals are obtained simultaneously with
exactly same conditions. Secondly, by using a polarizer in

front of the detection, we can also study the depolarization
ratio of SLS signal (=Ivh/Ivv) that is connected to the
primary particle size and to the scattering function F(m)
(Bescond, Yon et al. 2013). This technique can also be
applied to soot (miniCAST) reinjected into a non-sooting
flame in order to observe evolution of their properties
during the oxidation phase.
In this study, SLS, LII and depolarization are determined
at different heights above the burner, using diffusion and
premixed ethylene flames.

Bescond, A., J. Yon, et al. (2013). "Numerical
investigation of the possibility to determine the
primary particle size of fractal aggregates by
measuring light depolarization." J. Quant.
Spectrosc. Radiat. Transfer 126(0): 130-139.
Brown, D. M., M. R. Wilson, et al. (2001). "Sizedependent proinflammatory effects of ultrafine
polystyrene particles: a role for surface area and
oxidative stress in the enhanced activity of
ultrafines." Toxicology and applied
pharmacology 175(3): 191-199.
Lighty, J. S., J. M. Veranth, et al. (2000). "Combustion
aerosols: factors governing their size and
composition and implications to human health."
Journal of the Air & Waste Management
Association 50(9): 1565-1618.
Olofsson, N.-E., J. Simonsson, et al. (2015). "Evolution
of properties for aging soot in premixed flat
flames studied by laser-induced incandescence
and elastic light scattering." Applied Physics B
119(4): 669-683.
Reimann, J., S. A. Kuhlmann, et al. (2009). "2D
aggregate sizing by combining laser-induced
incandescence (LII) and elastic light scattering
(ELS)." Appl. Phys. B-Lasers O 96(4): 583592.
Snelling, D., O. Link, et al. (2011). "Measurement of
soot morphology by integrated LII and elastic light
scattering." Applied Physics B: Lasers and Optics
104(2): 385-397.
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Water uptake by soot emitted during industrial fires: physicochemical analysis and
water sorption measurements
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The principal aim of this study is to develop a
model of water adsorption/condensation (AC) on soot
emitted in fire conditions. This model would be
developed by determining the most influencing
physicochemical parameters of soot on the water
sorption process. This present communication highlights
the dependence of fuel type on soot structure and points
out discrepancies in terms of water-soot interactions.
Experiments have been carried out with soot
particles produced by combustion of isolated fuels
commonly used in a nuclear facility, i.e. polymers
(Plexiglas + PVC) and electrical cables, and by
combustion of real gloves boxes and electrical cabinets.
Characterization of particles has been performed with a
Transmission Electron Microscopy (TEM) for
determining the morphology (fractal structure, overlap
coefficient Cov), size (primary particle diameter Dpp) and
chemical composition. The specific surface (SBET) has
been measured thanks to the BET method
(Micromeritics 3Flex). The elemental to organic carbon
ratio (Sunset Lab) and the condensed material content TC
(“Karl-Fischer” method) of soot has been also
determined. Physicochemical properties of soot particles

measured according to this procedure are reported on
table 1.
Table 1. Soot physicochemical properties.

Water
sorption
isotherms
have
been
experimentally measured with Setsys / Wetsys from
Setaram and DVS Vacuum from Surface Measurement
Systems. Results presented on figure 1 show that soot
emitted in case of fire are more hygroscopic than those
emitted by gaseous burner (CAST).
Number of water monolayers (-)

Fire is the most likely hazardous risk in a nuclear facility
and can lead to emissions of radioactive particles and
soot in the atmosphere. Understanding and predicting the
behaviour of the HEPA (High Efficiency Particulate Air
Filter) filters, which are the last barriers between the
atmosphere and the facility, is essential. Indeed, the
clogging process of HEPA filters by soot leads to an
increase of their airflow resistance and then to their
potential failure. IRSN and LRGP have developed
models for predicting the pressure drop of such filters by
dry soot particles according to their physical properties
[1, 2]. Nevertheless, in case of fire, soot particles
strongly interact with gas/vapours during their transport
from the fire room to the ventilation ducts. It may
significantly modify the properties of the cake formed at
the HEPA filter surface. A sorption model, based on the
theory of multimolecular adsorption (described by the
GAB equation) and the capillary condensation (Kelvin’s
law), has been recently developed [3] to predict the
water uptake (the most likely vapour produced during
fires) by ideal nanoparticles assumed to be spherical,
non-porous and in point contacts. Although this model
has been validated for spherical non-porous
nanoparticles in point contact, its relevance for
predicting water sorption on soot particles is questioning.

Electrical cabinet
2/3 PMMA - 1/3 PVC
Gloves box
Electrical cables
CAST 4% OC [4]
CAST 27% OC [4]

100
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1
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Figure 1: Water sorption isotherms for soot particles.

[1] Ouf, F.-X., Ferry, D., Mocho, V.-M., Pontreau, S.,
Wang, Z., Ferry, D. and Yon, J. (2014) Aerosol Sci.
Tech., 48:9, 939-947.
[2] Thomas, D., Ouf, F.-X., Gensdarmes, F., Bourrous,
S. and Bouilloux, L. (2014) Sep. Purif. Technol., 138,
144-152.
[3] Ribeyre, Q., Grévillot, G., Charvet, A., Vallières, C.
and Thomas, D. (2014) Chem. Eng. Sci., 113, 1–10.
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Particulate emissions produced from gas CAST, liquid fuel CAST, and ship diesel
engine
L. Mueller1,2, J. Schnelle-Kreis1, G. Jakobi1, B. Stengel3, L. Jing4, and R. Zimmermann1,2
1

Joint Mass Spectrometry Centre, Cooperation Group Comprehensive Molecular Analytics, Helmholtz Zentrum
München, 85764 Neuherberg, Germany
2
Joint Mass Spectrometry Centre, Chair of Analytical Chemistry, University of Rostock, 18051 Rostock,
Germany
3
Fakultät für Maschinenbau und Schiffstechnik Lehrstuhl für Kolbenmaschinen und Verbrennungsmotoren,
University of Rostock, 18059 Rostock, Germany
4
Jing Ltd, Zollikofen, BE, Switzerland
Keywords: soot, particulate matter, emission, diesel fuel, aerosol mass spectrometry
Presenting author email: laarnie.mueller@helmholtz-muenchen.de

Combustion processes of fossil fuels dominate energy
conversion mechanisms (Chu and Majumdar, 2012)
which can be found in major economic activities such as
transportation, industrial, and commercial as well as in
residential activities. In this work, the behavior, physical
and chemical properties of particulate emissions
produced from combustion aerosol standards (CAST)
using propane and DF with or without additives and ship
diesel engine using HFO and DF were studied by using
aerosol online instrumentation techniques.
Combustion aerosol particles produced from ship
diesel diesel engine by using HFO 180 or diesel fuel
(DF, EN 590) (Mueller et al., 2015a) were compared to
those produced from propane flame mini-CAST using Φ
= 0.89 and 1.13 (Mueller et al, 2015b), as well as the
particles from DF with or without metal additives (Fe,
Al, V) that were generated using a DF CAST prototype
burner generated at λ = 10.4 and 5.4 (Mueller et al.,
2016). The high resolution aerosol mass spectrometry
(HR-ToF-AMS), scanning mobility particle sizer
(SMPS), and aethalometer were applied to measure the
resulting emissions online.
Figure 1 shows the different contributions of the
organic matter (OM) families depending on the fuel type
and the combustion condition. The combustion particles
from the engine produced a lesser degree of mixing of
OM families consisting mainly of hydrocarbon families.
But depending on the engine setting the mixing state of
the organic becomes less homogenous. Contributions of
oxygenated organic compounds increased at 75% engine
load for HFO and 25% engine load for DF. For the DF
burned in CAST burner, the contribution of oxygenated
hydrocarbons is higher compared to the engine generated
DF combustion particles. Interestingly, the mixing of
organic families increased with the addition of metal
additive to the DF. For Al additive, the increase of
oxygenated and N-containing organics increased as well
for DF + Fe. This shows that the mixing state of the
organic fraction of the combustion aerosols can be tuned
depending on the fuel, combustor, and the combustion
setting.
From these results, insights regarding the
formation of particulates from different combustion
setups can be learned. The mini-CAST particles seemed

to be dominated by the PAH/BC formation only. The DF
CAST particles seemed to be formed via PAH/BC,
incomplete combustion via the HCO route, and metalcatalyzed formation mechanisms which is the same for
HFO with the addition of unburned fuel route. DF
particles from the ship diesel engine were formed via
PAH/BC and incomplete combustion routes. The DF
CAST particles can be compared with the engine
combustion aerosol particles at efficient combustion
engine setting only due to the limitation in vaporizing
and diffusing the higher molecular weight species into
the flame in the DF CAST.

Figure 1. Comparison of the contribution of each OM
family between the different combustion setups: miniCAST, DF CAST and ship diesel engine at different
combustion conditions.
This work was supported by the Helmholtz Virtual
Institute for Complex Molecular Systems in
Environmental Health.
Chu S, Majumdar A. (2012) Nature. 488, 294-303.
Mueller L, Jakobi G, Czech H, Stengel B, et al. (2015)
App. Energ. 155, 204-17.
Mueller L, Jakobi G, Orasche J, et al. (2015) Anal
Bioanal Chem. 407, 5911-22.
Mueller L., Schnelle-Kreis, J, Jakobi, G. et al., (2016)
submitted.

European Aerosol Conference 2016

Tours, France

Page 439 of 1211

Tuesday, September 6, 2016
Session PL2 – Plenary lecture 2

Paolo MILANI:
Supersonic cluster beam deposition of nanostructured
devices and nanocomposites for biomedical and clinical
application

European Aerosol Conference 2016

Tours, France

Page 440 of 1211

Supersonic Cluster Beam Deposition of Nanostructured Devices and Nanocomposites
for Biomedical and Clinical Applications
Paolo Milani
CIMAINA and Department of Physics, University of Milano, via Celoria 16, 20133 Milano, Italy
paolo.milani@mi.infn.it
The development of analytical tools and smart
prosthetics in biotechnology and medicine with
improved performances, sensitivity and information
throughput needs the capability of mastering integrated
fabrication approaches where biological entities coexist
with artificial nano- and microstructures.
It is well known that nanoscale topographical
features of the cellular microenvironment determine
cellular functions [1]. A major challenge consists in the
fabrication and integration of artificial nanoscale cues
able to control the cell fate with nanoelectronics,
microsensors, micro/nano actuators, microfluidics in a
unique platform. The need for bio and non-bio
components coexisting in small packages implies the
integration of hardware with different length scale
features (from the millimeter to the nanometer range)
and large material diversity [2].
This can be obtained by the convergence of topdown microfabrication with bottom-up assembling of
nanoparticles to make compatible different length scales,
architectures, materials, manufacturing methods. In
particular the assembling of nanoparticles to form
nanostructured layers on microfabricated platforms is the
basis for the production of a novel class of miniaturized
devices capable to meet the requirements for the high
throughput in vitro study of cells [1]. Many applications
in biomedicine, prosthetics, wearable electronics and
robotics require also the integration of electronic, optical
and actuation capabilities on soft and conformable
polymeric substrates to form nanocomposites [3].
Gas phase routes for the production and
assembling of nanoparticles can play a prominent role in
the fabrication of this new class of devices and
nanocomposites, however the convergence of different
manufacturing processes is still hampered by the
mismatch between the degree of maturity of top-down
and bottom-up approaches in relation with production
scale-up, cost effectiveness, reliability, compatibility
with industrial and environmental standards [4].
Nanoparticle gas phase synthesis (aerosols in particular)
is a well-established and versatile approach for the
production of large quantities of nanoparticles with a
high level of control on their physico-chemical
properties, however top-down/bottom-up integration
requires solutions able to deliver and integrate
nanoparticles at precise addressable locations.
Here I will describe and discuss a nanofabrication
method based on the use of supersonic cluster beam
deposition (SCBD) [4, 5] demonstrating that this is a
very effective enabling tool for the large-scale
integration of nanoparticles and nanostructured films on
microfabricated platforms and smart nanocomposites for

applications in the field of cell biology, microfluidics
devices for clinical analysis and for the fabrication of
neuroprosthetics.
SCBD is a bottom-up additive technique able to
produce nanostructured films by assembling clusters on
substrate to obtain a nanoscale topography mimicking
the structure of the extracellular matrix and integrating it
into microfabricated platforms. This is obtained by
exploiting the high intensity typical of gas phase aerosol
sources with manipulation of the nanoparticles typical of
supersonic expansions [6].
In particular I will describe the use of SCBD for
the large scale fabrication of microfluidic devices for the
analysis of chromosomal aberrations in cancer currently
used in clinical diagnostic practice [7].
I will also concentrate on the use of supersonic
cluster beam for the production of stretchable and
compliant nanocomposites on elastomers such as PDMS
to obtain stretchable conductive circuits and electrodes
to be used in the realization of systems for neural
electrical stimulation and recording [3].

[1] Schulte, C. et al. (2016) J. Nanobiotechnol. 210,
14:18.
[2] Wegner, K. et al. (2012) Nanotechnology 23, 185603
[3] Corbelli, G. et al. (2011) Adv. Mater. 23, 4504
[4] Wegner, K. et al. (2006) J. Phys. D: Appl. Phys. 39,
R439
[5] Wegner, K. et al. (2006) KONA 24, 54
[6] Tafreshi, H.V. et al. (2002) Aerosol Sci. Technol. 36,
593
[7] Zanardi, A., et al. (2010) BioTechniques 49, 497
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The Fifth International Ice Nucleation (FIN) Workshops: Overview and Selected Results
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The role of aerosol particles for ice formation in clouds
contributes one of the largest uncertainties in
understanding the Earth’s weather and climate systems,
which is related to the poor knowledge of ice nucleation
microphysics or of the nature and atmospheric
abundance of ice nucleating particles (INPs). During the
recent years, new mobile instruments were developed for
measuring the concentration, size and chemical
composition of INPs, which were tested during the threepart Fifth International Ice Nucleation (FIN) workshop
(Table 1).
This activity continued the series of international
collaborative workshops of ice nucleation research
(Figure 1), the last one conducted in 2007 (DeMott et al.,
2011). The FIN activities not only focused on instrument
issues, but also addressed important science topics like
the nature of atmospheric INP and cloud ice residuals,
the ice nucleation activity of relevant atmospheric
aerosols, or the parameterization of ice formation in
atmospheric weather and climate models.

comparison was conducted during two days of the FIN-2
activity.
The third activity FIN-3 took place at the Desert
Research Institute’s Storm Peak Laboratory (SPL),
Steamboat Springs, CO. A selected number of INP
instrument was combined with aerosol characterisation
instruments to study the performance of INP instruments
at a remote mountain station field site.
This contribution will introduce the FIN activities,
summarize first results from the formal part of FIN-2,
and discuss selected results, mainly from FIN-1 for the
effect of coating on the ice nucleation by mineral
aerosols. The coating with both secondary organic
compounds and sulphuric acid was conducted in the
AIDA chamber at relevant temperatures and precursor
concentrations and was monitored with the particle mass
spectrometers. Already very thin, atmospherically
relevant coatings reduced deposition IN, but had little
effect on immersion freezing.

Table 1: Date and location of the FIN activities. FIN-1
and FIN-2 were conducted at the AIDA facility, KIT
Karlsruhe, FIN-3 at the Desert Research Institute’s
Storm Peak Laboratory, Steamboat Springs, CO.
Activity
FIN-1
FIN-2
FIN-3

Date
Nov 2014
Mar 2015
Sep 2015

Location
AIDA
AIDA
SPL

Topic
Aerosol MS
INP instruments
Field site

The first activity FIN-1 was conducted during November
2014 at the AIDA (Aerosol Interaction and Dynamics in
the Atmosphere) cloud chamber. It involved co-locating
nine single particle mass spectrometers (Aerosol MS) to
evaluate how well they resolve the INP and ice residual
composition and how spectra from different instruments
compare for relevant atmospheric aerosols. We
conducted about 90 experiments with mineral,
carbonaceous and biological aerosol types, some also
coated with organic and inorganic compounds.
The second activity FIN-2 was conducted during March
2015 at the AIDA facility. A total of nine mobile INP
instruments directly sampled from the AIDA aerosol
chambers. Wet suspension and filter samples were also
taken for offline INP processing. A refereed blind inter-

Figure 1: Series of international ice nucleation workshop
activities since 1967.
This work was supported by the National Science
Foundation (NSF), the United States Department of
Energy (DOE), and the Deutsche Forschungsgemeinschaft (DFG).
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Biomass burning and cloud interactions observed during the DC3 field
campaign over Colorado (USA)
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Measurements of aerosol optical, chemical, and
microphysical properties were made aboard the NASA
DC-8 in summer 2012 as part of the Deep Convective
Clouds and Chemistry Project (DC3) field campaign.
DC3 investigated the impact of deep, mid-latitude
continental convective clouds, including their dynamical,
physical, and lightning processes, on upper tropospheric
(UT) composition and chemistry. The DC3 field
campaign made use of extensively instrumented aircraft
platforms and ground-based observations. The
NSF/NCAR Gulfstream-V (GV) aircraft was the primary
platform to study the high altitude outflow of the storms,
and was instrumented to measure a variety of gas-phase
species, radiation, and cloud particle characteristics. In
addition, the NASA DC-8 aircraft completed the GV
measurements with in situ observations to characterize
the convective storm inflow.
On the morning of June 9, the High Park fire,
caused by a lightning strike, was first detected. It was
declared 100 percent contained on June 30, 2012. The
High Park fire burned over 87,250 acres (353.1 km2),
becoming the second-largest fire in recorded Colorado
history by area burned. On June 22nd, convective clouds
started to pop out downwind the smoke plume. The DC8 flew (1) in front of the convective cloud within the
boundary layer (2) within the smoke plume (~7 km) and
(3) the rear edge of the cloud to characterize the inflow
the smoke plume and the outflow respectively.

In-situ measurements of aerosol microphysical
properties (number density, chemical composition, size
distributions, growth rate and volatility) as well as
optical parameters (extinction, scattering and absorption
coefﬁcients) were performed aboard the NASA DC-8
aircraft. The extinction coefficient measured within the
smoke plume was up to 2 000 Mm-1, the BC
concentration about 5.5 µg m-3 and the acetonitrile
concentration reached 3 ppbv. Within the outflow (~10
km), prove of biomass burning aerosol transport are
numerous: high extinction (~250 Mm-1) and absorption
coefficients (~20 Mm-1), high aerosol number
concentration (35 000 cm-3). Surprisingly, the growth
factor of biomass burning particles observed within the
outflow was lower by a factor of 10% indicating a
restructuration of the soot during the ‘wet’ transport.

Figure 2. Profile of Ice Water Content (IWC) and Black
Carbon (BC) observed during the 22nd of June 2012.

Figure 1. Picture taken from the DC-8 on the 22nd of
June 2012.

During the entire DC3 campaign, the DC-8 flew
within the outflow of several convective systems (>10).
The Ice Water Content (IWC) observations performed
aboard the DC-8 were in average below 0.5 g m-3.
During the particular case of the June 22nd, a huge
enhancement of the IWC has been observed within 2
distinct layers at 8km (i.e. right above the smoke plume)
where the IWC was larger than 1 g m-3 and at 10km
(within the outflow) where the IWC was larger than 1.5
g m-3. GOES data will be analysed to better understand
this case.
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Size distribution and black carbon content of ice residual particles in mixed-phase
clouds at the high-alpine site Jungfraujoch
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Supercooled liquid clouds do occur at temperatures
below 0 °C as homogeneous freezing of cloud droplets
only occurs at approximately ‒38 °C. Heterogeneous
freezing of supercooled cloud droplets can be caused by
ice nucleating particles (INP) at temperatures above
‒38 °C. If present, INPs can trigger ice formation and
with that also the Wegener-Bergeron-Findeisen process,
which transforms supercooled liquid clouds to mixedphase or fully glaciated clouds. However, the number of
INPs in the temperature range ‒10 °C to ‒20 °C (typical
for wintertime conditions at the high-alpine site
Jungfraujoch), is several orders of magnitude lower than
total particle number. Understanding the properties and
abundance of INPs is an important piece of information
required to assess the effect of heterogeneous freezing
processes on cloud optical properties and precipitation
efficiency.
In this study (Kupizewski et al., 2016), we
applied a sophisticated inlet named “Ice-CVI” (Mertes et
al., 2007), which exclusively extracts ice crystals with
diameters between 5 and 20 µm from mixed-phase
clouds, in order to study INPs in ambient clouds
encountered at the high-alpine Jungfraujoch site
(3’580 m asl). The selected small ice crystals are dried
such that the ice residual particles (IRP), which are
expected to be INPs, can be characterized and contrasted
with the total aerosol. We measured the size distribution
using scanning mobility particle sizers and optical
particle sizers, and determined the fraction of black
carbon (BC) containing particles using single particle
soot photometers (SP2).
Results
The ice activated fraction (IAF), defined as the ratio of
IRP to total particle number concentration at a certain
size, was found to be strongly size dependent with values
as low as 3·10-4 for particles with diameters below
100 nm and values reaching about 0.6 in the diameter
range above 1 µm. Nonetheless, in absolute terms, the
submicron IRPs still dominated the total number of
IRPs.
The SP2 measurements further revealed that BCcontaining particles are about one order of magnitude

less active as heterogeneous ice nuclei compared to BCfree particles with equal overall particle optical diameter.
This is in disagreement with a previous study (Cozic et
al., 2008). However, we consider the result of our study,
which is based on BC particle number rather than BC
mass, to be more relevant. We conclude that BC
particles likely play a minor role for the glaciation of
supercooled clouds in the temperature range covered in
this study (~ ‒8 to ‒26 °C).

Figure 1. Ice activated fraction of BC-free and BCcontaining particles as a function of total optical
diameter of the particles as measured by the SP2
downstream of the Ice-CVI inlet operated in mixedphase clouds at the high-alpine site Jungfraujoch.
This project was supported by the SNSF (grant 135356),
the DFG (HALO, INUIT and grant SCHN 1140/2-1),
MeteoSwiss (GAW-CH program), the European
Research Council (ERC-CoG 615922-BLACARAT) and
the EU FP7 projects ACTRIS and BACCHUS. We also
thank the International Foundation High Altitude
Research Stations Jungfraujoch and Gornergrat
(HFSJG).
Mertes, S., Verheggen, B., et al. (2007) Aerosol Sci.
Technol., 41, 848-864.
Cozic, J., Mertes, S., et al. (2008) J. Geophys. Res., 113,
D15209.
Kupiszewski, P. Zanatta, M., et al., (2016) J. Geophys.
Res., submitted manuscript.
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Microphysical properties of clouds and comparison of cloud probes’ performance
during the Pallas Cloud Experiments (PaCE).
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Atmospheric clouds are complicated systems which play
a significant role in climate. Interactions between clouds
and aerosols are associated with some of the largest
uncertainties in predictions of climate change. Many of
the climatically important cloud properties (e.g. albedo,
precipitation rate and lifetime) depend, amongst other
factors, on the number concentration of aerosol particles
and on their chemical composition (Komppula, 2005;
Lihavainen, 2008).
Continuous, semi-long term, ground based, in-situ
cloud measurements were conducted during the last
three intensive Pallas Cloud Experiments (PaCE) in
autumns of years: 2012, 2013 and 2015. The campaigns
were focusing on cloud and aerosols physico – chemical
properties and their interactions. The measurements were
conducted in Finnish sub-Arctic region at Sammaltunturi
station (67◦58´N, 24◦07´E, 560 m a.s.l.), the part of Pallas
Sodankyla - Global Atmosphere Watch (GAW)
programme.

Figure 1. A) The FSSP probe and B) the CAPS probe,
both as they were installed on Sammaltunturi station
during PaCE 2015.
We made a detailed analysis of all measured
cloud microphysical properties and how they were
influenced by meteorology. Furthermore, we mutually
compared and benchmarked performance of three cloud

probes: the Cloud, Aerosol and Precipitation
Spectrometer probe (CAPS), the Cloud Droplet Probe
(CDP) and the Forward Scattering Spectrometer Probe
(FSSP-100), all three made by DMT, Boulder, CO,
USA. The FSSP and CDP were placed on a rotating
platform, so that the inlet was always against the wind
direction. The CAPS probe was fixed and heading the
main wind direction at the station (NW) (see Fig.1).
The station is occasionally inside a cloud which
allows
direct
measurements
in
aerosol-cloud
interactions. Measurements were conducted during
autumn because the probability of the station to be inside
a cloud is higher than the rest of the year. According to
long term measurements which were conducted during
the last ten years (2015-2015), Sammaltunturi station is
inside a cloud for about half of the time during October
and November (Kivekäs, 2016).
This work was supported by KONE foundation,
Nordforsk Contract number 26060, CRAICC
Amendment
on
CRAICC-PEEX
Collaboration,
Academy of Finland project: Greenhouse gas, aerosol
and albedo variations in the changing Arctic (project
number 269095), Academy of Finland Center of
Excellence program (project number 272041),
BACCHUS (EU 7th Framework program), Natural
Environment Research Council (NERC), grant number
NE-L011514-1 and ACTRIS-2, the European Research
Infrastructure for the observation of Aerosol, Clouds,
and Trace gases. This project has received funding from
the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654109.
Lihavainen, H., Kerminen, V.-M., Komppula, M.,
Hyvarinen A.-P., Laakia J., Saarikoski S., Makkonen, U.
Kivekas, N., Hillamo, R., Kulmala, M. and Viisanen, Y.
(2008) Atmos. Chem. Phys., 8, 6925
Komppula, M., Lihavainen, H. and Kerminen, V.-M.
(2005) J. Geophys. Res., 110, D06204.
Kivekäs, N., Asmi, E., Brus, D., Komppula, M. and
Lihavainen, H. (2016), Book of abstracts, EAC 2016,
Tours, France.
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The Free Troposphere as a Source of Arctic Boundary Layer Aerosol
A.L. Igel1, A.M.L Ekman2, C. Leck2, J. Savre3, M. Tjernström2 and J. Sedlar2
1

2

Department of Atmospheric Sciences, Colorado State University, Fort Collins, Colorado, USA
Department of Meteorology and Bert Bolin Centre for Climate Research, Stockholm University, Stockholm,
10691, Sweden
3
Department of Geography, University of Cambridge, Cambridge, CB2 3EN, UK
Keywords: Aerosol-cloud interaction, Arctic, mixed-phase clouds
Presenting author email: annica@misu.su.se

Large-eddy simulations1 of the summertime high
Arctic boundary layer with mixed-phase stratus
clouds have been performed based on observations
taken during the ASCOS2 campaign. The model
includes a prognostic aerosol scheme where
accumulation mode aerosol particles can be activated
into cloud droplets, impaction scavenged, and
regenerated upon cloud droplet evaporation or ice
crystal sublimation. Three sets of simulations were
performed. Each set consists of three simulations (for
a total of nine simulations) in which the
accumulation mode aerosol concentration is set to 15,
30, or 45 cm-3 in the boundary layer. Within each set,
the gradient of the accumulation mode aerosol
concentration in the free troposphere is set to 0.0, 0.6,
or 1.2 cm-3 m-1.
During the course of the simulations, there is a
slow depletion of the boundary layer aerosol
concentration. Cloud-processing (activation plus
regeneration) and impaction scavenging both deplete
aerosol at about the same rate, which is on the order
of 1x105 m-2 s-1. When the elevated aerosol
concentration in the free troposphere is included,
there is a source of boundary layer aerosol also on
the order of 1x105 m-2 s-1. In all but the cleanest
simulation, the entrainment of new aerosol particles
from the free troposphere is able to more than offset
the loss of aerosol particles due to cloud processing
and impaction scavenging. These results suggest that
enhanced levels of accumulation mode particles, if
located at the cloud top, may under certain conditions
be an important source of accumulation mode
particles in the Arctic boundary layer.
Savre, J. and Ekman, A. M. L. (2015) Large-Eddy
Simulation of three mixed phase cloud events during
ISDAC: conditions for persistent heterogeneous ice
formation. Journal of Geophysical Research, 120,
7699–7725, doi:10.1002/2014JD023006.
Tjernström, M. et al. (2014) The Arctic Summer Cloud
Ocean Study (ASCOS): overview and experimental
design. Atmos. Chem. Phys., 14, 2823–2869.
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The influence of biogenic aerosol particles on clouds and climate
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The reflectivity and extent of the global cloud cover is,
besides meteorological parameters, depending on
microphysical properties of clouds, i.e. the number and
size of the cloud droplets and cloud ice particles. These
depend strongly on the physical and chemical properties
of the underlying particle population. Due to the release
of primary biological aerosol particles (PABP, e.g.
pollen, spores, and bacteria) and the emission of gases
(e.g. isoprene and terpenes) that lead to the formation of
so-called secondary organic aerosol (SOA), the
vegetation directly influences the number, size, and
chemical composition of atmospheric particles.
To date, the interactions between aerosol particles
and clouds represent one major source of uncertainty of
climate models (IPCC, 2013). Moreover, it is a challenge
to quantify how vegetation on land will respond to
climate change by altering natural emissions of particles
and gases. A subsequent feedback onto cloud properties,
the formation of precipitation, and atmospheric radiation
may further influence climate change. Thus, the aerosolcloud-interactions provide multiple mechanisms for
ecosystem-cloud-climate feedbacks. It is unclear which
ones are more important.
Treatments of emissions of primary biological
particles are implemented in the global Earth System
model EC-Earth (Hazeleger et al., 2012) and linked with
recently implemented schemes describing the formation
of secondary organic aerosol and aerosol-cloudinteractions. The EC-Earth version that is used consists
of the well-known meteorological driver IFS (Integrated
Forecasting System) and the atmospheric chemistry and
transport model TM5 (van Noije et al., 2014). TM5
makes use of the aerosol module M7 (Vignati et al.,
2004). The PBAPs are emitted in the insoluble coarse
mode. The emission flux depends on 10m wind speed,
relative humidity, season, and vegetation cover. Fig. 1
shows a snapshot of the bacteria number concentration
during the simulation.
The model is applied for a set of sensitivity
studies concerning the implemented parameterizations as
well as to assess feedbacks between surface
meteorological properties, PBAP emissions from
vegetation, and cloud properties, both regionally and
globally.

Figure 1. Modelled number concentration of bacteria.

This study is a contribution to the Swedish strategic
research area ModElling the Regional and Global Earth
system, MERGE.

Hazeleger, W., Wang, X., Severijns, C., ¸ Stefanescu, S.,
Bintanja, R., Sterl, A.,Wyser, K., Semmler, T., Yang,
S., van den Hurk, B.,van Noije, T., van der Linden,
E., and van der Wiel, K. (2012), Clim. Dynam., 39,
2611–2629.
IPCC (2013), Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to
the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge University
Press, Cambridge, United Kingdom and New York,
NY, USA.
van Noije, T. P. C., Le Sager, P., Segers, A. J., van
Velthoven, P. F. J., Krol, M. C., Hazeleger, W.,
Williams, A. G., and Chambers, S. D. (2014),
Geosci. Model Dev., 7, 2435-2475.
Vignati, E., Wilson, J., and Stier, P. (2004), J. Geophys.
Res., 109, D22202.
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Global modelling of pre-industrial aerosol nucleation
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New particle formation (NPF) in the atmosphere accounts for around half of global cloud condensation nuclei (CCN) [1]. To date, most treatments of NPF in
global aerosol models have considered only sulphuric
acid or sulphuric acid with ammonia, amines or organic
molecules [2]. However, in the pre-industrial atmosphere,
sulphuric acid and ammonia were much less abundant.
Unerstanding pre-industrial nucleation is important in
order to quantify the baseline aerosol concentration that
must, in effect, be subtracted in a calculation of aerosol
radiative forcing [3].
The CLOUD experiment at CERN has determined
a mechanism for ion-induced particle formation purely
from the oxidation products of biogenic monoterpenes
without sulphuric acid [4]. Global modelling using this
mechanism indicates that organic vapours may easily
be more important for particle formation than sulphuric
acid in the pre-industrial boundary layer over land. For
the first time, this biogenic nucleation can be combined
with previous CLOUD results on nucleation involving
sulphuric acid with either ammonia or organic molecules
to represent pre-industrial particle formation to the best
of our current knowledge.
This presentation will summarise the atmospheric implications of the new CLOUD mechanism. We will show
first estimates of the fraction of CCN formation from
nucleation [1] in the pre-industrial atmosphere from the
GLOMAP aerosol model [5]. The pre-industrial atmosphere was likely to be more sensitive to small perturbations than the present-day atmosphere [3]. We therefore
explored the effect of variations in ion concentration due
to the solar cycle on pre-industrial CCN formation via
organic and inorganic ion-induced nucleation, and we will
present the first results.
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Figure 1: Annual mean mixing ratios of sulphuric acid
(A) and condensable secondary organic vapours ‘SecOrg’
formed from biogenic monoterpenes (B) in the GLOMAP
aerosol model for the year 2008. Most new particles are
formed below 2km altitude.

We thank CERN for supporting CLOUD with important technical and financial resources and the PS
beam. This research has received funding from the
EC Seventh Framework Programme (Marie Curie Initial Training Network ”CLOUD-ITN” grant no. 215072
and ”CLOUD-TRAIN” grant no 316662, and ERCAdvanced ”ATMNUCLE grant no. 227463), the German
Federal Ministry of Education and Research (project
no. 01LK0902A), the Swiss National Science Foundation (project nos. 206621 125025 and 206620 130527),
the Academy of Finland Center of Excellence program
(project no. 1118615), the Austrian Science Fund
(FWF; project no. P19546 and L593), the Portuguese
Foundation for Science and Technology (project no.
[1] Merikanto, J. et al, (2009) Atmos. Chem. Phys 9 8601
CERN/FP/116387/2010), and the Russian Foundation
for Basic Research (grant N08-02-91006-CERN).
[2] Riccobono, F. et al, (2014) Science 344 717
[3] Carslaw K. et al, (2013) Nature 503 67
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Transformation of logwood combustion aerosols: implications for day and nighttime
aging
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Emissions from small-scale wood combustion have a
significant worldwide contribution to the atmospheric
PM, producing large amounts of submicron black
carbon (BC), primary organic aerosols (POA) and
secondary organic aerosols (SOA). SOA is formed via
the oxidation of combustion emitted v o l a t i l e
compounds and atmospheric aging processes affect the
crucial properties of combustion emissions including
POA (Hennigan et al., 2011).
Atmospheric aging processes of logwood
combustion aerosols were studied b o th in an
environmental chamber equipped with adjustable UV
lights (Fig. 1; Leskinen et al., 2015), simulating
conditions in the atmosphere and in a flow tube reactor
that have been developed to achieve a wider degree of
oxidant exposure times and a continuous aging process.
Aged combustion aerosols were measured by the soot
particle aerosol mass spectrometer (SP-HR-ToFAMS, Aerodyne R e s e a r c h , Inc.) to determine
changes in m a s s concentrations and chemical
compositions of submicron species. OA spectra were
analyzed by positive matrix factorization (PMF) and
categorized into subgroups according to their formation
mechanisms.
Substantial SOA formation was observed
during 7h aging in environmental chamber (dark
aging + photo-oxidation) of logwood (spruce)
combustion emissions w i t h
ambient
OH
c o n c e n t r a t i o n l e v e l s r esulting in a roughly
doubling of the initial OA mass highlighting
importance of dark aging. Long aging time (flow tube,
chemical age > 2 week) did not increase SOA mass but
increased oxidation state from 0.10.5 (chamber) to
around 1.5 (flow tube).
A five factor PMF solution consisted of two
primary OA (POA1 and POA2) factors and three
secondary OA factors ( SOA1, SOA2 and SOA3)
representing the three major oxidizers: ozone, OH
radical, and nitrate radical. SOA1 and SOA2 occurred
after ozone injection ( i.e., d ar k a gi n g) and t h e

third SOA factor (SOA3) occurred after UV lights
were switched on.

Figure 1. Experimental set-up of environmental chamber
experiments in ILMARI combustion research facility at
the University of Eastern Finland.
The results prove that logwood burning emissions are
subject of intensive chemical processing in the
atmosphere, and the time scale for these transformations
is short. Results indicate also that the observed nitrate for
logwood combustion is most likely present as
organonitrates.
This work was supported by t h e Academy of
Finland (Grant: 258315), strategic funding by the
University of Eastern Finland and Helmholtz Virtual
Institute of Complex Molecular systems in
environmental Health (HICE).
Hennigan, C. J. et al. Chemical and physical
transformations of organic aerosol from the photooxidation of open biomass burning emissions in an
environmental chamber, Atmos. Chem. Phys., 11,
7669-7686, 2011.
Leskinen, A., et. al. Characterization and testing of a
new environmental chamber, Atmos. Meas. Tech., 8,
2267-2278, 2015.
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Chemical composition and mass closure of ambient aerosol in an urban environment
over Athens, Greece: The role of wintertime biomass burning on air pollution levels
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The Greater Athens Area (GAA) is a region where half
of the population of Greece is living. Since winter 20112012 the atmosphere in the GAA and other Greek cities
is burdened from extended residential biomass burning
for heating purposes. This study examines the chemical
composition of PM2.5 aerosol samples collected on a
daily basis from December 2012 until now, at downtown
Athens, in Thissio (National Observatory of Athens,
37.97 N, 23.72 E, 110 m). To assess the importance of
biomass burning as a source of air pollution aerosols
samples during winterime were further studied with
specific emphasis on biomass burning tracers. Positive
Matrix Factorization (PMF) was also applied to better
constrain the aerosol sources over Athens.
In total, more than 700 daily PM2.5 samples were
collected and analysed for the for major ions (Cl-, Br-,
NO3-, SO4-2, PO4-3, C2O4-2, NH4+, K+, Na+, Mg+2, Ca+2),
trace elements (Al, As, Ca, Cd, Co, Cr, Cu, Fe, V, Zn,
Mn, Ni, Pb, P, S, Sb), organic carbon (OC) and
elemental carbon (EC), identifying a range of useful
tracers for monitoring the contribution of different
sources to aerosol over Greece.
Based on filters analyzed from January 2013 to
October 2015, chemical mass closure was performed
(Figure 1a). The relative contributions of the ionic mass,
POM, dust, EC are found to be 31%, 38%, 15% and 7%,
respectively (Figure 1b). The chemical mass closure
exercise can explain about 91% of the recorded fine
aerosol mass, while water can contribute significantly to
fine aerosol mass collected on quartz fiber filters (9%).
Ion concentrations, apart from the distinct peak in
winter especially for NO3-, due to formation of NH4NO3
stabilized at the low temperatures prevailing during the
cold period, exhibit a summer maximum especially for
SO4-2, due to intense photochemistry and absence of
precipitation. The analyzed trace metals V, Cr, Cd, Ni,
Cu, Cd and Pb exhibit peak values during winter time.
Given the variety of their sources eg. traffic, industrial
activities, heavy oil combustion, the decrease in the
boundary-layer height due to meteorological conditions
(low winds, temperature inversion), could account for
their winter maximum values.
During the heating period (Nov. – Dec.), PM2.5,
POM and EC are increased, due to seasonal activities,
highlighting the importance of intensive combustion of
wood and biomass for heating purposes, as an additional
source of pollution in Athens during winter. Wood and

biomass combustion is entirely responsible for high
levels of PM during night time leading to significant
exceedances.
It is noteworthy, that EC, benzo[a]pyrene and
levoglucosan significant key tracers of biomass burning
demonstrated similar day by day variability, confirming
their common origin from wood burning in Athens
during wintertime. The aforementioned species exhibited
strong correlation (R2=0.95-096) with night time PM2.5
exceeding 45 μg m-3. Thus, wood and biomass
combustion is almost entirely responsible for the high
aerosol loadings observed during winter/night time
leading to significant exceedances. PMF and PCA
statistical analysis confirmed the above findings.
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Figure 1. (a) Seasonal chemical mass closure for PM2.5
samples collected at Thissio and (b) annual relative
contribution of each aerosol species for the sampling
period Jan 13–Oct 15.
This work was supported by the State Scholarship
Foundation (“IKY Fellowships of Excellence for
Postgraduate Studies in Greece – Siemens Programme”)
in the framework of the Hellenic Republic–Siemens
Settlement Agreement.
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Linking SOA to precursor VOCs in domestic wood burning systems
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cycle). The PAM utilizes OH radical concentrations
many times higher than that of the atmosphere to
simulate days of atmospheric processing in only a few
minutes. Aged emissions were measured by PTR-TOFMS and HR-ToF-AMS. Fig.2 shows a sample PAM
experiment using a pellet boiler at stable flaming
condition including direct emissions, and aged aerosol
generated at several OH exposures.
Using known SOA yields for the measured
precursor NMOGs, we investigate the extent to which
SOA mass closure can be attained. We evaluate the
effects on SOA closure of the different NMOG emission
profiles from different burners, as well as the different
oxidation regimes present in the PAM and smog
chamber in terms of SOA closure and composition.
Aged organic aerosol
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Biomass combustion, which includes residential wood
burning, is a major source of gas and particle phase air
pollution on urban, regional and global scales.
Approximately 3 billion people burn biomass or coal for
residential heating and cooking, often using old and
highly polluting appliances. The emissions from these
appliances are highly variable depending on combustion
conditions; fuel type and moisture content, but typically
include a complex mixture of non-methane organic gases
(NMOGs), primary organic aerosol (POA), and black
carbon. NMOGs can undergo further reaction in the
atmosphere, producing lower-volatility species that
partition to the particle phase as secondary organic
aerosol (SOA). These transformations remain poorly
understood, and greatly hinder quantification of wood
burning SOA in ambient air.
One approach to estimate wood burning SOA is
to establish quantitative links with its dominant
precursor NMOGs. A recent study combining measured
NMOGs with their known SOA yields found that 84116% of wood burning SOA could be explained by only
22 NMOGs (Bruns et al, submitted). Further, nontraditional precursors such as phenol and naphthalene
dominated SOA production, while high-volatility
precursors such as benzene, toluene and alpha-pinene
yielded less than 20%. However, these investigated only
a single burner operated under a single combustion
protocol. Here we extend this analysis, assessing SOA
closure for six wood combustion devices operated under
varying combustion conditions. SOA was generated by
using two different oxidation systems (a 7 m3 smog
chamber and potential aerosol mass (PAM) flow reactor.
For the smog chamber experiments, emissions
were sampled from the stable flaming phase of three
different appliances: an old logwood stove (2002), a
modern logwood stove (2010) and a pellet stove (2010).
Emissions were aged by exposure to OH radicals and
monitored by a comprehensive suite of gas and particle
instrumentation, including a proton transfer reaction
time-of-flight mass spectrometer (PTR-TOF-MS) and a
high resolution time-of-flight aerosol mass spectrometer
(HR-ToF-AMS). A sample experiment is shown in Fig.1
from the new logwood burner, showing significant SOA
formation.
PAM experiments were conducted on the stable
flaming phase of three combustion devices: a pellet
boiler (burning conditions: optimum, lack and excess of
combustion air), an industrial wood chip boiler (30% and
100% load), and an old log wood stove (entire burning
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Figure 1. HR-ToF-AMS time series from smog chamber
experiment at the Paul Scherrer Institute (PSI) for
logwood burner under stable flaming phase. “UV on”
denotes the start of aging.
Figure 2. HR-ToF-AMS time series from a sample PAM
experiment at Lucerne University of Applied Sciences
(LUAS) for pellet boiler under stable flaming phase.
The research is supported by the Swiss National Science
Foundation (starting grant BSSGI0_155846 and NRP 70
“Energy Turnaround”).
Bruns, E. A., et al (submitted), Nature Sci. Rep.
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Chemical characterization of laboratory-generated tar ball particles
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Atmospheric tar balls (TBs) are a specific particle type
of carbonaceous aerosol emitted during biomass burning.
These particles belong to the family of atmospheric
brown carbon (BrC), as they absorb light in the visible
range of the solar spectrum and they are distinctly
different from BC in morphology. Albeit TBs are
important constituents of biomass burning plumes, very
little is known about the chemical composition of these
particles, because in biomass smoke TBs coexist with
various other particle types (e.g., organic particles with
inorganic inclusions, soot) from which they cannot be
physically separated; thus, their chemical properties have
been examined only by single particle analysis
techniques such as transmission electron microscopy –
energy-dispersive X-ray spectroscopy (TEM-EDS).
According to the TEM-EDS investigations TBs are
amorphous, spherical particles, present usually as
individual stand-alone particles. Their sizes range from
30 to 500 nm in geometric diameter. TBs are refractory
particles as they can withstand the high-energy electron
beam of the TEM. TBs contain high amount of carbon,
minor amount of oxygen, the average C/O molar ratio
being about 10 based on TEM-EDS (Pósfai, et al, 2004).
In this work the chemical properties of pure TB
particles generated in the laboratory without the
concurrent emission of other combustion products, were
investigated by elemental analysis (EA), pyrolysis-gas
chromatography – mass spectrometry (py-GC-MS),
Fourier transform infrared spectroscopy (FT-IR) and
Raman spectroscopy.
Tar balls were generated from the aqueous phases
of the dry distillate prepared from hardwood (turkey oak,
black locus) and softwood, (Norway spruce) similarly to
that described by Hoffer et al. (2016). The samples were
collected onto different substrates (quartz filter,
aluminium foil and copper TEM grid). Simultaneously
with the sampling the optical parameters (scattering- and
absorption coefficient at 3 different wavelengths) of the
generated particles were measured to follow the
generation procedure (Hoffer et al, 2016).
According to results of the TEM measurements
the morphological features and the chemical composition
of the generated TB particles were similar to those
characteristic for atmospheric TBs. The results of the
elemental analysis of bulk TB samples showed that the
elemental composition of the TB particles generated
from the three different tree species were similar to each

other and to that characteristic for atmospheric TBs. The
C/O, C/H and C/N molar ratios ranged from 9.14 to
10.62 (average: 10.13), from 1.71 to 1.96 (average:
1.84), and from 23.53 to 54.89 (average: 36.70),
respectively. The chemical structures of the TB particles
collected onto quartz filters were examined by py-GCMS. Lignin-derived phenolic, aromatic, heterocyclic
aromatic components, and bi- or tricycle polycyclic
aromatic hydrocarbons (PAHs) were identified in the
chromatograms. These PAHs were also identified in
higher amounts in soot from wood burning (Song and
Peng, 2010). The FT-IR measurements indicated that a
significant fraction of the oxygen atoms of the TBs can
be found in hydroxyl and keto functional groups. The
spectra of TBs were very similar to spectra of
lignocellulosic substances (Yang et al, 2007). While the
aqueous phases of tars were Raman inactive, the
appearance of G (characteristic for graphene structures)
and D bands (characteristic for structural disorder in
graphene structures) in the TB’s Raman spectra
indicated the presence of short-range order in molecular
structures.
Our results demonstrated that the chemical
properties of tar balls bear the characteristic chemical
signature of soot but also that of pyrolysed wood.
The financial support of the following project is
gratefully acknowledged: National Scientific Research
Fund (Contract No.: OTKA 113059).
Hoffer, A., Tóth, A., Nyirő-Kósa, I., Pósfai, M. and
Gelencsér, A. (2016) Light absorption properties of
laboratory-generated tar ball particles. Atmos.
Chem. and Phys., 16, 239-246.
Pósfai, M., Gelencsér, A., Simonics, R., Arató, K., Li, J.,
Hobbs, P. V. and Buseck P. R. (2004) Atmospheric
tar balls: Particles from biomass and biofuel
burning, J. Geophys. Res., 109 (D06213).
Song, J. and Peng P. (2010) Characterisation of black
carbon materials by pyrolysis – gas chromatography
– mass spectrometry, J. Anal. Appl. Pyrolysis, 87,
129–137.
Yang, H., Yan, R., Chen, H., Lee, D. H. and Zheng C.
(2007) Characteristics of hemicellulose, cellulose
and lignin pyrolysis, Fuel, 86, 1781–1788.
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In the context of climate change, it is in France a will
of its Environmental Agency (ADEME) to strongly
push toward biomass burning as an alternative source
of energy for residential heating. In order to limit the
consequences in terms of air quality, ADEME
financially contributes to the expenses of home
owner for the installation of new and cleaner wood
stoves.
Yet biomass burning is known to be a
predominant source of particulate matter (PM).
Several studies reported primary biomass burning
emissions as the highest contributor to the total
organic aerosol mass during winter over Europe
(Puxbaum et al. 2007, Favez et al. 2010). The
emissions from combustion processes can contain a
significant amount of carcinogenic compounds such
as Polycyclic Aromatic Hydrocarbons (PAHs) and
light absorbing carbonaceous aerosol. Thus to better
understand the sanitary and potential atmospheric
impact of these emissions and other residential
burning sources, it appears crucial to characterize
them in detail at a high level of chemical resolution.
For this purpose, we looked at the molecular
composition of a variety of wood particulate
emissions with the recently developed TAG-AMS
(Thermal Desorption Aerosol Gas Chromatograph –
Aerosol Mass Spectrometer).
The TAG-AMS is an online chromatographic
system coupled to an HR – ToF – AMS (High
Resolution – Time of Flight – Aerosol Mass
Spectrometer) developed for molecular speciation of
the organic aerosol at hourly time resolution
(Williams et al. 2014). In this particular
configuration, the TAG is modified from its initial set
up to include an online derivatization step to permit
the analysis of the most polar compounds.
In this study, the wood burning emissions were
generated by three types of stoves:
- Stove A: logwood type, fabricated before 2002.
Serves as a reference model
- Stove B: logwood type, fabricated after 2010.
- Stove C: pellet type, fabricated after 2010.
We also tested a variety of tree species for the
experiments conducted with the logwood type of
stoves. They included beech, maple, ash and spruce.
After dilution, emissions were led to the TAGAMS sampling inlet and other co-located online
instruments including two PTR-ToF-MS (Proton
Transfer – Time of Flight – Mass Spectrometer) - one

equipped with the new fastGC/module - for the
characterization of the gaseous phase, a second HRToF-AMS for the bulk chemical composition and
concentration of the non-refractory fraction of the
aerosol, an Aethalometer AE33 for the concentration
of the Black Carbon, and a SMPS (Size Mobility
Particle Sizer) for the particle size distribution and
concentration. The TAG sampled for approximately
5 to 10 minutes before thermal-desorption of the
analytes and subsequent analysis.
A hundred of fine particle organic compounds
were detected and quantified. Results show that the
degradation product of cellulose (levoglucosan)
largely dominates the chromatograms. We compare
the emission factors of the main aerosol fraction in
parallel with those of levoglucosan and other biomass
burning markers for the different fuels and stoves
types. Implications in terms of air quality
improvement and source apportionment will also be
discussed.
Favez, et al., Inter-comparison of source
apportionment models for the estimation of wood
burning aerosols during wintertime in an Alpine city
(Grenoble, France), Atmos. Chem. Phys., 10, 52955314, 2007.
Puxbaum, et al., Levoglucosan levels at background
sites in Europe for assessing the impact of biomass
combustion on the aerosol European background, J.
Geophys. Res., 112, 2007.
Williams et al., The first combined Thermal
Desorption Aerosol Gas Chromatograph- Aerosol
Mass Spectrometer (TAG-AMS), Aerosol Sci.
Technol. 48, 358-370, 2014.
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Bonfire night 2014 in Manchester UK: organic aerosol source apportionment (ME-2)
and night-time chemistry
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were estimated; the highest peak was observed during
bonfire night with a concentration of 10 μgm-3. CIMS
measurements identified ON in the gas phase such as:
peroxy acyl nitrates, and alkyl nitrates as well as HNO3
and N2O5. Future work on this analysis will involve
calibrating the CIMS in order to calculate their
concentrations and possible correlations with ON in the
particle phase.
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Over the past decade, there has been an
increasing interest in short-term events that negatively
affect air quality (Zhao et al. 2014) such as bonfires and
fireworks. In general, during these episodes, high
particulate matter concentrations drop within 24 hrs;
however, it is the fine fraction that dominates the
emissions, known to have a potentially negative impact
on air quality. Bonfire night celebrations have place in
November the 5th to celebrate Guy Fawkes Day, where
bonfires and fireworks are displayed in different parks
around the UK.
Online measurements were carried out at The
University of Manchester, sampling atmospheric
emissions on Bonfire night, 5th November, one week
before and one week later, in 2013 and 2014. ME-2 was
used through the recently developed source finder
interface (SoFi, Canonaco et al. 2013) to identify sources
of organic aerosols (OA) sampled with an Aerosol Mass
Spectrometer (AMS). Aethalometer measurents were
taken, with further application of the aethalometer model
(Weingartner et al. 2003) to determine solid fuel and
traffic contributions. A Chemical Ionization Mass
Spectrometer (CIMS) was used to measure gas phase
concentrations.
ME-2 identified five sources: SFOA,
hydrocarbon-like OA (HOA), cooking OA (COA), semivolatile (SVOOA) and low volatility (LVOOA) during
both years. In 2014, air pollutant concentrations were
particularly high, with the highest SFOA concentrations
being 20 μgm-3 at 20:30 hrs. when fireworks were
launched. Black carbon (BC) concentrations started
increasing before the fireworks, around 18:00 hrs; these
concentrations are representative of bonfire emissions.
However, traffic emissions may be contributing to BC
here. Hence, aethalometer model was used to determine
solid fuel and traffic contributions, being able to
corroborate a high traffic contribution to aerosol
concentrations around 18:00 hrs.
By analysing daily aerosol concentrations (Figure
1), it is possible to observe that in 2014, PM2.5
concentrations were considered to be high (65 μgm-3),
according to DEFRA’s Daily Air Quality Index while in
2013 PM2.5 concentrations were considered low (12
μgm-3); in the case of SFOA, concentrations ranged from
2.9 μgm-3 in 2014 to 0.65 μgm-3 in 2013. Looking at the
formation of organic nitrate (ON), 30:46 ratios of 9–15
have been previously observed during the formation of
ON (Hao et al. 2014). In this study, a 30:46 ratio of 9.5
was observed on bonfire night. Applying the equations
suggested by Farmer et al. (2010), ON concentrations
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Figure 1 Daily average aerosol concentrations.
Aerosol source apportionment was successfully
applied using ME-2 factorization tool and aethalometer
model on bonfire night episodes where significant SFOA
emissions were present. High aerosol concentrations
were not only attributed to bonfires/fireworks emissions
but also to meteorological conditions. ON was identified
during bonfire night mainly from primary emissions
likely with secondary reactions between gaseous and
particulate species; further work will be done with CIMS
data to better understand night-time chemical processes.
This analysis may provide vital information to
strengthen legislation as well as to support health studies
in order to improve air quality in the UK.
Canonaco, F. et al. (2013) Atmospheric Measurement
Techniques, 6(12), 3649-3661.
Farmer, D. et al. (2010) PNAS. 107(15), 6670–6675.
Hao, L. et al. (2014) Atmospheric Chemistry & Physics,
14, 13483–13495.
Zhao, S. et al. (2014) Atmospheric Pollution Research.
5, 335-343.
Weingartner E. et al. (2003) Aerosol Science, 34, 1445–
1463.
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The combustion of biomass for domestic heating leads to
environmental and financial benefits due to an
approximately neutral CO2 balance, subsidies in many
countries and independence from growing prices of
fossil fuels. In 2012, 6 mio tons of wood pellets were
consumed in EU27 for residential heating (Thomson and
Liddell 2015). Pellet boilers are one popular appliance
for a controlled technique of burning wood and known to
produce low amounts of pollutants, compared to wood
combustion in stoves. Although permanent gases, such
as CO2, CO, NOx, and particle-related emissions, such as
organic and elemental carbon (OC, EC), have been
subject of many emission studies of stoves, only few
studies were carried out to investigate the composition of
volatile emission and its conversion into secondary
organic aerosol (SOA).
On that account, combustion experiment with a
modern small-scale automatically-fired pellet boiler
(Biotech, PZ25RL, Austria) fuelled with commercially
available soft wood pellets and birch bark pellets were
accomplished under different operation stadiums:
ignition, stable combustion (SC), reduced secondary air
(RSA) and shutdown. The pellet boiler covers a constant
nominal load of 25 kW, a 200 kW heat exchanger and
secondary air supply. Ageing experiments were
performed in a Potential Aerosol Mass flow reactor
(PAM) with UV-lights on (254 nm and 185 nm) for OH
radical and ozone generation (Bruns 2015). Emissions of
main permanent gases in the exhaust and VOC were
analysed by ABB gas analysers and single-photon
ionisation time-of-flight mass spectrometry (SPITOFMS) at 118 nm, respectively. Particles were
examined by a soot-particle aerosol mass spectrometer
(SP-AMS).
Typical wood combustion related species, such as
phenol and furan derivatives, only occurred during the
start phase to an appreciable extent. For both type of
pellets, m/z of aliphatic and aromatic (poly)unsaturated
hydrocarbons appear in the mass spectra, such as
benzene, butadiene, vinylacetylene and propene.
Compared to stable combustion condition, total
intensities increased by 100 % for birch bark pellets and
by 50 % for RSA. However, for the latter condition
aromatic compounds increased by 1,000 %, whereas

polyenes raised only by 100 % and oxygenated species
remained constant. Consequently, VOC of this
combustion type are not only difficult to assign to wood
combustion in source apportionment studies, but also
lead to higher oxidised and functionalised secondary
organic aerosol due to more double bonds in the
precursors and possibilities for oxidative attack by
atmospheric oxidising agents (Ng 2006). Finally,
different yields of volatile secondary species were
observed exposing the combustion aerosol to the PAM.
For example, acetaldehyde (m/z 44), hydroxyacetone
(m/z 72) and 2(5H)-furanone (m/z 84) showed distinctly
higher abundances in the gas phase with UV lights
switched on (Figure 1). From SP-AMS, a growth in
particulate organic mass between 50 % and 90 % was
observed for RSA, but only 3 % to 16 % for SC due to
low VOC-to-NOx ratios.

Figure 1. Time traces of secondary volatile species in
PAM with UV lights on (white) and off (grey).
This work was supported by the German Science
Foundation (DFG), the Swiss National Science
Foundation (SNSF), the Finish Academy of Science, the
strategic funding of University of Eastern Finland (UEF)
and Helmholtz Virtual Institute of Complex Molecular
Systems in Environmental Health (HICE).
Bruns, E. A., El Haddad, I., Keller, A., et al. (2015)
Atmos. Meas. Tech., 8(6), 2315-2332.
Ng, N. L., Kroll, J. H., et al. (2006) Environ. Sci.
Technol. 40(7), 2283-2297.
Thomson, H., and Liddell, C. (2015) Renew. Sust. Energ.
Rev., 42, 1362-1369.
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In the dark both increase and decrease rates in
PM1 CO are an order of magnitude slower than in
daylight, suggesting that the rapid daytime changes are
driven by photochemical reactions: SOA formation in
smouldering BB smoke and fragmentation of primary
OA in flaming BB smoke.
To conclude, we have shown that during daytime
secondary aerosol formation can increase the PM1 mass
in BB smoke by up to a factor of 4 in a few hours, but
the increase depends critically on whether the fire was
flaming or smouldering.
PM1/ CO [g g-1]

Biomass burning (BB) is one of the largest sources of
reactive trace gases and fine particles in the Earth’s
atmosphere, significantly affecting the global radiation
balance (e.g. Bond et al, 2013). However, there is large
uncertainty in the climate effect of the BB emissions,
mostly because of the reactive species co-emitted with
black carbon (BC) particles (Bond et al, 2013).
We investigated the temporal evolution of BB
smoke in southern Africa utilising continuous
measurements at Welgegund, South Africa (26.57°S,
26.94°E, 1480 m above sea level) from 20 May 2010 to
31 December 2014. Of the measurements performed at
Welgegund (welgegund.org), we used aerosol particle
number size distribution, carbon monoxide (CO), BC
with a MAAP, local wind and solar radiation. Submicron
particulate mass (PM1) was estimated from the number
size distribution using a constant density of 1.5 g cm-3.
Using the methodology of Vakkari et al (2014)
we could identify 118 BB plumes over the nearly five
year period. For 83 plumes the location of the fire could
be identified from MODIS burnt area and/or SEVIRI fire
radiative power observations. For these episodes – a total
of 250 hours of in-plume sampling – we estimated the
plume age based on local wind speed and direction (c.f.
Vakkari et al, 2014). For each plume the excess CO, BC
and PM1 (denoted with a ) were calculated by
subtracting respective background concentrations, with
CO, BC and PM1 given as µg m-3 at STP.
In order to estimate the ratio of flaming to
smouldering combustion, we calculated the BC to CO
ratio for each 10-minute PM1 sample: low BC/ CO
indicates smouldering combustion and high BC/ CO
designates flaming combustion. According to plume
transport time we could also estimate the time each 10minute sample had been transported in daylight, i.e.
when global radiation > 100 W m-2 at Welgegund.
Combination of these parameters allowed us to
investigate the effects of burning conditions and
atmospheric transport on PM1 mass in BB plumes, both
in daylight and in the dark.
Smouldering BB smoke (Figure 1a) exhibits fast
secondary aerosol formation in daylight: up to a factor of
4 increase in PM1 CO in less than 5 hours.
Previously, aged BB plumes at Welgegund have been
shown to be dominated by organic aerosol (OA)
(Vakkari et al, 2014), suggesting that the increase in
PM1 CO is mostly due to formation of secondary
organic aerosol (SOA). As samples with higher and
higher
BC/ CO are considered, the increase in
PM1 CO becomes slower and even decrease for the
most flaming cases (Figure 1b).
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Figure 1. Daytime PM1 CO time evolution for (a)
smouldering cases, BC/ CO < 0.01 g g-1 and (b)
flaming cases, BC/ CO > 0.03 g g-1. A bivariate linear
fit with standard error is included in both (a) and (b).
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postdoctoral grant. Financial support by North-West
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Flame made indium-zinc oxide nanoparticles as photoanodes for efficient DSSCs
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a)
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c)

the trivalent doped powders. The optical band gap,
determined by diffuse reflectance spectroscopy, first
strongly declines from 3.25 eV in the light doping
region, then linearly decreases till 60 mol% In and
finally increases up to 2.98 eV for pure In2O3. PL
measurements provide an overview about the defect
states and the oxygen vacancies of the binary
In-Zn-O particles.
Due to a precisely adjustable band gap the
particles are beneficial for the usage as photoanodes
in DSSCs. Electrochemical impedance spectroscopic
assays exhibit that by incorporation of low amounts
of indium charge transport resistances are reduced
and electron recombination resistances are increased.
Therefore, the charge collection efficiency is
enhanced from 33 % to 83 % for devices with ZnO
and In15Zn85O photoanodes, respectively. Upon
implementing an electron cascade photoanode
architecture with In15Zn85O/ZnO a device efficiency
of 5.77 % and a significantly high current density of
20.4 mA/cm2 are achieved, see figure 2.
The aerosol synthesis will be described in
detail, the properties of the indium doped zinc oxide
particles will be discussed regarding morphology,
composition and opto-electronical properties. Finally,
the integration in DSSCs will be shown.
25
ZnO
2

Current Density [mA/cm ]

Nanoparticulate zinc oxide as a wide band gap
semiconductor as well as trivalent doped zinc oxide
nanoparticles (NPs) are economic and promising
materials for the application in solar cells, transistors
or sensors. Dispersed in organic solvents and
deposited as thin film on e.g. flexible substrates or
FTOs they can be used in printable electronic
devices. Moreover, the morphological, optical and
electronic properties of the particles can be tailored
depending on the doping content and synthesis route
(Hammarberg et al, 2009).
To cover the high demand of low cost
materials a solvent free and energy efficient synthesis
method with high production rates, for example a
flame spray synthesis, is required. Utilizing this
technique particle size, shape, composition, optical
band gap and defect states of the particles can be
controlled by the content of dopant and the synthesis
route. In this work, a liquid precursor with varied
amount of indium acetate and zinc acetylacetonate in
2-methoxyethanol is dispersed by a nozzle into the
spray flame. In the flame, pyrolysis reactions lead to
high supersaturation and therefore to particle
nucleation with subsequent growth, agglomeration
and sintering. The utilized reactor set-up allows
producing In-Zn-O with mean primary particles in
the size range of 7 nm up to 19 nm. These particles
are then collected with a polyamide membrane filter.
Doping with In leads to a steadily decreasing
primary particle size down to a minimum of 7.5 nm
for 40 mol% indium, which can be determined by
BET, XRD and SEM and is exemplarily shown by
the doctor-bladed electrode films in figure 1.
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Figure 1. SEM images of pure a) ZnO, b) In15Zn85O, and
c) In80Zn20O films (Kunzmann et al., 2015)

Indium as a dopant obviously inhibits the particle
growth mechanism of pure ZnO and is diminishing
the wurtzite unit cell. Additionally, the crystalline
phase changes between 40 mol% and 60 mol%
indium into an amorphous/nanocrystalline phase.
EDX and ICP-OES proof the precise composition of

Figure 2. J-V curves of the devices featuring different
photoanodes

This work was supported by the German Research
Council (DFG) and the Cluster of Excellence
“Engineering of Advanced Materials” (EAM).
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E-nose sensing of low-ppb formaldehyde in gas mixtures at high relative humidity for
breath screening of lung cancer and indoor air quality monitoring
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Formaldehyde (FA) is a potential breath marker for noninvasive detection of lung cancer (Fuchs, 2010) and a
tracer for indoor air quality monitoring due to its
carcinogenic nature (Salthammer, 2010). Its typical
concentrations are below 100 ppb posing a sensitivity
and selectivity challenge to current portable sensors.
Inexpensive, portable and simple-in-use chemoresistive FA sensors based on semiconductive metaloxides (MOx) are quite attractive. They can detect
sufficiently low FA levels, offer fast response and
recovery times (Güntner, 2016) suitable for on-line
monitoring, and a compact design already applied in
portable samplers. (Righettoni, 2015) To overcome the
selectivity challenge, a viable option is to combine
broadly sensitive but differently selective sensors in
arrays, so-called electronic noses (E-nose), that mimic
the mammalian olfactory system. (Persaud, 1982)
Statistical response analysis is applied to selectively
detect the concentration of target analytes in mixtures.
Here, we present a highly sensitive, selective and
compact electronic nose (E-nose) for real-time
quantification of FA at realistic conditions. As shown in
Figure 1, this E-nose consists of four nanostructured and
highly porous Pt:, Si:, Pd: and Ti:SnO2 sensing films
directly
deposited
onto
silicon
wafer-based
microsubstrates by flame spray pyrolysis (FSP).

regression (Figure 2b). In simulated breath (FA with
higher acetone, NH3 and ethanol concentrations), FA is
detected with an average error ≤ 9 ppb using the present
E-nose and overcoming selectivity issues of single
sensors. This device could facilitate easy screening of
lung cancer patients and monitoring of indoor FA levels.

Figure 2. (a) Film resistance of a Si:SnO2 (400 °C, 90%
RH) sensor upon exposure to 10, 7, 5 and 3 ppb of FA.
(b) E-nose estimation of FA in 3- & 4-analyte mixtures.
This work was supported by the European research
council (grant Nr. 247283) and the Swiss National
Science Foundation (grant Nr. 200021_159763/1).

Figure 1. (a) Flame aerosol-made sensing particles are
deposited (b) onto Si wafer-based microsensors. (c) Pt:,
Si:, Pd:, & Ti:SnO2 sensors are combined as E-nose.
The constituent sensors can detect FA down to 3 ppb
(signal-to-noise ratio > 25) at breath-realistic 90%
relative humidity (Figure 2a). Each dopant induces
different analyte selectivity enabling selective detection
of FA in 3- and 4-analyte mixtures by multivariate linear
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Synthesis and Evaluation of LiNi0.5Mn1.5O4 Particles by Aerosol Spray Pyrolysis for
Next -generation Li-ion Cathode Materials
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Rapid advancement of technologies for
production of next-generation Li-ion batteries will be
critical to address the requirements for clean, efficient
and secure transportation by EVs (Electric Vehicles) and
PHEVs
(Plug-in
Hybrid
Electric
Vehicles)
(Goodenough, 2010). The challenge of bringing high
voltage (5V) cells into the market calls for advancements
in key components such as the electrolyte, anode and
cathode materials and their interaction by sophisticated
cell design by improving the electrodes in terms of
energy density, power density and cycle life. Current
work discusses the synthesis of LiNi0.5Mn1.5O4 particles
by aerosol spray pyrolysis in order to study their
nanostructure by exploiting their characteristics towards
crystal structure, particle size, morphology, surface area
and pore size distribution and their effect on the
electrochemical performance.
The synthesis parameters which have been
exploited in order to study their effect on the particle
nanostructure are the chemistry and concentration of the
precursor solution, the synthesis temperature in the
tubular reactor and post calcination temperature profiles
of the collected particles, while the particles were
synthesized both in a lab scale reactor for primary
evaluation and a pilot scale reactor for large production
quantities for cell assembly.

ordered (P4332) and the disordered (Fd3m), which affect
the electrochemical activity of the material. The
temperature profiles which have been studied vary from
700-900oC, with the temperatures over 700oC leading to
the disordered phase and larger crystallite sizes, while a
second calcination step below 700oC formed the ordered
structure again. The LiNi0.5Mn1.5O4 phase was
determined by micro-Raman spectroscopy (Renishaw®
inViaTM Raman microscope) and the results for different
temperatures are depicted in Figure 1.
The same synthesis conditions have been applied to both
lab and pilot scale reactors where, in the latter case, the
formation of a denser aerosol has led to the formation of
a different particle morphology, due to the lower
evaporation rate. The morphology of the LiNi0.5Mn1.5O4
particles as exhibited in Figure 2, is spherical with
various porosity formation depending on the calcination
profile.

Figure 2. SEM image of the LiNi0.5Mn1.5O4 particles
synthesized by the pilot scale reactor

Figure 1. Raman spectra for the LiNi0.5Mn1.5O4 calcined
at different temperature profiles exhibiting the ordered
and disordered phase
The precursor solution chemistry and reactor
operating conditions were adjusted in order to obtain the
LiNi0.5Mn1.5O4 structure, while the post-calcination
profile conditions of the collected powder were studied
in order to obtain the two main spinel phases: the

Significant differences have been identified
during the electrochemical performance characterisation
for the ordered and the disordered phase.
This work was supported by the Horizon 2020
eCAIMAN project under the grand GV-01-2014 653331.
Goodenough, J. B., and Kim, Y. (2010) Chem. Mater.
22, 587

European Aerosol Conference 2016

Tours, France

Page 462 of 1211

Palladium subnano-clusters on TiO2 for solar photocatalytic NO removal
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Nitrogen oxides, NOx (NO and NO2), are major
pollutants generated by combustion. Removal of such
NOx by solar photocatalysts that requires only sunlight is
quite attractive. Titanium oxide is the most widely used
photocatalyst. Under light excitation, TiO2 converts NOx
into nitrate ions (NO3-) but some NO is converted also
into unfavorable NO2.1 So high conversion and
selectivity for nitrate formation are essential. Subnanometer sized metal clusters on metal oxide supports
induce high conversion and high selectivity minimizing
the use of expensive noble metals on such catalysts.2
Here, Pd subnano-clusters on TiO2 were prepared in one
step by flame spray pyrolysis (FSP) which can be scaled
up readily to yield production rates of several kg/h. The
photocatalytic NO (1 ppm) removal efficiency of those
Pd/TiO2 under solar light (100 mW/cm2) was evaluated
based on ISO 22197-1:2007. The average NOx removal
(ηNOx) and nitrate formation (ηNO3-) for 5 h is defined
by3:
5h c
c
c
 NOx   NOin NOout NO 2out dt
0
c NOin
m NO3- [mol]
 NO 3 
300 min
3 [L/min]
cNO [mol] dt
22.4 [L/mol] 0
Table 1 Specific surface area (SSA) of commercial
TiO2 (c-TiO2), FSP-made (f-TiO2 and f-Pd/TiO2) and
wet-photodeposited Pd (w-Pd/c-TiO2 and w-Pd/f-TiO2)
on TiO2 and their average efficiencies of NOx removal
and NO3- formation in 5 h under solar-light.
ηNO3-, %
Powders
SSA m2/g
ηNOx, %
c-TiO2
5.1
51.1
4.6
f-TiO2
11.9
144.1
12.9
w-Pd/c-TiO2
10.9
49.5
9.6
w-Pd/f-TiO2
12.2
131.4
11.9
f-Pd/TiO2
30.5
138.7
31.8
f-Pd/TiO2/air 89.6
29.7
34.9
f-Pd/TiO2/N2 135.1
21.4
25.3
As shown in Table 1, the ηNOx of all the catalysts is
comparable with the ηNO3- indicating that most of
converted NO becomes NO2 and nitrate, which is
consistent with photocatalytic NO removal by pure
TiO2.1 The ηNOx of f-Pd/TiO2 is 3 and 7 times higher than
that of c-TiO2 with and without photodeposited Pd on it.
This activity of f-Pd/TiO2 is higher than that of plasmatreated4 TiO2 was only about 2 times higher than that of
commercial pure TiO2 (ST-01). Furthermore, the ηNOx of
f-TiO2 is higher than that of c-TiO2, probably due to the
higher SSA but it is not improved by photodeposited Pd.

Interestingly, annealing f-Pd/TiO2 in air at 600 oC (fPd/TiO2/air) slightly improves the ηNOx but annealing in
N2 at 400 oC (f-Pd/TiO2/N2) degrades the ηNOx.

a

b

20 nm

6 nm

c

d

4 nm

10 nm

Figure 1 STEM images of (a) w-Pd/f-TiO2, f-Pd/TiO2,
(b) as-prepared and annealed for 2 h in (c) air at 600 oC
and (d) N2 at 400 oC.
Figure 1 shows the size of photodeposited Pd (squares)
on f-TiO2 (a) to be 1-5 nm. In f-Pd/TiO2 (b), however,
there are no distinguishable Pd particles (> 1 nm) and
extremely small size (~ 0.5 nm) of Pd clusters can be
only observed (circles). Such Pd subnano-clusters are
interacting strongly with oxygen defects on the TiO2
surface creating an intermediate oxidation state of Pd as
proven by XPS.3 Most interestingly, after annealing in
air at 600 oC for 2 hours (c), the Pd size in the f-Pd/TiO2
powder is still in the subnano range. On the other hand,
annealing that powder under N2 at 400 oC for 2 hours (d)
converts most of the as-prepared Pd subnano-clusters on
TiO2 into Pd nanoparticles (1-5 nm). Therefore, Pd
subnano-clusters are critical for the remarkable
photocatalytic NOx removal under solar light.
1. Ibusuki, T.; Takeuchi, K., J. Mol. Catal. 1994, 88, 93102.
2. Flytzani-Stephanopoulos, M.; Gates, B. C.,
Atomically dispersed supported metal catalysts. Annu.
Rev. Chem. Biomol. Eng. 2012, 3, 545-574.
3. Fujiwara, K.; Müller, U.; Pratsinis, S. E., ACS
Catalysis 2016, 1887-1893.
4. Nakamura, I.; Negishi, N.; Kutsuna, S.; Ihara, T.;
Sugihara, S.; Takeuchi, K., J. Mol. Catal. A: Chem.
2000, 161, 205-212.
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Nanofinishing antimicrobial textiles by means of aerosol filtration
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Introduction of green principles into textile
nanofinishing is a hot topic in nanoscience research
today, having a myriad of novel applications (Dolgin,
2015). However, traditional textile nanofinishing (paddry-cure) processes have many constraints. Here we
implement a sustainable and scalable approach to textile
nanofinishing
(i.e.,
introducing
well-defined
nanoparticles (NPs) into textiles) in a one-step filtration
process, which is virtually without environmental
impact, as it avoids solvents and circumvents other
constraints encountered in wet-finishing processes. As
proof of this concept, we investigate the antimicrobial
properties of the resulting nanofinished textiles, and
show that these are high, albeit the low concentrations
employed, and remain high after three washing cycles.
Electrical discharges were used to produce Ag
NPs. The generated aerosol NPs were filtered by a set of
different textiles. To investigate the filtration efficiency
of different textiles, their concentrations at the inlet and
outlet of the textile holder were measured using two
condensation particle counters (CPC Model 3775, TSI).
The filter pressure drop ∆p at various face velocities
(0.5, 1, 2, 4 cm s-1) was measured using a sensitive
handheld differential pressure transducer (Model 521-3,
Testo) connected to the upstream and downstream ports
of the textile holder. The surface composition and
morphologies of NPs on the textile fibres were
characterized by means of transmission/scanning
electron microscopy (TEM/SEM), small- and wide-angle
X-ray
scattering
(SAXS/WAXS),
and
X-ray
Photoelectron Spectrometer (XPS).
The antibacterial activity (AA) of the fabrics was
tested according to a standard method (ISO 20743: 2013)
on Gram-negative bacterium Klebsiella pneumonia
ATCC 4352 (LMG 3128) and Gram-positive bacterium
Staphylococcus Aureus ATCC 6538 (CECT 239). The
washing procedure was conducted according to a
standard method (ISO 105-C06:2010).
To summarize, the proposed method produces
singlet NPs of high purity (Feng et al, 2015) and allows
tuning the NP loading profile in textiles in contrast to the
traditional wet-finishing routes. Our results can initiate
future studies oriented towards the search of a new range

of multifunctional textiles, and the exploration of
binding methods that could provide alternatives to
reduce the nanomaterial release even without the use of
any chemicals.

Figure 1. Antibacterial assessment of the textiles
treated with Ag NPs against Staphylococcus Aureus
and Klebsiella Pneumoniae. a, antibacterial activity
of non-washed textiles versus Ag content; b,
antibacterial activity of washed textiles (three and
five cycles) versus Ag content. c, Ag release from
textiles versus washing cycles. d, Ag release from
textiles versus Ag content. The used textiles and
their abbreviations are: Cotton, Polyester (PES),
Acrylic-Polyester-cotton-polyamide
(APCP),
Lyocell rayon-Safari (LYS), Lyocell rayon-Zen
(LYZ).
This work was supported by the European Union’s
Seventh Framework Program (EU FP7) under Grant
Agreement No. 280765 (BUONAPART-E).
Dolgin, E. (2015) Nature 519, S10-S10.
Feng, J., Biskos, G., and Schmidt-Ott, A. (2015) Sci.
Rep. 5, 15788.
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Photoelectrochemical (PEC) water splitting is a
promising technology to convert solar energy directly
into H2. When a PEC water splitting device consisting on
a single semiconductor photoanode is irradiated with
light, electron-hole pairs are created in the
semiconductor due to interband excitations. The holes
migrate to the surface of the semiconductor to drive the
water oxidation reaction, while the electrons migrate to
the counter electrode to drive the water reduction
reaction. One of the factors that limits the efficiency of
the PEC water splitting devices are the relatively large
bandgaps of promising semiconductor photoanodes (for
example, TiO2). These large bandgaps restrict the light
utilization of the device to the UV region of the
spectrum.
To extend the light utilization to the visible region
of the spectrum, the semiconductor can be functionalized
with light absorbing metallic nanoparticles (NPs). Due to
the surface plasmon resonance phenomenon, metallic
NPs can interact with visible light, creating electron-hole
pairs due to intraband excitations in the metal. This way,
the holes can drive the water oxidation reaction on the
NP surface and the electrons can be injected to the
conduction band of the neighbouring semiconductor and
migrate to the counter electrode to drive the water
reduction reaction. Therefore, the semiconductor and the
metallic NPs simultaneously absorb light and drive the
water splitting half reactions.
The absorption spectra of the decorating NPs
should be tuned to absorb light with lower energies than
the neighbouring semiconductor bandgap edge. This is
done to avoid screening of light to the semiconductor
and to extend the visible light utilization of the device.
Since the metallic NPs’ absorption range highly depends
on their composition, it is important to be able to
synthesize NPs with control and flexibility over their
composition. This work demonstrates that the spark
discharge particle generation technique (Schwyn et al.,
1988) is ideal to produce alloy metallic NPs with tunable
absorption range for efficient solar H2 production.
Methodology: Alloy electrodes (Ag/Au) were
used as feedstock in the spark-discharge particle
generator (SDG) to produce aerosol alloy (Ag/Au) NPs.
The particles are sintered into spheres in a tube oven.
Subsequently, they are size-selected with a differential

mobility analyzer. An electrostatic precipitator is used to
deposit the particles on a semiconductor (TiO2) film.
Results: Figure 1A shows the absorption
spectrum of the synthesized alloy (Ag/Au) NPs. In the
same figure, the absorption spectra of pure Ag and Au
NPs are shown for comparison. It can be clearly seen
that the absorption range of the alloy NPs covers a
distinct region of the spectrum that is not covered by the
pure NP counterparts. Figure 1B shows the
corresponding H2 photoproduction of the synthesized
NPs.
Conclusions: The SDG ability to synthesize NP
from arbitrary conducting feedstock materials (for
example, alloys), allows this technique to produce
metallic NPs with a tunable absorption range. This
versatility allows to study and optimize the performance
of solar energy conversion devices.

Figure 1. A) NP absorption spectra. B) IPCE
enhancement of TiO2 films when decorated with 15 nm
NPs at 0.6 V vs RHE.
Schwyn, S., Garwin, E. & Schmidt-Ott, A., J.
AerosolSci., 19(5), 639-642 (1998).
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The market for engineered nanoparticles is expected to
grow considerably during the next decades and the
demand to generate these particles in a cheap and
environmentally friendly way is expected to grow with
the same pace. A highly promising method to produce
pure metal aerosol nanoparticles is with spark discharge.
It is energy efficient, does not need any chemical
precursor, and does not produce any waste (Pfeiffer,
2014). Other advantages of spark discharge are the
possibility to produce nanoparticles consisting of
complex alloys and of materials that are immiscible in
bulk (Tabrizi, 2010).
An interesting complex alloy not yet produced by
spark discharge is stainless steel. It has many interesting
properties including high strength, good corrosion
resistance and useful magnetic properties. Engineered
stainless steel nanoparticles have the possibility to
contribute to the steel industry in many different ways.
An industry of great importance in Sweden since it is
world leading in many areas and employs about 50 000
persons.
Here we show, for the first time, the generation of
nanoparticles from stainless steel electrodes using spark
discharge.

composition as the electrodes used. The amount of
chromium in the particles showed a clear relation with
the amount of chromium in the electrodes used. Suitable
parameters for this generation were determined to be 2
mm gap distance and 10 mA charging current when the
capacitance was 21 nF. The compaction characteristics
of two differently sized agglomerates are shown in
Figure 1. This result was obtained using nitrogen as the
carrier gas. When, instead, a reducing carrier gas was
used (Ar+5%H2), the compaction occurred at lower
temperatures. Further effects on the type of carrier gas
will be presented such as composition, structure and
purity. We will also present the first results from an
investigation where these nanoparticles are mixed
together with a metallic micro-powder to enhance
sintering and improve the properties of the resulting
sintered solid structure.
This method is feasible to produce nanoparticles
of any type of stainless steel alloy and, with increased
yield, enables many different applications.

Method
In spark discharge two electrodes, separated by a
gap, are being charged until a spark arises between the
electrodes. Materials are ablated from the electrodes and
nanoparticles are formed by vapour collisions from the
ablated material. Several parameters can be adjusted to
control the particle formation, including discharge
frequency, spark energy, carrier gas composition and the
composition of the electrodes (Meuller, 2012). The
agglomerates that are formed by the spark needs to be
compacted in order to become spherical nanoparticles.
This is done by heating these agglomerates above the
compaction temperature specific to the material
(Messing, 2009).
Two different types of stainless steel (AISI410 &
AISI430) have been investigated in this work and we
will report the effect on altering several different
parameters to obtain controlled properties of the
resulting nanoparticles.
Conclusions
Stainless steel nanoparticles have been
successfully produced with a narrow size distribution in
the size range 30-50 nm and with almost the same

Figure 1. Compaction of differently sized agglomerates
into spherical nanoparticles using nitrogen as the carrier
gas.
This work was performed within NanoLund at Lund
University. The research leading to these results received
funding from the Swedish Research Council and the
European Union Seventh Framework Programme
(FP7/2007–2013) under Grant Agreement n° 280765
(BUONAPART-E).
Pfeiffer, T. V. (2014), Adv. Powder Technol., 25, 56-70
Tabrizi, N. S. (2010), J. Nanopart. Res., 12, 247-259
Meuller, B. O. (2012), J. Aerosol Sci. Technol., 46,
1256-1270
Messing, M. E. (2009), Gold Bulletin, 42, 20-26
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Exhaust particle characteristics and particle emission factors from a marine diesel
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Annual primary particulate matter (PM) emissions of 1.7
Tg from international shipping are comparable to the PM
emissions from road traffic (Eyring et al., 2005). It has
been shown that 70 % of ship emissions occur closer
than 400 km from shore, forming a significant source of
pollution in coastal areas. (Corbett et al., 2007) PM
emissions from shipping are not directly regulated but
limits on sulphur (MARPOL Annex VI) are expected to
have a reducing effect. Limits require ships to use low
sulphur level fuels or abatement technologies such as
scrubbers.
Diesel engines typically emit particles that can be
seen in particle size distribution as one, two or three
separate modes. Soot mode particles consist of
agglomerates that can have volatile condensates on them.
Nucleation mode particles usually include volatile
components such as water, sulphur compounds and
hydrocarbons. In some heavy duty diesel engine
applications the exhaust can contain sub-10 nm solid
particles forming so called core particle mode. Marine
engines have been observed to produce a pronounced
nucleation mode with particle diameters less than 50 nm.
(Kasper et al., 2007)
In this study, marine engine particle number
concentration and number size distributions were
studied. Tested fuels included Marine Diesel Oil (MDO,
0.1% S), Intermediate Fuel Oil (IFO, 0.5% S), High
Sulphur Fuel Oil (HS, 2.5% S) and a blend of biofuel
(30%) and MDO (70%). The measurements were
conducted using a 1.6 MW medium-speed test-bed
engine equipped with mechanical injection system. Load
conditions of 75% and 25% were used, corresponding to
the operating conditions at open sea and near harbour,
respectively.
The partial flow exhaust sampling system used in
this study included a porous tube diluter (dilution ratio
12) followed by a residence time chamber. The sample
was further diluted using an ejector dilutor with a
dilution ratio of around 8. In part of the measurements
the sample was directed through thermodenuder or
catalytic stripper (Amanatidis et al., 2013) to study the
volatility of the particles. Particle number and size
distributions were measured using CPC (Airmodus
A20), SMPS (TSI Inc.) and Nano-SMPS (TSI Inc.),
together operating in size range of 2-414 nm. TUTHTDMA system described by Happonen et al. (2013)
was used to study the hygroscopicity of the particles.

The size distributions showed distinct nucleation
modes with concentrations two to three orders of
magnitude higher than for soot mode. For the high
sulphur fuel, a clear three mode distribution was
observed when running the engine on 25 % load.
Emission factors were calculated for each mode by
fitting lognormal distributions into the measured data
and using the data on operating parameters of the engine.
In general, fuel seems to have only a relatively small
effect on the total emission factors; those were all in the
order of magnitude of 1015 #/kWh. Lower load condition
seems to slightly increase the emission factors; greatest
effect was noticed for the soot mode emission factor.
The fuel type had an effect on the hygroscopic growth
factors calculated for particles treated with relative
humidity of 80 %.

Figure1. Comparison of particle size distributions
measured with four different fuel types at 75 % load.
The financial support from Tekes (40356/14) and from
industrial partners, Wärtsilä, Pegasor, Spectral Engines,
Gasmet, VG-Shipping, HaminaKotka Satama Oy,
Oiltanking Finland Oy and Kine Robotics, is gratefully
acknowledged.
Amanatidis, S. et al. (2013) Journal of Aerosol Science,
57, 144-155.
Corbett, J. et al. (2007) Environmental Science and
Technology, 41, 8512-8518.
Eyring, V. et al. (2005) Journal of Geophysical
Research, 110, D17305.
Happonen, M. et al. (2013) Fuel, 103, 380-386.
Kasper, A. et al. (2007) Aerosol Science and Technology
41, 24-32.
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Dependence of ship-engine aerosol emissions on fuel type: trace metals, black carbon, and
light absorption
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a domination of light absorption by organic carbon
(“brown carbon”).
Measurements were performed as a function of
engine load for all three fuels. The relationship between
trace-element emission and aerosol optical properties
across these loads for all three fuels will be discussed.
These data provide a basis for the understanding of
atmospheric shipping emissions, and the prediction of
the climate and health-effect response to a switch from
HFO to MGO or diesel fuel.
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Shipping emissions represent a rare source of
aerosol pollution in the relatively-clean marine
atmosphere. The radiation and cloud interactions of these
polluting aerosols are influenced by their content of
light-absorbing carbon, which includes both black
carbon (BC) and light-absorbing organics (Mueller et al.,
2015). The production and emission of these species by a
ship engine depends on the composition of the fuel,
which has traditionally been the sulfur-rich residual fuel
Heavy Fuel Oil (HFO).
Since 2010, European regulations have required
low-sulfur distillate fuels like Marine Gas Oil (MGO) or
diesel to be used in and around European ports (Jonson
et al., 2015). Relative to HFO, the lower sulfur content
as well as the lighter-hydrocarbon composition of
distillate fuels like MGO lead to different fractions of
BC and organics being produced (Mueller et al., 2015),
and potentially to fundamentally different BC properties
due to changes in combustion chemistry.
This study focuses on the shift in particulate
matter (PM) properties for emissions of the same engine
run on HFO, MGO, or diesel fuel. To characterize the
trace-metal content of the PM, an Aerodyne HighResolution Aerosol Mass Spectrometer equipped with a
laser vaporizer at 1064 nm (SP-AMS) was employed. To
quantify BC mass and mixing state, a Single-Particle
Soot Photometer (SP2) was used; optical properties were
simultaneously measured by the Aerodyne CAPS PMssa (extinction and scattering) and an aethalometer
(wavelength dependence of absorption).
The SP-AMS detected such trace metals as V,
Fe, Ba, and Ni at significant concentrations in the HFO
exhaust. Ratios of these trace metals, often used to
identify ship emissions, varied over time. The distillate
fuels MGO and DF emissions contained negligible
amounts of trace metals; the possibility of using other
mass spectral features for source apportionment will be
discussed. These discussions will incorporate aerosol
light absorption measurements, which for HFO indicated
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Figure 1: SP-AMS vanadium signal for the three fuels as
a function of engine load.
Acknowledgements: This work was supported by an
European Research Council grant (ERC-CoG 615922BLACARAT) and by the SNF and DFG grants
“WOOSHI”.
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Changes in vehicle emission reduction technologies
significantly affect traffic-related emissions in urban
areas. In many densely populated areas the amount of
traffic is increasing, keeping the emission level high or
even increasing. To understand the health effects of
traffic related emissions, both primary (direct)
particulate emission and secondary particle formation
(from gaseous precursors in the exhaust emissions) need
to be characterized. In this study we used a
comprehensive set of measurements to characterize both
primary and secondary particulate emissions of a
gasoline vehicle. Our measurements cover the whole
process chain in emission formation, from the tailpipe to
the atmosphere, and takes into account also differences
in driving patterns.
The test vehicle was a modern gasoline passenger
car (model year 2011, 1.4 l turbo-charged GDI engine,
emission level Euro 5 with a three-way catalytic
converter). The driving cycle used in the study was the
New European Driving Cycle (NEDC).
The sampling system consisted of a porous tube
diluter (PTD) (dilution ratio (DR) 12), residence time
chamber (2.5 s) and secondary dilution conducted by
Dekati Diluter (DR 8). In terms of exhaust nucleation
particle formation, the sampling system mimics the real
exhaust dilution and nanoparticle formation processes in
atmosphere. A potential aerosol mass (PAM) chamber
(Kang et al., 2007, 2011, Lambe et al., 2011) is a small
flow through chamber developed to simulate aerosol
aging in the atmosphere. The PAM chamber was
installed between the ageing chamber and secondary
dilution. The particle instrumentation consisted of an
ultrafine condensation particle counter (UCPC), a Highresolution low-pressure impactor (HRLPI) and aerosol
mass spectrometer (SP-ToF-AMS).
We observed that in mass terms, the amount of
secondary particles was 13 times higher than the amount
of primary particles. The formation, composition,
number, and mass of secondary particles was
significantly affected by driving patterns and engine
conditions (Fig. 1). The highest gaseous and particulate
emissions were observed at the beginning of the test
cycle when the performance of the engine and the
catalyst was below optimal. The key parameter for

secondary particle formation was the amount of gaseous
hydrocarbons in primary emissions.

Figure 1. (a) Primary particle and (b) formed secondary
particle concentrations (number, N, UCPC data) and size
distributions measured by the HR-LPI during the NEDC
test cycle
We acknowledge support by Tekes (the Finnish Funding
Agency for Technology and Innovation), Cleen Ltd
(MMEA project) and IEA-AMF Annex 44.
Kang, E. et al., Atmos. Chem. Phys., 7(22), 5727–5744,
doi:10.5194/acp-7-5727-2007, 2007.
Kang, E., et al., Atmos. Chem. Phys., 11(4), 1837–1852,
doi:10.5194/acp-11-1837-2011, 2011.
Lambe, A. T et al. Atmos. Meas. Tech., 4(3), 445–461,
doi:10.5194/amt-4-445-2011, 2011.

European Aerosol Conference 2016

Tours, France

Page 470 of 1211

Evolution of health and climate relevant in-cylinder diesel soot characteristics investigated
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Despite increasingly stringent emission legislations,
heavy-duty (HD) diesel vehicles remain as major
emitters of black carbon, commonly referred to as soot.
A new and effective method to reduce NOx pollutants
from HD diesel engines is exhaust gas recirculation
(EGR). When EGR is applied, exhaust gases are
recirculated to the engine inlet air. This technique lowers
the O2 availability during combustion and subsequently
the rate at which NOx is formed in combustion.
However, when EGR is applied soot emissions rapidly
increase and the soot characteristics changes.
Understanding the processes responsible for this increase
is essential for continued reductions in soot emissions
from diesel engines. It is therefore important to
understand the evolution of soot concentrations and
characteristics in the cylinder as these complex
combustion processes dictates the soot emission levels
and shapes the properties of the emitted soot.
To study the relationship between engine
combustion conditions and soot characteristics, a modern
HD diesel engine with EGR was run at 1200 rpm and
low load. A fast gas-sampling valve (FSV) was mounted
on the engine to extract in-cylinder soot particles at welldefined parts of the combustion cycle (crank angle
degrees). The extracted aerosol was diluted and the
chemical composition of the particles characterized with
a soot-particle aerosol mass spectrometer (SP-AMS,
Onash et al., 2012). In the SP-AMS, refractory black
carbon (rBC) was characterized by vaporization of the
particles using an Nd-YAG laser (1064 nm) heating the
particles to ~4000 K followed by electron impact
ionization (70 eV) and detection of ion fragments in a
time-of-flight mass spectrometer. Non-refractory species
(e.g. organic components) were flash vaporized on a
porous-tungsten vaporizer heated to ~900 K, followed by
ionization and detection. With this procedure, the
composition of the refractory soot core and nonrefractory coating can be determined separately.
The results show that the altered combustion
conditions induced by EGR strongly influence both soot
formation and oxidation. Related to the fuel injection
timing, the highest in-cylinder concentration of rBC
occur at 0% EGR and is 10 times higher than the
maximum in-cylinder concentration at 64% EGR. On the
other hand, soot oxidation rates are significantly reduced
when EGR is applied and exhaust soot emissions
increase from approximately 140 µg/m3 at 0% EGR to
5500 µg/m3 at 64% EGR.

The in-cylinder measurements reveal differences
in the chemical properties of both soot core and coating
as EGR increase (Fig.1). With EGR the Fullerene-carbon
signal (C32-C58), the PAH-fraction of Organic Aerosol
and angstrom absorption coefficient is higher in the early
combustion phase. SP-AMS fullerene-carbon signals
have been associated with less mature soot (Onasch et al.
2015). Thus, introduction of EGR may result in a
significantly slower soot maturation process e.g.
resulting in changes of the soot core nanostructure.
When EGR is applied, the organic fraction of
oxygen containing ion fragments of the soot coating is
higher in the early combustion phase while lower in the
late combustion and exhaust. The lower fraction in the
exhaust is likely caused by much lower O2 concentration
in the late combustion cycle with EGR compared to 0%
EGR. However, when EGR is introduced the refractory
CO2+ signal increases relative to rBC. Refractory CO2+
has been associated with tightly bound surface oxides
and may therefore be a result of altered soot maturity.

Figure 1: Difference in chemical composition of soot
coating (left) and core (right) in the early combustion
phase at 0% EGR and 64% EGR. CxHy (green), CxHy<x
(light green), CxHyOz (magenta), PAHs (orange), C1-5
(black), C6-31 (dark grey), C32-58 (light grey).
This work was supported by the FORTE-centre
Metalund and the Generic Diesel Combustion (GenDies)
project at KCFP, Lund University. We acknowledge
Volvo Technology Corporation for borrowing us the fast
sampling valve.
Onasch et et al., (2012). Aerosol Science and
Technology, 46(7), 804-817.
Onasch,. et al., (2015). Aerosol Science and Technology,
49(6), 409-422.
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The usage of natural gas (NG) engines is expected to
increase in coming years due to the increased
availability, competitive cost and lower CO2 emissions
compared to conventional liquid fossil fuels. However,
NG engines can produce emissions that can have impact
on environment and human health. The major
hydrocarbon species emitted by NG engines is methane
and another important emission component found in NG
engines emissions is formaldehyde. Particle emissions
from NG engines are known to be low compared to
conventional diesel engines, because of lower soot
particle formation in combustion, but particle number
emissions of NG engines, especially nanoparticle
emissions, are not necessarily low. In order to diminish
the environmental and health effects with the tightening
emission limitations the after-treatment systems are used
increasingly also with the NG engines. The aim of this
study was to examine three different catalyst systems
(oxidation catalysts and Selective Catalytic Reduction,
SCR) in the natural gas engine operating at different
conditions. The effects of catalyst systems on the
gaseous and particle emissions were investigated with
the special focus on the chemical composition of
particles.
Two measurement campaigns were conducted in
2014–2015. The test engine was a passenger car gasoline
engine modified to run with NG. The driving conditions
were selected based on the emission levels and two
different engine driving modes were used. Two catalyst
setups were tested the first one consisting of a
combination of an oxidation catalyst and a SCR and the
other setup having of only one oxidation reactor.
Exhaust gas temperature was varied from 350 to 500 °C
and exhaust gas flow was either 80 kg/h or 40 kg/h.
The chemical composition of NG emission
particles was studied by using a Soot Particle Aerosol
Mass Spectrometer (SP-AMS, Aerodyne Research Inc,
Onasch et al., 2012). In addition to the particulate
chemistry, inorganic and organic gases, particulate
matter (PM) and particle size distributions were
measured by several instruments. The volatility of
particles was investigated by using a thermodenuder and
the potential of NG emission to produce secondary
particles was examined by Potential Aerosol Mass
(PAM)-chamber (Kang et al., 2007). NG exhaust was
diluted by a factor of ~10–150 depending on the
measurement devices.

The particle measurements indicated that the
catalysts decreased the total PM at all test conditions by
45-73%. However, the PM concentrations increased as
the exhaust temperature increased. Based on the
concentrations of chemical species, the increase of mass
was mostly due to the larger concentration of sulfate and
ammonium but also hydrocarbon concentration was
larger with higher exhaust temperature. Detailed study
of the mass spectra of organics revealed that in some
cases a large portion of hydrocarbon signal was found at
very small mass fragments (e.g. CH2+, CH3+, CH4+)
compared to what is typically found in e.g. diesel fuel
exhaust particles. In addition to organic and inorganic
species (sulfate, nitrate, ammonium), the SP-AMS
enabled the detection of metals in NG emission particles.
Regarding the potential of NG emissions to form
secondary aerosol, the concentration of potential
secondary organic aerosol was more than ten times
larger than the concentration of primary organic aerosol
in some engine conditions. The ratio of potential
secondary aerosol to primary aerosol was even larger for
inorganic nitrate, sulfate and ammonium.
The disadvantage of the usage of the SP-AMS in
NG emission measurements is the particle size range
measured by the SP-AMS. SP-AMS can detect particles
from ~50 to 800 nm whereas the number size
distribution of NG emission particles can peak at as
small particle size as 2-5 nm (Alanen et al.2015). The
formation of secondary particles increases the size,
which can distort the comparison of primary and
secondary particles as the secondary particles as more
readily measured with the SP-AMS.
This work was supported by the Tekes – the Finnish
Funding Agency for Innovation project no 40241 and the
Academy of Finland (grant no 259016).
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Timonen, H., Hillamo, R,, Karjalainen, P.,
Kuuluvainen, H., Harra, J., Keskinen, J. and Rönkkö,
T. (2015) Fuel 162, 155-161.
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measurements and TEM images the morphology and
number size distribution was studied. At first the original
aerosol (without flame) was characterized. It was found
that with a certain temperature of the flame the original
size distribution starts to build a new peak at small particle
sizes. The starting temperature is material dependent and
this effect was interpreted as an evaporation and
nucleation of the nano-material and was also found by
other authors (Goertz et al., 2011).
Investigations in the tube furnace with similar
temperature showed no new particle formation. In the
tube furnace it was possible to add water via a bubbler
system to the carrier gas (N2 or Air) so that the same
humidity is adjustable in the tube furnace as in the flue gas
of the burner. With this change in the experimental set up
a
new
particle
formation
was
observed.
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Figure 1. SMPS measurement of a ceria suspension
added to the McKenna burner via center tube. The red
curve belongs to the right axis and the other curves to the
left axis.
By using different burning gases like Propane and
Ethylene mixed with diluent gases (N2 or Ar) a wide
temperature variation is possible. With SMPS
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Nanoparticles are used in everyday products like
sunscreen, wall colours, textiles or polymer composites.
As the products reach their end of life they will usually
end up in the waste. Since the untreated deposition of
waste is prohibited in Germany and many other countries,
it’s quite usual to use a thermal treatment (municipal and
hazard waste incineration) on certain types of waste. Few
work has been published on the behaviour and possible
release of these nanoparticles during incineration (Lang et
al., 2015).
Basic investigations on the thermal stability of the
pure nanoagglomerates are executed as well as the
combustion behaviour of nanoparticles embedded in
matrixes like polymers.
The basic investigations are carried out at different
burner types (McKenna burner, tube burner) where a
suspension of nanoparticles, like Ceria or Titania, is added
to the flame (Propane/Air, Ethylene/Air). With the flame
parameters cold gas velocity and stoichiometry the flame
temperature can be changed and their influence on the
morphology, size distribution, sintering behaviour, or new
particle formation is investigated in different heights
above the burner (HAB). In addition to the investigation
above the flame measurements were carried out
downstream of a tube furnace (Tmax = 1800 °C) with air or
nitrogen as carrier gas. By comparison of the results it’s
possible to differentiate between a mere temperature
effect (tube furnace) and an influence of the flame
chemistry (burner).

Figure 2. SMPS measurements of a ceria suspension at
1500 °C. The red curve is measured under dry condition
and the blue curve is measured with 13 Vol.-% water in
air.
Therefore the present components in the flame (radicals,
reaction zone) or the flue gas (H2O, CO2, N2) are
assumed to be responsible for the observed effect in the
flame.
Goertz, V., Weis, F., Keln, E., Nirschl, H., and
Seipenbusch, M. (2011). The Effect of Water Vapor
on the Particle Structure and Size of Silica
Nanoparticles During Sintering. Aerosol Science
and Technology, 45, pp. 1287–1293.
Lang, I.-M., Hauser, M., Baumann, W., Mätzing, H.,
Paur, H.-R., and Seifert, H. (2015). Untersuchungen
zur Freisetzung von synthetischen Nanopartikeln bei
der Abfallverbrennung. In: K.J. ThoméKozmiensky, and M. Beckmann (Eds.), Energie aus
Abfall, Band 12. TK-Vlg: Nietwerder, pp. 347–370.
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tection is done by means of a CO2 measurement. Fast
heating shortens the analysis time, 1 to 2 minutes depending on loading conditions (see, e.g., figure 1), and results
on a better limit of detection. At the same time, our goal
is to keep the cooling down as short as possible to allow
for a new sampling cycle within a few minutes.
This research was supported by the Swiss Federal
Office for Energy (SFOE), the Swiss Federal Office for the
Environment (FOEN) and the OPTIWARES project of the
Competence Center Energy and Mobility (CCEM) from
the ETH Zurich.
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Particulate matter emissions from biomass burning have
a big impact on both climate and public health. According to the world health organization, alone the pollution
from cooking with solid fuels causes yearly millions of
premature deaths. Despite this, only few countries have
a thorough legislation that limits biomass burning emissions. The European Union is working towards a generalized legislation that will impose emission limits for
biomass burning appliances to all member countries. This
calls for a careful discussion about an appropriate metric,
as legislation can only be as good as the technique used
to characterize the emissions. Current legislation is not
ideal for several reasons. A big problem is that standards
for particulate matter emissions (PME) are based on total
mass without differentiation by chemical composition or
particle size.
We will discuss an approach that aims to complement PME standards. Current measurements are based on
gravimetric sampling, which underestimates the contribution of particle bound organic carbon (OC) and pays no
attention to the potential for secondary aerosol (SOA) formation. Source apportionment studies establish OC and
in particular SOA as the largest carbonaceous fraction of
biomass burning emissions (Lanz et al., 2007). This makes
biomass burning SOA one of the most important atmospheric pollutants in Europe (Denier van der Gon et al.,
2015).
Our proposed method is two-stepped. First, the
emissions are aged by means of the micro smog chamber
(MSC; Keller and Burtscher, 2012). Aging incorporates
the potential for SOA formation to the measured PME.
This would otherwise be difficult to establish as parameters like, e.g., organic gaseous carbon (OGC), NOx, CO or
PME are only poorly linked to SOA. As a matter of fact,
our results show that only a small fraction of the OGC is
responsible for most of the SOA formation.
The quantification of the emissions is done through
a total carbon (TC) analysis of particle bound carbon. This
fraction of the emissions is a good indicator of the quality of the combustion, has been linked to a much higher
toxicity than non-carbonaceous material (Lelieveld et al.,
2015; Sigsgaard et al., 2015), and is easier to perform than
a split analysis of particle bound organic carbon (OC) and
elemental carbon (EC).
Our prototype is designed to work semi-online. A
sample is captured on a filter which is afterwards heated
rapidly within the sampling unit to burn the carbonaceous
content under an oxidizing atmosphere. Total carbon de-
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Figure 1: Example of a total carbon measurement cycle
performed using our analysis system. The curve shows the
cumulative integral of particle bound carbon form a CAST
aerosol sample (Jing ltd, Switzerland) as calculated from
the CO2 measurement. In this example, the analysis was
performed using ambient air as a carrier gas. Time zero
marks the start of the filter heating. The analysis was over
after 60 seconds of heating and 90 seconds of CO2 measurement.
Denier van der Gon, H. A. C. et al. (2015). Atmos. Chem.
Phys., 15(11):6503–6519.
Keller, A. and Burtscher, H. (2012). J. Aesorol Sci.,
49(0):9 – 20.
Lanz, V. A.et al. (2007). Atmos. Chem. Phys., 7(6):1503–
1522.
Lelieveld, J. et al. (2015). Nature, 525(7569):367–371.
Sigsgaard, T. et al. (2015). Eur. Respir J., 46(6):1577–88.
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“Excess” emissions of particulate matter from EU gasoline engines
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Particles emitted by internal combustion engines
constitute one of the major health hazards. Carcinogenic
particles, mostly tens of nanometers in diameter, are
emitted in the immediate vicinity of urban inhabitants,
and in many areas, constitute most of the particle number
concentrations found on the streets at breathing levels.
When inhaled, they efficiently deposit in human lung
alveoli and penetrate through cell membrane into the
blood.
Historically, emissions legislation pertaining to
the type approval of new vehicles was the most effective
measure to reduce vehicle emissions per km driven.
While the emission limits were decreasing, the
laboratory conditions to which the limits are applicable
remained more or less the same. In the European Union
(EU), the relative low power levels at which the engine
is operating throughout the currently used NEDC driving
cycle, the increasing sophistication of engines and
exhaust aftertreatment and their control, the competitive
nature of the automotive market, and the lack of
regulatory oversight, has lead to a condition where the
ratio of the emissions during real driving to the
emissions measured during the type approval cycle is
increasing.
On automobile diesel engines, high emissions of
particulate matter (PM) and nitrogen oxides (NOx) are
associated primarily with high-power operation at higher
speeds and loads than those encountered during the
NEDC. In many cases, high emissions of NOx were
observed even during regimes normally covered during
the NEDC, due to deliberate manipulation of the engine
controls by the manufacturers. A formal accusation of
one specific manufacturer by the US EPA of such
practice became known as “DieselGate”.
In this paper, the phenomena of “excess”
emissions is investigated for spark ignition (gasoline,
petrol) engines and for PM.
An emerging direct injection spark ignition (DISI,
also known as GDI – gasoline direct injection) engine
technology, now comprising tens of percent of the
gasoline engines sold, has been reported to have
substantially higher PM emissions compared to the port
fuel injected (PFI) engines. “Enrichment” conditions,
where excess fuel is injected into the engine to provide a
little additional power and to reduce exhaust gas
temperatures at maximum loads, have been known to
drastically increase PM emissions. PM from gasoline
engines has been reported to contain more carcinogenic
polyaromatic hydrocarbons compared to diesel PM.

While diesel PM emissions have been addressed
by now a widespread use of particle filters on new
vehicles, both the technology and the legislation on
gasoline engine emissions has been lagging and only
recently, particle emissions limits have been imposed on
gasoline engines.
In this paper, results of particle emissions
measurements done by the authors under real driving
conditions on the road, and under different than type
approval conditions on a chassis dynamometer, are
summarized and reviewed, with the following
conclusions:
1. The PM emissions from gasoline engines, both port
and direct injection, are substantially elevated
during “enrichment”, where the engine is operated
with excess fuel. Such conditions are not covered by
the type approval procedures (neither existing nor
proposed). Enrichment for additional power has
been expressly prohibited in the United States.
2. The PM emissions from gasoline engines may be
substantially elevated during highly transient
operation, notably in cases where excess fuel is
injected to avoid a drop in performance.
3. A large share of particles was smaller than 23 nm
and a large share of particles was volatile.
Therefore, the current type approval procedure for
particle
number
measurement
(Particle
Measurement Programme), where only non-volatile
particles are counted, with 50% counting efficiency
at 23 nm, detects only a small fraction of total spark
ignition engine particles.
Small non-road engines, currently subject to only very
lenient gaseous emissions standards, and no PM limit at
all, pose an additional and major problem.
Overall, gasoline engine PM emissions under
real world driving conditions are higher than during
type approval test conditions, and cannot be
considered harmless or negligible.
This work was supported by EU LIFE program (LIFE10
ENV/CZ/651, www.medetox.cz) and by Czech Ministry
of Education project LO1311.
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Since 2005, new limit values for fine particulate matter
hold in areas of Germany which are predominantly
affected by heavy traffic or urban centres, called lowemission zones (LEZ). In those LEZ, the fine dust air
pollution is expected to declining. However, as one of
very few countries in the world (New Zealand and the
US state of Oregon), in Germany it is still allowed to
drive without speed restriction on motorways. In
addition to that, it is well-known that petrol engine start
to leave stoichiometric combustion at speed higher than
approximately 130 km/h towards fuel excess,
consequently leading to higher fuel consumption and
particulate emissions.
A flex-fuel engine was operated on petrol with
10 vol-% (E10) and 85 vol-% (E85) to investigate
possible reductions in particulate carbonaceous
emissions by using higher amounts of ethanol. Firstly,
the engine was started (cold start) and performed 11
times the “New European Driving Cycle” (NEDC) with
both fuels. Secondly, and a self-designed “High-Speed
Driving Cycle” (HSDC) with speeds from 80 km/h up to
180 km/h was applied to examine particulate emissions
from high speed. On-line measurements were carried out
with a 7-wavelengths aethalometer and ABB gas
analysers. Furthermore, the exhaust was diluted 1:40 or
1:10 to sample PM2.5 on quartz fibre filters for
thermal/optical carbon analysis (TOCA) hyphenated to
photoionisation time-of-flight mass spectrometry (PITOFMS). The TOCA-PI-TOFMS enables the
investigation of the molecular composition of thermal
fractions during carbon analysis (Grabowsky 2011).
According to ImproveA protocol, four fractions of
organic carbon are defined by the slope of the flame
ionisation detector (Chow 2007). While resonanceenhanced multi-photon ionisation (REMPI) refers to a
selective technique for aromatic compounds, singlephoton ionisation (SPI) is a more universal technique
which ionises analytes with lower ionisation energies
than photon energies (Hanley & Zimmermann 2009). In
the first two OC fractions, mainly thermodesorption of
semi-volatile compounds occurs whereas in OC3 and
OC4 decomposition of larger molecules takes place
Switching from E10 to E85, organic carbon (OC)
was reduced by about 83 % for both driving cycles,
whereas elemental carbon (EC) even declined by 98 %
due to a improved combustion by additional oxygen in

the fuel. Surprisingly, higher OC and EC emission
factors (EF) were obtained for NEDC. Although the selfdefined HSDC features high speeds, accelerations and
brake appear less frequently than in NEDC. Thus, it can
be concluded that typical start-and-stop in urban areas
produces higher emissions than constantly fast driving
on motorways. However, only E10 showed significance
in this observation while no distinct difference could be
identify for E85. Due to one to two orders of magnitude
lower EFs of OC and EC for E85, the relative variance to
the mean value increases that more experiments have to
be carried out for a reliable prediction (Figure 1).
In the REMPI spectra, the majority of aromatic
species contained no alkylation indicating a dominant
formation mechanism by radical reactions rather than
unburned fuel. Finally, a strong relation between OC-toEC ratio and Ångström exponents could be observed,
indicating that particle-bound organic matter from the
flex-fuel engine contains light-absorbing carbon in the
lower visible UV range, i.e. brown carbon.

Figure 1. Logarithmic scatter plot of OC and EC
emission factors together with Ångström exponents.
This work was supported by Helmholtz Virtual Institute
of Complex Molecular Systems in Environmental Health
(HICE).
Chow, J. C., Watson, J. G., Chen, L. W. A., et al. (2007)
J. Air Waste Manag. Assoc., 57(9), 1014-1023
Grabowsky, J., Streibel, T., Sklorz, M., et al. (2011)
Anal. Bioanal. Chem., 401(10), 3153-3164.
Hanley, L., & Zimmermann, R. (2009) Anal. Chem.
81(11), 4174-4182.
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Determination of the filtration efficiency for HVAC, HEPA and ULPA filters for
nanoparticles ≥5 nm
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Airborne nanoparticles can cause adverse effects both in
human health as well as in the clean production of e.g.
computer chips. Humans and cleanrooms therefore need
to be protected from exposure to airborne nanoparticles
by the use of dedicated filters.
Especially in urban areas, a large fraction of
nanoparticles stem from industry and traffic exhaust and
may enter indoor environments through HVAC systems.
Typically, the number concentration of nanoparticles in
the (urban) air is orders of magnitude higher than the
concentration of micron sized particles. Still, current
standards for the evaluation of HVAC filters (e. g.
EN 779) only prescribe the determination of the filtration
efficiency at a particle size of 400 nm. It is known that
the filtration efficiency increases for particle sizes below
the most penetrating particle size (MPPS), which
typically is between around 100 and 300 nm. High
upstream nanoparticle concentrations are therefore
required in order to produce statistically secured data
downstream of the filter.
In the present work, we investigated the efficiency of
both the filter media as well as the assembled full size
HVAC, HEPA and ULPA filter cassettes. Due to the
high efficiency for nanoparticles, the tests require both a
very high degree of cleanliness and accuracy as well as
(nearly) monodisperse particles with a sufficiently high
concentration to still be able to determine a statistically
significant number of particles in the clean gas. Both can
be realized with the described methods. While the flat
sheet media are tested in small scale test rigs, similar to
DIN EN 1822, the full scale filters are tested with the
rated flow rate in a test rig according to DIN EN 779.
For testing flat sheet media, a NaCl, Ag or DEHS
aerosol is produced with an atomizer and size classified
by a differential mobility analyzer. The number
concentration is measured simultaneously upstream and
downstream of the filter with a condensation particle
counter. For testing full size cassettes with a typical
cross section of 600 mm x 600 mm and flow rates of
several thousands of cubic meters per hour, the use of
DMA for size classification is impossible. Instead, quasimonodisperse NaCl particles with adjustable modal
diameters between 5 nm and >50 nm and very high
concentrations >107 1/cm³ (even at operating flow rates
of up to 4700 m³/h) are produced with a flame spray
generator. Polydisperse aerosols with modal diameters
around the MPPS are used for larger particles.

An example for the fractional deposition efficiency
measured with this method is shown in Figure 1. One of
the goals of the research is to point out whether crossreading from media tests to the performance of filter
cartridges is valid.

Filtration efficiency [%]

1

Particle diameter dp [nm]

Fig. 1: Example for the fractional collection efficiency of
a full scale HVAC filter for particle sizes between 5 nm
and 600 nm
The developed methods allow for an accurate
determination of the fractional deposition efficiency of
flat sheet filters and filter cartridges for the particle size
range from 5 nm at least up to the MPPS. The filter
classes that can be tested range from low (e.g. M5) to
very high efficiency filters (e.g. H14). Potential
applications of these filters comprise air supply
households or offices as well as for more critical
environments such as clean rooms or operation theatres.
The experimental procedure, measurement strategy and
experimental results for the fractional collection
efficiency down to 5 nm will be presented.
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Abstract
For modelling aerosol particle filtration, the shape
of the pleated porous filter media is used to be assumed
as stiff and unchanged during particle loading. With
ongoing advances in simulation of fluid-structure
interaction, it is now possible to consider the flowinduced deformation of pleated media. By changing the
permeability of the porous media, particle loading is
modelled. For validation purpose an experimental setup
is developed, providing information about the pleated
media deformation. Preliminary results show a good
correlation between simulation and testing.

pleats. Hereby, the pleat shape is measured by laser
triangulation method. The optical measuring system is
located downstream of the filter element in the flow
channel and gives access to characteristic changes of the
pleat’s shape by flow-induced forces.
Fluid and structural mechanics simulations are
performed with ANSYS 16.1 using the system coupling
approach. This allows a step-by-step simulation of the
pleat deformation (Traut et al., 2014). The mechanical
material parameters (E, G, ν) of the porous filter medium
have been derived in previous stages of the research
project. The domain and the basic setup are shown in
figure 1.
Fluid
Forces

Introduction
Enhancing the performance of today’s filter
elements in automotive applications is challenging,
especially in the context of increasing requirements for
upcoming filtration tasks. For this purpose, new
generations of filter materials are developed. However, a
highly efficient filter media and good mechanical
stability of the material are not necessarily associated
with each other. In certain extreme cases, fluid forces
may lead to deformations of the pleated filter structure
which may affect the flow field and the particle
deposition inside the pleats as well. This kind of
generally unintended interference is also known as
Fluid-Structure Interaction (FSI).

Structural
Displacements
Porous
filter
medium

Sym.

Sym.

Figure 1. Simulation domain and setup for CFD (left)
and FEA (right). Flow induced forces and displacements
of the filter structure are transferred.

Therefore, we are focusing on the enhancement of
the filter pleat stiffness which is a multi-goal task that
cannot only be solved by common “trial-and-error”
methods. Furthermore, we want to gain more insight to
underlying phenomena and mechanisms which cannot be
easily investigated up-to-now. In addition, the
permeability of the filter media changes with ongoing
particle collection. Thus, the flow-induced forces acting
at the porous medium are higher resulting in a larger
deformation of the pleated media. Therefore, the
interplay of particle loading, fluid forces and
deformation of the filter media is of particular interest.

In this study we focused on the deformation while
loading the filter media. For simulation purpose, the
loaded filter is rigorous modelled by a decreased media
permeability k as derived from flat sheet data.

Methodology

Grosjean N. et al. (2015), Separation and Purification
Technology 156(1), 22-27
Traut A., Lehmann M. J. and Piesche M. (2014),
Proceedings of EFMC10, Copenhagen
Traut A., Lehmann M. J. and Piesche M. (2016),
ProcessNet Gasreinigung, Duisburg

In order to study these effects of particle loading
on flow-induced deformation of pleated filter media, we
enhanced our simulation approach and developed an
experimental setup to quantify the deformation of the

Results
Preliminary results indicated a good correlation
between experimental and simulation data for new and
unloaded filter material (Traut et al, 2016). Latest results
will be presented and discussed about flow-induced
deformation for particle loaded filter media.
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Synthetic nonwoven materials are wellestablished filter media to separate particles from gases
in automotive, cleanroom, ambient air, healthcare and
industrial chemical processing applications. An effective
way to enhance the filtration efficiency, without thereby
increasing the pressure drop, is the introduction of
electrostatic charges. In the field of aerosol filtration,
electrostatic effects in detail are relatively unexplored
but absolutely decisive in many applications
(Rengasamy, 2009).
For filtration efficiency experiments regarding
electrostatics, adequate sodium chloride aerosols with
particle diameters in the range of 10 to 1000 nm are
generated. The aerosol charge distribution can be
reproducibly adjusted with an aerosol neutralizer. The
next step is to measure the particle size distribution with
a SMPS (Scanning Mobility Particle Sizer) and OPC
(Optical Particle Counter) while particle deposition
occurs at a defined filter area using a specimen holder
(Schmidt, 2013). In the final analysis the deposition rate
is measured for charged and discharged electret fibers to
quantify the influence of the electric effect on the
filtration efficiency. The general setup for the
experiments is shown in figure 1.

Figure 1. Scheme of the experimental setup.
The measurement and evaluation of the filtration
efficiency for particles in these orders of magnitude
(< 1000 nm) is technically extensive, time-consuming,
error-prone and complex to transfer to different fiber
geometry, especially with regard to electrostatic charge
of microfibers and particles. Therefore, the experiments
are supplemented by direct numerical simulations with
the self-developed software tool DNSlab. DNSlab is

designed for direct numerical simulations with 3D
models of porous structures (Schmidt, 2010). By
simulation, various charge distributions on the surface of
the fibers and the particles can be simulated and linked
to the corresponding filtration efficiencies. Furthermore,
the amount of electric charge on the fiber surfaces can be
estimated by simulation, by comparing the simulated
filtration efficiencies to the measurements. In this
contribution, the measurement technique and the
simulation method are explained in detail, considering
recent improvements of the applied techniques.
Measured and simulated filtration efficiencies are
compared. The amount of electric surface charge on the
fibers is estimated by the results.
This work was supported by the Nano Structuring Center
at the University of Kaiserslautern (NSC).
Rengasamy, S., Eimer B. and Shaffer R.,
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Filtering Facepiece Respirators, Ann. Occup. Hyg.,
Vol. 53, No. 2, pp. 117–128, 2009
Schmidt, K., Hellmann, A., Pitz, M., Ripperger, S.,
Modeling of NaCl aerosol deposition at electrically
charged microfibers: FILTECH 2013, Proceedings,
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Flue gas flows from Electric Arc Furnace (EAF)
steelmaking meltshops require large multi-compartment
filtration units. For meltshops are frequently located near
urban areas, stringent policies regulate Pb and Zn (Choel
et al., 2006), so an efficient filtration is a critical issue.
This flue gas is the result of mixing the stream coming
out the EAF with the meltshop evacuation through the
canopy. Each stream has its own dynamic
characteristics. The furnace gas coming out through the
4thhole carries initially a high content of metallic vapours
(1975 ºC) leading to a high number concentration of
metallic ultrafine particles as the gas cools down. For the
EAF steelmaking is a batch process (heats of 50 min) the
raw aerosol coming out has a characteristics strongly
dependent on process dynamics. The canopy flow
mainly consists of coarse particles entrained from the
meltshop atmosphere.
The nominal flow is 2.106 Nm3/h for a pulse-jet filter of
104 bags (7m length). The medium is challenged with
periodic bursts of high concentration of metallic aerosol.
Lifetime of conventional felts is conditioned by early
clogging. Looking for a rationale for media selection
adapted to the specific characteristics and dynamics of
this raw aerosol, a 3-year field study aiming to assess the
performance of membrane-coated vs. conventional felt
confronted with the same history was undertaken.

membrane-coated structures. Lifetime and residual
pressure drop along the 3-year period will be discussed.
The membrane-structured medium allows for a
simultaneous control of metallic and particulate
emissions through a biased fractional efficiency curve,
improving the fractional efficiency at the Pb- and Znbearing size bin.

Figure 2 Aging of conventional medium and metal clogging.

Figure 1 Fractional penetration as obtained in the lab of loaded
coupons of conventional filter media

We thank Electronic Microscopy and Materials Microanalysis
Service of UPV/EHU for technical and human support
We thank the Basque Government for the financial support
under Grant ZUMAN (2012-2016).

Results will be presented about: lab tests (Figure 1) and
SEM/EDX analysis of loaded media (Figure 2). There is
evidence (Múgica et al, 2014) on the high metallic
content within the MPPS range of conventional
polyesters felts. This critical point was solved by

I. Mugica, R. Tucho, F. Vergniory, G. Aragon and C. Gutierrez-Cañas
(2014), Lifetime and performance of filter media challenged by
ultrafine metallic aerosols: An experimental study in a 160 t steel/heat
EAF meltshop, Aerosol Technology 2014, Karlsruhe, Binnig, J. et al.
(2011). Powder Technology, 211, 275-279.
Choel, M. et al. (2006). Atm. Environment, 40, 4439-4449.
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Passive respirators such as the N95 type Respirator,
which are designed to provide protection from particulate
suspensions in air are certified using NIOSH (42 CFR 84)
or similar test standards. These tests typically utilize an
aerosol around the expected Maximum Penetrating Particle Size (MPPS) for the filter - approximately 0.3 microns, and a constant flow rate of air (85 litres/min for the
N95 test - at 95% or better capture efficiency).
However, the wearers of respirators do not inhale
at a constant flow rate. The adult human breathing rate
can be typically characterized as a quasi-sinusoidal pulsatile flow with frequencies in the range 10-30 breaths
per minute depending on factors such as age and activity. While there is a significant body of quality research on respirators, much of this is focused on testing
respirator fit and performance for specific aerosols (Vo
et al. (2015)), or tests based on constant inhalation rates
(Martin-Jr and Moyer (2000); Eninger et al. (2008)). The
influence of the pulsatile nature of the flow through the
respirator has received little attention as such flows are
difficult to generate in a laboratory.

mance under pulsatile flow conditions which represent
realistic human breathing patterns. The CFD simulations are carried out using the open source CFD package OpenFOAM with customized subroutines integrated
with the solver for accurately evaluating particle-filter interactions such as particle capture. The results from the
present simulations under steady and pulsatile breathing
rates are compared with the corresponding predictions
obtained from Single Fibre Efficiency (SFE) theory using the equivalent mean (steady) flow for each case.
A section of the representative computational domain and mesh (only surface-mesh is shown for clarity)
employed for the present study is shown in Fig. 1. The realistic respirator filter geometry used for the present study
is generated using an in-house code that is customizable
based on filter-properties such as filter size (fibre diameter), shape, porosity, etc.
Figure 2 shows the instantaneous particle collection statistics along the direction of flow (air + particles)
through the respirator filter at different instants of time,
obtained from a representative simulation carried out using steady flow of air with mono-dispersed particles.
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In the present study, computational simulations
are carried out to examine the (respirator) filter perfor-
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Figure 1: Representative computational surface mesh on
the generated respirator filter (fibrous) media
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The nanoparticles are generated by many manufacturing
processes such as surface processing and coating
(thermal spraying ...), machining (drilling, grinding ...),
combustion (fire, blast furnaces ...), etc... The most
efficient and widely used de-dusting methods for
separating the particles from the carrier fluid are
currently fibrous media. As an alternative, granular beds
exhibit interesting performance, in terms of ultrafine
particles collection efficiency, operation time by
exploiting a high dust retention capacity, low cost and
robustness.
During the clogging, the granular bed internal
structure is continuously modified by the particles
deposition affecting the pressure drop and the transport
of the particles onto the collectors. Thus, this process is
inherently non-steady and the forecast of the collection
efficiency and the pressure drop evolutions is crucial to
design and control this filtration process. Numerous
investigators attempted to model this dynamic behavior.
Tien et al. (1979) developed an interesting hybrid model
for liquid suspensions of micron-sized particles splitting
the clogging process in two successive steps involving
two different collector concepts, i.e. a sphere and a
constricted tube. Some simulations based on the particles
trajectory analysis were also carried out (Pendse and
Tien, 1982, Burganos et al., 2001). Unfortunately, lots of
the developed models are often not really predictive or
require time consuming calculations and do not concern
the filtration of nanostructured aerosols.
A predictive model was developed to forecast the
pressure drop and collection efficiency evolutions
throughout the granular bed clogging by Brownian
aerosols. As it was assumed in previous studies, the
deposit is considered as a spherical shell all over the
collectors surface. This uniformity feature of the deposit
permits to define equivalent collector diameters
depending on the collected mass of particles and to use
them in the models of initial pressure drop and collection
efficiency. From the results of clogging experiments, the
deep bed filtration can be split in two phases. During the
first one, the pressure drop and the efficiency remain
constant or slowly decrease. Thus, it was decided to use
as equivalent collector diameter the one of the sphere
having the same volume as a collector and its deposit
layer. The second clogging phase is characterized by a
sharp increase of the pressure drop and the collection
efficiency which becomes almost equal to 1. One of the
most outstanding features of the nanoparticles being
their specific area, this behavior was assigned to the
increase of the collectors specific area because of the
deposit accumulation. Consequently, a specific area
equivalent collector diameter was chosen to model this
second phase.

In line with the previous description of the
deposit layer all over the collectors surface, a critical
thickness was defined as transition criterion between the
two phases of the deep bed clogging. A semi-empirical
correlation could be found between this transition factor,
the particles material density and the permeabilities of
the deposit and the granular bed. These permeabilities
can be obtained from theoretical pressure drop models of
granular bed and nanostructured deposit.
A good agreement was found between the
predictions of the model and the data from clogging
experiments obtained by varying the operating
conditions such as the superficial velocity, the collectors
diameter and the particles size and material. A
comparison between the model predictions and some
experimental data is shown on the figure 1 (Collector
diameter: 1 mm, Superficial velocity: 19.8 cm/s,
Nanoparticles: Zn-Al).

Figure 1. Comparison of the efficiency and pressure drop
models with experimental data
Tien, C., Turian R.M., Pendse H. (1979).
AIChE Journal, 25, 385–395.
Pendse, H., Tien, C. (1982).
Journal of Colloid and Interface Science, 87, 225241.
Burganos, V.N., Skouras, E.D., Paraskeva, C.A.,
Payatakes, A.C. (2001).
AIChE Journal, 47, 880-894.
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Cyclone separators are commonly used in industry to
remove solid or liquid particles from a gas stream. These
devices are frequently applied to large-scale processes.
Small cyclones are also widely used in the automotive
industry, particularly in internal combustion engines for
the separation of oil mist from blow-by gases. These socalled “blow-by gases” result from leakages between the
combustion chamber and the crankcase. The resulting oil
mist has to be cleaned up, for pollution control, oil
consumption reduction and also to avoid oil deposit in
the intake line. This is an important feature of crankcase
venting systems, and the design of the sampling cyclone
is of great importance for its collection efficiency: a
reduction of the cyclone diameter produces an increase
of the collected oil flow, but also results in increased
pressure drops.
The aim of this experimental study is to
investigate the separation performances of a set of small
cyclones. The diameter of these cyclones spans the range
of 20 to 45 mm, which is the typical size of these devices
when they are used for the separation of oil mist from
blow-by gases, in internal combustion engines.
Do
Dimensionless ratios
vortex finder
( Lb  Lc ) D =2,
inlet pipe

S

H

Lb

W
D

were found to be in good agreement with
Muschelknautz’s model (Muschelknautz, 2010), with an
average deviation of 12%.

Figure 1. Pressure losses evaluation (point:
measurements, line : Muschelknautz model).
Collection efficiency curves were also measured,
and these efficiencies were plotted against , the slipcorrected particle size normalised to the experimentally
determined slip-corrected cut-off sizes.

Lb D =1, S D =0.62,
W D =0.22,
H D =0.48,
D Do =2.23

Lc

Cyclone size
D variable (20, 25, 30,
35, 40, 45 and 50 mm)
To reproduce the flow rates and temperature
operating conditions (80°C) of combustion engines, we
developed a temperature controlled flow bench, with a
polydisperse aerosol generator (PALAS PLG 2010)
producing engine oil droplets with diameter in a 0.3-10
µm range. Measurements of the aerosol particle
concentrations with an optical particle counter (WELAS)
upstream and downstream of the cyclone permitted the
determination of the particle collection efficiency, for the
six devices that were tested, with flow rates ranging from
18 to 500 Nl.min-1.
Pressure losses were measured separately with the
cyclones exhaust at the atmosphere as recommended by
Hoffman (2002) who reports that this is the best way to
evaluate pressure losses in the vortex finder with highly
swirling flow. As illustrated in figure 1, pressure losses
Dd

Figure 2. Fractional efficiency (cyclone with D=35 mm)
As illustrated in figure 2 for an intermediate
cyclone size, a quadratic Blachman-Lippmann model
can be used to interpolate the data, with a reasonable
scattering.
Muschelknautz, U. (2010) L3.4 Cyclones for the
Precipitation of Solid Particles. 1226-1237, VDI
Verlag GmbH Heat Atlas, 2ème. ed, Ed Springer,
Düsseldorf
Hoffmann, A. C. and Stein, L. E. (2002) Gas Cyclones
and Swirl Tubes. Principles, Design and Operation.
Springer, New York.

European Aerosol Conference 2016

Tours, France

Page 484 of 1211

Modeling of submicron particles motion in planar dielectric barrier discharge type
electrostatic precipitator
A. Zouaghi1, 2, N. Zouzou2, A. Mekhaldi1, R. Gouri1, 3
1

Laboratoire de Recherche en Electrotechnique, Ecole Nationale Polytechnique d’Alger, 16200, Algiers, Algeria
2
Pprime Institute, University of Poitiers-ENSMA-CNRS, F86962, Futuroscope, France
3
Ecole Nationale Supérieure de Technologie, 16012, Algiers, Algeria
Keywords: Dielectric Barrier Discharge, Electrostatic Precipitation, Submicron Particles, Particles Trajectory
Corresponding author: ayyoub.zouaghi@g.enp.edu.dz

Y Position (mm)

1,0
0,5
0,0
10Hz
100Hz
1000Hz

-0,5
-1,0
0

10

20

30

40

50

X Position (mm)

Figure 1. The effect of the frequency on the particles
motion. Conditions: V0=5 kV, dp=0.305 µm
Fig. 1 shows the effect of the frequency on the
particles motion. The amplitude of oscillations decreases
with the frequency. For this reason, higher frequencies

are more appropriate for particles charging applications.
At low frequencies, the amplitude is big but there is no
enough time for the particles to oscillate, that cause a
diminution of the particles collection efficiency.
Fig. 2 shows modeling and experimental results
of the frequency effect on the collection efficiency. We
can see that the modeling and the experimental results
are similar which confirm our assumptions. The
collection efficiency decreases at low frequency. By
analyzing modeling results, the diminution is due to the
low charge of aerosol particles. In fact, between two
successive half-cycles, the discharge turns off during a
time-interval, that is longer than the residence time of the
particles inside the plasma reactor. At high frequency,
the decrease of efficiency is caused by the fast
oscillation of the particles between the electrodes.
100

80

Efficiency (%)

Two major actors are responsible for air pollution: toxic
gases and airborne particles. The suspended particles in
the air have a harmful effect on nature and human health.
One of the most effective methods for airborne particles
removal is electrostatic precipitators (ESP) (Chang et al,
1995). Even though the high total particle collection
efficiency of conventional ESPs which can reach 99.9 %
and their low energy cost, there is still a problem with
the collection efficiency of submicron particles in the
range from 0.2 to 2 µm (Chang et al, 1995).
Furthermore, the use of dc corona discharge to charge a
particle presents some risks due to arc transition.
Recently, many research works have been carried out on
dielectric barrier discharge (DBD) to produce ions and
charge particles inside the ESP rather than the
conventional corona discharge (Zouzou et al, 2011).
In this paper, a theoretical model is presented to
assess the trajectory, and the collection efficiency of
submicron particles with different diameters (ranging
from 0.18 to 1 µm) in a plane-to-plane DBD electrostatic
precipitator (air gap = 1 mm, dielectric thickness = 180
µm).
The model is based on particles field-diffusion
charging theory, classical movement equations and
simplifying assumptions. In order to evaluate the charge,
the velocity, the trajectory, and the collection efficiency
of particles, two kind of forces are taken into account:
the first one is the electric force applied by the electric
field on charged particles and the second one is the drag
force which represent the resistance of the air to particle
movement.
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Figure 2. Collection efficiency versus the frequency.
Conditions: V0=5 kV, dp=0.305 µm.
As a conclusion, filamentary DBD can be
considered as an efficient way to charge particles inside
the ESP. The particles have an oscillating motion which
highly affects their collection. The amplitude of particle
trajectory oscillations depends on electrical parameters
such as the applied voltage and the frequency, and
particles characteristics such as their size.
Chang, J. S., Kelly, A. J. and Crowley, J. M. (1995)
Handbook of Electrostatic Processes, New York:
Marcel Dekker.
Zouzou, N., Dramane, B., Moreau, E., and Touchard, G.
(2011) IEEE Transactions on Industry Applications,
vol. 47, no.1, pp. 3 - 11.
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Atmospheric aerosols can affect the climate directly by
absorbing or scattering incoming radiation and also
indirectly by acting as cloud condensation nuclei (CCN).
A recent study estimates that the major fraction of CCN
comes from gas to particle conversion (nucleation)
(Merikanto et al., 2009).
During the last decade, several nucleation studies
have been published based on field observations,
however most of them in the planetary boundary layer
(PBL). Therefore, our knowledge is mainly limited to
PBL conditions, and only little information is available
about the free tropospheric case. Therefore, the aim of
this set of studies is to understand what species
contribute to new particle formation (NPF) at high
altitude with a focus on the formation of the first
nucleating clusters.
In order to monitor and characterize NPF
processes, a number of state-of-the-art instruments were
deployed first at the Swiss high alpine research station
Jungfraujoch (3580 m asl) (Bianchi et al., 2016) and then
at the Himalayan Nepal Climate Observatory Pyramid
(NCO-P) site on the southern slope of the Himalayas, not
far from Everest base camp (5079 m asl). Previous
studies have already showed that at both of these
locations NPF takes place frequently (Venzac et al.,
2008; Boulon et al., 2010). However, no chemical
information of the vapours was retrieved.
At the Nepal Climate Observatory Pyramid, we
deployed an atmospheric pressure interface time-offlight mass spectrometer (APi-TOF, Junninen et al.,
2010), a particle size magnifier (PSM) and a neutral
cluster and air ion spectrometer (NAIS). The APi-TOF
measured the chemical composition of either the positive
or negative ions during many the nucleation events and
when equipped with a chemical ionization source (CIAPi-TOF, Jokinen et al., 2012) it provided information
on the chemical composition of the neutral species.
Figure 1 shows the first APi-TOF mass spectrum
running in negative mode recorded above 5000 m asl
during such a nucleation event. The main ions that have
been identified so far are all deprotonated acids: sulfuric
acid, nitric acid, malonic acid, methanesulfonic acid and
iodic acid. Larger ions are formed by different

combinations of these
CH3SO3H°HSO4-, etc.).

acids

(i.e.

H2SO4°HSO4-,

Figure 1. Raw mass spectrum of negative ions recorded
during a nucleation event at NCO-P, Nepal, 5079 m asl.
We will present a detailed analysis of the particle
evolution during NPF and also the chemical composition
of the small clusters measured with these advanced mass
spectrometers.
This work was supported by the Academy of Finland
Center of Excellence (grant no. 272041), as well as the
Swiss National Science Foundation This study was
carried out within the framework of ABC-UNEP and
SHARE-Evk2CNR Projects in collaboration with the
Nepal Academy of Science and Technology as foreseen
by the Memorandum of Understanding between Nepal
and Italy.
Bianchi, F., et al. (2016) Submitted.
Boulon, J. et al. (2010) Atmos. Chem. Phys. 10, 10679-10690.
Jokinen, T., et al. (2012) Atmos. Chem. Phys. 12, (9), 41174125.
Junninen, H., et al. (2010) Atmos. Meas. Tech. 3(4), 1039.
Merikanto, J., et al. (2009) Atmos. Chem. Phys. 9 (21),
8601−8616.
Venzac H., et al. (2008) Proc. Natl. Acad. Sci. USA, 105
(41), pp. 15666–15671
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Introduction
Aerosol particles have global effects on
Earth’s climate and regional effects on air quality.
Aerosol particles are emitted to the atmosphere either
directly or they are formed from gas-phase
precursors. Globally secondary pathways can, as a
global average, produce 45% of the climatically
active particles in terms of their number (Merikanto
et al. 2009). Secondary formation of atmospheric
nanoparticles is a multi-stage process where stable
clusters form from gas phase precursors. The initial
steps involve molecular clustering, followed by
cluster activation for enhanced growth (Kulmala et
al, 2014).
Although the secondary aerosol formation is
occurring readily in the atmosphere in many
environments (Kulmala et al. 2004), the Amazon area
is the location, where the initial steps of the
nanoparticles have not been previously observed
from ground based measurements. In the Amazon,
emissions of volatile organic compounds, their
oxidation (e.g. Lelieveld et al. 2008) and formation
of condensable vapors, aerosol activation to cloud
droplets and eventually rain is tightly connected and
interlinked with meteorological processes, such as
boundary layer development (Martin et al, 2010).

Methods
The data collection was done in two different places.
First, the ion spectrometer (Manninen et al 2010) was
measuring inside the rainforest canopy (TT34; 2.5946° Lat, -60.2093° Long) from 2011-1013.
Similar measurements took place as part of the
GoAmazon2014/5 campaign during two intensive
observation periods (IOP1/2) covering wet and dry
season. In both IOPs the ion spectrometer was used.
The GoAmazon2014/5 took place outside the
rainforest canopy (T3; -3.2133° Lat, -60.5987°
Long).
In IOP2 additionally an ultrafine condensation
particle counter was used for studying the sub-3 nm
aerosol particles. The condensation particle counter
(CPC) is using diethylene glycol (DEG), which has a
low saturation vapour pressure and is hygroscopic.
The instrument is a Particle Size Magnifier (PSM;
Vanhanen et al., 2011), which is a mixing type CPC.
Using the mixing type CPC allows for measuring the
total particle concentration in the size range from 1.5
to 6 nm and for determining particle growth rates.

Results
We made two interesting observations:
First, no new particle formation (NPF) under the rain
forest canopy was observed, but when measuring
outside the canopy (e.g. on a clearing), nicely
growing NPF events can be observed during the wet
season. Secondly, we observed much higher (~3-7x)
cluster ion concentrations in Amazon rain forest
compared to e.g. continental Europe. Similar
observations were made in Australian Eucalyptus
forest, with on average 2000 - 4000cm-3 cluster ions
(Suni et al, 2008).

Figure 1. Example for an NPF event observed on ground in
the Amazon during wet season.

We acknowledge the Academy of Finland Centre of
Excellence program (project no. 1118615 and grant
no. 272041), the Nordic Center of Excellence
“Cryosphere atmospheric Interaction in a Changing
Climate (CRAICC)” and the Atmospheric Radiation
Measurement (ARM) Climate Research Facility, a
U.S. Department of Energy Office of Science user
facility sponsored by the Office of Biological and
Environmental Research.
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We have derived a new version of Classical Nucleation
Theory (CNT) to treat particle formation in neutral and
ion-induced binary sulfuric acid-water systems. The
model is validated against CLOUD measurements in
Duplissy et al (2016), also presented in a companion
abstract (Duplissy et al), and parameterized for the use in
large scale atmospheric models as presented in a
companion abstract by Määttänen et al.
In our new theoretical description we use a
quantum chemistry-normalized form of Classical
Nucleation Theory utilizing most reliable quantum
chemistry calculations (Kurtén et al., 2007) on sulphuric
acid hydration. The model is based on a similar approach
as Noppel et al. (2002) and extended into the kinetic
regime where particle formation is no longer impeded by
a free energy barrier.
The theory predicts that the binary water-sulfuric
acid system can produce strong new particle formation in
free tropospheric conditions both through barrier
crossing and through kinetic pathways. In the kinetic
regime particle formation rates become proportional to
sulfuric acid concentration to second power in the
neutral system or first power in the ion-induced system.
At cold stratospheric and upper free tropospheric
conditions neutral formation dominates the binary
particle formation rates. At mid-tropospheric conditions
the ion-induced pathway becomes the dominant
mechanism. However, even the ion-induced binary
mechanism does not produce significant particle
formation in warm boundary layer conditions.

The theory suggests that the interplay between the
dominating mechanism (neutral or ion-induced) is not a
simple one: it depends on the temperature and
concentrations of participating species in a complex
manner. As an example, Figure 1 compares the
formation rates (full lines) at a fixed temperature 249K
and relative humidity of 50%. The figure shows that
below sulfuric acid concentration of 2x107 molecules
cm-3 the ion-induced particle formation dominates, while
neutral pathway becomes dominant at higher sulfuric
acid concentrations. This is because the steady state
formation rates are ultimately limited by kinetic collision
frequencies as well as ion pair production rate
(neglecting recombination and aerosol sinks) in the ioninduced case.
The theoretical binary formation rates are very
sensitive to relative humidity. The ion-induced rates at
279K and sulfuric acid concentration of 2x10 7 molecules
cm-3, for example, can be effectively zero at 30% relative
humidity, but take place at close to ion pair production
rate at 90% relative humidity (Fig 2).

Figure 2: Dependence of ion-induced binary formation
rates on relative humidity
Duplissy, J., et al (2016), J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023539.
Kurtén, T., M. et al (2007). Bor. Env. Res. 12, 431–453.
Merikanto, J., et al (2016), J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023538.
Noppel, M., et al (2002) J. Chem. Phys., 116, 218-228.
Figure 1. Neutral (red) and ion-induced (blue) particle
formation rates at T=249K, RH=50%, ion concentration
of 1000 cm-3 and ion production rate of 20 cm-3s-1.
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Atmospheric aerosols have profound impacts on global
climate directly by scattering and absorbing solar radiation
and indirectly by modifying and altering cloud properties.
The indirect aerosol effects occur due to aerosol particles
acting as cloud condensation nuclei (CCN) and as ice nuclei.
They constitute the largest uncertainty in estimating the
aerosol radiative forcing and global climate change. In order
to better quantify the global CCN budget, it is necessary to
determine the sources responsible for atmospheric CCN.
Observations and model studies (e.g. Kerminen et al., 2012)
have demonstrated that New Particle Formation (NPF) events
can be an important source of CCN in the atmosphere. Only
few studies (e.g. Asmi et al., 2011), however, have linked
observed NPF and growth events directly to increases in
measured CCN concentrations. Most of these studies were
performed in remote or background locations. There is a lack
of continuous long-term parallel measurements of CCN
concentrations and of NPF events in urban aerosols. In order
to provide more information about NPF events as a possible
source of CCN, a long term study was done from June 2014
to December 2015 in the urban background of Vienna
Measurements of size distributions and CCN concentrations
are performed at the aerosol laboratory located on the roof
(35m above ground) of the Physics building of the University
of Vienna in central Vienna.
A CCNC (Cloud Condensation Nuclei Counter) designed at
the University of Vienna and operating on the principle of a
static thermal diffusion chamber (Giebl et al., 2002), was
used to measure CCN concentrations and activation ratios at
low supersaturations (0,5%). NPF events were identified in a
continuous size distribution dataset measured with a Viennatype DMPS (Differential Mobility Particle Sizer, Winklmayr
et al., 1991) and a SMPS 3082(TSI, Inc.). NPF event and
non-event days are classified using the criteria of Dal Maso
et al. (2005).
NPF events and the continuing growth of the newly-formed
particles are sometimes superposed by local pollution
plumes. Traffic emissions could additionally increase the
concentration of CCN-active particles during a NPF event. A
Multi Angle Absorption Photometer (MAAP) measuring
black carbon concentrations is therefore used to monitor the
contribution of traffic emissions and local pollution plumes
to the aerosol at the station. Weather conditions during NPF
events were also taken into account. For this study, events
and CCN concentrations were considered only when weather
conditions and black carbon concentrations stayed constant
before, during and after the event.
The results indicate that in some cases NPF events enhanced
CCN concentrations (Fig 1), but in other cases no increase of
CCN concentrations could be seen.

Fig1: CCN concentrations during a NPF event.
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Highly oxygenated multifunctional organic compounds from anthropogenic precursors
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Volatile organic compounds (VOCs) from biogenic and
anthropogenic sources are the precursors for atmospheric
oxidation products in the gas and particle phase. While
globally the concentration of biogenic VOCs (BVOCs)
is a factor of 10 higher than anthropogenic VOCs
(AVOCs), the latter may dominate in the urban
atmosphere. Recently, it was shown that highly
oxygenated multifunctional organic compounds (HOMs)
are produced via an auto-oxidation process from pinene and other terpenes and may play an important
role in new particle formation (Ehn et al., 2014).
AVOCs contain a high fraction of aromatic
hydrocarbons (ArHC), such as benzene, toluene, xylene
and mesitylene, e.g. from handling and combustion of
fuels (Atkinson and Arey, 2003), and are important
precursors for the formation of secondary organic
aerosol (Metzger et al., 2010). Despite their recognized
importance as atmospheric reactants, their auto-oxidation
mechanism and the subsequent formation of HOMs in
the gas phase has not been studied yet.
Here we present HOM formation from OHtriggered auto-oxidation for six single-ring ArHC
(benzene, toluene, xylene, mesitylene, ethylbenzene),
one oxygenated single-ring ArHC (phenol), as well as
two conjugated polycyclic ArHC (naphthalene and
biphenyl). Experiments were performed in a flow tube.
A Proton-Transfer-Reaction Time-of-Flight Mass
Spectrometer (PTR-TOF-MS) (Jordan et al., 2009)
measured the concentrations of the ArHC. The OH
radicals were generated separately by photolysis of water
vapor and quickly mixed with the VOC under study in
the flow tube. A nitrate ion based Chemical Ionization
with the Atmospheric Pressure interface Time-Of-Flight
mass spectrometer (CI-APi-TOF) (Jokinen et al., 2012)
measured the chemical composition of the HOMs, which
are formed after addition of an OH to the aromatic ring
followed by an auto-oxidation process. The HOMs are
detected either through acid-base reaction or adduct
formation with a nitrate ion.
We observed HOMs from the oxidation of all
eight aromatic compounds. Figure 1 shows that the
HOM formation occurs by addition of two oxygen
atoms, i.e. a peroxy functional group. We also observed
the recombination of two peroxy radicals forming a
dimer, which contains two carbon skeletons of the
precursor compound. For polycyclic ArHC, naphthalene
and biphenyl, we detected even larger clusters (trimer
and tetramer).
Accordingly, these HOMs and thus AVOCs are
expected to substantially contribute to new particle

formation events detected in urban areas. We will
present the chemical mechanism involved in the
formation of HOMs from different ArHC and assess
their contribution to the total condensable gases.

Figure 1: HOMs from 5 single-ring ArHC (benzene,
toluene, xylene, ethylbenzene, mesitylene) and 1
oxygenated single-ring ArHC (phenol). HOMs are
divided in two main categories: HOM monomers and
HOM dimers.
Atkinson and Arey (2003) Chem. Rev., 103(12), 46054638.
Ehn et al. (2014) Nature, 506, 476-479.
Jokinen et al. (2012) Atmos. Chem. Phys., 12, 41254125.
Jordan et al. (2009) Int. J. Mass Spectrom., 286, 122–
128.
Metzger et al. (2010) PNAS, 107(15), 6646-6651.
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Ab initio nanoparticle sizing during new particle formation in precisely controlled
chamber experiments
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The contribution of new particle formation to the number
of cloud condensation nuclei (CCN) crucially depends
on the initial growth of freshly nucleated particles. Only
if the newly formed particles grow sufficiently fast will a
substantial fraction of the particles survive to become
CCN (Weber et al., 1997). Huge efforts have been put
into the quantification of early nanoparticle growth in the
past, however, fundamental limitations have prevented
monitoring of the size evolution at reasonable time
resolution or counting statistics (Winkler et al., 2012).
In this study we present the first results from a
newly designed differential mobility analyser (DMA)
train, which was used to track particle formation events
in the CLOUD chamber. The CLOUD experiment at the
European Centre for Nuclear Research (CERN) in
Geneva, Switzerland, is used to study new particle
formation under atmospheric conditions (Kirkby et al.,
2011). The CLOUD chamber consists of a 26 m³
stainless steel tank in which conditions can be precisely
controlled, and contamination levels are extremely low.
A comprehensive set of instruments is attached to the
chamber simultaneously monitoring the gas-phase
composition, as well as the cluster and particle
composition, concentration, and size evolution during
new particle formation.
For the CLOUD10 campaign in fall 2015 we
assembled an unprecedented array of instruments to
measure neutral particle growth from 1.5 nm to 60 nm in
the presence of highly oxidised biogenic vapours and
sulphuric acid. We operated our DMA train during the
CLOUD10 measurement campaign to monitor
nanoparticle growth primarily in the critical size range
below 5 nm. The DMA train consists of six DMAs
(Grimm SDMA) in parallel for high time resolution
measurements of nanoparticle growth starting from 1.5
nm. Each DMA channel is operated at a fixed voltage
allowing precise measurement of the evolution of six
individual particle sizes. For the detection of particles we
use five butanol based condensation particle counters
(CPC) (TSI3776) and one water based CPC (TSI3788).
For two sub-2 nm channels two Airmodus A10 particle
size magnifiers (PSM) (Vanhanen et al., 2011) are used.
The performance of the DMA train was
evaluated by performing a comparison with two other
instruments that monitored the particle size evolution in
parallel. A PSM was operated in scanning mode to
obtain size information between approximately 1 and 3
nm. In addition, a fast-scanning nanoSMPS (TSI 3938)
was used for particle sizing up to 60 nm. The principle is

illustrated in Figure 1 showing the instruments used for
nanoparticle sizing. The PSM and nanoSMPS have been
used regularly during the past CLOUD campaigns.
While the PSM covers the very initial growth, the
nanoSMPS starts monitoring particles from 5 nm
upwards leaving a gap in the critical part of the size
distribution. Intercomparison of the three instruments
shows that the DMA train perfectly closes this gap. We
will present the most detailed and precise particle growth
rate measurements so far obtained by CLOUD, with
particular emphasis on the critical 1.5-10 nm size range
where particle losses to pre-existing aerosol particles are
most important. We are therefore now at a stage where
we can perform quantitative growth law analysis (Rao
and McMurry, 1989) to analyse nanoparticle evolution
from the very beginning.

Figure 1. Set-up of nanoparticle sizing instruments at the
CLOUD chamber.
This work was supported by the European Research
Council under the European Community's Seventh
Framework Programme (FP7/2007-2013) / ERC grant
agreement No. 616075 and a Marie Curie Initial
Training Network “CLOUD-TRAIN” no. 316662.
Weber, R.J., et al. (1997), J. Geophys. Res. 102, 4375.
Winkler, P.M. et al. (2012) Geophys Res. Lett. 39,
L20815.
Kirkby, J. et al. (2011) Nature 476, 429-433.
Vanhanen, J. et al. (2011) Aerosol Sci. Technol. 45, 533.
Rao, N.P. and McMurry, P.H. (1989) Aerosol Sci.
Technol. 11, 120-132.
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Spatial Extend of New Particle Events over the Mediterranean basin from multiple
ground-based stations and aircraft measurements
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Over the last two decades, new particle formation
(NPF), i.e. the formation from the gas -phase of new
1 nm particle clusters followed by their growth to
the 10-50 nm size range, has been extensively
observed in the atmosphere (Kulmala et al, 2004).
The characteristics of the NPF events reported s o
far are highly variable in term of frequency and
intensity (Maninen 2010,Yli Juuti 2011), according
to the geographical location and time of the year. It
is thus necessary to describe the occurrence and
characteristics of NPF over a large variety of
environments, and assess to what spatial extend
these characteristics can be applied to. In particular,
in the Mediterranean area which is exposed to
higher radiation compared to the rest of Europe, but
also to large amount of preexisting primary
particles (dust and pollution aerosols), the question
of the spatial extend of NPF observed so far
(Pikridas et al, 2012; Kalivitis et al, 2015) is crucial
both for climate and air quality concerns .
In this work, we use aerosol size
distribution
measurements
performed
simultaneously at Ersa, Corsica and Finokalia,
Crete over a one-year period for analyzing the
occurrence of NPF events. The geographical
location of these two sites, as well as the extended
sampling period allow us to assess the large spatial
and temporal variability of atmospheric nucleation.
Globally, Finokalia and Ersa show similar
seasonalities in the monthly average nucleation
frequencies, growth rates, and nucleation rates
although the two stations are located more than
1000 km away from each other.
During an intensive sampling period (July
3rd to August 12th 2013) aerosol size distribution
measurements are also available from a ground
based station on the island of Mallorca as well as
aboard the French research aircraft, the ATR-42.

Figure 1: Comparison of the monthly mean seasonal
frequency of NPF occurrence at the two ground-based
stations Finokalia and Ersa.

This unique combination of stationary and
mobile measurements provides us with detailed
insights into the horizontal and vertical
development of the NPF process on the daily scale.
During the intensive sampling period, nucleation
events occurred both at Ersa and Mallorca over
delimited time slots of several days, but different
features were observed at Finokalia. The results
highlight that the spatial extent of the NFP events
over the Mediterranean Sea might be as large as
several hundreds of km, mainly determined by
synoptic conditions, but still featuring local
characteristics.
References
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The first global picture of observation-based estimate on continental boundary layer
new particle formation
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Atmospheric aerosols have a large impact on air quality,
human health and on global climate. One of the largest
uncertainties related to climate change is the magnitude
of the cooling effect of aerosols that counteracts the
warming caused by greenhouse gases (IPCC, 2013).
Formation of secondary aerosol particles is a major
source of atmospheric aerosols (Merikanto et al., 2009),
and a subject of active research during the past two
decades. Regional events of new particle formation
(NPF) have been observed worldwide (Kulmala et al.,
2004), but in the literature reports of the seasonality of
the NPF related parameters are still rather sparse.
The aim of this study is to present a global picture
on the relevance of aerosol formation. We gathered
observations of the annual cycle of NPF events from
sites with at least one year of total particle size
distribution measurements available. As the number of
such sites is rather limited, we also included sites, which
offered shorter campaign-wise data coverage, but what
could be parsed into a full seasonal cycle. As the
published peer-reviewed articles about the data do not
always provide all the climate-relevant NPF
characteristics (event frequencies, particle formation
rates and growth rates), we collected the observational
data of sub-micron aerosol number size distribution, and
performed a standardized analysis (using the methods
described by Kulmala et al. 2012) to reveal the
characteristic features of the NPF events at different
sites.
Aerosol number concentration size distribution
data was obtained from the EBAS database
(http://ebas.nilu.no/) and from several research groups
running long-term aerosol measurements. The
Differential Mobility Particle Sizer (DMPS) or Scanning
Mobility Particle Sizer (SMPS) instruments typically had
lower detection limits varying between 3 and 10 nm. In
order to have comparable results between different sites,
a common size range of 10–25 nm was used for
nucleation mode particles in this study. Altogether we
identified 35 measurement sites worldwide where
aerosol size distributions have been measured for at least
one year (either continuously, or in separate campaigns
covering a full annual cycle). The sites included in this
study range from arctic and remote areas to heavily
polluted megacities.
The size distribution data was classified into NPF
event, non-event and undefined days according to the
guidelines presented by Kulmala et al. (2012). We used
the criteria originally introduced by Dal Maso et al.
(2005) for identifying regional NPF events, where the
formation and subsequent growth is distinguishable for
several hours.

Figure 1. The locations of the 35 measurement sites
included in this study.
Regional NPF events were observed at all the
sites throughout the year. The global average NPF
frequencies were ranging from 12% of days during
December–February to 31% of days in March–May. The
smallest NPF frequencies occurred in the polar areas
(NPF occurring in less than 20% of days), and the
highest in the African savannah area (NPF occurring in
more than 60% of days).
The particle formation rates did not, on average,
show large seasonal variation, but there exist large
differences between different environments. The highest
formation rates that are over 1 cm–3 s–1 occur inside cities
and other anthropogenically heavily influenced areas. In
these areas the SO2 concentrations are typically high
leading to high concentrations of sulphuric acid, which is
one of the key precursor species in atmospheric NPF. On
the other hand, the highest particle growth rates do not
occur in these same areas of high formation rates,
pointing to the decoupling of the mechanisms leading to
the initial particle formation and the later growth of the
particles.
Acknowledgements. This research has been funded by
the Academy of Finland Centre of Excellence (grant no.
272041). We acknowledge all the research groups which
provided us with their measurement data.
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New insight from the CALIPSO mission on the retrieval of dust surface concentration in
Western Africa
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Northern Africa is the largest source of suspended
mineral dust in the world with annual emission estimated
between 400 and 2200 Tg. The Sahel is under the
influence of the northeasterly Harmattan wind bringing
dust over Southwestern Africa during the dry season that
lies between October and April. Among adverse health
effects, dust events are suspected to play a role in the
meningitis outbreaks occurring in the so-called
“Meningitis belt” (Lapayssonie, 1963) during the dry
season (Martiny and Chiapello, 2013). A further analysis
of the relationship between exposure to mineral dust and
health impact requires long-term records of dust surface
concentrations over large areas where however
observations are scarce.
In this paper, we make use of the spaceborne lidar
CALIOP (Cloud-Aerosol LIdar with Orthogonal
Polarization) aboard the CALIPSO (Cloud Aerosol Lidar
and Infrared Pathfinder Satellite Observations) mission
(Winker et al., 2009) to infer the surface dust
concentration over the Sahel. CALIOP records
atmospheric attenuated backscattering profiles at 532
and 1064 nm with an along-track resolution of 335 m.
We have used the level 2 Aerosol layer products (namely
05kmALay) from 2006 to 2014. Version 3.01 is used
from June 2006 to October 2011, version 3.02 from
November 2011 to February 2013 and version 3.30 from
March 2013 to December 2014.
An aerosol layer is characterized using the bottom
and top altitude of the layer, its optical thickness and the
aerosol type as identified by the scene classification
algorithm (Vaughan et al., 2009). The columnar dust
optical depth (AOD) is computed by the adding the
contribution of each layer classified as dust. The dust
extinction coefficient is computed for the lowermost dust
layer by dividing its optical thickness by the geometrical
depth of the layer. The dust mass concentration is then
estimated by dividing the dust extinction coefficient by a
mass extinction efficiency of 1.0 m2/g (Schepansky,
2009).
Both CALIOP total dust optical depth and
estimations of the dust mass surface concentration are
compared with in situ data available in the Sahel region.
Since 2006, the Sahelien Dust Transect (Marticorena et
al., 2010) is providing continuous measurements of the
PM10 (mass concentration of particles with an
aerodynamic diameter less than 10 µm) at 3 locations in
the Sahel, respectively in Niger, Senegal and Mali.
PM10 are measured using a tapered element oscillating

microbalance (TEOM 1400A from Thermo Scientific).
A fourth TEOM have been installed in Burkina-Faso in
2012. The stations in Mali, Senegal and Niger are also
equipped with an automatic sun photometer belonging to
the Aerosol Robotic Network (AERONET) (Holben et
al., 1998) for aerosol optical depth measurements.
The CALIOP dust AOD is well correlated to the
AERONET sun photometer AOD. The correlation
coefficient ranges between R=0.6 for Niger to R=0.79
for Senegal. However the AOD is underestimated by
roughly a factor of 2 whatever is the station. The
CALIOP-derived surface mass dust concentrations are
also well correlated with daily mean PM10 at the
different stations in the Sahel, showing correlation
coefficients between 0.70 and 0.82 for layers with a base
altitude below 1.5 km. For higher base altitude, the
correlation vanishes. The daily amplitude of the surface
dust concentrations is also a parameter affecting the
relation between satellite-derived and ground level dust
concentrations. At a regional scale, CALIOP-derived
dust surface mass concentration is able to reproduce the
seasonal and interannual variability of dust surface
concentration.
Holben, B. N. et al. (1998), AERONET—A federated
instrument network and data archive for aerosol
characterization, Remote sens. Environ., 66(1), 1–16.
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Aerosol sources and influence of special activities in subway environments
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subway sources. This information will provide the tools
to establish air quality improvement actions for subway
systems.
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Figure 1. Chemical composition of PM2.5 at Palau Reial
and Maria Cristina subway stations in Barcelona during
days without any special activity (No works) and during
days when ballast addition took place (Works).
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Public transport is used daily by millions of people
around the world. Among the different transport modes,
rail subway systems are desirable as they are based on
electric trains and are energetically efficient. However,
air quality in these underground environments is affected
by several factors and emission sources and is therefore
worse compared to outdoor air quality in terms of
particulate matter (PM) concentrations (e.g. Martins et
al, 2016). Moreover, some maintenance or renewal
activities may also add to the already existing aerosol
sources in the subway environment. It is therefore
necessary to identify the aerosol sources present in this
environment and quantify and characterize them to be
able to improve the air quality in the subway systems.
A monitoring campaign focused on aerosols was
(and is currently) carried out in different platforms in the
Barcelona metro system: Sagrera, Palau Reial and Maria
Cristina. These platforms were affected by special
activities, such as rail renovation (Sagrera) or ballast
addition (Palau Reial and Maria Cristina). The renewal
of the ballast bed was carried out in normal conditions,
i.e. using water to avoid dust resuspension (Palau Reial),
and using ballast previously coated with an
antiresuspension polymer (Maria Cristina), to study the
efficiency of such a measure. Ambient particles with
diameter below 2.5 µm (PM2.5) were collected daily
using a high volume sampler during the metro operating
hours. The samples were chemically analysed to
determine major and trace elements, inorganic ions, total
carbon and organic compounds (the latter only in a
selection of the samples). Moreover, the chemical
composition of some subway components such as brake
pads (different types), rail tracks and cathenary was
analysed in order to determine the influence of each of
the sources in the ambient PM in the subway
environment.
Subway PM2.5 was mainly constituted by Fe2O3,
which contributed more than 40% to the bulk PM2.5 mass
concentration. The second component in contribution
was the carbonaceous aerosol, accounting for about 30%
of the PM2.5. The influence of the special activities was
reflected in the bulk PM2.5 concentrations and in the
concentrations of some of the species analysed. An
example for the ballast addition influence is shown in
Figure 1, where an increase in the concentrations of most
components is observed. The influence of the works in
the trace elements concentration was evident at Sagrera
station (Figure 2). Enrichment factors with respect to the
base situation of up to 3 were observed.
A deeper analysis of this information will allow
the identification and quantification of the different

Figure 2. Enrichment factors (concentration during
special activities with respect to concentration during the
base situation) of different trace elements in PM2.5 at
Sagrera subway station in Barcelona.
This work was supported by the European IMPROVE
LIFE+ project (LIFE13 ENV/ES/000263), the Spanish
Ministry of Economy and Competitiveness with FEDER
funds (METRO CGL2012-33066), and the EU Seventh
Framework Programme (FP7/2007-2013) under grant
agreement n° 315760 HEXACOMM.
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Did policies to abate atmospheric emissions from traffic have a positive effect on particulate
matter in London? Using a large population of monitoring sites to investigate recent changes
in ambient concentrations.
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A large number of policy initiatives are being taken at
the European level, across the United Kingdom and in
London to improve air quality and reduce population
exposure to harmful pollutants from traffic emissions.
The Euro emission standards were introduced in the
early 1990s to reduce exhaust emissions from new
vehicles and tighter standards have been introduced in
the last two decades. At the more local scale, the London
Low Emission Zone was implemented in 2008 limiting
the entrance of the most polluting Heavy Good Vehicles
(HGVs). These and other local initiatives aimed to
reduce the roadside concentrations of air pollutants.
This study was designed to evaluate the success
of policies to tackle and reduce the PM concentrations in
London with special focus on traffic emissions. Trends
in roadside increments in particulate matter ΔPM10 (36
monitoring sites) and ΔPM2.5 (12 monitoring sites) and
black carbon (ΔCBLK) (3 monitoring sites) were
examined for 2010-2014. Changes in roadside
increments were related to changes in traffic data and
traffic composition and also to specific policies. Citywide trends were calculated using statistical approaches
used in epidemiological meta-analysis that consider
individual and population-wide variability, that is, the
linear Random-Effects Model estimator.

attributed to the decrease in the fine fraction. The
majority of sites in outer London (>10 km) experienced
an increase in ΔPM10 while ΔPM2.5 decreased (sites in
the right bottom quadrant in Figure 1A). The decrease in
ΔCBLK was consistent with the decrease in ΔPM10 and
ΔPM2.5 (Figure 1B, C) with trends aligned in the 1:1 line.

Results
The city-wide trend in ΔPM10 had confidence
intervals including zero and was not statistically
significant. By contrast ΔPM2.5 showed statistically
significant downward trend of -28 % year-1; ΔCBLK also
observed a general significant downward trend at a rate
of –11% year-1 (Table 1).
Table 1. Overall trends in ΔPM10, ΔPM2.5 and ΔCBLK
for 2010-2014. Brackets denote 95% confidence
intervals.
Pollutant
ΔPM10
ΔPM2.5
ΔCBLK

Overall absolute
trend
( µg m-3 year-1)
0.1 [-0.1, 0.3]
-0.7 [-1.0, -0.4]
-0.6 [-1.0 -0.2]

Overall percentage
trend
( % year-1)
1.1 [-2.1, 4.3]
-28.3 [-14.7, -42.0]
-11.3 [-3.4, -19.2]

The comparison between trends in ΔPM2.5 and
trends in ΔPM10 indicates that the majority of sites in
inner London (<10 km from the city centre) experienced
a downward trend in both PM fractions at similar rates.
This downward trend in ΔPM10 could be therefore

Figure 1. A) Trends in ΔPM2.5 vs trends in ΔPM10; B)
trends in ΔPM10 and C) trends in ΔPM2.5 vs trends in
ΔCBLK. Dashed line indicates the 1:1 line.
Discussion and conclusions
Although city-wide ΔPM2.5 decreased in 20102014, ΔPM10 remained broadly constant with indications
of a slightly positive trend. This suggests an increase in
the coarse fraction. PM coarse is associated with nonexhaust traffic emissions such as resuspension from the
road, brake and tyre-wear. The increase in the coarse
fraction was seen mainly in roads in outer London with
increased HGVs. Changes in traffic at these locations
therefore counteracted the benefits of emissions control
for PM10. Where collocated, CBLK changes confirmed
that the decrease in ΔPM2.5 was largely explained a
decrease in traffic exhaust emissions. These emissions
changes were due to a combination of decreased traffic
flows and also an improvement in emission standards by
all vehicle categories.
This work was supported by Transport for London (TfL)
and the Greater London Authority (GLA).
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Simulation of seasonal influence on particle diversity and mixing state over Greater
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A size-composition resolved aerosol model (SCRAM)
(Zhu et al., 2015a) was developed in order to investigate
particle mixing states. SCRAM has been coupled to the
Polyphemus air quality platform to simulate the
evolution of mixing-state resolved particles during both
a summer period (June to July 2009) and a winter period
(January to February 2010, Zhu et al., 2015b).
Simulation results are first compared with
measurements to evaluate the model performance, and
both the summer and winter simulation results meet the
model performance criterion proposed by Boylan and
Russell (2006).
Then a new quantification approach based on
information-theoretic entropy (Riemer and West, 2013)
is used to derive the single particle diversity and particle
mixing-state index from both the summer and winter
simulations. The particle mixing-state index describes
the diversity of the particle population. A group of
particles with heterogeneous compositions has a low
mixing-state index, and is considered as barely mixed.
On the opposite, a group of particles with a
homogeneous composition has a high mixing-state index
and is considered as internally mixed.
The seasonal influence on particle diversity and
mixing-state is studied. Figures 1 compares the spatial
distribution of the averaged particle mixing-state index
over Greater Paris for both the summer and winter
simulations. In both seasons, particles are found less
mixed close to the centre of Paris, and around the busiest
roads and the Roissy airport (denoted by the black circle
in Figure 1). This is due to high emissions of unmixed
particles in those regions. Besides, in winter, PM
concentrations are found much more concentrated over
the centre of Paris with low mixing-state index, while the
countryside is dominated by very aged transported
particles with very low concentration, and high mixingstate index. In the summer, the overall mixing state
index is lower than in the winter because of higher
emissions of biogenic compounds, which lead to
numerous barely mixed organic particles.
Besides, aerosols optical properties and their
abilities to be activated as cloud condensation nuclei
(CCN) are also studied for both simulations. Concerning
aerosol optical properties, the average aerosol optical
depth (AOD) is higher during the summer period (0.30)
than the winter period (0.13), because of higher PM
concentrations on average over the simulated domain.
By comparing the CCN activation percentage at a
constant 1% supersaturation level over the computational
domain, a relatively higher CCN activation percentage is

found in the summer simulation (77.78%) than in the
winter simulation (75.35%). This is because particles
contain a higher percentage of hydrophilic species in the
summer than in the winter, which makes particles easier
to be activated.

(a) Summer

(b) Winter
Figure 1. Comparison of averaged particle mixing-state
index between summer and winter simulations.
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Origin of particulate matter and gaseous precursors in the Paris Megacity: Results from
intensive campaigns, long term measurements and modelling
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Uncertainties on the origin of primary and secondary
particulate matter and its gaseous precursors in
megacities is still large and needs to be reduced. A
detailed characterization of air quality in Paris (France),
a megacity of more than 10 million inhabitants, during
two one month intensive campaigns (MEGAPOLI) and
from additional one year observations (PARTICULES
and FRANCIPOL), and from satellite observations,
revealed that about 70% of the fine particulate matter
(PM) at urban background is transported on average into
the megacity from upwind regions. While advection of
sulfate is well documented for other megacities, there
was a surprisingly high contribution from long-range
transport for both nitrate and organic aerosol (Beekmann
et al., 2015).
This data set of urban local and advected PM
concentrations in the Paris area was used for a thorough
evaluation of the CHIMERE model and revealed error
compensation for the local and advected components of
organic matter and nitrate. During spring time,
CHIMERE simulations overestimate the sensitivity of
ammonium nitrate peaks to NH3, because (i) they
underestimate the urban background NH3 levels,
probably due to neglecting enhanced NH3 emissions for
larger temperatures, and because they overestimate
HNO3 (Petetin et al., 2015). However, from an ensemble
of mobile Max-DOAS NO2 column and airborne NOy
measurements around Paris, no clear sign on a NOx bias
in the TNO-Airparif emission inventory was made
evident.
The origin of organic PM was investigated by a
comprehensive analysis of aerosol mass spectrometer
(AMS), radiocarbon and tracer measurements during two
intensive campaigns. Primary fossil fuel combustion
emissions contributed less than 20% in winter and 40%
in summer to carbonaceous fine PM, unexpectedly little
for a megacity. Cooking activities and, during winter,
residential wood burning are the major primary organic
PM sources. This analysis suggests that the major part of

secondary organic aerosol is of modern origin, i.e. from
biogenic precursors and from wood burning.
Implementation of different configurations of the
volatility basis set organic aerosol scheme into the
CHIMERE air quality model allowed correctly
representing summertime organic aerosol (OA) peaks
within the agglomeration and attributing them to
biogenic secondary OA as a major source. OA build-up
within the Paris plume from anthropogenic precursors
was also correctly simulated during summer, but it was
not possible to attribute it specifically to oxidation of
aromatic or of semi/ intermediate volatile organic
compounds. Plume build-up of PM significantly
contributes to regional air quality around the Paris
region.
Finally, the comprehensive results on aerosol origin in
the Paris Megacity are placed into a larger perspective of
urban aerosol pollution in megacities worldwide. Even
if, due to its geographical location, its post-industrial
character, and past emission reduction measures,
particulate matter levels in the Paris megacity are smaller
than those in many other megacities, they still pose a
challenge for air quality and health.
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Sao Paulo city has been the focus of several
studies that investigated the impact of vehicular
emissions on the concentration and composition of
particulate matter. The main goal of this work was to
study fine particulate matter (PM2.5) originated from
vehicular emissions, focusing on the distinction between
emissions from light duty vehicles (LDV) and heavy
duty vehicles (HDV), using stable (13C) and radioactive
carbon isotopes (14C).
Vehicular emissions have a big impact on air
quality and are the main source of PM2.5 in Sao Paulo
city (Cetesb, 2014). The current vehicular fleet runs on
different types of fuel: diesel (5% of biodiesel), hydrated
ethanol, gasohol (gasoline with 25% of ethanol) and flex
fuel (any proportion of gasohol and ethanol). The
vehicular fleet is composed of 85% of LDV (mainly flex
fuel vehicles), 3% of HDV, which run on diesel, and
12% motorcycles. The distinction between contributions
from LDV and HDV to carbonaceous aerosol (organic,
OC, and elemental carbon, EC) is still an open question.
Two tunnel campaigns were performed in Sao
Paulo city: Tunnel 1 (T1) is frequented only by LDV,
and Tunnel 2 (T2) contains a significant fraction HDV,
and therefore the fraction of biofuels in the average fleet
is lower. In order to distinguish the contribution from
HDV and LDV, different measurements were
performed: 14C (distinction between fossil and
contemporary sources), 13C (distinction of C3 plants
from C4 plants, such as sugarcane - feedstock for
ethanol), and OC / EC concentration.
Table 1 shows average OC and EC concentrations
measured in both tunnels. T2 had significantly higher EC
and OC concentrations than T1 due to higher HDV
emissions and also due to the higher amount of vehicles.
The main difference between the tunnels was the OC/EC
ratio. A ratio around 1.5 is observed for T1, where the
OC emissions are higher due to the combustion of
mainly gasohol and ethanol, and the emission of EC is
lower than in the T2, which is more impacted by HDV.
In T2, the OC/EC ratio was approximately 0.5.
F14C measured on OC and EC is also presented in
Table 1. The fraction of HDV is much higher in T2 than
in T1, which explains the lower F14C (OC) values in T2.
Notably, EC emissions mostly originate from fossil fuels
(F14C=0), even in the T1, where a high number of FFV is
expected. Fig 1 presents the relative contributions
biofuels and fossil fuels to OC and EC. Fossil fuel

presented large contributions to
concentrations, due to fossil fuels.

OC

and

EC

Table 1.: OC and EC average concentrations and F14C
values for OC and EC for each campaign
OC
EC
Campaign
14
14
3
OC (µg/m ) F C EC (µg/m3) F C
T1

14.3

0.46

9.2

0.04

T2

61.5

0.19

121

0.04

Biofuel burning represented 45% of OC measured
in T1, however this contribution was lower in T2 (18%),
where HDV represented 30% of vehicular fleet. The low
values of EC from biofuel (ECb) and high values of EC
from fossil fuel (ECf) confirm that fossil fuel burning is
the main source for EC in the tunnels. A slight
enrichment of 13C in OC is observed in T1, but not as
much as could be expected, if significant higher amounts
of OC was produced from burning of ethanol.

Figure 1: Relative contributions (in %) of biofuel (b) and
fossil fuel (f) burning to the total carbon for T1 (green)
and T2 (red)
In conclusion, comparison of 14C in OC and EC
shows that in both tunnels there is no significant
contribution of biofuels to EC. Combustion of ethanolgasoline fuels in a vehicle engine does not apparently
result in significant EC formation from ethanol. Biofuels
contribute around 45% to OC in TJQ an only 20% in
TRA, reflecting a strong impact of HDV.
Cetesb: Relatório de Qualidade do Ar no Estado de São
Paulo 2013. 110 [online] Available from:
http://ar.cetesb.sp.gov.br/publicacoes-relatorios/, 2014.
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A winter campaign was carried out in Santiago de Chile
the year 2012 in two urban sites that can be considered
representative for most of the city in order to
characterize formation of primary and secondary PM1.0
during episodes. A noticeable increase in most of the
primary components of PM1.0 (black carbon and
organics) and primary gases (CO and NO) was observed
during days in which the average PM1.0 concentration
was higher than 50 g/m3 (episode). A small increase or
no change was observed in the secondary pollutants
(NH4, NO3, SO4 and NO2) at night during these episodes.
Positive Matrix Factorization was used to extract four
components from the ACSM data. The freshly generated
components (HOA and BBOA) showed a clear increase
at night during episodes, while the aged fraction of
organic aerosol (LV-OOA and SV-OOA) showed a
smaller increase or a decrease at night during episodes.
Correlation of HOA and BBOA components with
primary pollutants was also high, indicating that freshly
created aerosols (HOA, BBOA and BC) are in large part
responsible for the increase in pollution at night during
episodes in Santiago de Chile.
Measurements were performed during a period
that was long enough to capture several high pollution
episodes during fall and winter. Measurements with an
Aerosol Chemical Speciation Monitor (ACSM) and a
black carbon monitor, indicate that on average in
Santiagoabout 85% of PM2.5 is contained in the ultrafine
fraction (d < 1 m). The largest fraction measured by the
ACSM at Usach site corresponds to organics with an
average concentration of 15.4 g/m3 followed by BC
with 7.0 g/m3. These two fractions have a relatively
large correlation of R2 = 0.51, n = 2392, because some of
the sources are the same. BC is of primary origin and is
emitted by vehicles, diesel engines, wood burning,
cooking, etc. Organic aerosols are also emitted mostly by
the same sources (although with different emission
factors) but it has also secondary origin. The average
concentration for NO3 is 5.2 g/m3 and 2.7 g/m3 for
NH4 between March and July. The correlation
coefficient between these components is very high R2 =
0.85. Nitrate forms several compounds with other
elements in the atmosphere (KNO3, HNO3, NaNO3,
NH4NO3, Ca(NO3)2, etc.), however, the high correlation
between NH4 and NO3 indicates that most of the nitrate
in the air of Santiago is in the form of ammonium nitrate
(NH4NO3).

A four factor statistical analysis using positive
matrix factorization (PMF, Paatero and Tapper, 1997)
has been performed with the ACSM data to separate the
main components of organic aerosol. The four Organic
Aerosol (OA) components have been plotted as function
of time in Figure 1. The lowest total concentration
occurs in March, which is the last month of summer and
increases as winter approaches. The main reason for the
higher concentration in winter is the lower temperature
which forms stronger inversions and the lower wind
speed which prevents dispersion of contaminants. All
factors grow from March to June, but BBOA is the
factor that increases the most, from 0.34 g/m3 (3.3%)
in March to 4.64 g/m3 (45.8%) in June. The growth in
all components is related to a smaller atmospheric
boundary layer, but BBOA must be also related to an
increase in the use of wood stoves. In Santiago, wood
burning is used mainly for space heating, which
increases as temperature decreases.

Figure 1. Evolution of the organic components of PM2.5
from March to June of 2012.
The daily profile of the four factors has been calculated
for the whole period and separated in days with and
without episodes. Results shows that the primary organic
components, HOA and BBOA, have higher
concentrations values at night during episodes. If the day
average is calculated from 6 am to 7 pm and the night
average is calculated from 8 pm to 5 am of the next day,
then the night average is 88% higher for HOA and 98%
higher for BBOA during episodes. On the other hand,
the older organic components, SV-OOA and LV-OOA
show a smaller increase or even decrease at night during
episodes.
References.
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Temporal variability of mineral dust in southern Tunisia: analysis of 2 years of PM10
concentration, aerosol optical depth, and meteorology monitoring
C. Bouet1,2, M.T. Labiadh3, J.L. Rajot1,2,3, G. Bergametti1, B. Marticorena1, S. Sekrafi3, M. Ltifi3, A. Feron1, and
T. Henry des Tureaux2,3
1

Laboratoire Interuniversitaire des Systèmes Atmosphériques (LISA), UMR CNRS 7583, Université Paris Est
Créteil - Université Paris Diderot, Institut Pierre Simon Laplace, Créteil, 94010, France
2
Institut d’Ecologie et des Sciences de l’Environnement de Paris (iEES Paris), UMR IRD 242, Université Pierre
et Marie Curie - CNRS - INRA - Université Paris Est Créteil - Université Paris Diderot, Bondy, 93143, France
3
Institut des Régions Arides (IRA), El Fjé, 4119, Tunisia
Keywords: mineral dust, PM10, southern Tunisia, source apportionment.
Presenting author email: christel.bouet@ird.fr
The south of Tunisia is a region very prone to wind
erosion. During the last decades, changes in soil
management have led to an increase in wind erosion. In
February 2014, a ground-based station dedicated to the
monitoring of mineral dust (that can be seen in this
region as a proxy of the erosion of soils by wind) was
installed at the Institut des Régions Arides (IRA) of
Médenine (Tunisia) to document the temporal variability
of mineral dust concentrations. This station allows
continuous measurements of surface PM10 concentration
(TEOM™),
aerosol
optical
depth
(CIMEL
sunphotometer), and total atmospheric deposition of
insoluble dust (CARAGA automatic sampler). The
simultaneous monitoring of meteorological parameters
(wind speed and direction, relative humidity, air
temperature, atmospheric pressure, and precipitations)
allows to analyse the factors controlling the variations of
mineral dust concentration from the sub-daily to the
annual scale.
The results from the two first years of
measurements of PM10 concentration are presented and
discussed. In average on year 2014, PM10 concentration
is 56 µg m-3. However, mineral dust concentration highly
varies throughout the year: very high PM10
concentrations (up to 800 µg m-3 in daily mean) are
frequently observed during wintertime and springtime,
hardly ever in summer. These episodes of high PM10
concentration (when daily average PM10 concentration is
higher than 240 µg m-3) sometimes last several days
(Fig. 1).

Figure 1. Daily mean of PM10 concentration (in µg m-3)
from 10 February to 31 December 2014.
By combining local meteorological data, airmasses trajectories, sunphotometer measurements, and
satellite imagery, the part of the high PM10 concentration
due to local emissions and those linked to an advection
of dusty air masses by medium and long range transport
from the Sahara desert is quantified.
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Porous particles with well-defined pore structures are of
interest for applications involving catalyst due to their
unique properties (Rytter et al., 2007). Recent studies
(Saib et al., 2002) have shown that the selectivity for
higher hydrocarbons in the Fischer-Tropsch synthesis
(FTS) can be controlled by tuning the size of the
mesopores of the catalyst support. For C5+ hydrocarbons,
which can be used as gasoline, a pore size of 7 nm is
favoured. Another requirement that needs to be taking
into account is the cobalt particle size as the selectivity is
related to both, the particle size and the support (Borg et
al., 2008). Moreover, it was found a strong influence of
the cobalt particle size on the cobalt turnover frequency
(TOF) (Iglesia et al., 1997). Herein, for the production of
an optimal catalyst particle is important to control the
pore size and the cobalt particle size independently.
The aim of this contribution is to show a simple
method to synthesis the desired porous SiO2-Cobaltcatalyst particles where the cobalt particle size, the pore
size and the cobalt loading can be tuneable
independently.
For the particle synthesis a suspension of silica, a
certain amount of PVP as a pore template and a
suspension of prefabricated Co3O4 nanoparticles, is
prepared and spray-dried. The produced agglomerates
are calcinated to remove the remaining PVP leading to
pore structures.
The particle size of the Co3O4 nanoparticles can
be controlled by varying the amount of PVP added in the
solvothermal process, as is described in (Xie et al.,
2014). With increasing the amount of PVP the Co3O4
nanoparticles size decreases as it can be seen from Fig 1.

of the pore size which agrees well with the results of
(Zeng et al., 2014) where no Co3O4 nanoparticles were
integrated inside the silica Building Blocks

Figure 2. Pore size distribution as a function of the
different amount of PVP
The advantage of this method is the formation of
the support agglomerates and catalyst particles with the
desired pore size and Co particle size in the same
synthesis step and the independent control of support
pore diameter and catalyst particle size. In fig 3 the
catalyst particles before and after calcination are shown.

Figure 3. Catalyst particle before calcination (left) and
after calcination (right)
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Figure 1. Cobalt particle size as a function of the
different amount of PVP.
Regarding to the pore size, it is also possible to
control it by adding different amount of PVP in the final
suspension for the spray drying, as it is shown in Fig 2
an increase of PVP concentration results in an increase
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Aerosol-polymerization possesses great potential for
encapsulation of inorganic nanoparticles with a polymer
shell without any solvent required. In contrast to
conventional wet methods, continuous aerosol-based
process is simpler and requires fewer unit operations.
Among the inorganic core materials, silver and
silica have attracted much attention due to their
interesting properties and potential applications in
technological fields [1, 2]. On the other hand, glycidyl
methacrylate (GMA) is a monomer of particular interest
due to its dual functionality, resulting from the presence
of two polymerizable groups of methacrylic and epoxy
in the same molecule. Such groups can react with a wide
variety of initiators to produce the desired polymer [3].
To produce core-shell nanoparticles, the inorganic
nanoparticle-laden nitrogen flow was bubbled through a
monomer liquid kept usually at relatively high
temperature. In the subsequent cooling behind the
bubbler back to room temperature a supersaturation with
a saturation ratio of 4.5 was achieved resulting in the
condensation of GMA vapor on the surface of inorganic
nanoparticle. Finally, the ammonia vapour was added to
the GMA-coated inorganic nanoparticles to initiate
polymerization (Figure 1).

Figure 1. Simplified schematic representation of
polymer-coated inorganic nanoparticles.
TEM images of the resulting coatings for
particles with different materials are shown in Figure 2.
The silver and silica particles were covered with polymer
shells for all cases. However, the coating was not
uniform all over the silver core surface and core-shell
nanoparticles were produced with the cores
concentrically (Figures 2a) or eccentrically (Figures 2b)
positioned inside polymer shells.
Moreover, Ag nanoparticles were coated with a
GMA monomer and then mixed with vapor of ammonia
as an initiator in order to find the effect of the initiator
(Figure 3). The condensed GMA monomer layer is
thermally not stable without the addition of an initiator
(Figure 3b), while the condensation of GMA and the
addition of ammonia lead to a stable shell on the Ag
particles (Figure 3c) [4].

Figure 2: TEM micrographs of the polymer-coated
nanoparticles: (a–b) silver and (c–d) silica nanoparticles.

Figure 3: Evolution of the size distribution of 40 nm
spherical Ag nanoparticles: (a) in original state, (b)
GMA condensation, (c) GMA condensation + ammonia
addition + evaporation furnace.
This work was supported by German Science
Foundation (DFG) under grant WE 2331/12-2.
[1] J.C. Lin, C.Y. Wang, Mater. Chem. Phys., 45 (1996)
136.
[2] Y. Piao, A. Burns, J. Kim, U. Wiesner, T. Hyeon, ,
Adv Funct Mater., 18 (2008) 3745.
[3] M.H. Espinosa, P.J.O. del Toro, D.Z. Silva,
Polymer., 42 (2001) 3393.
[4] Poostforooshan et al. Aerosol Sci. Technol. 48, 11111122 (2014).
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We propose a generic method for the elaboration, in a
single step and in a confined chamber, of nanocomposite
coatings consisting of nanoparticles (NP) from 4 to 100
nm, homogeneously distributed in a matrix. The process
combines the jet of nanoparticles in vacuum (JNV)
technology and Physical Vapor Deposition (PVD). The
hybridization of these two techniques is made possible
by routing nanoparticles in the aerosol form to the
substrate, either immediately after their synthesis in the
gas phase, or from colloidal suspensions. The
simultaneous deposition of the particles and the matrix is
achieved on the same face of the same substrate. The
process is innovative in that it allows an unlimited
selection in the respective chemical compositions of
nanoparticles and the matrix, and a moderate
temperature of the substrate. The general scheme of the
process is presented in Figure 1a. A laser-driven
pyrolysis reactor can be used for in-situ synthesis of
nanoparticles. Laser pyrolysis is an efficient method to
synthesize various high purity nanopowders, oxides and
non-oxides, in a gas phase bottom-up approach [1]. An
atomizer that produces aerosol from colloidal suspension
of previously synthesized nanoparticles can also be used.
The JNV is obtained by the use of an
aerodynamic lens system, which is composed of
chambers separated by diaphragms, which produces a
collimated beam of nanoparticles under vacuum [2]. This
kind of beam is currently used for gas phase
characterization of freestanding nanoparticles or for
precision 3D printing with a high deposition rate. We
show that it is possible to obtain an angle-controlled
divergent and homogenous jet of nanoaerosols, as well,
by changing the geometry of a classical lens. We
demonstrate the adaptation if the JNV technique with
pressure environment required for running a classical
magnetron sputtering device. The later is used for
depositing, on the same substrate and in the same time,
the material constituting the matrix of the composite
film.
The possibility to elaborate large and homogenous
nanostructured films were investigated with different
types of nanoaerosols with different sizes and densities.
Samples composed of gold and silicon nanoparticles (see
Figure 1b) will be shown. Many applications are already
considered for this type of coatings, including
photovoltaic, aesthetic coatings for luxury industry, hard
covering for tools or self-healing films. The development
of the process is carried out in the frame of the
HYMALAYAN project funded by the Agence Nationale
de la Recherche under Grant No ANR-14-CE07-0036,
and is open to new potential end-users.

.

Figure 1a. General scheme of the co-deposition process.
Figure 1b. Dark field TEM micrograph of Si
nanocrystals embedded in a SiO2 matrix.

This work was supported by the French National
Research Agency (ANR) under contract N° ANR-14CE07-0036.
[1] Herlin-Boime, N. et al. (2004): Encycl. of
Nanoscience and Nanotechnology, Naiwa Ed. Vol. 10,
pp.1-26.
[2] Zhang, X.F. et al. (2004), Aerosol Science and
Technology 38, 619.
[3] Sublemontier, O., Kintz, H., Lacour, F (2011). Kona
powder and Particle Journal 29, 236.
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The preparation of nanostructured materials from the
deposition of electrosprayed liquid suspensions leads to
granular deposits whose roughness and porosity should
be properly controlled as these morphological deposit
features play a crucial role in many practical
applications. This is the case of the performance of such
materials when used as catalytic enhancers (Martin et al,
2013, Castillo et al, 2014). Subtle changes in the liquid
composition and in the electrospray working parameters
affect the stability of the cone-jet mode (Martin et al,
2012) and therefore influence the particle arrival to the
collecting surface which indeed determine the deposit
structure (Rodriguez-Perez et al, 2007).
This experimental work aims to characterize and
to control the structure of fuel cell electrodes formed by
Pt/C nanoparticles (with 10% of their mass being
platinum supported on carbon) and ionomer (Nafion®).
A proper combination of nanoparticles and Nafion in the
electrodes is needed to accommodate the electronic and
protonic currents in the fuel cell whereas a large porosity
is required to achieve a large exposition of catalytic
active sites to the reacting gases.
A suspension of nanoparticles and Nafion in
ethanol is electrosprayed toward a collecting surface
where the solid residue forms a porous structure. All the
particles emitted at the electrospray tip are collected on
the substrate; therefore the relative amounts of the solid
constituents are the same in the liquid suspension as in
the deposit. Changes in the relative amount of Nafion (%
of weight of Nafion with respect to the total amount of
carbon, platinum and Nafion in the liquid suspension)
modify the liquid conductance and promote noticeable
differences on the deposit structure.
Figure 1 gathers some SEM images of deposits
formed with 20%wt Nafion (images a&c) and 50%wt
Nafion (b&d) and the same total mass. It becomes clear
that the building blocks of the material formed with the
higher amount of Nafion (SEM images b&d in Fig,1) are
smaller aggregates which consist of a lower number of
nanoparticles (see top views a&b). Moreover, for 50%wt
Nafion the deposit is much higher (cross section views,
c&d), and, as a consequence, its porosity is even larger.
Figure 2 depicts the deposit porosity as a function
of the relative amount of Nafion in the suspension. The
porosity is rather high in any case (> 90%) but shows a
maximum value when the mass of nanoparticles and
Nafion in the deposit are equivalent. It is worthwhile to
point out that when these materials are used as fuel cell
electrodes, also the maximum performance was achieved
for electrodes with 50%wt Nafion.

a

b

deposit
c

substrate

d

Figure 1. Top view (a&b) and cross section (c&d) SEM
images of granular deposits from suspensions containing
20%wt Nafion (a&c) and 50%wt Nafion (b&d) with the
same total mass (5.7 mg) deposited on a 5 cm2 colleting
surface.

Figure 2. Deposit porosity versus Nafion content.
As a conclusion, the electrodynamic atomization
of liquid suspensions can be used to control the porosity
of nanostructured materials according to the application
needs.
Work supported by Ministerio de Economía y
Competitividad (Spain): Program ConsoliderIngenio
2010 (CSD2010-00011) and project ENE2015-67635-R.
Castillo, J.L., Martin, S., Rodriguez-Perez, D., Perea, A.,
Gracia-Ybarra, P.L. (2014) KONA Powder and
Particle Journal. 31, 214-233.
Martin, S., Martinez-Vazquez, B., Garcia-Ybarra, P.L.,
Castillo, J.L. (2013) J. Power Sources. 229, 179-184.
Martin, S., Perea, A., Garcia-Ybarra, P.L., Castillo, J.L.
(2012) J. Aerosol Sci. 46, 53-63.
Rodriguez-Perez, D., Castillo, J.L., Antoranz, J.C.
(2007) Phys. Rev. E, 76, 011407.
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Among various carbon nanotube (CNT) properties,
optical transparency and electrical conductivity are the
most important for electronics and photonics
applications, such as transistors, printed electronics,
touch screens, sensors, photonic devices, electrodes for
solar cells lightning and display devices. Thick and
highly porous CNT films are interesting for fuel cells,
water and air purification applications. As the CNT
synthesis and film fabrication processes develop,
optoelectronic performance of the CNT network
constantly improves however has not achieved yet the
conductivity at a given transparency of indium tin oxide
(ITO) films on a glass substrate. Main advantages of the
CNT thin films over the ITO are their flexibility, low
reflectivity and cost of raw material resources. The
deposition of CNTs on a flexible substrate like PET
allows fabrication of transparent and flexible devices,
while ITO is a brittle material and must be deposited on
rigid substrate. Furthermore, indium is a rare but crucial
element in display screens manufacturing industry;
therefore its scarcity and massive industrial need is an
issue of the speculative market price.
CNT films with excellent optoelectronic properties close
to ITO on flexible substrate have been already fabricated
with the aerosol synthesis method based on CO
disproportionation. They were used to demonstrate the
state-of-the-art performance of the transparent electrodes
in electrochemical sensors, ultrafast femtosecond laser
absorbers, thermoacoustic loudspeaker, aerosol filters,
gas flowmeters and heaters. Those CNT films have
outstanding properties, however, CO disproportionation
reaction is slow and limited thermodynamically. Unless
performed at high pressure, CO based processes have
relatively low yield, which makes the fabrication of thick
and/or high area CNT layers expensive. This might be an
obstacle to transfer this technology to industrial
applications, where high throughput is expected. The
yield of the CNTs can be increased at high CO pressures,
which however would make the processing of the toxic
and explosive CO gas quite demanding. Moreover, an
ambient pressure film fabrication, which a prerequisite
for cheap production of materials to be competitive with
existing technology for transparent and flexible
electronics, would not be possible.
Therefore, we considered a different carbon source that
would allow producing CNTs at ambient pressure with a
higher production rate and compatible with a direct dry

press transfer technique introduced by our group for
CNT thin fabrication (Kaskela et al., 2010).
Hydrocarbons are obviously good candidates for higher
reaction yield (Reynaud et al., 2014). They have been
used extensively as a carbon source for the CNT
synthesis since the early years of the captivating journey
, although before this contribution, no attempt has been
done to fabricate highly conductive layer by direct gas
filtration and subsequent dry transferring of CNTs onto
final substrate.
In this work, we focused on continuous CNT synthesis
process based on hydrocarbon and fast fabrication of
CNT thin films by dry transfer technique, in which the
reaction products are directly and continuously collected
from the gas phase. The product was collected
downstream of the reactor by filtering the flow in the
form of thin films with adjustable thicknesses
(transmittance) and subsequently transferred on a
desirable substrate by a dry transfer technique.
To further improve conductivity of the films we prepared
a novel hybrid CNT-graphene nanomaterial by graphene
oxide aerosol deposition on top of CNT films (Gorkina
et al., 2016). The graphene oxide was then reduced by
thermal annealing at ambient atmosphere or in H2
atmosphere. At the final step the CNT-graphene hybrids
were chemically doped using gold(III) chloride. As a
result, we show that the hybrids demonstrate excellent
optoelectrical performance with the sheet resistance as
low as 73 Ω/ at 90% transmittance.
This research was supported by the Ministry of
Education and Science of Russian Federation under the
grant agreement no. 1425320 (Project DOI:
RFMEFI58114X0006).
Gorkina, A.L., Tsapenko, A.P., Gilshteyn, E.P.,
Koltsova, T.S., Larionova, T.V., Talyzin, A.,
Anisimov, A.S., Anoshkin, I.V., Kauppinen, E.I.,
Tolochko, O.V., & Nasibulin, A.G. (2016). Carbon,
100, 501-507.
Kaskela, A., Nasibulin, A.G., Timmermans, M.Y.,
Aitchison, B., Papadimitratos, A., Tian, Y., Zhu, Z.,
Jiang, H., Brown, D.P., Zakhidov, A., & Kauppinen,
E.I. (2010). Nano Lett., 10, 4349–4355.
Reynaud, O., Nasibulin, A.G., Anisimov, A.S.,
Anoshkin, I.V., Jiang, H., & Kauppinen, E.I. (2014).
Chem. Eng. J., 255, 134-140.
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Carbon nanotubes (CNTs) have been shown to possess
significantly improved mechanical and electrical
properties compared to existing materials. However, the
quality of industrially produced bulk CNTs is limited in
comparison. In our lab, we focus on the bulk production
of high quality CNTs from a continuous gas phase
process.
In this paper, the nature and influence of catalyst
nanoparticles on carbon breakdown followed by the
CNT formation in a continuous gas phase process for
CNT synthesis is studied. To date, few studies have
examined the phenomena associated with the carbon
precursor breakdown and carbon (precursor) interaction
with the catalyst nanoparticles and actual CNT formation
within this reactor.
CNT
formation
follows
the
thermal
decomposition of sulphur and iron precursors, nucleation
of iron catalyst nanoparticles, and decomposition of a
carbon source in a horizontal tube furnace (see Figure 1).
Conditions within the furnace are a temperature range of
300–1300°C and a (reducing) hydrogen atmosphere at
atmospheric pressure. The nucleated iron nanoparticles
act as a catalyst to form CNTs. The resulting CNTs
agglomerate to form an aerogel, which propagates down
the reactor and is continuously wound out of the furnace
as a fibre or film.
We will present a deconvolution study of the
process to gain insight into the nature of carbon and
sulphur breakdown particle conditioning. We examine
results from mass, number, chemical in-situe and ex-situ
analyses to separate the multiple phenomena occuring in
the reactor and to understand their main drivers.

Iron nanoparticle from
decomposed ferrocene
and coated with ironHydrogen
sulfide
Hydrocarbon, e.g.
methane
Ferrocene
Thiophene

Furnace tube,
e.g. alumina,
mullite

Annulus of carbon
nanotubes

Carbon nanotube with iron
nanoparticle as catalyst for
growth

Figure 1: Small quantities of ferrocene and thiophene
are dissolved, mixed with hydrogen and then injected
into a tube furnace, in which an aerogel of nanotubes
forms. This aerogel or annulus that forms can then be
captured and wound out of the hot zone continuously
as a fiber or film.

Li Y., Kinloch, I., Windle, A., (2004). Direct spinning of
carbon nanotube fibers from chemical vapour
deposition synthesis. Science 304, 276–278.
D. Conroy, A. Moisala et al. (2010). Carbon nanotube
reactor: Ferrocene decomposition, iron particle
growth, nanotube aggregation and scale up,
Chemical Engineering Science 65 (2010) 2965–2977
C. Hoecker, F. Smail et al. (2015). Catalyst nanoparticle
growth dynamics and their influence on product
morphology in a CVD process for continuous carbon
nanotube synthesis, Carbon 96 (2016), 116-124

Figure 2: Total Mass of CNTs collected on Filter with
respect to location in the tube and temperature.
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Single-wall carbon nanotubes (SWCNT) exhibit unique
physical and mechanical properties for the use as
composite material in many different applications. We
present a unique process chain for the production of
SWCNTs and identify the relationship between the
process parameters in gas phase production and the
properties of nanotubes. Therefore, a solution of
ferrocene in ethanol was used for the production of
SWCNTs by a floating catalyst method in a vertical
three stage heating system.
The optimized riser reactor design reduces undesired
wall-sticking of the catalyst particles and SWCNTs.
Homogenous precursor distribution is achieved by an
aerosol inlet with 10 mm diameter which is surrounded
by a shield gas flow through a sinter plate with the same
diameter as the quartz tube. As the rising precursor
undergoes decomposition to subsequently form the
catalyst particles, the diffusion towards the reactor wall
is suppressed by the surrounding inert gas. Production
rates in the range from 5 to 20 mg/h were achieved in a
quartz tube with 1 m length. SWCNTs have been
separated from the outlet gas flow by a PTFE membrane.
The influence of initial precursor concentration on
remaining iron content has been investigated. In
combination with a short residence time in the reactor, a
product with an iron catalyst content of less than 30
wt.% has yielded.
TEM analysis show smaller catalyst particles with
decreasing precursor concentration. Raman analyses of
the SWCNT Radial breathing mode with different
excitation wavelengths and UV-Vis spectroscopy
indicate that the diameter distribution of SWCNTs is
attributed to the range from 0.6 to 2.0 nm. Moreover,
Statistical Raman analysis enabled in-depth investigation
of the purity and electronic properties of the product.
Processing conditions, as such precursor concentration,
residence time, etc. were found to have an impact on the
mean geometric SWCNT diameter and standard
deviation.
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Figure 1. Raman spectra of SWCNT buckypaper at
excitation wavelengths of 532 nm and 633 nm,
normalized with G-Band intensity.

Figure 2. TEM images for SWCNTs produced at
different precursor concentrations.

This work was supported by German Science
Foundation, Collaborative Science Center “Synthetic
Carbon Allotropes” (SFB953) and the “Federal Ministry
of Education and Research” (INSIDER, 03EK3031D).
Toni, F., Xing, H., Walter, J., Strauß, V., Nacken, T. J.,
Damm, C., Guldi D., Wirth, K.-E., Peukert W.
(2015) Chemical Engineering Science 138, 385-395.
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subsequent growth of CNTs from iron catalytic sites at
the surface of these cores, thereby forming CNTSUs.
We will present new characterisation of the
CNTSUs at different stages of the process, which give a
new insight on the physical mechanisms leading to the
formation of iron catalytic sites at the surface of the
cores. These characterisation methods include X-ray
diffraction (XRD), X-ray photoemission spectroscopy
(XPS), Raman spectroscopy, energy dispersive X-ray
spectroscopy (EDX), transmission electron microscopy
(TEM), scanning electron microscopy (SEM),
thermogravimetric analysis (TGA), scanning mobility
particle sizer (SMPS), and centrifugal particle mass
analyser (CPMA). An example of XPS characterisation
showing the presence of both Fe2+ and Fe3+ at the surface
of the CNTSU cores is given on Figure 2.
Fe2p - Sample 3 - Etch 60 s
Envelope
Fe2p 709.34
Fe2p 723.08
Fe 2+ 2p
Fe2p 714.98 (3/2)
Fe2p 730.29
Fe2p 711.47
Fe2p
718.41
Fe 3+
2p(3/2)
Fe2p 726.81

Fe 3+ 2p(1/2)

Fe 2+ 2p(1/2)

Fe 2+ 2p(1/2) sat

Fe 2+ 2p(3/2) sat

Counts / s (Residuals x 0.5)

The outstanding thermal, electrical, and mechanical
properties of individual carbon nanotubes (CNTs) have
been studied extensively for more than two decades.
However, transferring these individual properties to
macroscopic devices composed of a large number of
CNTs remains a challenge, that many consider a key to
the development of the next generation of nanotech
products.
Carbon nanotube sea urchins (CNTSUs) are
unique nanostructures, whose aerosol synthesis was
pioneered by (Kim, Wang, & Zachariah, 2010). They
consist of a spherical nanoparticulate core, from which
CNTs are grown radially, as shown in Figure 1. As
hundreds of CNTs are linked via this central focus, the
issues associated with poor control of the CNT-CNT
interfaces are mitigated, potentially enabling better
retention of the individual CNT properties at the
macroscale as compared to a bulk disordered CNT
material. Moreover, the CNTSU core can be used to
include additional physical or chemical functionalities in
the resulting material.

Fe 3+ 2p(1/2) sat
8000
735
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720
715
Binding energy (eV)
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Figure 2. XPS characterisation of the Fe 2p orbitals at
the surface of the CNTSU cores.

Figure 1. Scanning electron microscope image of a
carbon nanotube sea urchin.
In this research CNTSUs are synthesised via a
continuous, industrially scalable aerosol process. An
aqueous solution of aluminium and iron nitrates is
nebulised in a flow of nitrogen gas. As the aerosolised
droplets evaporate in a diffusion drier, the solute
precipitates, forming bimetallic salt particles. These
particles are then calcinated in a reducing environment a tube furnace with hydrogen addition - so that the
nitrates decompose, producing bimetallic Al-Fe
nanoparticles. The addition of carbon in the form of
acetylene in a second tube furnace enables the

Moreover, films of CNTSUs were deposited onto
various substrates, either by direct thermophoretic
deposition or by filtration followed by blade casting, and
a range of physical and chemical properties of these
films were tested, paving the way for a number of
applications for CNTSUs.
Overall it is hoped that this work will contribute
to the development of aerosol-based processes for the
commercialization of nano-manufactured products.
This work was supported by the Cambridge Trust, the
Schiff Foundation, and EPSRC Nanotechnology
Doctoral Training Centre.
Kim, S. H., Wang, C., & Zachariah, M. R. (2010).
Journal of Nanoparticle Research 13(1). 139–146.
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Design and optimization of a Medium Flow Differential Mobility Analyzer (MFDMA)
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Differential Mobility Analyzers (DMA) are used to
provide a monodisperse aerosol with a narrow particle
size distribution by the classification of particles
accoring to their electrical mobility (Flagan, 1999).
Particle sizes which can be selected in a DMA are
limited by the dimensions of the classification area and
slightly by the used sheath gas. Commonly DMAs are
used in combination which a particle counter (CPC) to
measure the particle size distribution. A typical TSI long
DMA (3081) is used with a sample to sheath flow ratio
of 0.3/3 lpm and maximum attainable particle sizes of
700 nm. If more measurement instruments behind a
DMA should be applied, a higher sample flow rate is
needed. For larger particle diameters up to 600 nm and
sample flow rates of 1.5/15 lpm a new DMA was
designed, simulated and manufacured.
The design of the Medium Flow Differential
Mobility Analyzer (MFDMA) was supported by CFDSimulations with calculations of the trajectories of high
density particles in the DMA. Moreover the tranfer
behaviour of the DMA was simulated and particle losses
due to impaction at the in- and outlet could be reduced
(Figure 1.).

Figure 1. Simulation of the transfer behaviour of the
MFDMA for particles with a diameter of 74 nm and a
density of 19 g/cm³. The locations of particle losses can
be estimated.
Size selection experiments
Experimental measurements of the size selection
performance were done with a short and long version of
the MFDMA. The size distribution after the DMA is
measured with a SMPS system. Figure 2. shows the
geometric standard deviation (GSD) of the classified size
distribution of the short MFDMA in comparison to a TSI

long DMA. The MFDMA delivers a monodisperse
aerosol in the tested size range which was limited by the
applicable voltage.

Figure 2. Geometric Standard Deviation of size selected
particles with the short MFDMA and TSI long DMA.
The transfer function of an ideal DMA is a triangular
function characterized by its half width and height. For
the MFDMA it can be determined by a deconvolution of
the experimental data with the SMPS transfer function.
This allows for a comparison with the simulated transfer
function.
Runtime experiments
During the size selection measurements, the MFDMA
was used with higher aerosol flow rates up to
8 lpm and under higher particle load. Thus tests were
conducted to apply the MFDMA to supply monodisperse
metal nanoparticles for technical aerosol processes.
Therefore, runtime experiments were done with aerosol
to sheath flow rates of 5/20 and 8/24 with particle
loading up to 1 g/h. To determine the exact runtime a
constant voltage is applied to the electrode. The voltage
together with the classified particle size distribution are
measured continuously.
Acknowledgement
The research leading to these results received funding
from the European Union Seventh Framework
Programme (FP7/2007-2013) under Grant Agreement
n° 280765 (BUONAPART-E).
Flagan, R. C. (1999) Aerosol Science and Technology
30, 556-570.

European Aerosol Conference 2016

Tours, France

Page 516 of 1211

Miniature electrical nanoparticle detector for simultaneous measurement of particle
number, average size and lung-deposited surface area
D.Meier1, D.Egli2, P.Steigmeier2, H.Burtscher2 and M.Fierz1,2
1

2

naneos particle solutions llc, 5210 Windisch Switzerland
University of applied sciences Northwestern Switzerland, 5210 Windisch Switzerland
Keywords: instrumentation, personal monitoring

We have recently introduced the concept of
aerosol measurements by induced currents, where
pulsed unipolar charging leads to a varying space
charge in an open Faraday cage, thereby inducing a
compensating current to the Faraday cage. (Fierz et
al, 2014). This technique allows a contactless / noncollective measurement of aerosol charge, and, since
only a signal amplitude is measured, the measurement
is insensitive to the electrometer offset. We also built
a miniature instrument based on this principle, which
measures the charge transfer to an aerosol in unipolar
charging, the naneos partector. This instrument is very
similar to standard diffusion chargers (like the TSI
NSAM).
Here, we present an extension of the original
partector, the partector 2 (Figure 1):

The first devices have now been built and,
despite having added several components (a second
detection stage and electrometer, an electrostatic
precipitator and a second high voltage module), the
partector 2 is hardly bigger than the original partector:
at 142x88x32mm it is still very small, and thanks to a
plastic housing, it is also light at 420g. The battery
lifetime has been increased to 24h.
We will show date on the performance of the
instrument for lab-generated and ambient aerosol, and
data on the long-term performance of the instrument.
As with the standard partector, the detection
principle is insensitive to electrometer drifts. Due to
the non-collective principle, long service intervals can
be achieved.
This work was supported by Forschungsfonds Aargau

Figure 1. A scheme of the new instrument
Like its predecessor, the partector 2 is based on
pulsed unipolar charging, followed by contactless
electrical detection of the charges by induced currents
in Faraday cages.
The partector 2 contains two Faraday cages for
detection, which are separated by an electrostatic
precipitator. As in the standard partector, the first
Faraday cage electrometer measures an amplitude
proportional to the total charge acquired by the
aerosol, which is approximately proportional to the
lung-deposited surface area of the nanoparticles
(LDSA) (Wilson, 2007). In the electrostatic
precipitator, small particles are preferentially
removed, and thus the electrometer amplitude in the
second Faraday cage is reduced. The ratio of the two
signal amplitudes on the two Faraday cages is a
measure for the average particle diameter of the
aerosol, as can be seen in Figure 2. Once the average
particle diameter is known, the particle number can be
inferred from the signal amplitude on the first cage, as
in other simple electrical detectors (Matter Aerosol
DiSCmini, Philips Nanotracer).

M. Fierz, D. Meier, P. Steigmeier, & H. Burtscher
(2014) Aerosol Measurement by Induced Currents.
Aerosol Sci. Technol.,
doi:10.1080/02786826.2013.875981
Wilson W.E. et al. (2007) J. Air & Waste Manage.
Assoc. 57:211-220.

European Aerosol Conference 2016

Tours, France

Page 517 of 1211

Evaluation of CPMA-Electrometer Calibration Method for Black Carbon Aerosols
J. Titosky1, A. Momenimovahed2, K.A. Thomson2, G.J. Smallwood2, and J. Olfert1
1

Department of Mechanical Engineering, University of Alberta, Edmonton, T6G 1H9, Canada
2
National Research Council of Canada, Ottawa, K1A 0R6, Canada
Keywords: Aviation, Instrumentation, Combustion, Calibration
Presenting author email: Kevin.Thomson@nrc-cnrc.gc.ca

Measurement devices are only as accurate as their last
calibration. As such, there is strong motivation to
advance calibration tools to both increase the accuracy
and efficiency of these procedures.
Within the field of aviation, equipment is
calibrated through reference to filters acquired and
analysed used Thermal Optical Analysis (TOA). This
process requires specialized equipment, which is not
mobile, thus, instruments requiring calibration must be
shipped to labs specifically for calibration, a non-ideal
situation if calibration is required on short notice, or
during a measurement campaign. In addition,
measurements are not analysed in real time; increasing
the length of a calibration event. The repeatability of
TOA is ~17% (NIOSH, 2003), a relatively significant
uncertainty for a calibration technique.
The purpose of this study was to determine the
repeatability and reproducibility of a Centrifugal Particle
Mass Analyzer (CPMA)-Electrometer system, as an
alternative and preferable calibration method. The
CPMA-Electrometer system can conduct a calibration in
hours rather than days, is able to test dynamically, and
has been previously shown to have a much lower
uncertainty of 4.3% (Dickau, 2015).
The CPMA-Electrometer system is composed of
4 stages: particle generation, conditioning, classification,
and measurement. Figure 1 displays the general
schematic.

Figure 1: Test schematic for CPMA-Electrometer
measurements.
To determine the repeatability of the system,
multiple measurements were performed over multiple
days using a CPMA-Electrometer system and two
challenge instruments, a Laser-Induced Incandescence
instrument (LII) and a Cavity Attenuated Phase Shift
Particulate Matter Single Scatter Albedo instrument
(CAPS PMssa). Measurements were taken with mass
concentrations ranging from 0.005 mg/m3 to 0.300
mg/m3, a much larger range than previously tested
(Dickau, 2015). The results have been displayed together
in Figure 2. It was found that the measurements could be
repeated with less than 2.5% variation from day to day.
In addition, the challenge instruments were found to

correlate with the CPMA-Electrometer system with an
R2 value greater than 0.998 for all repeatability testing.
Reproducibility was assessed by testing a second
independent CPMA-Electrometer system against the
same two challenge instruments. In order to quantify the
reproducibility of the CPMA-electrometer method, each
component essential to the measurement of the
particulate mass concentration, for each of the two
systems used, was individually tested; these results will
help to determine major sources of error and variability
of the overall system. It was found that the flow
controllers each had an uncertainty of 0.5%, the
electrometers had a 2% uncertainty, and the Faraday
Cups/ Electrometer had a combined reproducibility of
about 4%. Preliminary results have displayed a larger
uncertainty in the reproducibility as compared to the
repeatability, however, further testing is ongoing to fully
quantify the variability between the two CPMA’s used in
the study

Figure 2: Mass concentration measurements with the
CPMA-Electrometer system and two challenge
instruments.
This project is funded by Transport Canada under
the Clean Transportation Initiative.
NIOSH. (2003). Monitoring of Diesel Particulate
Exhaust in the Workplace, NIOSH, Cincinnati, OH,
USA. NIOSH DHHS Publication No. 2003-154.
M. Dickau et al. (2015) Demonstration of the CPMAElectrometer System for Calibrating Black Carbon
Particulate Mass Instruments. Aerosol Science and
Technology, 49:152-158
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The monitoring and control of ultrafine particles in
workplaces as well as in public and private spaces is an
increasing trend. Detectors based on diffusion charging
are already on the market and can be seen to fulfil the
detection role in some applications.
The output signal, however is the active surface
area of the aerosol sample, or with limited accuracy, the
lung deposited surface area (Rostedt et al., 2014,
Järvinen et al. 2015) The more recognized parameters,
particle number concentration and mass concentration,
require some knowledge of the particle size distribution.
This can be achieved with size selective particle trapping
at different cutpoints with electrical or diffusive means,
for example (Amanatidis et al 2015).
The particle charging probability –weighed
median size is derived based on calibration from the
signal level ratio at different stages of the trap. This size
estimate can then be used to increase the accuracy of the
converted number or mass concentrations. However, for
large size range instruments predefined cutpoints may be
prone to noise and error. Especially, unknown shape of
the size distribution may yield significant errors, when
the median size deviates considerably from the
predetermined cutpoint.
We present a new method to sustain optimal or
near-optimal signal ratio between the signals while
having a wide particle size range available for the size
correction calculation.
The method relies on a diffusion charger and a
zeroth order electrostatic classifier, with dynamically
adjustable trap voltage, providing variable cutpoint for
the classifier. The total signal is read using a low
cutpoint at low voltage (reference), and subsequent
signal measurement with higher, adjustable trap voltage.
The adjustable trap voltage is continuously controlled so
that the current signal is 50% of the reference signal.
This cutpoint voltage then corresponds to the charging –
weighted median particle size. As a result the cutpoint is
kept in in optimal value in varied particle-size range, and
correspondingly the accuracy degradation originating
from deviating size range is avoided.
As the particle size distribution typically changes
more slowly than the concentration, the method works
while the cycle is faster than the timescale changes of the
measured aerosol. During changing aerosol the known
and calibrated response functions of the electrostatic
classifier allows for correcting the particle size
parameter.
Figure 1 shows simulated comparison of results with
fixed and with adjusted trap voltages.

In addition to the basic principle, the paper deals with
practical performance of a realized device studied with
varied aerosol sizes and distributions. This was made
using an aerosol generation system which mimics the
characteristics of real traffic originated urban aerosol,
not only by the particle size and size distribution but also
by the physical and chemical characteristics of particles.

Figure 1. Simulated response with and without
correction for particle number concentration from the
trap adjustment. Nominal distribution width is 1.88,
while errorbars denote variation with widths ranging
between 1.2 and 2.4.
Rostedt, A., Arffman, A., Janka, K., Yli-Ojanperä, J., &
Keskinen, J. (2014). Characterization and response
model of the PPS-M aerosol sensor. Aerosol Science
and Technology, 48(10), 1022-1030.
Järvinen, A., Kuuluvainen, H., Niemi, J. V., Saari, S.,
Dal Maso, M., Pirjola, L., ... & Rönkkö, T. (2015).
Monitoring urban air quality with a diffusion charger
based electrical particle sensor. Urban Climate, 14,
441-456.
Amanatidis, S., Maricq, M. M., Ntziachristos, L., &
Samaras, Z. (2016). Measuring number, mass, and
size of exhaust particles with diffusion chargers: The
dual Pegasor Particle Sensor. Journal of Aerosol
Science, 92, 1-15.
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Influence of sampling tubes on the measurement with unipolar diffusion chargers
Christof Asbach1*, Heinz Kaminski1, Yvonne Lamboy1, Martin Fierz2, Ana Maria Todea1
1

2

Institut für Energie- und Umwelttechnik e.V. (IUTA), Duisburg, Germany
University of Applied Science Northwestern Switzerland, Windisch, Switzerland
Keywords: diffusion charger, DiSCmini, Partector, silicone tubing
*Presenting author email: asbach@iuta.de

LDSA / Ucorona
Deviation from measurement without tubing [%]

Unipolar diffusion chargers are used in a variety of
aerosol instruments to e.g. measure the lung deposited
surface area (LDSA) concentration. These monitors
include the Partector (naneos particle solutions GmbH,
Windisch, Switzerland), DiSCmini (Testo AG, TitiseeNeustadt, Germany), and Nanoparticle Surface Area
Monitor (NSAM; TSI Inc, Shoreview, MN, USA). All three
monitors use unipolar diffusion charging to electrically
charge the particles and eventually measure the particle
induced current, which is proportional to the LDSA
concentration. Except for the NSAM, all monitors are
portable and suitable for personal exposure monitoring,
however, only the Partector is small enough to be
mounted directly in the breathing zone (defined as a
30 cm hemisphere around mouth and nose), whereas
the other two monitors can still be easily carried by a
person, but need to sample from the breathing zone
through flexible tubes. Different tube materials exist
that can be used for this purpose. Generally, electrically
conductive tubing is preferred to transport aerosols in
order to minimize electrostatic particle losses. Carbon
impregnated silicone tubes are therefore typically
considered the best choice and are widely used in
aerosol research.
TSI tubing new
20
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Fig. 1: Deviation of LDSA concentrations measured with
and without silicone tubing with miniDiSC (left),
Partector (center) and NSAM( right)
However, we observed that in some cases monitors
based on unipolar diffusion charging, when connected
to 75 cm long conductive silicone tubing significantly
underreported the actual particle concentrations. In
extreme cases, the deviations reached a factor of up to

three, which drastically exceeds the expected particle
losses inside the tubes. When the tubes were
disconnected from the monitors, their results agreed
fairly well.
We also observed that the corona voltage increased
steeply when the tube was attached to the monitor and
decreased when it was detached. The corona voltage is
controlled by the instruments to maintain a constant
ion current in the unipolar charger. The coincidence of
these two observations gives rise to the assumption
that it is not particle losses that cause the discrepancies
but an effect on the particle charging.
It is known that among others siloxane can degas from
silicone tubing and it has been observed that this causes
a change in the chemical particle composition.
Furthermore it has been observed that over time a
silicon oxide layer will form on the corona electrode
from the siloxane, resulting in a more rapid aging of the
corona wire and a steady increase of the corona
voltage. This increase is, however, much slower and unlike in the present case- does not reverse when the
tube is disconnected. We assume that the siloxane
affects the mean mass and mobility of ions, generated
in the corona and therefore lowers the charging
efficiency. To test this hypothesis, we measured the
response of DiSCmini, Partector and NSAM when
sampling a defined test aerosol through different 75 cm
long flexible sampling tubes. The results qualitatively
confirm the findings from field measurements, i.e.
DiSCmini reports significantly too low concentrations,
when sampling through conductive silicone tubing (see
example in Fig. 1). The effect was strongest, when new
tubing was used and almost vanished in case of aged
tubes. The Partector showed in principle the same
effect, however, to a much lower extent. NSAM was
unaffected by the choice of tubing. NSAM uses a
different charger design that allows for a filtering of the
air passing the corona electrode with an activated
carbon filter. In addition, several other tube materials
were tested, but their influence on the measurement
results was found to be much smaller and in most cases
negligible. Strangely, the effect on both concentration
and corona voltage was reversed with some of these
tube materials.
Results from both the field and the lab study will be
presented and discussed in view of recommendations
for the use of tubing when measuring with unipolar
diffusion charges.
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Measuring wide ranging particle size distributions from
Nano- to micrometer generally require a combination of
separate devices, such as Scanning Mobility Particle
Sizers (SMPS) and Optical Particle Counters (OPC) or
aerodynamic particle sizers (APS).
The company GRIMM developed a new compact
and portable device that consists of an optical and
electrical sensor in one device. This is world-wide
unique.
It allows a wide range of particle size detection
between 10 nm and 25 µm with 40 size channels with a
time resolution of one complete scan of only 1 minute.
Thus, very short-lived as well as highly time-varying
particle sources can be examined. Figure 1 shows the
MINI-WRAS device.

according to their electrical mobility. A portion of the
aerosol stream passes through the collecting electrode
and is recorded in the Faraday Cup Electrometer (FCE).
Based on the current measured at the FCE, the volume
flow, the geometry of the sensor and the charge
efficiency of the particles, the size of the particles can be
determined. The electrical sensor offers the possibility to
determine the number of particles of a size distribution
of particles similar to the optical sensor: A change of the
electrode voltage in 10 steps classifies the particle size
between 10 nm to approximately 200 nm in 10 classes.
The measured values of the two sensors are
combined internally by a special electronics and
firmware, such that the user receives measurements,
which do not differ from the output of a single sensor in
the nature and structure.
Extremely important to mention for this unique
device is the fact, that it does not need any liquids like
butanol in order to detect Nano particles, nor does it
need any other consumables.
Measurement results for different applications
(workplace, traffic, industry) will be presented.

Figure 1. Grimm MINI-WRAS
The optical module is a newly designed particle
spectrometer, which detects each individual particle and
classifies its size accordingly (single particle counting).
A powerful laser diode is used as a light source.
Internally, the power of the laser diode is constantly
monitored and kept constant. A pin diode generates the
detection signal, which turned out to be the best
compromise between reliability and performance. The
number of particles is determined by the number of stray
light pulses per period, the particle size determines the
amplitude of the scattered light. These measurements
require a precisely controlled flow rate, which is
determined continuously via aperture and pressure
sensors.
The electrical module consists of three main
components, the unipolar corona charger, a precipitation
electrode and a Faraday Cup Electrometer (FCE). Once
the aerosol particles (each single particle) are counted by
the optical sensor and classified, they go through a short
tube connected directly to the electrical sensor. Here all
Nanoparticles can be reliably detected. Initially the
particles are charged unipolar (positively) in the electric
sensor with a positive corona charge. Then the particles
go into a collecting electrode, where they are separated

Figure 2: Measurements at workplaces with soldering
a) total particle number concentration, b) particle mass
distribution
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under test. The concentration upstream and
downstream of the test DMA was measured in order
to report the DMA penetration efficiencies. The data
were inverted using a routine employing the diffusive
transfer function introduced by Stolzenburg
(Stolzenburg & McMurry, 2008) in order to obtain the
true transfer function for the DMA under test.
1.10
1.00

Detection Efficiency

Scanning Mobility Particle Sizer (SMPS) systems
employing a Differential Mobility Analyzer (DMA)
for sizing and a Condensation Particle Counter (CPC)
for counting are widely used for measurement of
aerosol particle size distributions. Such measurements
of particles as small as 1nm in diameter are needed in
academia and industry for applications including
nucleation and growth, engineered nanoparticle
synthesis, reaction kinetics and combustion research.
Diethylene glycol (DEG) has been used as a working
fluid to grow sub-2.5nm particles to a size detectable
with a butanol-based CPC, thus enabling SMPS size
distributions in this size range (Iida et al, 2009; Jiang
et al, 2011b). Recently, TSI introduced the Model
3777 Nano Enhancer and the Model 3086 1nm-DMA
which, when combined with a TSI 3772 CPC, 3082
Electrostatic Classifier and either 3088 or 3077A
neutralizer, form a 1nm-SMPS system capable of size
distribution measurements from 1-50nm. In this work,
we characterized the new components of this system
and combined the components into an SMPS system
for size distribution measurements down to 1nm.
The response of the TSI Model 3777 Nano
Enhancer + Model 3772 CPC combination to mobility
classified NaCl generated by the evaporationcondensation method was compared to a TSI Model
3068B Aerosol Electrometer. A curve was fit to the
data in order to calculate the CPC lower detection
limit (d50). The resulting counting efficiency curve
(Figure 1) was compared to data from the literature
for similar designs (Zhao et al, 2015). The response
time of the combination was characterized and the
additional time required for particle transit through the
Model 3777 Nano Enhancer was found to be minimal.
CPC false count rate was tested and found to be
equivalent to the TSI Model 3776 Ultrafine CPC
(<0.01 particles/cm3). Concentration linearity was
characterized and because of internal dilution in the
Nano Enhancer the upper concentration limit of the
3777+3772 combination extends to 300,000
particles/cm3.
In addition, the transfer function and
penetration of the TSI Model 3086 1nm-DMA was
characterized using monomobile molecular ion
standards (Jiang et al, 2011a). Particles were
generated by electrospray, and classified with a highresolution DMA (Fernandez de la Mora et al, 1998)
before being introduced into the Model 3086 DMA
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Figure 1. Detection efficiency curve and d50 point for the TSI
Model 3777 + Model 3772 1nm-CPC combination when
challenged with mobility-classified NaCl generated by the
evaporation-condensation method.
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(1998). Trac-Trends in Analytical Chemistry, 15, 328-339.
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Aerosol Science and Technology, 43(1), 81–96.
Jiang, J., Attoui, M., Heim, M., Brunelli, N.A., McMurry, P.H.,
Kasper, G., Flagan, R.C., Giapis, K. and Mouret, G.
(2011a) Aerosol Science and Technology 45(4), 480-492
Jiang, J., Chen, M., Kuang, C., Attoui, M., and McMurry, P. H.
(2011b). Aerosol Science and Technology, 45(4), 510–521.
Jiang, J., Zhao, J., Chen, M., Eisele, F.L., Scheckman, J.,
Williams, B.J., Kuang, C. and McMurry, P.H. (2011c).
Aerosol Science and Technology, 45(4), ii-v.
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and Technology, 42, 421-432.
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Measurement of particle size is required to
understand the environmental impacts of aerosol
particles (McMurry, 2000). The most effective and
commonly used technique of measuring the size of
aerosol particles is by employing Differential Mobility
Analyzers (DMAs; Knutson and Whitby, 1975), which
classify them according to their electrical mobility.
DMAs have therefore become a standard component of
aerosol size spectrometers, as well as of tandem systems
(i.e., TDMAs) for determining some of the key
physicochemical properties of aerosols such as
hygroscopicity and volatility.
In TDMA systems, a monodisperse aerosol flow
produced by the first DMA, is exposed to certain
conditions (i.e., fixed relative humidity and/or
temperature) before the size distribution of the particles
is measured by a second DMA coupled with a
Condensation Particle Counter (CPC). Despite the
relative sort time of each size distribution measurement
(ca. 3 min), a downside of these systems appears when
the properties of monodisperse particles of different
sizes from the same aerosol sample need to be
determined. Chen et al. (2007), introduced a DMA with
three outlets (3MO-DMA), having the ability of
classifying three monodisperse particle populations,
simultaneously and consequently increasing the time
resolution. That DMA had the polydisperse aerosol flow
introduced at the circumference of the central rod and
the monodisperse particle outlets located along the outer
electrode. As a result, when used as a first DMA in a
TDMA system, it required three DMAs and an equal
number of CPCs to measure potential changes in particle
size at the 3 monodisperse particle outlets.
In this work we designed a simpler 3MO-DMA
for use as DMA-1 in a TDMA system, without the use of
additional equipement. In contrast to the 3MO-DMA
developed by Chen et al. (2007), our classifier was
constructed by modifying only the inner electrode of an
existing single monodisperse outlet DMA. Its
performance was experimentally evaluated using a
TDMA configuration in which the size distribution of a
monodisperse aerosol population provided by a custommade conventional DMA was measured using the 3MODMA operated at different conditions. A software
routine was employed for fitting lognormal distributions
to the measured size distributions and for obtaining the

geometric mean diameters of the sampled particles. The
theoretical midpoint mobility diameters of particles
classified by each outlet, at the operating flows and
voltages of the 3MO-DMA, were then calculated using
the generalized theoretical transfer function of multiple
outlet DMAs (Giamarelou et al., 2012). Figure 1 shows
scatter plots of the measured versus the predicted
geometrical mean diameters for 4 different sheath and
aerosol flow rates. The solid lines stand for the 1:1 ratio,
while the dashed lines depict a ±2% variation within
which
all
the
points
fall.

Fig. 1. Measured versus predicted (Giamarelou et al., 2012)
GMDs of the particles classified at each 3MO-DMA outlet,
when the latter was operated with sheath and aerosol flows of
(a) 3.0 and 0.3, (b) 6.0 and 0.6, (c) 8 and 0.3, (d) 8 and 1.5
lpm.
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Ultrafine particle (UFP) emissions from aircraft engines
have been associated with increased UFP concentrations
in areas surrounding airports. A monitoring study was
performed in the area around Brussels Airport, Belgium.
The objective of the study was to investigate the
potential contribution of operations at Brussels Airport
on the UFP number concentrations in relation to the
distance to the airport and meteorological conditions.
Four monitoring locations were selected on a
transect in line with a busy runway at varying distance
between 250 m and 7 km from the runway. Stations
EE01, MC03 and SZ04 are characterized as urban
background stations, whereas KM02 is a rural station
(Fig. 1).

concentrations of the 10-20 nm size class at all the
monitoring locations when they were situated downwind
of the airport (Fig. 1). At the stations near the airport, the
proportion of time when UFP number concentrations of
the 10-20 nm size class exceed 50 000 pt/cm³ is 11%.
For larger UFP classes (> 70 nm) the UFP pollution
roses did not show the same directionality toward the
airport as was observed for the smaller UFP classes. An
additive model was used to account for the contribution
of airport operations to the UFP concentration at nearby
downwind locations. Under downwind conditions 25%
of the time an airport contribution to the 10-20 nm UFP
particle numbers of 15 000 to 20 000 pt/cm³ was
estimated. For 10% of the time a contribution between
37 000 and 42 000 pt/cm³ was found, and for 5% of the
time a contribution of 55 000 to 62 000 pt/cm³. The
maximal contribution ranged between 270 000 and 325
000 pt/cm³.

Figure 1. Monitoring sites near Brussels Airport.
The UFP size distribution was continuously monitored
with scanning mobility particle sizers (SMPS) with a
time resolution of 5 min and aggregated to size classes of
10-20, 20-30, 30-50, 50-70, 70-100, 100-200 and 200294 nm. The monitoring was done during two months
October and November 2015.
Based on the entire measurement period, the
average UFP number concentrations of size class 10-20
nm are largely increased at the monitoring stations near
the airport, SZ04 (17 000 pt/cm³) and - to a lesser extent
- at MC03 (8 000 pt/cm³) compared to KM02 (2 500
pt/cm³) and EE01 (3 000 pt/cm³) which are situated
further away from the airport. The contribution of the
10-20 nm fraction in the total 10-294 nm UFP number
concentration is much larger near the airport (SZ04 66%
and MCO3 44%) in comparison to the more distant
locations (KM02 34% and EE01 28%).
The UFP concentrations are highest during
morning rush (6 – 10 am local time) and evening rush (4
– 8 pm local time). This is in line with the number of
landing and take-off (LTO) operations at the Brussels
Airport which also show a similar bimodal pattern.
The analysis of UFP concentration measurements
in relation to wind direction showed increased UFP

Figure 1. UFP concentration in function of the wind
direction..
Conclusion
A significant contribution of airport activity to the UFP
10-20 nm number concentration is observed in the area
around Brussels Airport. The contribution decreases with
increasing distance, but effects are observed at a distance
of 7 km from the airport. There is a clear relationship
between LTO operation, wind direction and distance to
the airport and the UFP concentration that is observed in
the area around the airport.
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Aircraft engine soot emissions may impact the
aviation radiative forcing, either directly or indirectly by
promoting the formation of contrails (Lee et al., 2010).
In order to better understand all the processes involved
in the formation of condensation trails, and their
subsequent impact on climate change, the French
government funded several research projects since 2011.
The first of them, MERMOSE (http://mermose.onera.fr/)
aims at providing comprehensive characterization of
particulate matter properties, including reactivity, from a
modern aircraft gas turbine engine.
During this project two field campaigns have been
performed behind a complete SaM 146 aircraft engine at
Snecma test bench and a section of its combustion
chamber at ONERA. ONERA, IRSN, Snecma and
CNRS (CINaM, PhLAM) made gas and particles
measurements at various engine thrusts, from 30% to
100% of the maximum take-off thrust.
The experimental set-up was composed of two
sections. The first one was dedicated to gas
measurements achieved following the certification
guidelines (ICAO, 2008). The second section enabled
soot sampling for laboratory characterizations (TEM,
OC/TC ratio, XREDS, FTIR, laser and ionic desorption
mass spectrometry, Raman spectroscopy) and on line
measurements of soot properties (size distribution, mass
and number concentration, surface area density) by
means of different instruments (SMPS+C, SMPS+E,
DMS 500, MAAP, PPS, CPC, NSAM).
Comparison along engine thrust setting between
the SaM 146 engine and a section of its combustion
chamber shows a relatively good agreement for
particulate matter number and modal diameter (figure 1).

Figure 1. Emissions of the SaM 146 engine and a section
of its chamber: (left) Number of particles for different
engine thrusts – (right) Modal mobility diameter of
aggregates for different engine thrusts.

The concentration of emitted particles is close to
107 part/cm3 for engine thrust larger or equal to 70%.
The modal mobility diameter of soot has been found in
the range of 25 to 50 nm.
Concerning Organic Carbon/Total Carbon ratio
(OC/TC), we observed quite similar trends for high
thrust settings but results at 30% exhibit quite important
discrepancies (figure 2). For the high engine thrust case,
the organic fraction of carbon is in a range of 10 to 20%.

Figure 2. Organic Carbon/Total Carbon ratio for a
SaM 146 engine and a section of its chamber for
different engine thrusts.
The comparison between the engine and a section
of its combustion chamber emissions allowed us to
establish a new set of data for a modern engine and
similarities of differences for various emission
properties.
This work was supported by the MERMOSE
project for the characterization of emissions by aircraft
engines and funded by DGAC (French Civil Aviation
Authority).
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estimated up to doubled EIm and an order of magnitude
higher EIn at the engine exit plane than calculated from
the measured concentrations shown in Fig. 1.
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Aviation has been steadily growing since the early jet
age, so have its effects on the environment because its
growth outpaces measures taken to reduce emissions.
Although CO2 and NOx emissions contribute most to
aviation’s environmental impacts, aircraft soot emissions
pollute the air nearby airports and warm up the
atmosphere because they strongly absorb sunlight and
contribute to aviation-induced cloudiness. To better
understand and predict them, researchers need
representative measurement data. Such data are scarce,
but will become available owing to the new emissions
standard for non-volatile (nv) PM emissions from
aircraft turbine engines. This standard requires engine
manufacturers to report nvPM mass and number
emissions for in-production engines. In this contribution,
we estimate exit plane emissions of nvPM mass and
number from a widely used turbofan engine type
determined from measurements at certification-like
conditions. We discuss these results with respect to
previous approaches to estimate aircraft nvPM emissions
for air quality and global impact assessment.
Engine exhaust sampling, measurement, and data
analysis were done according to the current requirements
for emissions certification (ICAO, 2008). Engine tests
were performed in an engine test cell of SR Technics at
Zürich airport, Switzerland using a conventional Jet A-1
fuel. The engine was operated on a descending power
curve from takeoff to idle during several runs. A
representative exhaust sample was drawn at the engine
exit plane using a multi-orifice probe. Downstream of
the probe, the sampling system delivered a raw exhaust
sample to a measurement suite for gaseous pollutants
and a diluted sample for measuring nvPM mass and
number concentrations (Durdina et al., 2014). The nvPM
concentrations were normalized as emission indices (EI,
amount of pollutant per kg fuel burned).
EI of nvPM number (EIn) and mass (EIm) changed
with engine power (Fig. 1). Whereas EIm monotonically
increased with thrust and peaked at maximum power, EI n
had a local maximum at idle and reached a plateau
before maximum thrust due to particle coagulation.
Since the sample in the standardized system is drawn
over 30 meters of tubing before reaching the nvPM
instruments, particle losses need to be taken into
account. We corrected both nvPM mass and number data
for losses due to thermophoresis and diffusion using a
parametric model based on measured particle size
distributions, effective density, and thermodynamic
properties of the exhaust sample. The particle losses
were highest at idle, characteristic by the smallest mean
particle size (geometric mean diameter ~15 nm). We
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Figure 1. Emission indices of nvPM number and mass
without correction for particle losses in the sampling
system.
This work was supported by the Swiss Federal Office of
Civil Aviation (FOCA), project “Particulate Matter and
Gas Phase Emission Measurement of Aircraft Engine
Exhaust”.
International Civil Aviation Organization. (2008).
Environmental Protection: International Standards
and Recommended Practices – Annex 16 to the
Convention on International Civil Aviation, 3rd ed.,
Vol.II, Aircraft Engine Emissions, Montreal, QC,
Canada
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Rindlisbacher, T., Thomson, K.A., Smallwood, G.J.,
Hagen, D.E., Sierau, B., and Wang, J. (2014) Atmos.
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We present results of aircraft engine soot emissions
measurements during the VARIAnT2 campaign using
two different CAPS PMssa monitors. VARIAnT2, an
aircraft engine non-volatile particulate matter (nvPM)
emissions field campaign, was focused on understanding
the variability in nvPM mass measurements using
different measurement techniques and accounting for
possible nvPM sampling system losses.
The CAPS PMssa monitor, shown in Fig.1,
measures both the optical extinction and scattering (and
thus single scattering albedo and absorption) of an
extracted sample using the same sample volume for both
measurements with a time resolution of 1 second and
sensitivity of better than 1 Mm-1.[1] Briefly, particle
optical extinction is measured using the cavity attenuated
phase shift technique, which is an analog of the cavity
ringdown technique. The square wave modulated output
of a 630 or 660 nm LED is directed into a near-confocal
optical cavity comprising two high reflectivity
(R~0.9999) mirrors and then detected using a vacuum
diode.
The highly distorted waveform is then
characterized as a phase shift from the initial square
wave; the difference in the cotangent of the phase shift
measured with and without the presence of particles in
the optical cavity is directly proportional (within a
known constant) to the total optical extinction.
The CAPS PMssa monitor also incorporates an
integrating sphere within the measurement cell, thus
providing a simultaneous measurement of scattered light
on the same sample volume using integrating
nephelometry. The scattering channel is calibrated
versus the extinction channel allowing the SSA to be
measured with ±0.01.
Absorption is obtained by
subtracting the scattering signal from the total extinction.
Given that the single scattering albedo (SSA) of the
particulates emitted from the aircraft engine measured at
both 630 and 660 nm was on the order of 0.1, any

inaccuracy in the scattering measurement has little
impact on the accuracy of the determined absorption
coefficient. The absorption is converted into nvPM mass
using a documented mass absorption coefficient (MAC)
of 6.5 m2 g-1 at 630 nm and 6.2 m2 g-1 at 660 nm
determined using a 1/extrapolation. [2]
A correlation plot of the soot concentrations (g
m-3) measured by the instruments operating at 630 nm
and 660 nm is shown below in Fig.2 ; each monitor was
attached to a different sampling line. Note the excellent
agreement between the two monitors even at extremely
low soot concentrations. The two monitors also showed
excellent agreement with concentrations determined
using a Sunset Laboratories EC/OC (Elemental
Carbon/Organic Carbon) Analyzer.

Fig. 2 Correlation plot of concentrations emitted by
a jet engine measured using two different CAPS
PMssa monitors attached to two different sampling
lines.
Aerodyne’s participation in the VARIAnT2
campaign was sponsored by funding from Arnold
Engineering Development Center of the U.S. Air Force.
NRC Canada was funded by Transport Canada under the
Clean Transportation Initiative.

Fig. 1 Schematic of CAPS PMssa Monitor

[1] Onasch, T.B., et al. (2015) Aerosol Sci. Technol.
49:267-278
[2] Petzold, A., Kramer, H., and Schönlinner, M. (2002)
Environ. Sci. Poll. Res. 4:78–82.
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Particulate emissions from jet aircraft are the
most significant source of carbonaceous particles in the
upper troposphere and the lower stratosphere. They also
contribute to black carbon pollution in urban areas close
to airports. With the continued growth of air traffic
(5%/year), these particles are anticipated to increase their
impacts (Masiol 2014). In the troposphere, they interact
with sunlight (absorption, scattering) and act as ice
condensation nuclei, increasing the cloudiness (contrails,
artificial cirrus), both effects influencing the radiative
balance of the atmosphere in a way that is not well fully
known at present. Determining their physical structure,
chemistry and their optical properties is necessary to
gain a better knowledge of their toxicity, and their
condensation ability with respect to water, to finally
allow a better assessment of their impact on human
health and climate.
In this context, the “MERMOSE” project aims at
determining physical and chemical characteristics of
carbonaceous particles emitted from a Snecma/NPOSaturn SaM146-1S17 turbofan engine (certified in 2010)
fueled with Jet-A1. Particles have been collected during
a sampling campaign carried out on the SNECMA test
bench facility at Villaroche, France. This project also
aims at generating laboratory surrogates that have
physical and chemical characteristics similar to those of
aeronautical soot, in order to overcome the soot
sampling difficulties at the exhaust of a jet engine, and
the small quantities of material collected. These
surrogates are synthetized by a propane diffusion
combustion device (Jing AG; MiniCAST 5201 C-type
model) using different flow rates (propane, air, nitrogen,
dilution air), which allows the generation of soot having
various morphological and chemical properties.
We present here results combining HighResolution
Transmission
Electron
Microscopy
(HRTEM), X-Ray Photoelectron Spectroscopy (XPS)
and Near-Edge X-ray Absorption Fine Structure
(NEXAFS) in order to determine physical and chemical
properties of aircraft soot and their surrogates. Thus the
particles shape, size distribution, texture, structure,
chemical composition and chemical speciation of carbon
and oxygen of aircraft engine soot are presented for
different thrust regimes (take-off, climb out, cruise, and
final approach) (Parent 2016) and then compared to
those of surrogate soots emitted from the MiniCAST
device running at different set points. We show for the

first time the existence of structural and chemical
differences between the outermost part and the inner part
of soot primary particles. Furthermore, our set of
experimental results combining HRTEM, XPS and
NEXAFS allows us to propose an atomic representation
of the soot surface (Fig. 1), a key step toward a better
understanding of the physical and chemical properties of
soot aerosols in the atmosphere.

Figure 1. Multiscale structure of aircraft soot
This work was supported by the MERMOSE
project for the characterization of emissions by aircraft
engines and sponsored by DGAC (French Civil Aviation
national funds).
Masiol, M. and Harrison, R.M. (2014) Atmos. Environ.
95, 409-455.
Parent, Ph., Laffon, C., Marhaba, I., Ferry, D., Regier,
T.Z., Ortega, I.K., Chazallon, B., Carpentier, Y., and
Focsa, C. (2016) Carbon 101, 86-100.
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Aircraft emissions received increased attention recently
because of the steady growth of aviation transport in the
last decades. Aircraft engines substantially contribute to
emissions of particulate matter and gaseous pollutants in
the upper troposphere and in airport vicinities. These
emissions have an impact on air quality and global
warming.
A series of measurements were performed during
the A-PRIDE 8 campaign in October 2015 at the aircraft
engine testing facility of SR Technics, within the Zürich
airport, Switzerland. The engine exhaust was sampled at
the engine exit plane by a single-orifice probe. A wide
range of instruments was connected to the common
sampling line to determine physico-chemical
characteristics of non-volatile particulate matter (nv-PM)
(Durdina et al., 2014; Brem et al., 2015) and gaseous
pollutants. One engine type (CFM56-7B26) was tested
during this study. The conventional fuel Jet A-1 was
used as the base fuel, and experiments were performed
with the base fuel doped with two different aromatic
solutions (Solvesso 150 and naphthalene depleted
Solvesso 150).
During this presentation, we will show results
obtained for volatile organic compounds (VOCs). VOCs
were sampled with 3 different adsorbing cartridges, and
analysed
either
by
thermal
desorption
gas
chromatography/mass spectrometry (TD-GC/MS, for
Tenax TA and Carboxen 569), or by high performance
liquid chromatography (HPLC, for DNPH). The use of 3
different sorbents allowed the measurement of a wide
range of compounds, such as short- and long-chain
alkanes, aromatics, and oxygenated compounds. The
total VOCs concentration was also measured with a
flame ionization detector (FID), but without any
information on the chemical speciation. In addition, fuel
samples were also analysed by GC/MS, and their
chemical composition was compared to the VOCs
emitted via engine exhaust.
The total VOCs concentration was much higher at
ground idle (4-7% thrust, >200 ppm C) than at high
thrust (<3 ppm C during take-off, 100% thrust). This
result may be due to lower temperature and poorer
air/fuel mixing in the primary combustion zone, and
lower fuel/air equivalence ratio at low thrust. All the
VOCs identified with the Tenax TA and Carboxen 569
cartridges were either alkanes or aromatics. The most
concentrated compounds were small molecules (C3-C7)

from the following families: alkenes, alkanes,
oxygenated compounds and small aromatics.
The comparison between the chemical
composition of fuel samples and VOCs emitted by the
aircraft engine showed significant differences. Fuel
samples were dominated by alkanes (Figure 1, left),
whereas VOCs emitted by the aircraft engine were
mainly comprised of alkenes and oxygenated compounds
(Figure 1, middle). We also noticed some significant
differences in the aromatic fraction between the fuel and
the exhaust. C2-, C3-, and C4-benzenes were
significantly present in the fuel but only traces of these
compounds were present in the exhaust, while benzene
and toluene were observed only in the exhaust (Figure
1). This result may be due to dealkylation reaction
during combustion in the engine. We also observed an
important effect of the thrust level on the composition of
VOCs. Indeed, at high thrust, VOCs were totally
dominated by oxygenated compounds, following a
higher combustion efficiency. The effect of the fuel
aromatic content on the VOCs emitted by the engine will
also be discussed.
Fuel Jet A-1

CFM56-7B26, ground idle
(7.0% thrust)

CFM56-7B26, take-off
(100% thrust)

Alkanes

Alkenes

Alkenes

Alkanes
Naphthalenes
C4 benzenes
C3 benzenes
C2
benzenes

Alkanes
Others
Toluene

Others
Toluene
Benzene
Oxygenated
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Figure 1. Left: composition of the fuel Jet A-1. Middle:
composition of VOCs at 7% thrust (ground idle). Right:
composition of VOCs at 100% thrust (take-off).
This work was supported by the Swiss Federal Office of
Civil Aviation (FOCA), project “Particulate Matter and
Gas Phase Emission Measurement of Aircraft Engine
Exhaust”, and the Swiss National Science Foundation.
Brem, B.T., Durdina, L., Siegerist, F., Beyerle, P.,
Bruderer, K., Rindlisbacher, T., Rocci-Denis, S.,
Andac, M.G., Zelina, J., Penanhoat, O., Wang, J.
(2015) Environ. Sci. Technol. 49, 13149−13157.
Durdina, L., Brem, B.T., Abegglen, M., Lobo, P.,
Rindlisbacher, T., Thomson, K.A., Smallwood, G.J.,
Hagen, D.E., Sierau, B., and Wang, J. (2014) Atmos.
Environ. 99, 500-507.
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Airplane gas turbine engine emissions and their potential
impact on air quality and climate have drawn extensive
attention during recent years. Most of the studies linked
to these emissions have been focus on gas phase (mainly
CO2 and NOX) and particulate matter (soot) emissions.
Airplane lubrication system are not considered as
source of particulate matter emissions, but a recent work
by Yu et al. (2012) reported the presence of lubricant oil
droplets in the exhaust of the engine of different aircraft
in Chicago Midway Airport and O’Hare International
Airport. Yu et al. used a High Resolution Aerosol Mass
Spectrometer (HR-AMS) to analyse the plume of
airplanes on ground, thus with near idle engine
operations. They found that the contribution from
lubricant oil to the particulate matter measured in
airplane plumes ranged from 5% to 100%.
In the present work, we have used Time of the
Flight Secondary Ion Mass Spectrometry (ToF-SIMS) to
characterize the lubricant oil droplets found in the
exhaust of a SAM146 engine. This campaign was
performed in the framework of MERMOSE project
(http://mermose.onera.fr/).

Figure 1. Ion beam desorption/ionization performed in
ToF-SIMS instrument
ToF-SIMS uses a pulsed primary ion beam (Bi3+)
to desorb and ionize species from a sample surface. The
resulting secondary ions are accelerated into a mass
spectrometer, where they are mass analysed by
measuring their time-of-flight from the sample surface to
the detector (Fig. 1). In addition to the mass spectra
acquired form the molecular species on the sample
surface, this instrument is able to provide an image of
the sampled surface, allowing to visualize the
distribution of individual species on the surface of the
sample.

Figure 2. Top left: Mapping of a sample collected over
silicon wafer, red areas indicate the presence of SiO2- ion
(bottom left spectra), blue areas indicate the presence of
Mo2O6- (top right spectra) ion and green areas indicate
the presence of HSO4- ion (bottom right).
Fig. 2 show an example of the oil droplets found in the
samples collected at 70% engine regime. In addition to
different carbon containing fragments linked to the fatty
acids present in the lubricant oil, we found different
heavy metals in the droplets, including iron, copper,
silver, aluminium and molybdenum. The most abundant
one was in all cases molybdenum. Though molybdenum
can be included in high pressure lubricant oils as an
additive, an analysis of clean lubricant oil used during
the campaign did not show any amounts of this metal.
Thus most probably, the source of the observed
molybdenum is the motor gear, were molybdenum doped
stainless steel is used in several pieces.
This work was supported by the CORAC
MERMOSE project, funded by French Civil Aviation
Authority (DGAC) and by the French National Research
Agency (ANR) through the PIA (Programme
d'Investissement d'Avenir) under contract ANR-10LABX-005 (LABEX CaPPA - Chemical and Physical
Properties of the Atmosphere).

Yu, Z., Herndon S.C., Ziemba, L.D., Timko, M.T.,
Liscinsky, D.S., Anderson, B.E. and Miake-Lye R.C.
(2012) Environ. Sci. Technol. 46, 9630-9637.
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Aircraft jet engines release in the high
troposphere soot aerosols that potentially act as
condensation nuclei for either water or ice. The
nucleated ice particles and water droplets that form the
so called condensation trails (contrails) may evolve in
persistent cirrus–like clouds when the conditions are
favorable, and therefore impact the local albedo hence
the radiative balance of the atmosphere especially in
high density air traffic regions. Within this project we
developed a dedicated facility, the Lille ice nucleation
chamber (LINC), for a better understanding of the
indirect role of soot aerosols on persistent cloud
formation.
The LINC is a continuous flow diffusion chamber
based on the system first developed at the Colorado State
University (CSU-CFDC)1 which then evolved in the
Zurich ice nucleation chamber (ZINC) built at the Swiss
Federal Institute of Technology2. The LINC was
developed as a tool to obtain information on the dynamic
of heterogeneous ice nucleation in deposition mode and
in condensation freezing mode with soot particles as ice
nuclei. Indeed, we believe that the heterogeneous
nucleation of ice particles in the troposphere can be
reproduced in laboratory conditions once the physical
and chemical properties of the seeding aerosols are well
characterized. Hence, some critical properties of
nucleated ice like the particle size distribution and the
complex refractive index can be related to those of the
seeding aerosols.
The main goal of this work is to validate the
experimental protocol to operate the LINC and
eventually nucleate ice particles under controlled and
reproducible conditions. Since the measurements on the
efficiency of soot particles as ice nuclei are still subject
to large uncertainties, it is our opinion that any
experiment aiming to reproduce ice nucleation at
laboratory scale should detail the experimental
conditions as thoroughly as possible. In this work, we
take a step in this direction and we present a first
complete characterization of the onset of conditions in
which ice particles are nucleated inside the LINC
chamber. Such characterization is especially important
whenever any comparison of the data obtained in
different ice nucleation chambers is to be made. Since
the methodology behind the operation of ice nucleation
chambers is not yet fully validated, this approach will
help in creating a common measurement protocol,
possibly at international level. The investigated variables
include the ice layer thickness, the iced walls
temperature map, the reactor flow conditions and a

detailed characterization of the seeding aerosols for
instance.
At this stage of the project, particular attention is
devoted to aircraft engine exhausts. Soot aerosols are
generated in laboratory flames and have morphology
close to that of aeronautics soot3. In a typical experiment,
soot aerosols are sampled by means of a quartz
microprobe, diluted with a cold, inert gas to prevent
post-sampling coagulation, size selected, dried and
finally injected into the LINC main nucleation chamber
at controlled temperature, pressure and ice
supersaturation. The seeding aerosols are injected from
the top inlet of the nucleation chamber, while ice
particles are detected by optical counting at the bottom
outlet after a permanence time in the supersaturated
region of about 10 s. Temperature as low as –50°C and
ice supersaturation as high as 140% can be reached. A
short timescale, up to 10 s, is chosen in order to simulate
the early steps of the formation of contrails. The onset of
thermodynamic conditions at which heterogeneous
nucleation occurs and the nucleation rates are then
investigated as a function of the size distribution,
morphology and surface chemical composition of the
seeding soot aerosol.
The experimental data are expected to provide
useful information on the heterogeneous ice nucleation
mechanisms, and to help validating theoretical models
representative of the ice formation dynamic in the high
troposphere. The comparison of the data obtained from
different measurements is expected to provide original
and useful information on the interaction between soot
aerosols and water.

This work is supported by Labex CaPPA and by project
MERMOSE.

1

D.C. Rogers, Atmos. Res. 22 (1988) 149-181.
O. Stetzer, B. Baschek, F. Lüönd, U. Lohmann, Aerosol
Sci. Technol. 42 (2008) 64-74.
3
C. Irimiea, Y. Carpentier, I.K. Ortega, M. Ziskind, A.
Faccinetto, F.X. Ouf, F. Salm, D. Delhaye, D. Gaffié, A.
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the European Combustion Meeting 2015, P5-04.
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Real time bioaerosol detection by Surface Plasmon Resonance
I.E. Agranovski1, O. Usacheva2 and E.V. Usachev1
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Presenting author email: i.agranovski@griffith.edu.au
Over the last decades biosensors attracted much
interest in the field of microbial detection due to their
capability of direct determination of target analytes
(proteins, small organics, microbes, viruses, or toxins)
via interaction with specific bio-recognition elements
(e.g. antibodies) immobilized on the sensor surfaces.
Considerable research has been carried out on surface
plasmon resonance (SPR) technology allowing analyte
detection without specific labelling usage. The major
advances of such technology are its capability of direct
measurements without labelling, continuous nondestructive operation, and real-time data acquisition on
biomolecular interactions with simple optical device.
The current study was designed to explore the
possibility of the SPR chip utilization in conjunction
with our previously developed personal bioaerosol
sampler (Agranovski et al., 2005) for rapid/real-time
determination of general existence of a particular
targeted microorganism in the ambient air. To prove the
concept, the simple viral model - MS2 phage, was used
in this investigation. Special attention was given to the
chip functionalizing and its time related efficiency of
operation.
The targeted microorganism was aerosolized by a
3 jet Collison nebulizer (BGI, Inc., Waltham, MA) from
microbial suspension into the rotating aerosol chamber
capable of keeping airborne particles for up to 24 hours
(Fig. 1). Optical aerosol spectrometer (Model 4705,
Aeronanotech, Moscow) was used to monitor
concentration of airborne mircoorganism in the chamber
over the entire duration of experiment.

Figure 1. Laboratory setup
For each experimental run the aerosol chamber
was preloaded with bioaerosol for 3 minutes achieving
concentration equilibrium monitored by optical aerosol
spectrometer. The aerosol samples were then acquired by
three samplers operated in parallel after 1, 5 and 25

minutes time periods at a flow rate of 4 L of air per
minute. Aliquots of collecting liquid from the samplers
were taken for SPR assay. The final results were
corrected to account for dilution of the air in the chamber
by HEPA filtered ambient air due to sampling related
displacement of 12 liters of air every minute.
The results of the bioaerosol detection by the
personal sampler in the air are shown in Figure 1. Here,
response curves represent the MS2 phage association
with immobilized anti-MS2 antibody for 1, 5 and 25
minutes of the sampler operation for collection of
airborne microorganisms. Response levels for the 100
µL of the samplers’ collecting liquid passed through the
cell were found to be in correlation with the sampling
time. The standard deviation for at least three repeats of
all samples did not exceed 10%.

Figure 2. Detection of airborne MS2 by SPR
The combination of SPR technology with the personal
bioaerosol sampler was proved to be successful. The
SPR based detection of the airborne virus was found to
be very fast; the reliable qualitative detection of the viral
presence in air was made in less than two minutes and
the entire procedure (sampling and analysis) was
undertaken in less than 6 minutes, which could be
considered as real time detection for this type of
measurements. Obviously, for vast majority of
biomonitoring applications this issue is crucial and the
new technique looks very promising for further
technological developments.
Agranovski, I., Safatov, A., Borodulin, A., Pyankov, O.,
Petrishchenko, V., Sergeev, A., Sergeev, A.A.,
Grinshpun, S.
and Agranovski, V.
(2005).
J.Aerosol Sci. 36, 609-617.
Usachev, E., Usacheva, O., Agranovski, I.E. (2013). J.
Applied Microbiology. 115, 766-773
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Exploration of Biological Aerosols at Agra over Indo-Gangetic Basin
Mamta1, J.N. Srivastava1, G.P. Satsngi1 and Ranjit Kumar2*
1
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Dayalbagh Educational Institute (Deemed University), Dayalbagh, Agra-5 (India).
Fax: +91-562-2801226, E-mail: rkschem@rediffmail.com
2

Aerosols is a mixture of tiny particles are a subset of
air pollution that suspended everywhere in our
atmosphere. The particulate emitted from different
sources and suspended in the air constitutes biotic
(biological) and abiotic (non biological) components
both.
In present study we measured the atmospheric
concentration of PM (Particulate Matter) and
biological components (Fungi, Gram+ve and Gram–ve
bacteria) of Particulate matter (PM2.5) in ambient air in
monsoon season over Agra, Indo Gangetic plain in
India along with meteorological parameters. Air
samples were drawn into Glass fibre filter paper of
PM2.5 using Polltech sampler at a flow rate of 16 L
min-1 for 24 hrs.
The concentration of PM2.5 is much higher than
WHO, USEPA, EUpAQ and NAAQ standards.
Biological concentration increased with increase in the
level of particulate matter and there have been
differences in the types of species. A total fourteen
types of fungi are obtained and identified. Highly
observed fungal spores detected in the samples were
Aspergillus niger & Fusarium oxysporium. Specific
identification of bacteria was conducted by gram
staining method followed by microbial analysis helped
to identify the different shapes of bacteria collected.
Coccus was found maximally than bacillus. Bacterial
concentration is more significant than fungal
concentration at both sites, +ve bacteria contribute
more than gram–ve bacteria.
Table: The statistics of concentration of PM2.5 and
their microbial constituents.
Parameter
PM2.5(µg m-3)
-3

Fungi(cfu m )
Bacteria(cfu m-3)
Protein (ng m-3)

Mean(SD)

Maximum

Minimum

36.2(19.38)

66.66

16.66

126.8(50.5)
964.1(481.1)
0.52(0.01)

187.5
1625
0.33

41.66
250
0.16

Figure 1: Percentage distribution of different isolated
fungi obtained from aerosols.
.
Bacteria were more dominant compare to fungi, may be
due to the pathogenic bacteria more active in monsoon
season. Gram +ve bacteria found higher than Gram-ve
bacteria. Gram+ve cocci shaped bacteria were more
dominant over Gram –ve bacillus shaped bacteria. Good
correlation among temperature and bacteria also indicate
that growth of bacteria is influenced by temperature.
Acknowledgement: We wish to thank DST, New Delhi for
financial support.
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Influence of a heavily polluted atmosphere on abundance of Fluorescent Bioaerosol. A case
study in Beijing.
O.A. Fajardo1, J. Jiang1,2, W. Yan1 and J. Hao, 1,2
1

State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Tsinghua
University, Beijing, 100084, China.
2
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Growing interest on bioaerosol particles has resulted
chemical compounds up to
a maximum
due to their potentially important role on atmospheric
concentration
from
which
FBAP
number
physics acting as cloud condensation nuclei (CCN)
concentration start to decrease significantly. O3 was
and heterogeneous ice nuclei (IN). Association of
the only compound showing a negative correlation at
exposure to ambient bioaerosol and adverse health
all atmospheric concentrations measured during the
effects have been reported specially for urban areas
sampling campaign. Relative humidity and aerosol
(Hanski et al., 2012) and indoor environments
water content resulted in continuous positive
(Douwes et al., 2003).
correlation at all values measured. We conclude that
As one of the major megacities in the world
moderate concentrations of atmospheric chemicals
with an urban population of nearly 20 million people,
promote an increase in FBAP while heavy polluted
Beijing is being affected by serious and frequent
events
with
higher
chemical
components
atmospheric hazy events same as many other major
concentrations have a negative effect, diminishing
Chinese cities (Cheng et al., 2013). Particulate
FBAP numbers.
matter has been shown to be a major air pollutant in
Beijing, normally categorized as PM2.5 and PM10
(particulate matter with nominal mean aerodynamic
diameters of ≤2.5 and ≤ 10 µm, respectively), with
sulphate, ammonium, nitrate and organic matter
among the most abundant component.
Winter season in the city normally
presents worse atmospheric conditions than the
rest of the year, because of in addition to the
large vehicle fleet running in the city, mineral coal
remains an important energy source for heating
in some residential areas with e x t r e m e l y poor
or non-existent emission controls. On the other
hand, haze events are normally accompanied by
increased relative Humidity (Jiang et al., 2015),
which together with the hydrophilicity of the PM
Figure 1. FBAP measured (15 minutes averaged) during the
components may contribute to particle growth
sampling period. (A) Left axis (green stars): Number
through water uptake. This water rich particles
concentration of FBAP size range 1-10 um. Right axis (Red dots):
during the polluted days could favor the survival
Ratio of FBAP to the total number concentration. (B) Number size
Distribution (dN/dlogDp) of FBAP.
or viability of the atmospheric microbial
community.
Douwes, J., Thorne, P., Pearce, N., & Heederik, D. (2003)
A
waveband
integrated
bioaerosol
Bioaerosol health effects and exposure assessment:
spectrometer WIBS-4A was used to study
progress and prospects. Annals of Occupational Hygiene
fluorescent bioaerosol particles (FBAP) at an urban
47, 187--200.
location in Beijing during winter. The concentration
Cheng, Z., Jiang, J., Fajardo, O., Wang, S., & Hao, J.
of the FBAP (10.91±9.34 #L-1) and proportion to
(2013) Characteristics and health impacts of particulate
matter pollution in China (2001--2011). Atmospheric
total aerosol particles was low, (0.23±0.16%) with a
-1
Environment 65, 186 - 194.
maximum concentration of 67.78 #L .
Hanski, I., von Hertzen, L., Fyhrquist, N., Koskinen, K.,
There is a marked daily behavior of FBAP
Torppa, K., Laatikainen, T., Karisola, P., Auvinen, P.,
with up to three times more FBAP particles during
Paulin, L., Mäkelä, M. J., & others (2012) Environmental
nighttime, with no significant difference between
biodiversity, human microbiota, and allergy are
weekdays and weekends. Correlations of FBAP
interrelated. Proceedings of the National Academy of
abundance with aerosol chemical composition (NH4,
Sciences 109, 8334--8339.
SO4, NO3 and Organics), atmospheric gases (NO2,
Jiang, J., Zhou, W., Cheng, Z., Wang, S., He, K., & Hao, J.
SO2, CO and O3), ambient relative humidity and
(2015) Particulate matter distributions in China during a
winter period with frequent pollution episodes (January
aerosol water content were analyzed. There are
2013). Aerosol and Air Quality Research 15, 494--U157.
positive correlations for most of the atmospheric
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Culturable microorganisms in high-altitude samples of atmospheric aerosol in the
presence of local forest fires in the sampling area
V.A. Vechkanov1, I.S. Andreeva1, A.S. Safatov1, G.A. Buryak1, N.A. Solovyanova1,
B.D. Belan2, and D.V. Simonenkov2
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Presenting author email: vechkanov@vector.nsc.ru
Convection caused by biomass burning results in
intensive pollution of atmosphere with different
chemical substances in gas and aerosol phases. As it is
noted by Mims et al. (2004), culturable microorganisms
can also be found in atmospheric aerosol resulting from
fires. In 2014, the authors observed a sharp increase in
the concentration of viable microorganisms in air
samples taken at the altitudes of 500 – 7000 m in an area
of a local forest fire (Vechkanov, et al 2014). The soil
origin of aerosol was also confirmed by a chemical
analysis of the elemental composition of the samples:
there are high concentrations of aluminum and silicon in
the atmosphere. The presence of high concentrations of
microorganisms in the atmosphere is a potential hazard
to human health because of the possible release of large
quantities
of
pathogenic
and/or
allergenic
microorganisms during the biomass burning. Therefore,
the study of the influence of forest fires on the
quantitative and qualitative composition of atmospheric
microflora is an urgent task.
In 2015, an increase in the concentration of
microorganisms associated with fires was reported in the
atmosphere near Novosibirsk at the altitudes of 500 –
7000 m. According to the data of Terra and Aqua
satellites
(http://pro-vega.ru/press/fireobzor.shtml),
05.05.2015(the date of aircraft sampling) in the territory
of the Russian Federation (on all kinds of areas including
agricultural land), 312 wildfires with active combustion
were observed. The maximum number of fires (111) was
observed in Novosibirsk region.
Like in 2014, the average concentration of
microorganisms was 105 CFU/m3. The contribution of
non-sporiferous bacteria that aren’t found in such
significant quantities in the absence of fires was about
90%. The altitude profiles of concentrations of the
biological components of atmospheric aerosol and the
numerical distributions of microorganisms were
compared by the main morphological groups. Figure 1
presents the altitudinal distribution of concentrations of
viable microorganisms. The diagram also shows the
percentage contribution of non-sporiferous bacteria to
the total number.
Based on these findings, one can make a cautious
assumption that non-sporiferous bacteria can serve as a
marker for aerosol of soil origin. Since, according to
literature data, most non-sporiferous bacteria are typical
representatives of the upper soil layers. Among them

there are well known representatives of the families
Pseudomonadaceae, Nocardiaceae, Streptomyceteceae,
the genus Arthrobacter as well as the genera
Rhizobiaceae, Azotobacter, Bejerinckia, which fix
atmospheric nitrogen. It should be noted that many plant
pathogen also belong to non-sporiferous microorganisms
such as Bacterium dissolvens, Bacterium bussei,
Bacterium betae, etc. (Mishustin and Pertsovskaya,
1954).

Figure 1. The concentration of microorganisms
(CFU/m3) in absolute values, the share of nonsporiferous bacteria is indicated as percentages (in
parentheses) for each column
Thus, the paper presents new data confirming the
local impact of forest fires on biogenic components of
atmospheric aerosol at the altitudes up to 7000 m. A
comparison with earlier data (Vechkanov, et al 2014)
was performed.
Mims, S.A. et al. (2004) Atmos. Environ., 38, 651-655.
Mishustin, E.N. and Pertsovskaya, M.I. (1954)
Microorganisms and self-purification of soil.
Moscow: Nauka.
Vechkanov, V.A., et al (2014) Proc. 21st European
Aerosol Conf., Milan, abstract 14SPX_O006.
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Dynamic and thermodynamic forcing of bioaerosol spore production
R. Fraile1, A. Calvo1, A. Castro1, D. Fernández3, A. Atwood2 and D. Baumgardner2
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Measurements with the Wideband Integrated Bioaerosol
Spectrometer (DMT Inc.) have been made in the city of
Leon, Spain (42° 36’ 50” N, 5° 33’ 38” W, 846 masl),
during an 18 day period from May 20 – June 6, 2015.
Hourly filter samples were also taken for pollen count
analysis.
The WIBS measures the equivalent optical diameter
(EOD) and the fluorescence of individual particles in
three spectra bands when the particle is excited at two
wavelengths: 280 nm and 370 nm (Kaye et al., 2005,
Huffman et al. 2010). Fluorescing particles are classified
into 7 types (Perring et al., 2015) and compared with a
library of bacteria, fungi and pollen (Hernandez et al.,
2016). Those particles that don’t match library types are
classified as “other”.
Figure 1 is a segment of the time series of wind
speed, relative humidity (RH) and the fluorescence
fraction (FF) defined as the ratio of all fluorescing
particles to the total particles detected. We observe a
clear diurnal cycle of all three parameters but out of
phase with one another. The maxima in FF always
occurs near midnight following the decrease in wind
speed to near zero. The FF and RH are increasing at the
same time but the FF maximizes before the RH. The
cross correlational analysis shows that the FF reaches its
maximum approximately two hours after the decrease in
wind speed and three hours before the maximum in RH.

Figure 2. The cross correlations between fluorescence
fraction and relative humidity (blue) and wind speed
(red) show the temporal relationships.
Table 1. Partitioning of aerosol particle stratified by
fluorescent fraction (FF). Concentrations in
L-1
Description
Total
FF < 10% FF > 10%
Total
1501
830
670
Fluorescing
156
60
95
Bacteria Conc.
25
13
13
Bacteria Fraction
0.16
0.2
0.13
Fungi Conc.
31
14
18
Fungi Fraction
0.2
0.22
0.18
Pollen Conc.
40
14
26
Pollen Fraction
0.25
0.23
0.26
Other Conc.
59
20
39
Other Fraction
0.37
0.32
0.41
This study was partially supported by the Spanish
Ministry of Science and Innovation (Grants TEC201457821-R and CGL2014-52556-R).

Figure 1. This illustrates the daily trends in wind speed
(black), RH (blue) and fluorescence fraction (red).
Table 1. tabulates the bioaerosol components and
shows that the increase in FF is partially due to the
decrease in the total particle concentration but that the
total bioaerosol concentration increases by about 60%,
dominated by the increase in pollen-like and “other”
bioaerosols. The bacteria remains constant throughout
the day, i.e. it is not responding along with either wind
speed or RH. In this table we also observe that bacteria,
fungi and pollen are 16%, 20% and 25% of the total
bioaerosol population. The other remaining 37% of the
bioaerosols remain to be identified.

Hernandez, M., et al. (2016) Composite Catalogues of
Optical and Fluorescent Signatures Distinguish
Bioaerosol Classes, Atmos. Meas. Tech. Discuss.,
doi:10.5194/amt-2015-372, in review.
Huffman, J. A., B. Treutlein, and U. Poeschl (2010),
Fluorescent biological aerosol particle
concentrations and size distributions measured
with an Ultraviolet Aerodynamic Particle Sizer
(UV-APS) in Central Europe, Atmospheric
Chemistry and Physics, 10(7), 3215-3233.
Kaye, P. H., et al. (2005), Single particle multichannel
bio-aerosol fluorescence sensor, Opt. Express,
13(10), 3583-3593.
Perring, A. E., et al. (2015), Airborne observations of
regional variation in fluorescent aerosol across the
United States, J. Geophys. Res. Atmos., 120,
doi:10.1002/2014JD022495.
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Chemical composition and source identification of fine particle in coastal site of the
Mediterranean, Tipaza, Algeria
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Abstract:
Several
high-quality
epidemiological studies (Shauer 2002)
(Buchanan 2002) indicated that finer
particules play a vital role in urban
photochemical smog, global climate
change, acid rain, and ozone depletion
through heterogeneous photochemical
reaction of NMVOCs, NOx, OH radical,
…etc
In 2011, an observatory of
atmospheric chemical composition has
been set up in Algeria as a contribution to
MISTRALS (Meditteranean Integrated
Studies at Regional and Local Scales)CHARMEX
(Chemistry-Aerosols
Mediterranean
Experiment)
Mediterranean Network. The observatory
station, namely Bou-Ismail station
(Tipaza), 40 Km west of algeria, the insitu aerosol measurements conducted
since July 2012 enabled the chemical
characterisation of particulate air pollution

and better understanding of their chemical
transformation. On the other hand, the
chemical characteristic of the pollution
North Africa to Europe is still scarcely
studied, be it the local pollution and desert
dust.
This study reports for the first time
detailed chemical aerosol mass closure in
southwest of Mediterranean (Algeria)
during the period July 2011-June 2012.
The concentrations of water-soluble ions
(WSI) in particle matter (PM< 0.49µ)
ranged from 0.049μg m-3 to 9.751μg m-3.
Buchanan, C.M., Beverland I.J., Heal,
M.R., 2002, The influence of weather-type and
long-range transportation on airborne particle
concentration in Edinburgh, UK. Atmospheric
Environment 36 (34), 5343-5354.
Schauer, J.J., Salmon, L.G, Fall, T., Cass,
G.R., 1992, Spatial andtemporal distribution of
atmospheric nitric acid and particulate nitrate
concentration in the Los Angeles area.
Environmental Science and Technology 26, 15941601.
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Composition of fine particles in area of the Mediterranean basin
A. Lemou1, 2, L. Rabhi1,2, R. Ladji 2 , J. Nicolas3, J. Sciare3,5, N. Bonnaire3 and N. Yassaa1, 4
1

Laboratoire d’Analyse Organique Fonctionnelle, Faculté de Chimie, Université des Sciences et de la
Technologie Houari Boumediene, BP 32, El-Alia, Bab-Ezzouar, 16111 Alger, Algérie.
2
Unité de Recherche en Analyses et Développement Technologiques en Environnement-Centre de
Recherche Scientifiques et Techniques en Analyses Physico-Chimiques. UR-ADTE- CRAPC, BP 248,
Alger RP, Algérie.
3

LSCE, Orme des Merisiers, Bat 709, CE Saclay, 91191 Gif-sur-Yvette Cedex, France.
Centre de Développement des Energies Renouvelables, CDER, BP 62, Boute de l'Observatoire, Bouzaréah,
16340 Alger, Algérie,
5
The Cyprus Institute, Energy, Environment and Water Research Center, Nicosia, Cyprus.
Keywords : PM-2.5, sea salt, aerosols, HYSPLIT model.

4

E-mail : madjid.des@hotmail.com

Abstract :
Aerosols can have important effects in many areas
that are not confined to the climate. They also play
an essential role in air quality, and therefore may
affect our health by penetrating the respiratory tract
(Donaldson et al., 2001; Delfino et al., 2005).
They can cause asthma among others, lung
cancers or cardiovascular events, particularly in
urban areas. In 2012, the World Health
Organization (WHO) and the estimated 3.7 million
number of premature deaths worldwide due to
pollution of the ambient air by particles.
The seasonal and spatial characteristics of
PM2.5 and its chemical composition in the South
west Mediterranean Sea have been studied over a 1year period ( August 2012– August 2013) in BouIsmail city Algeria. Observed mass concentrations
varied between 0.8 and 50.6 μg /m3 for PM2.5
respectively.
The particulate organic matter (POM)
present the greatest quantity of Bou-Ismail aerosols,
with a percentage of 45%; inorganic secondary
aerosols (SIA) is one third (32%) of total aerosol
mass. Four periods with high levels (3.26 ; 2.98 ;
2.89 ; 2.38 and1.81 µg/m3) of nss-Ca2+ have been
selected and characterized using air mass back
trajectory analysis ( HYSPLIT model).
The first period (1-2 August 2012)
corresponded to air masses from Mauritania
through Mali which crosses the south of Algeria,
the second period (3-4 August 2012) corresponded
to air masses from the Mediterranean Sea through
the island Sicily and the Mediterranean Sea, the
third period (08-09 August 2012) corresponded to
air masses from Morocco which runs through the
south of Algeria, the fourth period (11-12 August
2012) corresponded to air masses from Morocco
through south Algeria which crosses the south of
Tunisia, finally the last period (4-5 March 2013)
corresponded to air masses coming from Hungary
via Italy crossing the Mediterranean Sea.

The OC/EC ratio = 5.1, inferring that the
main source of organic carbon (OC) and elemental
carbon (EC) in Bou-Ismail was vehicle exhausts.
The average value of OC / EC ratio is near
5.1 in Bou-Ismail, it is close to that found at
Finokalia 4 (Greece 2004, 2006) is less than 11
Montseny (Spain 2002-2007) (Mediterranean Basin
Western) (X .Querol et al 2009).
Table 1. Comparing the OC / EC ratio Bou-Ismail
with other site-level Mediterranean.
Bou-Ismail
(Algeria)
Finokalia (Greece)

Period
August 2012–
August 2013
2004, 2006

OC/EC
5.1

Montseny (Spain)

2002-2007

11

4

Reference :
Donaldson, K., Stone, V., Seaton, A., and
MacNee, W., 2001. Ambient Particle Inhalation
and the Cardiovascular System : Potential
Mechanisms. Environmental Health Perspectives
109 (4), 523-527 .
Delfino, R.J., Sioutas, C., Malik, S., 2005 Potential
Role of Ultrafine Particles in Associations between
Airborne Particle Mass and Cardiovascular Health,
Environmental Health Perspectives 113(8), 934–
946.

European Aerosol Conference 2016

Tours, France

Page 540 of 1211

Composition of fine particles in area of the Mediterranean basin
A. Lemou1, 2, L. Rabhi1,2, R. Ladji 2 , J. Nicolas3, J. Sciare3,5, N. Bonnaire3 and N. Yassaa1, 4
1

Laboratoire d’Analyse Organique Fonctionnelle, Faculté de Chimie, Université des Sciences et de la
Technologie Houari Boumediene, BP 32, El-Alia, Bab-Ezzouar, 16111 Alger, Algérie.
2
Unité de Recherche en Analyses et Développement Technologiques en Environnement-Centre de
Recherche Scientifiques et Techniques en Analyses Physico-Chimiques. UR-ADTE- CRAPC, BP 248,
Alger RP, Algérie.
3

LSCE, Orme des Merisiers, Bat 709, CE Saclay, 91191 Gif-sur-Yvette Cedex, France.
Centre de Développement des Energies Renouvelables, CDER, BP 62, Boute de l'Observatoire, Bouzaréah,
16340 Alger, Algérie,
5
The Cyprus Institute, Energy, Environment and Water Research Center, Nicosia, Cyprus.
Keywords : PM-2.5, sea salt, aerosols, HYSPLIT model.

4

E-mail : madjid.des@hotmail.com

Abstract :
Aerosols can have important effects in many areas
that are not confined to the climate. They also play
an essential role in air quality, and therefore may
affect our health by penetrating the respiratory tract
(Donaldson et al., 2001; Delfino et al., 2005).
They can cause asthma among others, lung
cancers or cardiovascular events, particularly in
urban areas. In 2012, the World Health
Organization (WHO) and the estimated 3.7 million
number of premature deaths worldwide due to
pollution of the ambient air by particles.
The seasonal and spatial characteristics of
PM2.5 and its chemical composition in the South
west Mediterranean Sea have been studied over a 1year period ( August 2012– August 2013) in BouIsmail city Algeria. Observed mass concentrations
varied between 0.8 and 50.6 μg /m3 for PM2.5
respectively.
The particulate organic matter (POM)
present the greatest quantity of Bou-Ismail aerosols,
with a percentage of 45%; inorganic secondary
aerosols (SIA) is one third (32%) of total aerosol
mass. Four periods with high levels (3.26 ; 2.98 ;
2.89 ; 2.38 and1.81 µg/m3) of nss-Ca2+ have been
selected and characterized using air mass back
trajectory analysis ( HYSPLIT model).
The first period (1-2 August 2012)
corresponded to air masses from Mauritania
through Mali which crosses the south of Algeria,
the second period (3-4 August 2012) corresponded
to air masses from the Mediterranean Sea through
the island Sicily and the Mediterranean Sea, the
third period (08-09 August 2012) corresponded to
air masses from Morocco which runs through the
south of Algeria, the fourth period (11-12 August
2012) corresponded to air masses from Morocco
through south Algeria which crosses the south of
Tunisia, finally the last period (4-5 March 2013)
corresponded to air masses coming from Hungary
via Italy crossing the Mediterranean Sea.

The OC/EC ratio = 5.1, inferring that the
main source of organic carbon (OC) and elemental
carbon (EC) in Bou-Ismail was vehicle exhausts.
The average value of OC / EC ratio is near
5.1 in Bou-Ismail, it is close to that found at
Finokalia 4 (Greece 2004, 2006) is less than 11
Montseny (Spain 2002-2007) (Mediterranean Basin
Western) (X .Querol et al 2009).
Table 1. Comparing the OC / EC ratio Bou-Ismail
with other site-level Mediterranean.
Bou-Ismail
(Algeria)
Finokalia (Greece)

Period
August 2012–
August 2013
2004, 2006

OC/EC
5.1

Montseny (Spain)

2002-2007

11

4
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MacNee, W., 2001. Ambient Particle Inhalation
and the Cardiovascular System : Potential
Mechanisms. Environmental Health Perspectives
109 (4), 523-527 .
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Particulate matter (PM), especially fine particles defined
as particles less than 2.5 μm in aerodynamic diameter
(PM2.5) have significant effects on human health.
Because of the very small particle size, PM2.5 generally
has a long lifetime in the atmosphere varying from a few
days to weeks and tends to spread over a much larger
geographic region.
Microorganisms such as bacteria were found in
mineral dust or other aerosol particles often (Iwasaka et
al., 2009). Similar to the aerosol particles, bacteria and
other microorganisms could be transported. They could
move the continents due to their long enough residence
time from days to weeks. Most windborne bacteria are
transported less than 1 km from their sources, but the
bacteria which are associated with dust can be
transported more than 5000 km (Griffin et al., 2003;
Iwasaka et al., 2009).
This study explores the groups of bacteria on the
PM2.5, their diversity, and their long-range transportation
in the East Asia using Next Generation Sequencing
(NGS). Air samples were collected in Seoul and Beijing.
The sampling site in Seoul was located on the roof of the
School of Public Health building at Seoul National
University in Korea. The measurements of Beijing were
made on the roof of Department of Occupational and
Environmental Health Science, Peking University
School of Public Health in China.
Through 16S rRNA PCR (Polymerase Chain
Reaction) the library was constructed for the NGS, and
the samples were titrate with real-time polymerase chain
reaction (qPCR). The titrated samples were operated by
the Illuina Miseq platform using 2*300 running kit.
A total of 559,507 reads were obtained and 7,665
reads were obtained per samples. For alpha diversity to
see quantitative diversity of microorganisms, reads were
standardized as 3,000 reads and for beta diversity to see
the construction of communities of microorganisms,
reads were standardized as 1,000 reads.
Characteristics of microorganisms in Seoul and
Beijing which were analyzed as pylum and genus level
will be discussed in the presentation.

Figure 1. The relative composition of microorganisms in
Seoul and Beijing.
This study was supported by Global Research Lab (No.
2010-00451), NRF-2014R1A2A2A04007801 through
the National Research Foundation of Korea (NRF) and
the BK 21 PLUS (Brain Korea 21 Program for Reading
Universities & Students) Project in 2016..
Griffin DW, Kellogg CA, Garrison VH, Lisle JT, Borden
TC, Shinn EA. (2003) Aerobiologia. 19, 143-157.
Iwasaka Y, Shi GY, Yamada M, Kobayashi F, Kakikawa
M, Maki T. (2009) Air. Qual. Atmos. Health. 2, 2938.
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Abstract :
Aerosols can have important effects in many areas
that are not confined to the climate. They also play
an essential role in air quality, and therefore may
affect our health by penetrating the respiratory tract
(Donaldson et al., 2001; Delfino et al., 2005).
They can cause asthma among others, lung
cancers or cardiovascular events, particularly in
urban areas. In 2012, the World Health
Organization (WHO) and the estimated 3.7 million
number of premature deaths worldwide due to
pollution of the ambient air by particles.
The seasonal and spatial characteristics of
PM2.5 and its chemical composition in the South
west Mediterranean Sea have been studied over a 1year period ( August 2012– August 2013) in BouIsmail city Algeria. Observed mass concentrations
varied between 0.8 and 50.6 μg /m3 for PM2.5
respectively.
The particulate organic matter (POM)
present the greatest quantity of Bou-Ismail aerosols,
with a percentage of 45%; inorganic secondary
aerosols (SIA) is one third (32%) of total aerosol
mass. Four periods with high levels (3.26 ; 2.98 ;
2.89 ; 2.38 and1.81 µg/m3) of nss-Ca2+ have been
selected and characterized using air mass back
trajectory analysis ( HYSPLIT model).
The first period (1-2 August 2012)
corresponded to air masses from Mauritania
through Mali which crosses the south of Algeria,
the second period (3-4 August 2012) corresponded
to air masses from the Mediterranean Sea through
the island Sicily and the Mediterranean Sea, the
third period (08-09 August 2012) corresponded to
air masses from Morocco which runs through the
south of Algeria, the fourth period (11-12 August
2012) corresponded to air masses from Morocco
through south Algeria which crosses the south of
Tunisia, finally the last period (4-5 March 2013)
corresponded to air masses coming from Hungary
via Italy crossing the Mediterranean Sea.

The OC/EC ratio = 5.1, inferring that the
main source of organic carbon (OC) and elemental
carbon (EC) in Bou-Ismail was vehicle exhausts.
The average value of OC / EC ratio is near
5.1 in Bou-Ismail, it is close to that found at
Finokalia 4 (Greece 2004, 2006) is less than 11
Montseny (Spain 2002-2007) (Mediterranean Basin
Western) (X .Querol et al 2009).
Table 1. Comparing the OC / EC ratio Bou-Ismail
with other site-level Mediterranean.
Bou-Ismail
(Algeria)
Finokalia (Greece)

Period
August 2012–
August 2013
2004, 2006

OC/EC
5.1

Montseny (Spain)

2002-2007

11

4
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Long-term atmospheric measurements of Benzene and Toluene in Athens during
wintertime: Indications of financial crisis influence on traffic and biomass burning
emissions
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Benzene and toluene are constituents of gasoline and are
emitted into the atmosphere by car exhausts. In addition
biomass burning can also lead to additional emissions of
these aromatic compounds (Novakov & Corrigan, 1996).
Since 2009, Greece experienced a severe financial crisis
leading to a significant decrease in traffic emissions and
industrial activity by almost 30-50% (Vrekoussis et al.,
2013). In addition since winter 2013, smog events were
observed in the greater Athens area as an immediate
result of the economical crisis due to increase of heating
oil price which enhanced the use of wood as burning
material.
During wintertime (October to December) in
2009, 2014 and 2015 a Differential Optical Absorption
Spectroscopy (DOAS) system was continually operated
in the Athenian suburb of Aegaleo, at the Technological
Educational Institute of Piraeus (TEIP) facilities. This
system, unique in the greater Athens area, monitors basic
air pollutants (O3, NO2, SO2), as well as benzene and
toluene (BT). Additionally in winter 2014 and 2015
campaign measurements at Thissio (historical centre of
Athens), including CO and BC incorporating a MAAP
Thermo and Magee Scientific seven wavelengths
aethalometers, were also available. The comparison of
O3, NO2, BT and BC concentrations during these two
periods (2009 vs. 2014-2015) can provide useful
information on the influence of traffic and biomass
burning on the air quality of the urban environment.
The mean diurnal variation of both benzene and
toluene, for 2009 and 2014-2015 respectively, is
depicted in Figure 1. Measurements conducted during
October 2014 and May 2015 (not shown) were
considered as wood burning free periods. The dominant
peak during the morning hours related to traffic is clearly
visible for both benzene and toluene. However benzene
and toluene levels are significantly reduced in 20142015 compared to 2009 by almost 50% in line with NO2
decrease (fig. 1). Apart the concentration levels a
complete different pattern was observed for BT in the
afternoon/night hours in November and December
(fig. 1). Traffic peak significantly decreased in 20142015 compared to 2009 and replaced by another peak
delayed (by almost 2 hours) compared to 2009 and
significantly correlated to BC (fig. 2) and CO (not
shown) and assigned to biomass burning. A clear night
peak (20-4h next day) was observed for BT, CO and BC
during the colder winter months (November, December)
when intense biomass burning activity was observed.

Figure 1. Mean diurnal variation of Benzene, Toluene
and NO2 concentrations, for October-December period,
at TEIP site, during the years 2009, 2014-2015.

Figure 2. Mean diurnal variation of Benzene, Toluene
and BC concentrations, for October-December period, at
TEIP site in Athens, during the period 2014-2015.
This work was supported by the Excellence Research
Program
GSRTSiemens
ARISTOTELIS
"Environment, Space and Geodynamics/Seismology
2015-2017" in the framework of the Hellenic
Republic-Siemens settlement Agreement.
Novakov, T., & Corrigan, C. E. (1996), Geophysical
Research Letters, 23, 2141–2144.
Vrekoussis, M., Richter, A., Hilboll, A., Burrows, J.P.,
Gerasopoulos, E., Lelieveld, J., Barrie, L., Zerefos,
C. & Mihalopoulos, N. (2013), Geophysical
Research Letters, 40, 458-463, 2013.
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Since the advent of economic recession in Greece in
2008, air quality improved significantly due to the
limitation of anthropogenic activities, such as vehicles
use and industrial production (Vrekoussis et al. 2013).
However, since 2012-13 several smog events were
encountered in the Great Athens Area (GAA) as a result
of extensive wood burning use in domestic heating
systems due to increased heating oil price. The turn into
more traditional burning materials for heating purposes
resulted in enhanced levels of atmospheric particulate
and gaseous species, highlighting the importance and
need for specialized pollution monitoring in Athens.
Here we present results from multi-year
measurements (December 2013 to February 2016)
conducted at the Thissio sampling site in the centre of
Athens (National Observatory of Athens, 37.97 N, 23.72
E, 110 m). Three winter-time intensive campaigns, of
approximately three months each, took place, whereas
the rest of the period (March to November) was
considered as background or biomass burning limited
period. The study focuses on the investigation of the
particulate pollution and the determination of the factors
controlling their level and emissions throughout the year.
Sources apportionment was performed and emphasis is
given on the key role of biomass burning processes
during winter and their impact on Athens' air quality.
The major PM measurement techniques are
presented in Table 1. The composition of PM2.5 quartz
filter samples, concerning ions, carbonaceous
compounds and biomass burning tracers was determined.
Meteorological data and data of gaseous compounds
(CO, NOx) were also available. In addition, auxiliary online measurements were conducted during the winter
campaigns, using a PILS-IC and ACSM for cations and
organics, respectively.
Table 1. Overview of the main measurement techniques
Species
BC, BCff, BCwb
BC
PM10
PM2.5, PM2.5-10, PM10

Technique
7-λ Portable Aethalometer
Multiangle Absorption
Photometer
Beta-attenuation monitor
Quartz filter sampling &
chemical analyses

A clear seasonal variability for PM, BC and EC
(Figure 1) was observed with summer‐time minima and
enhanced levels during winter. Under favourable
conditions smog events were frequently observed during
the three winter time campaigns accompanied by PM10
24 hour limit exceedances and increase in CO and BC
concentration due to accumulation of chemicals within
the usually night shallow mixing layer (200-400 m).

Figure 1. Temporal variability of PM2.5, PM10, BC and
EC over the period December 2013 - February 2016.
Compounds related to wood burning, verified by
multi‐tracer correlations, exhibited significant night-time
maxima. During the traffic rush hours enhancement of
pollutants from fossil fuel combustion processes was
also observed. An average contribution of BC up to 10%
on PM10 mass concentration was estimated. Source
apportionment
measurements
indicated
that
approximately 40% of the measured BC was due to
biomass burning BCbb and the remaining 60% was due to
both traffic and oil combustion for heating (BCff).
This work was supported by the Excellence Research
Program GSRT- Siemens (2015-2017) ARISTOTELIS
"Environment, Space and Geodynamics/Seismology
2015-2017" in the framework of the Hellenic RepublicSiemens settlement Agreement.
Vrekoussis M, Richter A, Hilboll Al, Burrows JP,
Gerasopoulos E, Lelieveld J, Barrie L, Zerefos C.
and Mihalopoulos N. (2013) Geophys Res Lett
40:458-463.
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to be 14% higher than urban background, mainly
because of higher summer concentrations (Table 1). The
standard deviations of RCW based on EC and benzene
are illustrated during a two-year period in Figure 1. The
two background stations are believed to span the
background range in the greater Copenhagen area of
which their average represents a conservative estimate of
RWC. The results in Table 1 match recent source
apportionment macro tracer approaches using receptor
modelling in the same regions reporting 0.88 (µg/m3)
and 1.3 (µg/m3) in urban (2011-2012) and rural
background (2008-2009), respectively, including the fact
that higher concentrations are found in rural background.
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Table 1. RWC concentrations (µg/m3) based on the
markers EC and benzene during 2013-2014 (All),
summer (June-July) and winter (January/February).
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Atmospheric particles are responsible for the main part
of the annual 2 million deaths worldwide, which
according to WHO are attributed to air pollution. While
the majority of ambient respirable particles in Denmark
are long-range transported, emissions from traffic and
woodstoves make up the main domestic sources of
primary particles. Regulation of vehicular emissions for
the past decades have reduced traffic emissions, whereas
emissions from woodstoves are currently subject to only
minor regulation, though they constitute the largest
domestic source of ambient primary particles.
Wood combustion comprises both primary and
secondary particles, and cannot be measured directly.
Various attempts have been made to apportion the
primary sources, e.g. using receptor models on ambient
marker species. Since online analysis or analysis of
specific organic markers from filter samples is both
costly and time consuming, data is typically obtained
during shorter campaigns and extrapolated to annual
concentrations. At the same time, a substantial amount of
data, some of which can be attributed to wood
combustion sources is acquired during national
monitoring programmes on a continuous basis.
In the WOODMAD project we evaluated
Polycyclic Aromatic Hydrocarbons (PAH), Elemental
Carbon (EC) and benzene as markers for residential
wood combustion, the latter two in daily time resolution.

Figure 1. Ambient temperature and RWC concentrations
(µg/m3) based on the markers EC and benzene.
The background contribution from traffic and industry to
the markers is established during summer, where RWC
is lowest. Increases in the sources of non-wood
combustion during winter could compromise the
calculation of background concentrations and
consequently overestimate RWC. However, the
agreement with recent receptor modelling support this
method of using single markers in these particular areas.
This work was supported by DCE - Danish Centre for
Environment and Energy.
McDonald, J.D., Zielinska, B., Fujita, E.M., Sagebiel,
J.C., Chow, J.C., Watson, J.G., (2000) Environ. Sci.
Technol. 34, 2080-2091.
Tissari, J., Hytönen, K., Lyyränen, J., Jokiniemi, J.
(2007) Atmos. Environ. 41, 8330-8344.
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Atmospheric particles can absorb large amounts
of water, which can modulate their physical and
chemical properties (Khlystov et al. 2005) and impact
atmospheric processes. Apart from LWC, the pH of
aqueous aerosols is another critically important, but
poorly constrained aerosol property that influences many
processes related to the aerosol chemical composition
and gas-aerosol partitioning (Surratt et al. 2010). This
study uses aerosol chemical composition measurements
in conjunction with the ISORROPIA-II thermodynamic
equilibrium model (Fountoukis and Nenes, 2007) to
predict the aerosol pH for air masses that influenced air
quality downtown Athens. The real-time, quantitative
measurements of the main ions concentrations of the
PM2.5 aerosol were provided by a Particle-Into-Liquid
Sampler with a 30-min resolution (PILS) together with T
and RH measured at the site.
Particle water (LWC) and pH are calculated for
the fine fraction of aerosols sampled at the Thissio
station at downtown Athens, during wintertime 20132014. Using concurrent measurements of aerosol
chemical composition and the thermodynamic model
ISORROPIA-II, LWC mass concentrations associated
with the aerosol inorganic and organic components are
determined. As during wintertime the low temperatures
favour the use of biomass burning (BB) for domestic
heating, a discrimination is made between days with
intense and no BB influence. The average value for total
aerosol water was 15.1±7.5 μg m-3 and 8.5±3.1 μg m-3
for BB and non-BB days, respectively. The large
difference in LWC is associated with the intense biomass
burning activities, contributing significant amounts of
organics, especially during nighttime. Aerosol at Athens
was found to be acidic with pH varying from -0.69 to
4.9. Days with high BB influence exhibited the highest
pH (2.83±0.47) while days with no BB influence
exhibited lower pH values (2.08±0.23). A significant
diurnal variability is found for both organic/inorganic
water as well as pH during BB days.
Worg exhibits a significant diurnal variability
(shaded area) with morning and afternoon average mass
concentrations being 10-15 times lower than nighttime
ones. During daytime Winorg (line with circle markers)
appears to be the main component of particle water but
during nighttime, the two components appear to have
almost the same contribution, especially during no BB
influence, which could be attributed to the higher

concentration of organics during strong BB influence
This can be translated as an almost 10-fold increase of
the H+air/LWC ratio from early morning to mid-day. This
significant variation in pH can be partially explained by
the diurnal variation of H+ and by the reduction of
aerosol water (LWC) during daytime compared to the
higher LWC during nighttime. This implies the diurnal
variability of pH is mostly driven by the reduction of
aerosol water during daytime. On the other hand, pH
variability was less pronounced during days with limited
BB activities, which is also consistent with the lower
LWC and variability during those days.

Figure 1. Diurnal profiles as hourly averages of predicted
water components (left) and pH (right), along with measured
RH and T for BB (up) and non-BB (down) days.
The financial support by the European Community
through the ACTRIS Research Infrastructure Action
under the 7th Framework Programme (Grant Agreement
no 262254) is gratefully acknowledged. AN
acknowledges support from the Georgia Power Faculty
Scholar Chair and the Cullen-Peck Faculty Fellowship.
Fountoukis, C., and Nenes, A, Atmos. Chem. Phys., 7, 46394659, 2007.
Khlystov, A., Stanier, C.O., Takahama, S. and Pandis, S.N, J.
Geophys. Res. Atmospheres, Vol 110, Issue D7, 2005.
Surratt, J. D., Chan, A. W., Eddingsaas, N. C., Chan, M., Loza, C.
L., Kwan, A. J., Hersey, S. P., Flagan, R. C.,Wennberg, P. O.,
and Seinfeld, J. H., P. Natl. Acad. Sci. USA, 107, 6640–6645,
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Biomass burning can be a significant source of organic
aerosol, both locally and far downwind. Most previous
modelling work assumes that biomass burning primary
organic aerosol (POA) is non-volatile, but as the
emissions travel and dilute, the oxidation of evaporated
semi-volatile POA forms secondary organic aerosol
(SOA) (Robinson et al., 2007). In this study, the 3D
chemical transport model PMCAMx was used to
simulate the emission and evolution of biomass
burning organic aerosol (bbOA) to determine its
predicted contribution to total organic aerosol
concentrations in the continental U.S. PMCAMx
simulates the evolution of semi-volatile POA and the
formation of SOA using the volatility basis set
framework (Donahue et al., 2006). A source-resolved
emission inventory was used as input for PMCAMx to
simulate three representative months (April, July and
September) with significant biomass burning for the
year 2008. Corresponding zero-out simulations were
then performed to determine the predicted contribution
of bbOA to total OA concentrations. The zero-out
results were compared to the results of PSAT, a sourcetracking module within PMCAMx.
A source-resolved version of PMCAMx
(PMCAMx-SR) was then used to simulate the same
representative months to investigate the importance of
the volatility representation of bbOA. PMCAMx-SR
allows bbOA emissions and their oxidation products to
be tracked separately from other OA sources and to
have their own volatility distribution proposed by May
et al (2013). The proposed volatility distribution
includes surrogate compounds up to a volatility of 104
μg m-3 at 298 K. Extra simulations were performed to

μg m-3
Figure 1. Biomass burning organic aerosol
concentrations predicted by PMCAMx-SR during July
2008 for the low IVOC emissions simulation.

quantify the sensitivity of the biomass burning
contribution to assumptions about the emissions of
unknown VOCs, IVOCs. So, two sensitivity scenarios
were investigated: one with low IVOC emissions and
the other with more high volatility material.

μg m-3
Figure 2. Biomass burning organic aerosol
concentrations predicted by PMCAMx-SR during July
2008 for the high IVOC emissions simulation.
Figures 1 and 2 depict average ground-level
bbOA concentrations in the continental U.S. during
July 2008 as predicted by PMCAMx-SR. This period
was characterized by major fire events in California.
For both cases the impacts of the fires are predicted to
extend over more than a thousand kilometres. The use
of low IVOC emissions results in a maximum daily
bbOA concentration of around 120 μg m-3. For the
higher IVOC emissions the maximum increases to
around 150 μg m-3. These results were used to estimate
the importance of biomass burning as an OA source in
the U.S.
Robinson, A. L., Donahue, N. M., Shrivastava, M. K.,
Weitkamp, E. A., Sage, A. M., Grieshop, A. P.,
Lane, T. E., Pierce, J. R., Pandis, S. N.: Rethinking
organic aerosol: semivolatile emissions and
photochemical aging, Science, 315, 1259–1262,
2007.
May, A. A., Levin, E. J. T., Hennigan, C. J., Riipinen,
I., Lee, T., Collett, J. L., Jimenez, J. L.,
Kreidenweis, S. M., and Robinson, A. L.: Gasparticle partitioning of primary organic aerosol
emissions: 3. Biomass burning, J. Geophys. Res.,
118, 11327–11338, 2013c.
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Wood burning can have a large impact on air quality and
health as it is related to emissions of PM, BC, organic
compounds and more specific also carcinogens such as
PAHs. In addition, wood burning is sometimes related to
nuisance in residential areas such as complaints about
odor, irritated eyes. Irritation reactions caused by wood
burning are often linked to aldehyde emissions.
Wood burning is very popular in wintertime, when
weather is often characterized by stable atmospheric
conditions. As a result, small local emissions can result
in significant contributions to local BC and PM
concentrations. In this study we will assess the impact of
wood burning on local scale pollution.

The response rate of the questionnaire was 67%. Of all
respondents, 42% uses wood as secondary heating. In
most cases they have cassette or stoves and use wood
logs as fuel. Most people (58%) observe wood burning
in the cold season. However, only 9 % describe the odor
as annoying.

The monitoring campaign was performed in a
village residential area (Dessel) from 3/12/15 until
1/2/16. The sampling took place at three sites in the
study area (located within a distance of 300m) and at one
background location. The background site is located at
our institute (rural background without known wood
burning sources nearby) and situated about 2 km southeast of the study area.

Table 1. Average PM10 and BC concentrations (µg/m3)
and % biomass burning (%BB) at different locations in
the study area (A, B, C) and background (E).

PM10 mass concentration measurements were
performed using sequential filter samplers (2,3 L/h,
Leckel). Daily samples were collected on quartz fibre
filters (Tissuequartz, Pall). Selected filters are
subsequently analyzed for EC/OC, levoglucosan
(mannosan and galactosan) and PAH’s.
BC was measured using a dual spot seven
wavelength Aethalometer (Magee Scientific AE33,
λ=370, 470, 520, 590, 660, 880 and 950 nm) at 1 min
time resolution. The Aethalometer method was used to
estimate the contribution of wood burning to PM, based
on difference in absorption characteristics between fossil
fuel and wood burning (Sandradewi et al., 2008). We
used Angström exponents αFF = 1 and αWB = 2 for fossil
fuel (traffic) and wood burning respectively.
Aldehydes (acroleïne and formaldehyde) are
measured with diffusive samplers (UMEx1000) using 1
week integrated sampling time. SIFT-MS (Selected Ion
Flow Tube-Mass Spectrometry) is used to study the
temporal profile of aldehydes.

Average concentrations of PM10 and BC were relatively
low due to favorable meteorological conditions.
However, a few days with higher concentrations (>50
µg/m3) were observed. Lowest concentrations were
measured at background location (E) and spatial
differences are observed in the study area. The
calculated % BB was higher at the background location.
However, the resulting absolute amount of BC from
wood burning is lower (0,35 µg/m3) at background
location compared to the study area (0,42 – 0,53 µg/m3).

In addition to the environmental monitoring, a
short questionnaire was performed in the area to assess
the amount of wood burning, type of stoves and type of
wood that is used.

Sandradewi et al. (2008). Environ. Sci. Technol., 42,
3316–3323.

Some preliminary results are given below. Table
1 shows average PM10 and BC concentrations at
different locations in the study area (A, B, C) and
background (E). It also shows average biomass
contribution to BC (%BB) as calculated by the
instrument (based on absorption at 470 and 950 nm).

PM10
BC (880)
%BB

A
17,5
1,51
27

B
18,6
2,15
24

C
18,7
1,64
28

E
15,7
1,21
29

This paper will further discuss the temporal and spatial
variation of biomass burning and related pollutants
(EC/OC, PAH, aldehydes, BC, PM). The two
methodologies to assess the contribution of wood
burning (tracer method and Aethalometer approach) will
be compared.
Acknowledgement: This work was supported by the
Flemish Environment Agency.
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Carbon emission factors from wood combustion of improved cook stoves
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Particulate matter (PM) is considered one of the most
important parameters in air pollution. PM generated
from burning biomass shows significant toxicity and
carcinogenic potentials besides to be an important source
of black carbon (BC) and greenhouse gases (GHGs). BC
is considered a short live climate forcer (SLCF).
Cocking stoves that use biomass as fuel are considered
important sources of BC. A quarter of the population in
Mexico lives in rural areas and uses traditional cocking
stoves. However, the size of the problem in Mexico is
uncertain because the emission factors used to estimate
SLCF inventories have a large uncertainty.
We present the results of an experimental study to
estimate preliminary emission factors of PM2.5, organic
carbon (OC) and black carbon (as elemental carbon, EC)
from the burning of oak wood in three improved biomass
cooking stoves (Onil, Patsari and Ecoestufa) and one 3stone stove using the water boiling test (WBT). We used
a dilution chamber for the sampling of the PM and the
measurement of combustion gases from exhaust products
emitted by the cookstoves. The WBT consists of three
consecutive tests: cold start, hot start, and a 45-min
simmer period. The WBT is a simplified simulation of
the cooking process.
The sampling of PM was performed at one
sampling port located at the end of the dilution chamber
through a PM2.5 cyclone connected to a filter support and
a vacuum pump. The material collected in the filters
consisted of integrated PM samples for each of the
stages of the WBT. The analysis of carbon in the
collected PM was carried out with an UIC analyzer
CM5014. In addition, continuous measurement of
combustion gases and other particle parameters was
performed with an instrumented mobile lab connected to
another sampling port of the chamber.
The OC and EC emission factors were obtained
by dividing the mass of PM, OC and EC per kilogram of
dry wood burned. We assumed that most of the carbon
contained in the wood was converted to CO and CO2,
and that the remaining carbon was transformed into other
species such as carbonaceous aerosols. We used the
carbon balance approach to determine the carbon
fraction in the wood and the combustion gases emission
factors.
The 3-stone showed the highest PM2.5 emission
factor (5.53 g/kg wood burned) and the highest EC
emission factor (0.74 g/kg wood burned) (Figure 1). The
3-stone EC emission factor was around 9 times higher
than the estimated EC emission factors for the Onil and
Patsari stoves (0.07 y 0.08 g EC/kg wood burned,

respectively). The Ecoestufa also showed a high EC
emission factor (0.36 g EC/kg wood burned).
It is hypothesized that the highest PM emissions
occurred during the hot start stage, while the lowest in
the simmer stage of the same WBT. This difference in
the PM emissions could be explained following the
theoretical advance of the combustion process as the
wood is burned, as is proposed below.
At the start of each stage, a strong flaming
process leads to the production of darkened particles. As
the combustion proceeds, it stabilizes and flames are
smaller leading to a lesser generation of darkened
particles and condensed organic aerosols. These patterns
of the combustion process were inferred from the time
series data of the PM absorption coefficient and the
scattering coefficient, and the CO2 and CO
concentrations during each stage. The observed lower
PM emission in the simmer stage possibly was due to the
slow and stable combustion conditions.
PM EMISSION FACTOR (WATER BOILING TEST)

PM2.5
5.53
Fogón

OC 2.97
EC 0.74

PM2.5
4.17
OC 1.60

Ecoestufa
EC 0.36

PM2.5
1.86
Onil

OC 1.06
EC 0.07

PM2.5
2.50
Patsari

OC 1.07
EC 0.08

0.00

1.00

2.00

3.00

4.00

5.00

6.00

G X / KG LEÑA SECA
PM2.5

OC

EC

Figure 1. PM2.5, EC and OC WBT emission factors of
cookstoves and three stone.
Acknowledgements: This work was supported by GEF
4999 project “Integrated responses to short lived climate
forcers promoting clean energy and energy efficiency”
Consulted references:
Nussbaumer, T. & Lauber, A. (2010). Formation
Mechanisms and Physical Properties of Particles From
Wood Combustion.
Roden, C. et al. (2006) Emission factors and real-time
optical properties of particles emitted from traditional
wood burning cookstoves. Environmental Science &
Technology, 40(21), pp.6750–7.
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There is an urgent need to improve understanding
the effects of solid waste burning on the air quality,
public health and potential impact on climate change
(Kawamura and Pavuluri, 2010). Household waste
burning can be an important organic aerosol source.
Currently, this source is not included in most emission
inventories, and there are only few studies available
(Mohr et al., 2009).
Plastic materials cover the biggest fraction of the
composition of municipal solid waste. Major compound
in smoke from burning plastics include terephthalic acid
used predominantly in beverage bottles and similar
containers etc. The specific key oraganic tracer for
burning of plastics found in atmospheric particle
samples also include 1,3,5-triphenylbenzene, which
occurs in regions where plastic waste is burned
(Simoneit et al., 2005). This suggests that waste
composition is largely composite of plastic material, and
such waste burning can be traced using the characteristic
species detected in the smoke of plastics and refuse
burnings (Kumar et al., 2015). Currently, there are only
few studies related to tracers for plastic waste burning
aerosols.
According to the members of Estonian Chamber
of Chimney Sweepers evaluation, in addition to the
wood, paper and cardboard waste, people also tend to
burn Tetra Pak's, sanitary napkins, diapers, various
plastic packages, shoes, textile etc. It is difﬁcult to assess
the exact number of people who still practice burning
MSW since such activities are done clandestinely. PMF
analysis of Aerosol Chemical Speciation Monitor
(ACSM, Aerodyne Inc.) dataset showed that during the
heating season, plastic burning aerosols can be identiﬁed
in residential areas (Maasikmets et al., 2015).
Tar is formed during gasiﬁcation in a series of
complex reactions. The formation of tar is highly
dependent on the reaction conditions and tend to be
refractory. Furthermore, tar is difﬁcult to remove by
thermal, catalytic or physical processes, therefore it can
condense or polymerize into more complex structures in
exit pipes (Li and Suzuki, 2009). often tars are found in
household chimneys as well.
Methods and results
In order to identify and evaluate the possible
plastic package burning in household heaters and stoves
tar samples from the chimneys were collected. This was
done in co-operation with local chimney sweepers who

collected tar samples during the routine chimney
cleaning. In total around 25 samples (a’ 100 g) were
collected. Samples were packed in folium and stored in a
freezer (-20°C). From the tar samples terephthalic acid,
1,3,5-triphenylbenzene, 16 PAH-s and heavy metals (Al,
As, Sb, Cd, Co, Cr, Mn, Mo, Ni, Pb, Se, V, Fe, Zn, Cu)
were analyzed. Tar samples were analysed according to
the Tar protocol proposed by the Simell et al. (2000).
In this research we have found that the packaging
waste burning in household heaters and stoves is
important topic to deal with it.
Kawamura, K., Pavuluri, C.M., 2010. New Directions:
Need for better understanding of plastic waste burning as
inferred from high abundance of terephthalic acid in
South Asian aerosols. Atmospheric Environment 44,
5320-5321.
Kumar, S., Aggarwal, S.G., Gupta, P.K., Kawamura, K.,
2015. Investigation of the tracers for plastic-enriched
waste burning aerosols. Atmospheric Environment 108,
49-58.
Li, C., Suzuki, K., 2009. Tar property, analysis,
reforming mechanism and model for biomass
gasification—An overview. Renewable and Sustainable
Energy Reviews 13, 594-604.
Maasikmets, M., Kupri, H.-L., Teinemaa, E., Vainumäe,
K., Arumäe, T., Kimmel, V., 2015. ACSM study to
assess possible municipal solid waste burning in
household stoves, European Aerosol Conference 2015,
Milano, Italy.
Mohr, C., Huffman, J.A., Cubison, M.J., Aiken, A.C.,
Docherty, K.S., Kimmel, J.R., Ulbrich, I.M., Hannigan,
M., Jimenez, J.L., 2009. Characterization of Primary
Organic Aerosol Emissions from Meat Cooking, Trash
Burning, and Motor Vehicles with High-Resolution
Aerosol Mass Spectrometry and Comparison with
Ambient and Chamber Observations. Environmental
Science & Technology 43, 2443-2449.
Simell, P., Ståhlberg, P., Kurkela, E., Albrecht, J.,
Deutsch, S., Sjöström, K., 2000. Provisional protocol for
the sampling and anlaysis of tar and particulates in the
gas from large-scale biomass gasifiers. Version 1998.
Biomass and Bioenergy 18, 19-38.
Simoneit, B.R.T., Medeiros, P.M., Didyk, B.M., 2005.
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Technology 39, 6961-6970.
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Quantification of adverse particulate pollution is a
serious problem in less-industrialized countries where
environmental protection is low. Adverse health effects
of air pollution and environment impacts of combustion
aerosols are remaining underestimated, with a big
concern in highly populated areas during dry season.
Major primary national emission source of biomass
burning is assessed by monitoring and characterization
of smoke pollution arising due to traditional agricultural
activities on the fields in the Asian region of the biggest
biomass burning over the world. Measurement
campaigns were performed in Son La and Ba Vi
provinces, Vietnam, during the dry season of 2013 and
2015 (Popovicheva et al., 2016). PM and BC monitoring,
sampling, chemical speciation, and individual particle
characterization of particulate constitutes were
conducted to evaluate ambient smoke levels, to relate the
characteristics of local on-field emissions to regional
aerosols, and to identify the bulk components of smoke
and its microstructure.
The provinces Son La and Ba Vi in March-May
faced severe levels of air pollution, with critical PM
concentrations up to 250 µm/m3, significantly exceeding
the air quality standards. Figure 1 shows the numerous
emissions on the fields and smoky atmosphere in Ba Vi
in March 2015.

days with high smoke levels indicated smoldering
combustion of softwood biomass species, impacting
aerosol composition at the regional level. Acid and nonacid carbonyls, carboxylates, and aliphatic carbon
compounds were evolved with increasing smoke
intensity, together with carbonates in coarse size
fractions, indicating a large impact of smoke emissions
and soil lifted up by the intense fires. Biomass burning
influence increased the abundance of soot and organic
particles in the submicron fraction from 12% at low to
59% and 68% at moderate and high smoke levels,
respectively. Smoke micromarkers of local biomass
burning source emissions determined the microstructure
of ambient aerosols representative for northern Southeast
Asia.
On-field emissions of piled-up rice-straw burning
in both smoldering and flaming phases were analyzed in
near-source measurements in the Ba Vi province.
Monitoring of PM and black carbon (BC) concentrations
was performed during the sampling at the observation Ba
Vi site. The level of PM and BC concentrations was seen
to be dependent on factors such as weather conditions
and precipitation. Chemical analysis of local and
regional PM10 samples identified carbonaceous
fractions (OC, EC), ionic compounds, elements, and
organic and inorganic components. Individual particle
analyses provided the major groups comprising the
smoke microstructure. Analysis of the collected data
showed the environmentally-dangerous organic and
inorganic pollutants for interpreting the impact of the
sources of adverse PM in urban and rural areas of high
population.
This work was supported by VAST – RFBR project 155554020 and VAST. HTQT. NGA. 04/15-16

Fig.1. Rice-straw biomass burning activities on the fields
of Ba Vi Province in May.
On the Son La observation site a wide range of
PM mass concentrations was categorized according to
the smoke level, supported by the evolution of carbon
fractions (OC and EC) as well as ionic species and
molecular tracers (K+, levoglucosan, and mannosan).
The OC/EC and individual organic compound ratios on

Popovicheva O. B., G. Engling, E. Diapouli, D. Saraga,
N. M. Persiantseva, M. A. Timofeev, E. D.Kireeva , N.
K. Shonia, S.-H. Chen, D. L. Nguyen, Eleftheriadis, C.Te Lee. Aerosol and Air Quality Research, accepted.
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Emissions of biomass burning can have significant
impact on ambient concentrations of PM, BC, elemental
and organic carbon (EC/OC) and PAHs. In most studies
emissions are measured in the lab conditions under
standard conditions (e.g. type of wood, size of logs).
These conditions do not always represent real life
practices. The aim of this study is to characterize
emissions of residential wood combustion under real-life
conditions.
The emission measurements reported in this paper
are part of a larger study in which the impact of wood
combustion on ambient concentrations (PM10, EC/OC,
BC, PAHs) is studied in a rural residential area. Three
different houses were selected in the study area to
perform emission on the chimney: a cassette (2) and a
wood stove (1) were used for wood combustion in these
houses. The amount of wood was weighed before each
loading.
The flue gases were diluted with ambient air by a
funnel system with a fan. Dilution factor was determined
based on CO2 emissions in undiluted and diluted flue
gas. Total PM was sampled in the dilution tunnel under
isokinetic conditions. Sampling time was between 1-2h.
Filters (quartz fibre, Munktell preheated at 450°C) were
weighed before analysis according to EN 14907 (2005)
in order to have more comparable results with ambient
concentrations. One part of the filters was used for
EC/OC analysis using thermal optical transmission
method (TOT). the other part of the filter was used for
levoglucosan analysis using methanol extraction,
trimethylsilylation and GC-MS. For PAHs, the filtercondensation method was used with Tenax as solid
sorbent to distinguish between more volatile and
particle-bounded PAH’s. PAH (16 EPA) samples were
analyzed by LCGC-MS after Accelerated Solvent
Extraction (ASE). PM mass fractions (PM2.5, PM10, TSP)
were measured using Jonas impactor. In the flue gas also
gaseous compounds (NOx, CO, SO2, O2, CO2) were
measured continuously.
Results showed that 95% of PM emissions were
in PM2.5 size fraction. PAH-emissions showed large
differences between different wood burning appliances
(more than a factor 10). Repeated measurement at one
of the cassettes also showed large difference in total
PAH emissions whereas the ratio of different PAHs was

very similar. Particle bounded PAH were dominated by
fluoranthene and pyrene for the cassettes. Whereas for
the wood stove especially benzo(a)anthracene and
chrysene were measured in the particle phase. In the gas
phase naftalene was the most dominant PAH, followed
by acenaftylene en fenanthrene.

Figure 1: Sampling set-up for emission measurements of
wood stoves under real life conditions.
This paper will further discuss the results of the emission
measurements including PAH, EC/OC, levoglucosan. In
addition we will compare levoglucosan/PM ratios and
PAH profiles to ambient values and estimated values.
Acknowledgement: This work was funded by the
Flemish Environment Agency.
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The Canadian National Air Pollution Surveillance
(NAPS) program, a joint program of the federal and
provincial governments and territories focusing on urban
air quality, has been in operation for over 40 years. In
2003, the NAPS PM2.5 speciation program was initiated
to better quantify the impact of sources on PM2.5
concentrations (Dabek-Zlotorzynska et al. 2011)
In an attempt to obtain information on biomass
burning contribution to PM2.5, the measurement of
monosacharide anhydrides (levoglucosan, mannosan and
galactosan) was added in 2009 to the enhanced NAPS
PM2.5 Speciation Program. The analysis of polyols,
arabital and mannitol, was used to estimate fungal
contributions to PM2.5.
The 3-year data from the measurement of
levoglucosan (and other carbohydrates) in samples
collected at the ten urban and two undeveloped sites
(Figure 1) for 24 hours every 3rd day were used to (1)
examine the spatial and seasonal variations of PM2.5
levoglucosan, (2) investigate the relationship between
levoglucosan and other chemical composition, and (3)
estimate the biomass burning contribution to organic
carbon and PM2.5.

of maximum concentrations varied by site but in most
cases maxima occurred in mid to late summer. This
seasonal behaviour is linked to the favourable growth of
fungi and production of spores at higher temperatures.
Elevated PM2.5 concentration, OC/EC ratio,
levoglucosan, mannosan and fungal spore tracer
concentrations were observed during forest fire episodes
at several sites, particularly in Alberta (AB) and British
Columbia (BC) (Figure 3).

Figure 2. Levoglucosan concentrations by month & site
2010–2012 (median and 25th-75th percentile range).

Figure 1. Map showing locations of the NAPS PM2.5
speciation sites
Levoglucosan levels had a strong seasonality at
all sites with high winter levels due to residential heating
(Figure 2). The estimated wood smoke PM2.5
contribution was greatest in Montréal, with a
contribution greater than 30% during a cold season.
Using the relationship between levoglucosan and
mannosan (L/M), hardwood combustion was found to be
the dominant source of wood smoke to PM2.5,
particularly in the cold season.
Sugar alcohols (arabitol and mannitol) showed a
seasonal trend of high levels in the summer. The month

Figure 3. Long-Range Transport of British Columbia’s
Forest Fire Smoke observed in Edmonton, Alberta
Dabek-Zlotorzynska, E., Dann, T.F., Martinelango,
P.K., Celo, V., Mathieu, D., Ding,L., Brook, J.R.
and Austin, C. (2011) Atm. Env. 45, 673-686
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Climate change results from both natural and
human-induced modifications of the Earth’s energy
balance. These climate related factors include variations
in the amounts of greenhouse gases, aerosols, changes in
land use, and the amount of energy Earth receives from
the Sun.
Regional scale variations in radiative forcing have
significant regional and global climatic implications,
which cannot be addressed through the idea of global
mean radiative forcing. Until now only a small number
of studies has been dedicated to regional radiative
forcing and response. It is still very difficult to describe a
regional forcing and response in the observational
record. Regional forcings may induce global climate
responses, while global forcings can be connected with
regional scale climate responses.
Wild fires have been modifying atmospheric
composition for centuries. They have significant impact
on the physical environment including modifications of
land cover, land use, biodiversity or inducing climate
changes and this impact is on both regional and global
scales. Differences in aerosol composition on a regional
scale as a result of advection of particulates from the
regions of wild fires have been described before.
In order to describe and quantify the role of
biomass burning as a source of atmospheric gases and
aerosol particles to the atmosphere, information is
required on the global magnitude of biomass burning.
Biomass burning aerosols include two important
chemical components: black carbon and organic carbon.
The first component primarily absorbs solar radiation,
and the second scatters solar radiation. Takemura et al.
(2002) made 3-D model simulations of radiative forcing
of various aerosol species. In their model they divided all
the main tropospheric aerosols into the following groups
- carbonaceous ( organic and black carbons), sulfate, soil
dust, and sea salt aerosols. They compared their model
simulations of total aerosol optical thickness, Ångström
exponent, and single-scattering albedo for mixtures of
four aerosol species with the observed data from both
optical ground-based measurements and satellite remote
sensing retrievals at a great number of stations. They
reported the mean difference between the simulation and
observations to be less than 30% for the optical depth
and less than 0.05 for the single-scattering albedo in
most regions.
Year 2002 was unique in terms of air
temperatures which were recorded in the region of
central Europe and the Baltic area. Seven consecutive
months were warm or very warm, and between February

and September the multiannual average air temperature
was higher than the normal temperature by over 1 degree
centigrade. May and August 2002 were extraordinarily
warm. Such conditions were very conducive to wild fire
outbreaks in the areas of Eastern Europe, which are
widely covered by forests and meadows.
Years 2007 and 2008 were also very hot in the
discussed region, however, warm periods were shorter
than in 2002 and lasted mostly 4 weeks. Then
temperatures returned to the multiannual average for
some time and warm periods returned. These years and
2010 were also fire abundant in the discussed region but
the air mass trajectories were such that the smoke plume
did not reach the area of the Baltic Sea. Thus these years
have not been analyzed in this paper.
In this work the authors discuss the changes of
aerosol optical depth (AOD) in the region of eastern
Europe and the Baltic Sea due to wild fire episodes
which occurred in the area of Belarus and Ukraine in
2002. The authors discuss how the biomass burning
aerosols were advected over the Baltic area and changed
the composition of aerosol ensemble for a period of
several summer weeks. The air pressure situation and
slow wind speeds also facilitated the development of
such conditions. As a consequence very high AOD
levels were recorded, by an order of 3-4 higher versus
normal conditions and they significantly increased the
annual averages. On particular days of August 2002 the
AOD values reached a level of over 0.7! On these days
fine particles fully dominated the entire ensemble of
aerosol particles. They were either sulfates or smoke
particles. Such situation was unique over a period of
many years and it had its serious consequences for the
region and especially for the Baltic Sea.
The support for this study was partly provided by
the project Satellite Monitoring of the Baltic Sea
Environment – SatBałtyk founded by European Union
through European Regional Development Fund contract
No. POIG 01.01.02-22-011/09. It has also been made
within the framework of the NASA/AERONET Program
and POLAND-AOD network.
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Canadian forest fires and their effect on aerosol optical properties
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In this presentation the authors describe a
biomass burning episode from summer 2015 and its
consequences for aerosol load over the European Arctic.
The wild fires, analysed by the authors, occurred in
central Canada between late June and early July 2015.
According to Global News Canada 2015 is one of the
worst years in last 5 years in terms of a number of forest
fires. As a result of these fire outbreaks biomass burning
aerosols reached such remote areas as Spitsbergen, and
even northern Europe, where the authors observed and
measured the properties of those aerosols. With
southerly winds the pollution and aerosols were advected
into the Arctic region and travelled vast distances
causing, temporary, however, significant in numbers,
distortion of radiative budget.
In the low stratosphere a shallow aerosol layer existed at
least 4 weeks. We found extremely high value of AOD
measured in Ny-Alesund and Hornsund as well as in the
Northern Scandinavia (in Andenes) during that time.
Although the presented data do not include final
calibration and final cloud screening, which may remove
the highest values of AOD, the retrieved values are very
high and consistent between lidars and photometers. For
example the long-term mean AOD in Hornsund station
at 500 nm is about 0.08 (between March and September)
and 0.09 in Andenes (between March and October) and
during this event AOD exceed the value 1.0 in
Spitsbergen and 0.7 in Andenes.
Acknowledgements
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Figure 1. AOD at 500 nm (a) and AE (440/870 nm) (b)
temporal variability measured with sunphotometers
between 9 and 16 July 2015. Red and green markers
correspond to Hornsund results obtained from Microtops
II and CIMEL, blue to Andenes (CIMEL),
and black to Ny-Alesund (SP1A).
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Every spring, biomass burning (BB) occurs extensively
in the mountain area of northern Indochina. The
produced BB plume is uplifted to the elevated
atmosphere and transported by prevailing westerly from
Indochina to East Asia. As the plume distributes broadly
during transport, it will affect solar radiation budget
when mixing with clouds to result in an effect on
regional climate change. This study aims to characterize
aerosol chemical properties both in near-source BB
region and transported downstream area.
Atmospheric aerosol was observed intensively at
Lulin Atmospheric Background Station (LABS, 2,862 m
a.s.l.) in Taiwan and Mt. Doi Ang Khang (DAK) in
Chiangmai (Thailand, 1,536 m a.s.l.) from 1 March to 13
April 2015. Figure 1 shows that PM2.5 mass levels at
LABS and DAK are averaged at 21.1 ± 9.6 and 88.7 ±
36.1 µg m-3, respectively. The mass fraction of PM2.5 in
PM10 at LABS and DAK are 82% and 78%, respectively;
which indicates the dominance of PM2.5 on PM10. During
intensive BB period, PM2.5 organic carbon (OC) as a
group is dominant at the upstream DAK, while Anion
group becomes comparable with OC group at the
downstream Mt. Lulin.

To evaluate the enhancement or degradation of
a specific aerosol component during long-range transport
(LRT), this study proposes, analogous to enrichment
factors (Kemp et al., 1976), the utilization of a
“Modification Factor” (MF) as follows.
Ci
(
)
 downstream
MF  nss  k
Ci
(
) upstream
nss  k 
In the above equation, the relative standard is
nss-K+, Ci is any aerosol component for evaluation
except nss-K+. For MF>1, the evaluated component is
considered to be enhanced during LRT. In contrast, the
evaluated component is considered to be degraded
during LRT when MF<1.
Figure 2 shows that that all water-soluble
inorganic ions, EC2, EC3, all di-acids and their salts
were enhanced during long-range transport because the
MF values were greater than unity. In contrast, all
organic fractions, EC1-OP, water-soluble organic
carbons, water-insoluble organic carbons, and
anhydrosugars were degraded during LRT as the MF
values were lower than unity.

Figure 2. MF values of aerosol chemical species after
long-range transport from Mt. Doi AnKhang to Mt.
Lulin.
This work was supported by Ministry of Science and
Technology in Taiwan under grant MOST 104-2111-M008-005. We thank the collaboration from Taiwan
Environmental Protection Administration.
Figure 1. Aerosol mass levels and grouped chemical
properties observed at Mt. Doi Ang Khang (upper) and
Mt. Lulin (lower) in 2015.

Kemp, A.L., Thomas, W., Dell, R.L., et al. (1976)
Journal of the Fisheries Research Board of Canada
33, 440-462.
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Organic tracers in PM2.5 emitted from the combustion of pellets and agro-fuels in a stove
C.A. Alves, E.D. Vicente, S. Rocha and A.M. Vicente
Department of Environment, Centre for Environmental and Marine Studies, University of Aveiro, 3810-193
Aveiro, Portugal
Keywords: Pellet stove, PM2.5, resin acids, methoxyphenols, anhydrosugars.
Presenting author email: estelaavicente@ua.pt

200

40

30

20

10

0
Pellets type Pellets type Pellets type Pellets type
1
II
III
IV

Olive pit Shell of pine Almond
nuts
shell

Figure 2. Levoglucosan to mannosan ratios.
Although quantitative information for these polar
compounds has been previously reported for wood-fired
residential combustion systems, as far as we know, this
is the first time that the presence of most of these
components is described in smoke particles from pellets
and agro-fuels. It has been observed that emissions of
individual compounds depend not only on the biofuel,
but also on the combustion temperature and significant
differences exist, especially between pellets and agrofuels. Thus, no single compound can be proposed as
universal biomass burning tracer. The differences
between the fine particle organic compound emissions
from pellets and agro-fuels should be accounted for in
chemical mass balance models that use these
constituents as tracers. Nevertheless, one can calculate a
weighted composite residential combustion source
profile based on the usage patterns of pellet stoves in a
given region and then use the composite profile for the
mass balance calculations.

This work was financially supported by AIRUSE Testing and development of air quality mitigation
measures in Southern Europe, LIFE 11 ENV/ES/000584.
Ana Vicente acknowledges the postdoc grant
SFRH/BPD/88988/2012 from the Portuguese Science
Foundation (FCT).
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The consumption of pellets and alternative biofuels, such
as some agricultural residues, has experienced a
tremendous growth in Mediterranean countries, which
has changed the panorama of biomass burning
emissions. To apply source apportionment models,
specific chemical signatures for smoke aerosols are
necessary. In this study, filter samples of fine particles
(PM2.5) from the combustion of 4 different types of
pellets and 3 agro-fuels (shell of pine nuts, olive pit and
almond shell) in a pellet stove were collected. The PM 2.5
samples were extracted with dichloromethane/methanol
and the dried extracts were silylated before injection into
the gas chromatograph-mass spectrometer. The analysis
included monosaccharide anhydrides, resin acids,
methoxyphenols and sterols.
On average, the anhydrosugar particle mass
fractions for the 7 biofuels were 30 to 70 times lower
than the values reported for manually fired systems (Fig.
1). The highest levoglucosan emissions were observed
for olive pit. Levoglucosan to mannosan ratios (Fig. 2)
ranged from values around 2 for pellets and shell of pine
nuts to much higher quotients, similar to those reported
for hardwood combustion (Fine et al., 2004; Gonçalves
et al., 2010). Irrespective of biofuel, vanillin and vanilic
acid were always present in the smoke samples.
Coniferyl alcohol was only detected in samples from the
combustion of olive pit and pellets with the highest
softwood content. Sinapyl alcohol was exclusively
emitted by olive pit. Dehydroabietic and isopimaric acids
were represented in emissions whether from all type of
pellets or from shell of pine nuts, whilst abietic acid was
only quantifiable in PM2.5 from the combustion of pellets
made of coniferous wood. Sitosterol was solely detected
in smoke particles from shell of pine nuts and olive pit.
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Figure 1. Levoglucosan mass fractions in particles
emitted by different residential combustion appliances:
(a) PM2.5 (Gonçalves et al., 2011), (b) PM10 (Gonçalves
et al., 2010), (c) PM2.5 (present study).

Fine, P.M., Cass, G.R. and Simoneit, B.R.T. (2004)
Environ. Eng. Sci. 21, 387-409.
Gonçalves, C., Alves, C., Evtyugina, M., Mirante, F., Pio
C., Caseiro, A., Schmidl, C, Bauer, H. and Carvalho,
F. (2010) Atmos. Environ. 44, 4474-4480.
Gonçalves, C., Alves, C., Fernandes, A.P., Monteiro, C.,
Tarelho, L., Evtyugina, M. and Pio, C. (2011) Atmos.
Environ. 45, 4533-4545.
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Fast secondary aerosol formation in southern African biomass burning smoke
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In the dark both increase and decrease rates in
PM1 CO are an order of magnitude slower than in
daylight, suggesting that the rapid daytime changes are
driven by photochemical reactions: SOA formation in
smouldering BB smoke and fragmentation of primary
OA in flaming BB smoke.
To conclude, we have shown that during daytime
secondary aerosol formation can increase the PM1 mass
in BB smoke by up to a factor of 4 in a few hours, but
the increase depends critically on whether the fire was
flaming or smouldering.
PM1/ CO [g g-1]

Biomass burning (BB) is one of the largest sources of
reactive trace gases and fine particles in the Earth’s
atmosphere, significantly affecting the global radiation
balance (e.g. Bond et al, 2013). However, there is large
uncertainty in the climate effect of the BB emissions,
mostly because of the reactive species co-emitted with
black carbon (BC) particles (Bond et al, 2013).
We investigated the temporal evolution of BB
smoke in southern Africa utilising continuous
measurements at Welgegund, South Africa (26.57°S,
26.94°E, 1480 m above sea level) from 20 May 2010 to
31 December 2014. Of the measurements performed at
Welgegund (welgegund.org), we used aerosol particle
number size distribution, carbon monoxide (CO), BC
with a MAAP, local wind and solar radiation. Submicron
particulate mass (PM1) was estimated from the number
size distribution using a constant density of 1.5 g cm-3.
Using the methodology of Vakkari et al (2014)
we could identify 118 BB plumes over the nearly five
year period. For 83 plumes the location of the fire could
be identified from MODIS burnt area and/or SEVIRI fire
radiative power observations. For these episodes – a total
of 250 hours of in-plume sampling – we estimated the
plume age based on local wind speed and direction (c.f.
Vakkari et al, 2014). For each plume the excess CO, BC
and PM1 (denoted with a ) were calculated by
subtracting respective background concentrations, with
CO, BC and PM1 given as µg m-3 at STP.
In order to estimate the ratio of flaming to
smouldering combustion, we calculated the BC to CO
ratio for each 10-minute PM1 sample: low BC/ CO
indicates smouldering combustion and high BC/ CO
designates flaming combustion. According to plume
transport time we could also estimate the time each 10minute sample had been transported in daylight, i.e.
when global radiation > 100 W m-2 at Welgegund.
Combination of these parameters allowed us to
investigate the effects of burning conditions and
atmospheric transport on PM1 mass in BB plumes, both
in daylight and in the dark.
Smouldering BB smoke (Figure 1a) exhibits fast
secondary aerosol formation in daylight: up to a factor of
4 increase in PM1 CO in less than 5 hours.
Previously, aged BB plumes at Welgegund have been
shown to be dominated by organic aerosol (OA)
(Vakkari et al, 2014), suggesting that the increase in
PM1 CO is mostly due to formation of secondary
organic aerosol (SOA). As samples with higher and
higher
BC/ CO are considered, the increase in
PM1 CO becomes slower and even decrease for the
most flaming cases (Figure 1b).
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Figure 1. Daytime PM1 CO time evolution for (a)
smouldering cases, BC/ CO < 0.01 g g-1 and (b)
flaming cases, BC/ CO > 0.03 g g-1. A bivariate linear
fit with standard error is included in both (a) and (b).
VV is beneficiary of an AXA Research Fund
postdoctoral grant. Financial support by North-West
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Particulate emissions from biomass burning are known
to impact the climate substantially by affecting the
atmosphere’s radiative balance. In addition, they can
cause significant harm to human health. This is of
particular concern in tropical regions, where small-scale
residential burning, wildfires and agricultural burning
introduce vast quantities of polluting aerosol into the
atmosphere (Bond et al 2013; Venkataraman et al 2005).
Biomass burning emissions in models are
typically calculated using emission factors taken from
large inventories. These are determined from field
observations and laboratory tests using a wide variety of
fuels. However, due to the huge variation in emissions
associated with even small changes to the burning
environment, the uncertainty of these measurements can
be large (Akagi et al 2011).
Previous studies have considered the relationship
between emission factors and the fire-integrated
combustion efficiency (eg McMeeking et al 2009). The
difference between flaming and smouldering combustion
is often taken into account, but it has, as yet, not been
possible to distinguish greater levels of detail.
In this study, the Fire Propagation Apparatus was
used to strictly control the conditions of combustion in
comparison with previous experiments. The burning
environment was controlled by a series of infrared heat
lamps positioned around the sample and the airflow was
adjusted to a pre-defined level. Samples were of similar
size, mass and quality in each test. Coupling this system
with an Aerosol Mass Spectrometer and a Single Particle
Soot Photometer, it was possible to measure real-time
particulate emissions of West African wood under welldefined, repeatable conditions.
This
methodology
produced
remarkably
repeatable results, allowing aerosol emissions to be
mapped directly onto different phases of the combustion.
Several details emerged that have not been seen
previously: due to pre-ignition heating of the sample,
emissions from pyrolysis were visible as a distinct phase
before flaming was established. In addition, the flame
could be split into a black-carbon-dominant flame and an
organic-dominant flame during which very little black
carbon was seen. This contradicts previous assumptions
that all flaming behaviour is dominated by black carbon
emissions. Finally, no particulate emissions at all were
measured after the flame extinguished, suggesting that
the latter stages of the combustion in these tests was
dominated by char oxidation rather than smouldering.

These results clearly demonstrate the importance
of understanding the coupling between the combustion
processes and the emissions in order to provide a more
substantial estimate of the resulting emissions.
Using this approach, it has been possible to
examine correlations between burning conditions, fire
behaviour and aerosol emissions on a fundamental level.
Further research would allow the characteristics of
different burning states and their associated emissions to
be understood more completely. If the conditions under
which biomass is burning are known, this approach will
allow its emissions to be modelled with more precision
than can currently be achieved.

Figure 1. Time series of a burn, showing clear
differences in emissions during different phases.
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Atmospheric particulate matter (PM) is importantly
contributed from the marine pathway, biomass burning,
agriculture burning, automotive exhaust emission and
anthropogenic emission. Biomass burning is recognized
as one of the major factors affecting the regional-toglobal weather and climate. Anhydrosugars are the
primary products from the thermal degradation of the
cellulose and hemicellulose containing material, thereby
there are tracers for PM from biomass burning. Forest
fires produce large amounts of PM anhydrosugars (Tsai
et al., 2013). Levoglucosan (Levo) in PM was the most
dominant anhydrosugar species.
Air pollution in the northern Thailand is one of
the most serious environmental problems in the region.
Especially during the dry season of the year (December
to March) ambient PM10 level in Chiang Mai is often
exceeding the ambient air quality standards of 120 µg/m3
for 24 hrs and 50 µg/m3 for the annual average
authorized by Pollution Control Department, Thailand.
The major source of air pollution in the northern
Thailand includes open burning such as biomass burning,
agriculture waste burning and forest fires (Tsai et al.,
2013). Meanwhile, the size distributions of PM are yet
understood completely. The sampling site as well as fire
spots of biomass burning derived from satellite data for
sampling period were shown in Figure 1. The aerosol
samples were collected at Doi Ang Khang (ca. 1900 m
asl, a mountain site), Chiang Mai, Northern Thailand
during 23 Feb.–7 April 2013, corresponding to the
monsoonal dry season and a maximum in agricultural
and forest fire activity, by using MOUDI and Nano
MOUDI. Characteristics and provenance of saccharides
in the mountain aerosols were investigated to identify the
contribution of biomass burning.
The mass size distributions of PM with main
inorganic salts and saccharides are shown in Figure 2.
The mass distributions of PM mass and the
corresponding inorganic salts and saccharides were
dominated by the droplet mode, with a concentration
peak in the size range of 0.1–2.5 µm significantly. Peak
concentrations of Levo occurred at 0.54 µm. The peak
concentrations of erythritol and arabitol, which can act
as indicators for soil biota, fungi and lichens, were in the
size range of 1.8–10 µm. The mountain aerosols were
contributed by the emission from biomass burning and
biogenic activity of forest. Additionally, peak
concentrations of photochemical sulphate and
ammonium also occurred at 0.54 µm. The high
correlation with the correlation coefficient of 0.99
between size-segregated sulphate and ammonium

suggested the significant contribution of photochemical
products to the mountain ambient environment. An
accordant result indicated biomass burning, biogenic
activity and photochemical products of anthropogenic
activity were mainly sources of PM at Doi Ang Khang.

19º 54´ 41.71´´ N
99º 2´ 41.11´´ E

Figure 1. The fire spots and sampling site at Doi Ang
Khang, Chiang Mai, Thailand in March, 2013
(http://maps.geog.umd.edu/firms).

Figure 2. Mean size distributions of PM mass and the
related species at Doi Ang Khang, Thailand.
This work was supported by the Taiwan Ministry of
Science and Technology, Taiwan under grant no. MOST
102-2221-E-041-003-MY3.
Tsai, Y.I., Sopajaree, K., Chotruksa, A. Wu, H.-C. and
Kuo, S.-C. (2013) Atmos. Environ. 78C, 93-104.
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The measurement of Black Carbon using a multiple
wavelength aethalometer has been proposed as a tool for
apportioning particulate matter (PM) contributions from
fossil fuel combustion and biomass burning (Sandradewi
et al., 2008). The PM emitted by these two sources has
different light absorbing properties across the wavelength
range 370 - 950 nm, with biomass burning showing
stronger absorption at lower wavelengths, due to the
presence of “Brown” Carbon (Andrea & Gelencser,
2006). The wavelength dependence of the light absorption
is described by a power law fit:
babs ∝ λ-α
where λ is the wavelength and α is the Ångström
exponent. By using aethalometer measurements to
calculate the values of the absorption coefficient
associated with ambient PM, it is possible to estimate the
relative contributions of biomass burning and fossil fuel
to ambient PM mass. In Europe, this model has been used
in several studies to develop source contribution estimates
for vehicular and residential heating sources (Favez et al.,
2010). This approach to source apportionment is also
referred to as the aethalometer model.
However, not all locations have a single solid fuel
in use. Ireland is most notable in this respect because
bituminous and manufactured “smokeless” coals are used
along with indigenous fuels such as wood, turf and peat.
Quantification of the separate contribution that these
different fuels make to air pollution is required to develop
the best policies to reduce PM emissions from solid fuel
burning. In particular it is important to ensure that the
proposed national ban on the sale and use of bituminous
coal in Ireland does not have unintended consequences in
terms of switching to more polluting solid fuels.
The standard aethalometer model is based on
empirical evidence that the Ångström exponents (α) are
~1 and ~2 for fossil fuel and wood burning, respectively.
However, results from field measurements in Ireland
suggest that the standard model is not ideal in a mixed
solid fuel environment like rural Ireland and Poland and
in other locations such as the UK.
In this work, a series of combustion experiments
were carried out to gain insights into the different
absorption properties of PM produced from a range of
fuels. These were carried out using a commercial stove
installed in an Irish residence. Multiple types of solid fuel
were tested including coal products, wet and dry wood,
dried cut turf and peat briquettes. The emissions were

sampled continuously from the flue at the roof of the
building and analysed in real-time by an AE33
aethalometer from Magee Scientific and a Scanning
Mobility Particle Sizer (TSI Inc.). Filter collections were
also made and subsequently analysed with a Carbon
Aerosol Particulate Analysis Instrument from Sunset
Laboratories, Oregon, USA. Vehicular exhaust was also
measured.
The results from these burning experiments show
a wide variation in absorption coefficients for the fuels
(Figure 1). In particular, the wavelength dependence of
the absorption from PM generated from coal combustion
is significantly different from that produced by wood
burning. The values for α, supported by EC/OC analysis
from the combustion experiments have been used to
develop a modified aethalometer model for apportioning
black carbon from vehicle emissions and solid fuel
burning. The model has successfully been used to
apportion black carbon measured at several locations in
Ireland, thus showing that the aethalometer model
remains a powerful tool for apportionment of
carbonaceous aerosol sources, but in mixed fuel
environments, e.g., in Ireland, UK and Poland, the model
needs to be adapted.

Figure 1. Power law fits of Wavelength versus
absorption coefficient (babs) for a selection of fuel types.
This research was supported by the Environmental
Protection Agency and Department of Environment
Community and Local Government in Ireland through the
SAPPHIRE project (2013-EH-MS-15).
M.O. Andrea and A. Gelencser (2006) Atmos. Chem.
Phys. 6 3131–3148
Favez, O. et al. (2010) Atmos. Chem. Phys. 10 5295–5314
Sandradewi, J. et al. (2008) Atm. Env. 42 101–112
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Sediments are an important sink of air-borne particulate
matter (PM). Consequently, lake sediments may serve as
environmental archives of PM concentrations of the
atmosphere of the past. However, two drawbacks limit
the potential of lake sediments as such archives. On the
one hand, the regional atmospheric input needs to be
distinguished from the local input of the catchment of
the lake, which has been deposited by surface run-off or
resuspended by wind erosion. On the other hand, tracing
back atmospheric PM concentrations from sediment
records is often hardly possible due to the lack of
quantitative information on scavenging and deposition
factors.
One of the few examples of PM components that
have been studied qualitatively and quantitatively in lake
sediments is black carbon (BC). This investigation is
mainly driven by the determination of the residence time
and the fate of this refractory constituent within the
carbon cycle (Hammes et al., 2007). It should be noted,
however, that the terminology of BC within the sediment
and atmospheric communities is not used consistently.
Whereas BC is defined as an ideally light-absorbing
substance composed of carbon and discriminated from
elemental carbon (EC) as derived from evolved thermal
methods in atmospheric sciences (Petzold et al., 2013), it
describes a continuum of slightly charred biomass,
charcoal and soot in the sediment community (Bird and
Ascough, 2012; see Figure 1). Of these, only soot
originates from regional atmospheric input and can,
therefore, be regarded as synonymous with the
definitions of BC and/or EC in atmospheric sciences.

Figure 1. BC fractions in sediments as modified from
Bird and Ascough (2012). The BC fraction soot
represents the atmospheric input as a synonym for BC
and/or EC according to Petzold et al. (2013).

Although strongly differing results of various BC
methods in sediments have been discussed
controversially in ring trials (Hammes et al., 2007), only
few procedures aimed at the identification of the
atmospheric component in sediment BC based on
methods used in the aerosol community (e.g., Han et al.,
2007 and 2009; Khan et al, 2009). These procedures
remove inorganic and labile organic sediment
components by acid treatment and determine the
remaining EC using thermal-optical protocols. For the
purpose of isolation of EC for radiocarbon (14C) analysis
for apportionment of fossil vs. wood-burning emissions
(Szidat, 2009), however, these methods are not suitable
due to strong charring of many of the current thermaloptical protocols. Nevertheless, this drawback has
largely been overcome by the Swiss_4S protocol, which
applies organic carbon (OC) removal from the PM filters
by oxidation instead of evaporation (Zhang et al., 2012).
Therefore, we investigate in this work the combination
of the acid treatment with the Swiss_4S protocol in order
to remove the inorganic sediment matrix, OC and other
organic components completely and monitor charring as
well as EC losses for an optimized source apportionment
of sediment EC into fossil and wood-burning emissions
with 14C analysis.
Bird, M.I. and Ascough, P.L. (2012) Org. Geochem. 42,
1529-1539.
Hammes, K., et al. (2007) Global Biogeochem. Cycles
21, GB3016.
Han, Y.M., et al. (2007) Chemosphere 69, 526-533.
Han, Y.M., et al. (2009) Chemosphere 75, 92-99.
Khan, A.J., et al. (2009) Atmos. Environ. 43, 5989-5995.
Petzold, A., et al. (2013) Atmos. Chem. Phys. 13, 83658379.
Szidat, S. (2009) Chimia 63, 157-161.
Zhang, Y.L., et al. (2012) Atmos. Chem. Phys. 12,
10841-10856.
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Particles containing soot are commonly considered to
have a warming effect on the climate, because they can
strongly absorb solar radiations. However, secondary
organic aerosols (SOA), formed by atmospheric
oxidation of precursor gases, which are known to be a
major fraction of atmospheric aerosols, can scatter light
and act as cloud condensation nuclei (CCN), thereby
having a cooling effect on the climate (IPCC, 2013).
Soot, organic aerosols and sulphuric acid are likely to
co-exist, in diverse mixing states, and participate in
complex interactions. Coatings such as sulphuric acid
and SOA can modify the morphology of soot particles
and change the optical properties and cloud forming
properties significantly (Mikhailov et al., 2006).
Differential Mobility Analyser-Aerosol Particle
Mass Analyser (DMA-APM) and the Tandem DMA
techniques were used to study the effects of coatings of
sulphuric acid and limonene ozonolysis products on soot
particle morphology and hygroscopicity using a laminar
flow system. Chemical composition of fresh and coated
soot particles were also measured with a Soot ParticleAerosol Mass Spectrometer (SP-AMS). The cloud
droplet formation was measured by a
Cloud
Condensation Nuclei Counter (CCNC). The empirical
data was compared with theoretical calculations obtained
from Köhler modelling.
Fresh soot particles have a non-spherical shape.
Effective densities of all sizes of coated soot particles
increase, whereas the dynamic shape factors of all sizes
of coated soot particles decrease with more coatings,
indicating the coatings transform soot particles into more
spherical shape. The sizes of primary particles were
similar irrespectively of the overall soot core sizes,
indicating soot particles were formed from diffusion
processes. Sulphuric acid is more efficient in
transforming soot particles to spherical shape than
limonene ozonolysis products. Our results showed that
morphology of soot particles in the atmosphere not only
depends on the mass of coating of soot surface, but also
depends on the chemical compositions of coatings.
Fresh soot particles did not show any activation
into cloud droplets at supersaturations below 2 %.
However, if small amounts of sulphuric acid or SOA
condensed onto the soot particles, the required
supersaturation for activation was decreased to values
below 1 %. The ability of soot particles to activate into
cloud droplets increased further with increasing amount
of condensed sulphuric acid or SOA. Sulphuric acid was

found to enhance cloud droplet formation more than
SOA due to its large water solubility and corresponding
ionic dissociation. The enhanced activation was affected
by the physical properties of the coating component, the
amount of condensed mass and the initial soot particle
size.

Figure 1. Dynamic shape factor of fresh and processed
soot particles, initial mobility diameter of the fresh soot
was 100 nm.

Figure 2. Critical supersaturation, sc, versus volume
equivalent diameter, dve.
This work was supported by the Swedish Research
Council Formas, ModElling the Regional and Global
Earth system (MERGE) and Climate, Biodiversity and
Ecosystem services (ClimBEco).
IPCC (2013). Climate Change 2013: The Physical
Science Basis. Working Group I Contribution to the
IPCC 5th Assessment Report - Changes to the
Underlying
Scientific/Technical
Assessment.
Cambridge, U.K.: Cambridge University Press.
Mikhailov, E. F., Vlasenko, S. S., Podgorny, I. A.,
Ramanathan, V., and Corrigan, C. E. (2006). J.
Geophys. Res. - Atmos. 111.
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The effect of Brown Carbon on thermal-optical analysis: a correction based on optical
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Carbonaceous aerosol (CA) plays an important role
in environmental issues like air quality, human health
and global climate change. It mainly consists of organic
carbon (OC) and elemental carbon (EC) although a
minor fraction of carbonate carbon could be also
present. Thermal-optical methods are presently the most
widespread approach to OC/EC speciation. Despite their
popularity, there is still a disagreement among the
results, especially for what concerns EC as different
thermal protocols can be currently used. The main
hypothesis at the basis of the technique is that on their
different optical properties: while EC is strongly light
absorbing, OC is generally transparent in the visible
range. However, another fraction of light-absorbing
carbon exists which is not black and it is generally
called brown carbon (BrC) (Andreae and Gelencsér,
2006). We introduced a new way to apportion the
absorption coefficient
(babs)
of carbonaceous
atmospheric aerosols starting from a multi-wavelength
optical analysis (Massabò et al., 2015). This analysis
was performed thanks to the MWAA, an instrument
developed at the Physics Department of University of
Genoa (Massabò et al., 2013). The method uses the
information gathered at five different wavelengths in a
renewed and upgraded version of the approach usually
referred to as Aethalometer model (Sandradewi et al.,
2008). Moreover, with some assumptions, also the
quantification of OC coming from fossil fuels and wood
burning can be obtained.
b abs, FF BC (Red)

b abs, WB BC (Red)

occurring during the analysis can heavily affect OC/EC
separation, depending on PM composition in addition to
the used protocol. Furthermore, the presence in the
sample of BrC can shift the split point since it is light
absorbing also @ 635nm, the typical laser wavelength
used in this technique (Chen et al., 2015). We have
recently introduced a new possibility, based on the
apportionment of the absorption coefficient of particleloaded filters, for correcting the thermo-optical analysis
of PM samples (Massabò et al, 2016).
We present here the results of an apportionment
study of carbonaceous aerosol sources performed in an
Alpine
area,
validated
against
independent
measurements of levoglucosan. We also present
developments of the thermo-optical analysis correction
(Massabò et al., 2016) which lead to a better
homogeneity between the results obtained with different
thermal protocols.

b abs BrC (Red)

9
8

babs [ Mm-1 ]

7

Figure 2: Histogram showing EC and OC values
quantified without (std) and with (cor) the proposed correction.
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Figure 1: Optical apportionment @  = 635nm.

Thermal-optical methods are presently the most
widespread approach to OC/EC speciation. Despite their
popularity, there is still a disagreement among the
results, especially for what concerns EC as different
thermal protocols can be used. In fact, the pyrolysis
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Istanbul: Insights from Radiocarbon Measurements
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The evolution of EC, OC and TC in PM10
size fraction during the field campaign was illustrated
in Figure 1. Average EC, OC and TC concentrations
were measured respectively as 8.5±5.0, 16.6±10.8
and 25.2±14.3 µg m-3 while PM10 mass
concentrations was determined as 50 µg m-3 on
average. Comparison of the obtained results with the
previous study performed in Istanbul revealed that
measured OC concentration in this study is almost
three times higher than one found by Theodosi et al.
(2010). Radiocarbon analysis results indicated that

fossil fuel combustion is the dominant source
determining the levels of carbonaceous aerosols over
Istanbul megacity.
EC Concentration (µg/m )

Being one of the most populated megacities in
eastern Mediterranean, Istanbul is under various
environmental pressures including atmospheric
pollution. An intensive field campaign so called
TRANSEMED-Istanbul (Transport Emissions and
Mitigation in the East Mediterranean with a focus in
Istanbul) was performed in Istanbul between August
2014 and February 2015. Gaseous organic (VOCs)
and inorganic (O3, NOx) pollutants were monitored
in-situ with high time resolution while daily
particulate matter (PM) samples were collected.
Collected samples were analyzed in terms of EC and
OC by means of Thermal Optical method. In
addition, biomass and fossil origins of the PM was
distinguished quantitatively using radiocarbon as a
tracer. To end this, the selected samples were
analyzed by Accelerator Mass Spectrometry (AMS)
in terms of 14C as detailed in Zhang et al. (2012).
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Figure 1. Temporal variation of carbonaceous
concentrations
ZHANG, Y.L., Perron, N., Clobanu, V.G.,
Zotter, P., Minguillon, M.C., Wacker, L., Prevot,
A.S.H., Baltensperger, U., Szidat, S. (2012), On the
isolation of OC and EC and the optimal strategy of
radiocarbon-based
source
apportionment
of
carbonaceous aerosols, Atmospheric Chemistry and
Physics 12, 10841-56.
Theodosi C, Im U, Bougiatioti A, Zarmpas
P, Yenigun O, Mihalopoulos N. (2010). Aerosol
chemical composition over Istanbul, Science of the
Total Environment, 408(12):2482–91.
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Atmospheric aerosol represents a complex mixture of
inorganic substances and hundreds of different
organic compounds. Carbonaceous material may be
broadly divided into three categories: organic carbon
(OC), elemental carbon (EC) and inorganic carbon
(IC), present as carbonate carbon (CC). OC can be of
both primary and secondary origin, i.e. emitted
directly into the atmosphere or formed by the
condensation of compounds produced in the
atmosphere by photo-oxidation of volatile organic
precursors. In contrast, EC is exclusively of primary
origin (incomplete combustion of C containing
fuels). CC is mostly present in natural ground and
building/demolition dust which can be resuspended
(Karanasiou et al., 2011). The inorganic content of
PM includes major soluble ions and metals of both
natural and anthropogenic origin. Natural events,
such as dust transport from North Africa, can
significantly influence (up to 80%) the levels of
measured particulate matter, PM (Pey et al., 2013).
To establish appropriate abatement strategies
long-term measurements of aerosol chemical
composition are necessary.
Long term measurements of PM10, PM2.5 and
PM1 were conducted in an urban background
monitoring station in Barcelona, Spain covering the
period 2007-2014. All particle measurements were
obtained using the gravimetric method. All PMx
samples were analyzed for water-soluble ions (SO42−,
NO3−), major elements (Al, Ca, K, Mg, Fe, Na) and
46 trace elements by inductively coupled plasma
atomic emission and mass spectrometry respectively.
A section of 1.5 cm2 of the filter was used for the
determination of organic (OC) and elemental carbon
(EC) by an OC/EC analyzer (Sunset Laboratory
thermal optical transmittance method) using the
NIOSH protocol for the period 2007-2010 and later
on the EUSAAR-2 temperature protocol.
The occurrence of African dust transport and
its contribution in PM levels in Barcelona site was
determined by the methodology described in
Escudero et al. (2007).
We firstly investigated the distribution of
carbonaceous aerosol in PM10, PM2.5 and PM1

during the period 2007-2014. As it was expected
most of the mass of EC and OC was found in the fine
fractions PM2.5 and PM1. The influence of the
African dust transport on the distribution patterns of
EC and OC was also studied.
CC concentrations are significant during African dust
events. The decomposition temperature of carbonate
may vary depending on a number of factors such as:
the chemical composition of the carbonate
compound, the presence of other minerals, the crystal
form, the grain size and the temperature protocol
used. To investigate the interference in OC and EC
determination caused by CC we carefully studied all
thermograms of the OC/EC analyser during African
dust intrusions for the period 2007-2014. The last
peak in the inert mode was compared with the CC
concentrations calculated from Ca concentrations (as
if all CC comes from CaCO3). The results revealed
that the last peak in the inert mode correlates well
with CC concentrations. The non‐quantification of
existing CC may significantly bias thermal OC
determination increasing its uncertainty.
This work was supported by the Spanish Ministry of
Economy and Competitiveness and FEDER funds
under the project CGL2012-39623-C02-1); the
Spanish Ministry of Agriculture, Food and the
Environment; the H2020 project ACTRIS-2 (grant
agreement 654109); and the Generalitat de Catalunya
(AGAUR 2014 SGR33).
Karanasiou, A., Diapouli E., Cavalli F.,
Eleftheriadis, K., Viana, M., Querol, X., Reche
C., (2011), Atmos. Meas. Tech., 4(11),
2409-2419.
Pey, J., Querol, X., Alastuey, A., Forastiere, F., and
Stafoggia M. (2013), Atmos. Chem. Phys., 13,
1395–1440.
Escudero, M., Querol, X., Pey, J., Alastuey, A.,
Perez, N., Ferreira, F., Alonso, S., Rodriguez, S.,
and Cuevas, E (2007), Atmos. Environ., 41,
5516–5524.
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Fine fraction carbonaceous particles are the most
important components of the atmospheric aerosol due to
their direct effect on human health. Numerous studies
have been conducted in different locations worldwide to
gain insight into sources and properties of the
atmospheric aerosol. Previous studies carried out in
Lithuania have focused on the source apportionment of
aerosol particles, characterization of specific pollution
events, variation of organic and elemental carbon
(Garbaras et al., 2008; Ulevicius et al., 2010; Masalaite
et al., 2015). However, all these studies were conducted
over the period ranging from a few weeks to a few
months and/or at one or two sampling sites at the same
time. Thus, despite valuable information received from
previous studies, the need for the data comparison
obtained at all three sites was clear.
The aerosol particles (PM1 size fraction) were
collected during the sample campaign from 1 January to
30 December of 2014 at three sites situated in Lithuania:
the urban location of Vilnius, the coastal location of
Preila and the forest location of Rugsteliskis. 56 quartz
microfiber filters from the urban, 75 from coastal and 71
from forest sites were measured to receive the seasonal
variations at all three sites. The bulk total carbon (TC)
values were determined using an elemental analyser
(Flash EA 1112) coupled via an ConFlo III interface
with an isotope ratio mass spectrometer (Thermo
Finnigan Delta Plus Advantage) (EA – IRMS).
The seasonal variation of the monthly averaged
δ13CTC values of aerosol particles from urban, coastal
and forest sites is shown in Fig. 1. The seasons were
defined according to the end and beginning of the
heating season at the urban site. Meanwhile, the
difference between seasons was not so obvious at coastal
and forest sites, thus a transition period was introduced.
The source mixing equation was applied to verify the
idea of mixing of two distinct sources.
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Figure 1. The monthly averaged variation of δ13CTC in
aerosol particles from urban, coastal and forest sites in
warm and cold seasons.

The results revealed that 13C depleted aerosol
particles were dominant during summer at all three sites.
Meanwhile the aerosol most enriched in 13C was
observed during a cold season reaching maximum at the
coastal site in February (δ13CTC = -26.3±0.6 ‰). This
variation was related to a few main sources dominating
during separate seasons. The source mixing equation
allowed us to distinguish the impact of the biomass
burning and fossil fuel combustion during a cold season
and the input of the biogenic source during a warm
season.
Garbaras, A., Andriejauskiene, J., Bariseviciute, R.,
Remeikis, V. (2008) Lith. J. Phys. 48, 259-264.
Masalaite, A., Remeikis, V., Garbaras, A., Dudoitis, V.,
Ulevicius, V., Ceburnis, D. (2015) Atmos. Res 158–
159, 1-12.
Ulevicius, V., Byčenkienė, S., Remeikis, V., Garbaras,
A., Kecorius, S., Andriejauskienė, J., Jasinevičienė,
D., Mocnik, G. (2010) Atmos. Res. 98, 190-200.
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We present here a rapid, organic solvent-free and
robust offline method for assessing the organic
composition of ambient particulate matter using the
combination of a modified DRI thermal carbon
analyzer and a Proton-transfer-reaction Mass
Spectrometer (PTR-MS) (see figure 1). Five typical
organic tracers in aerosol phase, which include
phthalic acid, levoglucosan, arabitol, cis-pinonic
acid and glutaric acid, were utilized to examine the
response of the tandem instruments against a wide
range of mass concentration. Results indicated that
the PTR-MS can efficiently account varying mixing
ratios of organic markers, even at low and
atmospherically relevant concentrations.

Mass concentration,
DRI TOC and PTR-MS (µg m -3)

Moreover, the survey of the major
peaks/compounds in the mass spectrum revealed
that carboxylic acids such as phthalic, glutaric and
acetic acid dominated the organic aerosols mass
concentration. The measurements here suggested
that low molecular weight carboxylic acid
(LMWCA), which are products of photochemical
oxidation of gaseous hydrocarbons and fatty acids,
constituted a major fraction of secondary organic
aerosols in Taipei, Taiwan, a typical subtropical
urban area. With this protocol, the remaining
unassigned organic compounds can be possibly
resolved into specific molecular entities,
complementing the previously reported methods
(i.e. GC-MS) on profiling the organic aerosol
matrix.

Figure 1. Schematic diagram of the tandem
instruments. Included also here are the relevant
instrument settings used in this study.
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In addition, the organic composition of
submicron aerosols from a subtropical urban aerosol
observatory in Taipei, Taiwan was investigated.
Figure 2 shows the time series profiles of total mass
concentration of organic matter (TOM) obtained
using this technique and from DRI-thermal carbon
analyzer. Analysis of the TOM concentration
indicated that the tandem instrument of this study
underestimated the measurements from a typical
thermal/optical carbon analyzer by 27%. The
unaccounted organic matter was attributed to
unwanted side reactions such as pyrolysis and
combustion, as well as the condensation of
compounds with low vapor pressure in the transfer
lines.

0.2
8/12

Figure 2. Time series profile of total organic matter
(TOM) measured using DRI OC/EC and PTR-MS,
including the major peaks observed in the mass
spectra.
This study was supported by the Academia Sinica
and the Ministry of Science and Technology of
Taiwan through grants 104-2119-M-001-010, 1032111-M-001-003, and 102-2628-M-001-007.
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Black carbon (BC) is functionally defined as the
absorbing component of atmospheric total carbonaceous
aerosols and is typically dominated by soot-like
elemental carbon (EC). Organic carbon (OC) has also
been shown to absorb strongly at visible to UV
wavelengths and the absorbing organics are referred to
as brown carbon (BrC; Alexander et al., 2008). These
two aerosols contribute to solar radiative forcing through
absorption of solar radiation and heating of the absorbing
aerosol layer, but most optical instruments that quantify
light absorption are unable to distinguish one type of
absorbing aerosol from another (Moosmüller et al. 2009).
In this study, we separate total aerosol absorption from
these two different light absorbers from co-located
simultaneous in-situ measurements, such as Continuous
Soot Monitoring System (COSMOS), Continuous Light
Absorption Photometer (CLAP) and Sunset EC/OC
analyzer, at Gosan climate observatory, Korea. We
determine the mass absorption cross-section (MAC) of
BC. and then estimate the contribution of BC and BrC
on aerosol light absorption, together with a global 3-D
chemical transport model (GEOS-Chem) simulation.
Figure 1(a) shows the frequency distribution of
MAC of BC determined from Sunset EC/OC analyzer
and COSMOS measurements during January-June 2012.
At 565 nm wavelength, BC MAC is found to be about
5.02.2 m2 g-1 from COSMOS and Sunset EC/OC
analyzer measurements during January-May 2012. This
value is similar to those from Alexander et al. (2008; 4.3
~ 4.8 m2 g-1 at 550 nm) and Chung et al. (2012; 5.1 m2 g1
at 520 nm), but slightly lower than Bond and
Bergstrom (2006; 7.51.2 m2 g-1 at 550 nm). The
COMOS BC mass concentration calculated with 5.0 m2
g-1 of BC MAC shows a good agreement with thermal
EC concentration, with a good slope (1.08; Figure 1(b)).
Aerosol absorption coefficient and BC mass
concentration from COSMOS, meanwhile, are
approximately 35 ~ 40 % lower than those of CLAP.
This difference can be attributable to the contribution of
volatile light-absorbing aerosols (i.e., BrC). As shown in
Figure 2, the absorption coefficient of BrC, which is
determined by the difference of absorption coefficients
from CLAP and COSMOS measurements, increases
with increasing thermal OC mass concentration
Figure 3 shows monthly variation of BC and BrC
absorption coefficients estimated from in-situ
measurements and GEOS-Chem model simulation are
generally well agreed, even though GEOS-Chem
simulation overestimates BC absorption coefficient
while underestimates BrC absorption coefficient. Here,

we note that MAC of 5.0 m2 g‐1 and 3.8 m2 g‐1 (taken
from Alexander et al., 2008) are used to calculate
aerosol absorption coefficient of BC and BrC,
respectively. The contribution of BC to aerosol light
absorption is estimated to be about 63~66%, while BrC
accounts for about 34~37% of total aerosol light
absorption, having a significant climatic implication in
East Asia.
(a)

5.02.2

(b)
R= 0.72
Y=1.08x‐0.19
N=1415
RMSE = 0.47

Figure 1. (a) Frequency distribution of BC MAC and (b)
comparison of Sunset thermal EC and COSMOS BC
mass concentrations.

Figure 2. Temporal variation of Sunset thermal OC mass
concentration and BrC absorption coefficient.

Figure 2. Monthly variation of BC and BrC absorption
coefficients.
This work was supported by the Korea Ministry of
Environment as “Climate Change Correspondence
Program”.
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Science 321, 833-835.
Bond, T. and Bergstrom, R. (2006) Aerosol Science and
Technology 40, 27-67.
Chung, C. E., Kim, S.-W., Lee, M., Yoon, S.-C. and Lee,
S. (2012) Atmos. Chem. and Phys. 12, 6173-6184.
Moosmüller, H., Chakrabarty, R. and Arnott, W. (2009)
J.of Quanti. Spectro. and Radia. Trans. 110, 844-878.
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Ecological and atmospheric applications of processes of
radiation absorption and motion of soot particles are
well-known under the numerous publications reflecting
various aspects of this problem. The theoretical
description of photophoretic motion of soot aggregates,
as a rule, is carried out for the model of homogeneous
spherical particles without the necessary account of
fractal-like structure of aggregates that can result not
only in quantitative distinctions, but also to qualitative
errors at the description of effects.
Nowadays, the theory of longitudinal radiometric
photophoresis for spherical homogeneous particles by
Beresnev et al (1993) has found confirmation in
experiments with model macroscopic particles and real
aerosols for a complete set of determining parameters.
However, the most part of soot (black carbon)
atmospheric particles have a fractal-like structure, and
we can expect essential changes of thermal and optical
characteristics of these particles in comparison with
homogeneous spheres.
This report continues and summarizes analysis
and estimations of the photophoretic effects for soot
aerosols in stratosphere on the basis of new
microphysical model offered by Beresnev et al (2014,
2015). The principal propositions of the new model are
the following:
1. It is useful to keep the mathematical formalism
used in model for spherical homogeneous spheres by
Beresnev et al (1993) at correct treatment of key
parametres (the detailed general solution for fractal-like
particles is extremely difficult and problematic). Besides,
the fractal-like soot aggregates in experiment (Karasev et
al, 1984) demonstrate confidently the ordinary
longitudinal positive photophoresis in the field of
directed laser radiation, and their photophoretic motion
is very similar to the motion of compact (isometric)
carbonaceous particles.
2. For rigorous theoretical predictions of the
photophoretic velocity of fractal-like aggregates it is
possible to use in a first approximation the mobility
radius Rm only. For more exact theoretical predictions
the introduction of a set of equivalent spheres
characterizing various aspects of the given phenomenon
is necessary.
3. The correct estimation of effective density ρeff
and effective heat conductivity λeff of fractal-like
aggregates as certain equivalent spheres with radius of
gyration Rg (and the corresponding mobility radius Rm)
can be successfully executed on the basis of fractal
dimension of aggregates Df and characteristics of
primary particles (Evans et al, 2008). Estimations under

the reference data for soot powders can be erroneous in
this case.
The new microphysical model allows to carry out
the estimations of photophoretic effects for soot aerosol
in atmosphere similar with executed earlier by Beresnev
et al (2012) for model of homogeneous spherical
particles. The analysis of received results shows that for
fractal-like soot particles the essential photophoretic
effects in stratosphere are important: the considerable
photophoretic vertical velocities, excess of photophoretic
forces over gravity, possibility of a levitation of particles
at certain altitudes in the middle stratosphere, and many
other things.
This work was supported by the Ministry of Education
and Science of the Russian Federation under research
project for the Ural Federal University No. 2189.
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Beresnev, S.A., Kochneva, L.B., Zhuravleva, T.B. and
Firsov, K.M. (2012) Atmos. Oceanic Opt. 25(4),
286-291.
Beresnev, S.A., Vasiljeva, M.S., Gryazin, V.I. and
Kochneva, L.B. (2014) Proc. SPIE 9292, paper
92920Z.
Beresnev, S.A., Vasiljeva, M.S., Gryazin, V.I. and
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(2004) J. Aerosol Sci. 35(3), 363-381.

European Aerosol Conference 2016

Tours, France

Page 572 of 1211

Specialized aerosol solver for calculation of photophoretic motion characteristics of soot
aggregates in stratosphere
V.I. Gryazin, S.A. Beresnev, L.B. Kochneva and M.S. Vasiljeva
Institute of Natural Science, Ural Federal University, Ekaterinburg, 620083, Russia
Keywords: photophoresis, soot aerosol, fractal-like particles.
Presenting author email: gryazin.victor@mail.ru
Specialized aerosol solver for a wide range of
calculations related to the photophoretic motion of soot
particles is developed. It is useful to keep the
mathematical formalism used in model of homogeneous
spheres (the general solution of fractal-like particle
problem is extremely difficult). The calculation of force
and velocity of longitudinal radiometric photophoresis is
based on the molecular-kinetic theory of this
phenomenon (Beresnev et al, 1993). This theory is based
on the solution of gas-kinetic model equation with the
corresponding boundary conditions for the velocity
distribution function on the particle surface, and covers
the entire range of the Knudsen number at arbitrary ratio
between the thermal conductivities of the particulate
matter and gas, taking into account the optical and
accommodation properties of the particle-gas system.
For calculations of optical characteristics for
fractal-like particles it is possible to use methods of
effective medium approximations (e.g., Chylek et al,
1988) and theoretical predictions for fractal-like soot
particles by Mackowski (2006). It was revealed that the
choice m =1.764+0.570i for λ=0.68 μm (the wavelength
of the He-Ne laser) is optimum. The optimal choice of
the complex refractive index m allows to estimate with
sufficient reliability the J1 value which determines not
only direction, but also magnitude of photophoretic
velocity.
Effective thermal conductivity of fractal-like soot
particles can be calculated using the method offered for
estimation of thermal properties of nanofluids with
significantly enhanced thermal conductivity by the
aggregation of nanoparticles into clusters (Evans et al,
2008). The determined above characteristics are used in
gas-kinetic calculations for photophoretic force and
velocity. Reliability and accuracy of suggested model is
necessary to estimate by comparison with adequate
experimental and theoretical data. The experimental
results of Karasev et al (2004) on photophoretic
velocities of soot particles in nitrogen provide a unique
opportunity to compare results. In experiment two
groups of aggregates sizes distinctly differ: small
particles at Rm ≤ 0.5 μm and large particles Rm > 0.5 μm
for which the mobility radius Rm was defined by various
techniques at invariable fractal dimension Df =1.80.
Thus, we can offer now the new model for
photophoretic motion of fractal-like soot aggregates
treated as equivalent to various characteristics spherical
particles with effective values of microphysical and
optical parameters.
On Fig. 1 the comparison of the new theory for
fractal-like particles with experiment is presented. This

comparison finds out the very good qualitative and
quantitative agreement of theory and experiment.

Figure 1. Dependence of the photophoretic velocity Uph
of soot aggregates on the mobility radius Rm. Black
circles – the group of aggregates with Rm ≤ 0.5 μm from
experiment (Karasev et al, 2004), lines relate to various
radius of primary particles Ra and heat conductivity of
primary particles λa = 80 W/(mK) with effective heatconductivity by Evans et al (2008).
It is also possible to calculate atmospheric
applications of photophoretic motions using advanced
atmospheric radiation block of the model. Thus it is
possible to consider the cases of negative "solar" (motion
of particles in the field of short-wave solar radiation
against gravity) and positive "thermal" (motion in the
field of thermal outgoing radiation) photophoresis of
soot particles.
This work was supported in part by the Ministry of
Education and Science of the Russian Federation
through the base part of the State task for high
educational institutions (the research project #2189).
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(1988) Appl. Opt. 27(12), 2396-2404.
Evans, W., Prasher, R., Fish, J. et al. (2008) Int. J. Heat
Mass Transfer 51, 1431-1438.
Karasev, V.V., Ivanova, N.A., Sadykova, A.R. et al.
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In India, around 830 million populations are dependent
on biomass for cooking activity (Pandey et al., 2014).
Combustion of these biomass fuels emits carbonaceous
aerosols such as Black carbon (BC), organic carbon
(OC) and brown carbon (BrC) into the atmosphere. BC
contributes to warming effect on the climate since it
absorbs the radiation whereas the OC has light scattering
property causing a cooling effect. Recently, BrC has also
been observed to contribute towards warming effect
(Kirchstetter et al., 2004).
Our aim is to determine the emission factors
(EFs) of carbonaceous aerosols on regional scale from
biomass burning cookstoves. Few studies have reported
PM EFs 2-3 times higher from field studies as compared
to laboratory studies.
Field measurements were conducted in rural
villages of Western India using biomass in traditional
cookstoves. Real time PM2.5 and Black carbon (BC)
concentration were measured using DustTrak (Model:
8530) and microAeth (Model: AE-51), respectively.
Also, PM2.5 concentration was measured gravimetrically
using a Multi-stream sampler having Teflon and quartz
filter substrates.
An eight armed radial stainless steel inlet probe
was used to capture representative sample coming from
the biomass burning cookstoves. The design was adopted
from Roden et al, (2006) with modifications in the
number and size of the sampling points. The
experimental runs of 15 minutes were performed in
different households while actual cooking was going on.
We captured boiling and baking, the two major activities
mostly observed in the Indian cooking practices.
Traditional cookstoves with 2 pots were commonly used
among the villagers with wood and crop residue as
the primary fuel for cooking.
Gravimetric PM2.5 concentration during different
cooking activities varied from 1.6-8 mg/m3. The
BC/PM2.5 ratio from real time data varied from 0.120.25. PM2.5 concentration gradually increased as the
cooking activity progressed, and as the flame progressed
from gentle stage to vigorous stage (see Figure 1(a)).
During the smoldering phase the concentration decreased
gradually since there was no cooking activity between
18.10-18.30. Similar trend was observed for BC as well.
Figure 1 (b) shows that the PM2.5 concentration
gradually increased and then started to decrease as the
smoldering phase started at the end of cooking process.
BC variation was in sync with variation of PM2.5
concentration.

0
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19:20
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19:40
Time (hh:mm)

19:50
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Figure 1. Real time PM2.5 and BC concentration from
fuel wood burning in traditional cookstoves a) with
clogged chimney b) without chimney
The first results from our study shows higher
concentrations of PM2.5 and BC during the actual
cooking conditions as compared to previous laboratory
studies. It was observed that the concentrations of PM2.5
and BC varies with type of cooking activity, burning
conditions (flaming or smoldering), type of cookstoves
and kitchen conditions. It is also affected by fuel
characteristics such as fuel size, moisture content,
burning rate, etc. Therefore, more field-based
experimental runs with different stove/fuel combinations
under different cooking and burning conditions are
required to characterize the carbonaceous emissions.
Pandey, A., Sadavarte, P., Rao, A.B. and Venkataraman,
C. (2014) Atmos. Environ. 99, 341-352.
Kirchstetter, T.W. and Novakov, T. (2004) J. GeoPhy.
Res. vol. 109, D21208.
Roden, C., Bond, T.C., Conway, S., Benjamin, A. and
Pinel, A. (2006) Environ. Sci. and Technol. 40, 67506757.
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Figure 2. MAAP vs SP2 linear regression of hourly
mean concentrations during the entire North Atlantic
measurement campaign at Mace Head.
Size distribution of black carbon bearing particles was
compared against SMPS spectrum informing about the
long-term evolution of primary combustion particles.
Observations strongly suggest that pristine environments
do exist in certain regions around the globe despite
generally assumed polluted atmosphere worldwide.
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Black carbon (BC) is the single most important
absorbing species in the atmosphere emitted by
combustion processes. Climatic implications of BC in
warming the lower atmosphere highly depend on the
dispersion and chemical complexity of the species.
Marine environment is largely devoid of black carbon
sources with the exception of shipping routes and thus
ideal for studying background levels of BC or its longterm evolution.
Two intensive measurement campaigns on opposite sides
of the globe have been undertaken in 2015: Southern
Atlantic Ocean cruise around Antarctica and land based
North East Atlantic measurement campaign at Mace
Head, Ireland. BC measurements were performed by the
single particle soot photometer SP2 alongside the suite
of other aerosol measurements.
During Southern Atlantic Ocean cruise stretched
between South Georgia, western Antarctic Peninsula and
Weddell sea BC concentration was below 1 ng/m3 75%
of the time during a 6 week cruise. Elevated BC
concentrations were observed only in diluted own ship
plumes or in rare South American continental outflow air
masses. Similarly low BC concentrations of 1-2 ng/m3
were recorded in the cleanest North Atlantic air masses
arriving at Mace Head (Figure 1).

12:00

date

Figure 1. Black carbon mass and BC bearing particle
number concentration in clean North Atlantic air masses
during spring 2015 at Mace Head, Ireland.
SP2 was compared against MAAP and AE16 at Mace
Head in clean and polluted air masses revealing
significant departures in mass attenuation cross-section
used in absorption based instruments (Figure 2).
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Shipping contributes significantly to the anthropogenic
burden of particulate matter (PM), and is among the
world’s highest polluting combustion sources per fuel
consumed (Popovicheva et al., 2009). Moreover, ships
are a highly concentrated source of carbonaceous
particulate pollutants which are emitted into clean
marine environments (e.g., Artic region) and harbor
areas(Moldanova et al., 2013). Shipping utilizes heavy
fuel oil (HFO) which is less distilled compared to fuels
used on land and few investigations on shipping related
PM properties are available. BC is one of the dominant
combustion products of ship diesel engines and its
chemical and microphysical properties have a significant
impact on climate by influencing the amount of albedo
reduction on bright surfaces such as in polar regions
(Quinn, 2008).
We have carried out a campaign to characterize
the PM emissions from medium-sized marine engines in
Gunsan, Jeonbuk Institute of Automotive Technology.
The ship-diesel PM characteristics depend on (1) fuel
sulfur content (HFO vs. ULSD) and (2) engine
conditions (Running state vs. Idling state) which are
being analyzed in order to understand how these
characteristics influence the BC formation process and
properties. Scanning electron microscopy (SEM), highresolution transmission electron microscopy (HRTEM),
energy-dispersive X-ray spectroscopy (EDX) equipped
with HRTEM and Raman spectroscopy were used for
physicochemical analysis. Optical properties, which are
ultimately linked to the snow/ice albedo decrease
impacting climate, were assessed as well (Ramanathan
and Carmichael, 2008).
Particles generated from different combustion
sources and conditions demonstrated great variability in
their morphology, structure, and composition. PM
generated under high engine temperature conditions had
typical features of soot, e.g., concentric circles
comprised of closely packed graphene layers, however
PM generated by the idling state at low combustion
temperature was characterized by amorphous and
droplet-like carbonaceous particles with no crystalline
structure and were generally formed by the condensation
of low-volatile species at low-temperature (~300–800ºC)
combustion conditions. Significant differences in optical

properties depending on the combustion conditions were
also observed. Particles from running conditions showed
wavelength-independent absorbing properties, whereas
the particles from idling conditions showed enhanced
absorption at shorter wavelengths, which is characteristic
of brown carbon (Kim et al., 2015). Main light absorbers
at short wavelengths are proposed for high molecular
weight organics (e.g., PAH), a result of agglomeration
and condensation of unburned organics on quartz fiber
filter. Regarding different fuel types (ULSD vs HFO),
distinctive structure differences were not observed, but
EDX results showed that PM generated by HFO
combustion has higher sulfur content (1 %) in the
particle phase whereas ULSD generated 100% carbon
composed PM.
The present study is supported by the Korean Ministry of
Oceans and Fisheries through the KIST Grant No.
2M33920.
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Combustion processes create substantial amounts of
particulate and gaseous pollutants. The emissions of
small-scale wood combustion are particularly high, due
to varying conditions and incomplete combustion. Many
of the volatile organic compounds (VOC) emitted in
small-scale combustion, such as several aromatic
compounds, are known precursors of secondary organic
aerosol (SOA). Despite their low concentrations, VOCs
have a significant role in the atmospheric chemistry. In
atmosphere VOCs go through rapid changes, due to
photolysis and oxidation, and also participate in ozone
formation. During photochemical aging hydroxyl (OH)
radicals are the main oxidant. In contrast, ozone and
nitrate radicals dominate the reactions when there is no
sunlight available (dark aging). In dark conditions
compounds such as nitrous acid (HONO) can
accumulate, and form an additional source of OHradicals when photolysis starts (Monks, 2005).
In this study the VOCs emitted from a modern
stove during the combustion of spruce logs were studied.
Two modes of ignition, slow and fast, were used to
assess the importance of combustion conditions in VOC
formation. Flue gas was diluted and led to a smoke
chamber (Leskinen et al, 2015), where it was
consecutively exposed to ambient levels of ozone and
UV-light to study dark aging and photochemical aging.
In two experiments only UV-light was used, with no
added ozone. In addition, the effect of HONO was
studied by injecting it to chamber after dark aging in one
experiment.
The OH exposures, determined by using butanold9 as a marker compound (Barmet et al, 2012), ranged
from 3.5 to 6.6 ×1010 molecules×cm-3s, which is equal to
approximately 0.4 to 0.77 days in the atmosphere. VOC
concentrations were monitored using Proton-Transfer
Reaction Time of Flight Mass Spectrometry (PTR-ToFMS), which enables continuous measurement of VOCs
with high resolution. Gas and particulate concentrations
were also monitored with several other instruments, such
as Aerosol Mass Spectrometer (SP-HR-ToF-AMS,
Aerodyne Research, Inc.) and Fourier Transform
Infrared Spectroscopy (FTIR) gas analyser.
More than 200 single ion peaks (concentration
over 0.1 ppb in the chamber) were identified from the
mass spectra. A molecular formula could be proposed to
two thirds of the peaks. Initial composition was
dominated by oxygenated VOCs, with unsaturated
hydrocarbons as another important group. Slow ignition
produced higher concentrations of VOCs. Samples
contained compounds with adverse health effects, such

as acetaldehyde and formaldehyde, as well as known
SOA precursors.
Examples of the distinct aging patterns of VOCs
are presented in Figure 1. Dark aging decreased the
concentration of VOCs with double bonds, while the
concentrations of nitrogen containing organic
compounds increased in both gaseous and particulate
phase. In contrast to dark aging, more VOCs decreased
during photochemical aging. Simultaneously, with AMS,
a considerable increase in organic aerosol mass was
observed: 63 – 68 % and 77 – 115 % during dark and
photochemical aging, respectively. The results highlight
that VOC and organic aerosol emissions from a wood
log-fired stoves transform fast in the atmosphere, and
that changes take place in both night-, and daytime-like
conditions.

Figure 1. Concentrations of selected VOCs in the smoke
chamber during aging (fast ignition, VOC/NOx-ratio = 3)
This work was supported by Academy of Finland (Grant:
258315), the strategic funding of the University of
Eastern Finland and Helmholz Virtual Institute of
Complex Molecular systems in environmental Health
(HICE).
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Leskinen, A., et. al. (2015) Atmos. Meas. Tech. 8, 22672278.
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Introduction:
Organic aerosols (OA) can contribute up to 90% of the
submicron aerosol mass and exert significant influence
on overall aerosol properties. Fog is a natural weather
phenomenon which results in severe visibility
degradation. However, fog droplets are also acat as an
efficient medium for processing of different aerosol
species. Studies on fog and OA interactions are rare,
especially from South Asia. Mjaority of those few field
studies has reorted an increase OA oxidation level and
production of enhanced secondary OA [Ervens et al.,
2011].
Methodology:
We have also conducted real time measuremnet of
ambient OA during the foggy period of Dec-Februray
during the 2012-2016 period. For the first time, we have
deployed High resolution Time of Flight-Aerosol Mass
Spectrometer (HR-ToF-AMS) in India and South Asia to
understand real time evolution of OA. To better isolate
fog impact, whle campaign dataset is divided into prefog
(5-10 pm), fog (10pm-8am), postfog (8am-5pm) time
periods. Similar time frames from the non-foggy period
are termed as non-prefog, nonfog, non-postfog. Size
redolved fog water samples were also collected to
understand the OA chemistry occuring inside the
droplets.
Results and discussions:
Our results indicate that during fog events OA oxidation
level (O/C) can increase upto 15-20% from prefog
levels. Apart from that a possible change in oxidation
mechanism has also been identified, as slope of H/C vs
O/C plot becomes much shallower during foggy/hazy
period. Composition of OA during fog showed complete
dominance of oxidized (secondary) OA. These
characteristics are absent from non-prefog to nonfoggy
period, indicating the role of fog (aqueous) prcessing. To

gain more insight, collected size resolved fog water
samples (coasrse, medium and fine fog droplets) were
analyzed. OA present inside finer droplets are found to
be more oxidized (higher O/C ratio) and less volatile
than OA present in larger droplets. A simple box model
reveals that presence of higher quantities of transition
metals like Fe, Cu lead to enhanched production of OH
radicals inside the fine droplets thus leading to more
oxidized OA formation. A continuous increase in OA
O/C ratio is observed during a fog event; from fog
formation to fog dissipation. Same enehancement was
absent during non foggy nights. It is also found that
night time in fog oxidation can be as effcient as daytime
photochemical oxidation. Fog processing of OA seemed
to be effective under both high (HL) and low (LL) OA
loading conditions. In tradition gas to particle
conversiton route of SOA formation, OA laoding and
O/C ratio are anti-correlated. In this study also a strong
anti-corrleation between OA laoding and O/C ratio is
observed, however, slope of this anti-correlation is much
steeper under LL condition than HL one, clearly
indication a loading regime deopendancy. On the cotrary
to gasSOA formation, fog/aqueous processing depends
on fog LWC (liquid water content) and not on OA
loading. Due to this, diffrence between O/C ratio (LL
O/C - HL O/C = 0.12) of HL and LL periods is higher
during nonfoggy period dominated by gas phase SOA
formation compared to foggy period (LL O/C – HL O/C
= 0.05). As fog processing produces highly oxidized
aqSOA independent of loading conditions, so during fog,
OA O/C ratio enhanced effectively under both the
loading condition. These finding indiactes that global
models should include fog/cloud droplet size based
aqueous chemistry into their models to accurately predict
SOA mass and properties.
Ervens, B., B. J. Turpin, and R. J. Weber (2011),
Secondary organic aerosol formation in cloud
droplets and aqueous particles (aqSOA): a review
of laboratory, field and model studies, Atmos.
Chem. Phys., 11(21), 11069–11102,
doi:10.5194/acp-11-11069-2011.
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Recent field and laboratory evidence indicates that the
largest global source of secondary organic aerosol
(SOA) in the atmosphere is derived from the oxidation
of biogenic emissions. On a global budget, emissions of
biogenic volatile organic compounds (BVOCs) (1150 Tg
yr−1) are suggested to be one order of magnitude higher
than those of anthropogenic VOCs (Guenther et al.,
2006), whereas isoprene emission is 44% of total
BVOCs emissions (Ding et al., 2014). Previous studies
(Faiola et al., 2015) has shown that abiotic stress have
significant impact on biogenic VOCs emission profiles.
Abiotic stressors can increase the amount of BVOCs
emitted, and induce emissions not emitted under baseline
environmental conditions. Also it was observed early
that biogenic emissions play a critical role in aerosol
particle nucleation (Riccobono et al., 2014), and can
enhance particle nucleation in forested areas.
The aerosol chemical composition was measured
by an Aerodyne aerosol chemical speciation monitor
(ACSM). 1-h time resolution ACSM data were analysed
to elucidate the PM1 chemical composition using a
graphical user interface SoFi (Canonaco et al., 2013),
developed at PSI to perform a positive matrix
factorization (PMF) source apportionment of the nonrefractory organic aerosol mass spectra. Secondary
organic aerosol (SOA) particle number size distributions
were measured with a scanning mobility particle sizer
model 19.3.09 IFT/TT (TROPOS, Leipzig, Germany),
with automatic sheath flow, temperature and relative
humidity (RH) control.
Organic aerosol (OA) spectra analysis was
performed during an entire year in Lithuania in forested
environment of the South-East Baltic region (Fig. 1).
The area in research site is dominated by conifers.
Enhancement of BVOCs (dominating by monoterpenes
and isoprene) emissions from the forest due to abiotic
stress (high temperature and solar radiation) was
observed. However, the presence of abiotic stress
changed the composition of the secondary organic
aerosol and as a result aerosol mass spectra. Positive
matrix factorization was performed to understand the
chemical characteristics of biogenic SOA (B-SOA) (Fig.
1). The background OA represented aged organic aerosol
(with an intense signal of CO+2 fragments) and a high
degree of oxygenation O:C (>0.8). Our findings
highlight the potential importance of gas-phase
formation chemistry of stress induced new particle
formation. We demonstrated that low-volatility vapours
dominate the formation and growth of aerosol particles
over forested regions.

B-SOA
HOA
BBOA
S-SOA

Figure 1. Source apportionment of NR-PM1 OA for the
entire study in Rūgšteliškis during summer (B-SOAbiogenic SOA; HOA- hydrocarbon-like OA; BBOAbiomass burning OA; S-SOA-sulphur SOA) (upper) and
new particle formation event (below).
This work was supported by the National Research
Programme “Sustainability of agro-, forest and water
ecosystems” project FOREstRESS (No. SIT-3/2015).
Guenther, A., Karl, T., Harley, P., Wiedinmyer, C.,
Palmer, P.I., Geron, C. Atmos. Chem. Phys., 6, 3181–
3210, 2006.
Ding, X., He, Q.-F., Shen, R.-Q, Yu, Q.-Q., Wang, X.M. J. Geophys. Res., 119, 11877–11891, 2014.
Faiola, C. L., Wen, M., and Van Reken, T. M., Atmos.
Chem. Phys., 15, 3629-3646, 2015.
Riccobono, F., Schobesberger S., Scott, C.E., Dommen,
J., Ortega, I.K., Rondo, L., Almeida, J., Amorim, A.,
Bianchi, F., Breitenlechner, M., David, A., et al.,
Science, 344, 717–721, 2014.
Canonaco, F., Crippa, M., Slowik, J. G., Baltensperger,
U., and Prévôt, A. S. H. Atmos. Meas. Tech., 6, 36493661, 2013.
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acids investigated using ion mobility spectrometry coupled to mass
spectrometry (IMS-MS)
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One of the current essential issues to unravel our ability
to forecast future climate change and air quality, implies
a better understanding of natural processes leading to
secondary organic aerosol (SOA) formation, and in
particular the formation and fate of oligomers. The
difficulty in characterizing macromolecules is to discern
between large oxygenated molecules from series of
oligomers containing repeated small monomers of
diverse structures.
In the present study, taking advantage from
previously established radical vinyl oligomerization of
methyl vinylketone (MVK) in the aqueous phase, where
relatively simple oligomers containing up to 14
monomers were observed, we have investigated the same
reactivity on several other unsaturated water soluble
organic compounds (UWSOCs) and on a few mixtures
of these precursor compounds.
The technique used to characterize the formed
oligomers was a traveling wave ion mobility
spectrometry coupled to a hybrid quadrupole - time of
flight mass spectrometer (IMS-MS) fitted with an
electrospray source and ultra-high performance liquid
chromatography (UPLC). The technique allows for an
additional separation, especially for large ions,
containing long carbon chains. We have shown the
efficiency of the IMS-mass spectrometry technique to
detect oligomers derived from MVK photooxidation in
the aqueous phase. The results were then compared to
other oligomers, derived from ten other individual
biogenic
UWSOCs.
The
technique
allowed
distinguishing between different oligomers arising from
different precursors. It also clearly showed that
compounds bearing a non-conjugated unsaturation did
not provide oligomerization. Finally, it was shown that
the IMS-mass spectrometry technique, applied to
mixtures of unsaturated conjugated precursors, exhibited
the ability of these precursors to co-oligomerize, i.e.
forming only one complex oligomer system bearing
monomers of different structures.
The results will be discussed in terms of
atmospheric implications for the detection of oligomers
in complex chamber and/or field samples.

This work was supported by AXA insurances and the
Agence Nationale de la Recherche (ANR) under grant
ANR-2010-BLAN-617-01 « CUMULUS ».
Renard P., Tlili S., Ravier S., Quivet E., Monod A.
(2016) Atmospheric Environment, 130, 153-162.
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Atmospheric aerosols are on a great importance
to the Global climate and human health. Biogenic
secondary organic aerosols (B-SOA) constitute a
significant part of the atmospheric aerosols and their
production rate is much higher than that of
anthropogenic SOA (Han et al., 2014). B-SOA can be
formed in the atmosphere upon oxidation of a number of
biogenic volatile organic compounds (BVOC), which are
primarily derived from terrestrial ecosystems. Biogenic
volatile organic compounds play a significant role in
sustaining the oxidant balance of the lower layers of the
atmosphere (McKinney et al., 2011). Since the BVOCs
have been emitted in the atmosphere, they can oxidize
leading to an increase in organic aerosol mass
concentration. BVOCs emissions in the global scale are
found to be higher than anthropogenic volatile organic
compounds (Misztal et al., 2015).
The real-time measurements of aerosol mass
concentration were investigated at Rūgšteliškis,
ūgšteliškis, a rural
environment. This site is located in the north-eastern part
of Lithuania, in remote coniferous forested area. An
Aerosol Chemical Speciation Monitor (ACSM) was used
for continuous monitoring of aerosol composition during
the warm season of the year. ACSM measures aerosol
mass concentration and chemical composition of nonrefractory submicron aerosol particles in real-time. It
provides information about composition for particulate
ammonium, nitrate, sulfate, chloride and organics. The
instrument was calibrated using ammonium sulphate and
ammonium nitrate. A collection efficiency (CE) was
calculated from measured data using algorithm
suggested by Middlebrook et al. (2012).
In order to understand which B-SOA emissions
from plants are related to heat, emissions at averaged
temperature of 20 °C and 5 °C have been compared (Fig.
1). For clarification, the distinction was divided by
values of emissions of 5 °C (Eq. 1):
 °

°

°

(1)

From mass spectra the methanol (CH3OH, m/z
33), acetone (C3H6O2, m/z 59), methyl-ethyl-ketone
(C4H8O, m/z 73) and salicyl-aldehydes (C7H6O2,
m/z 123) emissions were identified as heat related. Of all
identified emissions only salicyl- aldehyde has be
assigned to heat stress marker (Misztal et al., 2015).
Meanwhile, methanol, acetone and methyl-ethyl-ketone
show great dependency of heat and light (McKinney et
al., 2011). The fluxes of these species are highly

correlated with one another. The strongest correlation are
between acetone and salicyl-aldehyde (r = 0.90), acetone
and methyl-ethyl-ketone (r = 0.87) and methyl-ethylketone and salicyl-aldehyde (r = 0.87). This suggests that
emissions of these species respond to environmental
factors (as heat) in similar manner.

Figure 1. Distinction of m/z diurnal spectra at 20 °C and
5 °C temperatures.
This work was supported by the National Research
Programme “Sustainability of agro-, forest and water
ecosystems” project FOREstRESS (No. SIT-3/2015).
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Biogenic volatile organic compounds (BVOC) are the
main emitted VOC representing about 90% of the total
emitted VOC at the global scale (Guenther et al, 2006).
These species are known to participate to the formation
of secondary pollutants such as ozone and secondary
organic aerosols (SOA). BVOC are oxidized in the
atmosphere leading to the formation of less volatile and
more oxygenated species, which are precursors of SOA.
Among BVOC, monoterpene species are well known for
efficiently leading to the formation of SOA, but also
isoprene, the main emitted BVOC, which is strongly
suspected to significantly contribute to the formation of
SOA (Kroll et al, 2006).
During the ChArMEx airborne campaign in July
2014, several flights were dedicated to the study of the
influence of BVOC emissions on the formation of
secondary pollutants. Aerosol size distributions were
characterized on board of the ATR42 using a set of
sizing instruments (SMPS, UHSHA, OPC) while the
chemical composition of the aerosol phase was analysed
using an airborne C-ToF AMS, and the chemical
composition of the gas-phase analysed using a PTRMS.
These flights were operated over a white oak forest near
the obervatoire de Haute Provence (OHP), which emits
quasi-exclusively isoprene. Among biogenic flights, we
selected the flight operated the 3 July 2014, during
which meteorological conditions were very favourable to
the emission of isoprene, with high temperatures and
solar radiation and low wind speed.
This case study was simulated with the mesoscale Meso-NH model, coupling online meteorology and
chemistry (Tulet et al, 2003). The Meso-NH model
includes an aerosol module simulating the evolution and
the formation of aerosol particles from gaseous
precursors. The chemical mechanism included in MesoNH was designed to represent the formation of
secondary pollutants in the troposphere including the
semi-volatile organic precursors of SOA. The performed
simulation includes two nested domains with the larger
one at 10 km horizontal resolution covering Europe and
the smallest one at 2.5 km resolution covering the SouthEast of France and including the area covered by the
flight of interest.

A first simulation was performed using standard
fixed emission inventories for natural and anthropogenic
species. The comparison between model results and
airborne observations shows a very bad representation of
isoprene concentrations by the model due to fixed
emission inventories with no diurnal variations. On this
basis, a second simulation was performed using an
online coupling between biogenic emissions computed
by the MEGAN (Guenther et al, 2012) model and the
surface model SURFEX (Masson et al, 2013) used in
Meso-NH. This online coupling provides a realistic
representation of biogenic emissions taking into account
the vegetation type and the meteorological conditions.
Results show a large improvement of the simulated
isoprene concentrations compared to airborne data.
Guenther, A., Karl, T., Harley, P., Wiedinmyer, C.,
Palmer, P.I., and Geron, C. (2006) Atmos. Chem.
Phys. 6, 3181-3210.
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The condensed phase of aerosol particle can host indirect
photochemical processes, initiated by photosensitizers,
which are among the light absorbing organic compounds
(brown carbon (Laskin et al. 2015)). The excited triplet
states of these sensitizers initiate condensed phase
radical production at wavelengths in the UVA and
visible range (George et al., 2015). Here, we compare
the effect of the sensitizers imidazole-2-carboxaldehyde
(IC), benzophenone (BPh) and 4-Benzoylbenzoic acid
(4-BBA) on the rate of HO2 production from the reaction
of their triplets with citric acid (CA), a proxy for
secondary organic aerosol material. These or similar
sensitizers are expected to be widely abundant in
atmospheric particles from multiphase chemical
processes.
Experiments were performed by means of coated
wall (CWFT) and aerosol flow tube (AFT) experiments.
In both cases, mixtures of the sensitizers and CA were
exposed to UVA light in presence of an excess of NO as
a scavenger for HO2. The loss of NO over the films of
the CWFT or in presence of aerosol in the AFT was
measured by a chemiluminescence detector (CLD), also
configured for the distinction of the products (HONO or
NO2). The dependence of the NO loss on the initial NO
concentration, the photosensitizer concentration in the
condensed phase, relative humidity, light intensity,
oxygen molar fraction were investigated as well as the
HONO and NO2 yields.
We found the HO2 production to be a clear
function of the molar ratio of photosensitizer to CA (Fig.
1) and of the light intensity. The variation of the
observed NO loss with oxygen corroborates a
mechanism, in which the triplet excited state of the
photosensitizer is reduced likely by the predominant
donor in the system, citric acid, to a reduced ketyl
radical. This reactive species is transferring an electron
to molecular oxygen, which in turn leads to production
of HO2 radicals, which are released to the gas phase.
Therefore, in absence of other gas phase oxidants, the
loss of NO in the gas phase could be related to the
production of HO2 radicals in the condensed phase. IC
and 4-BBA showed similar HO2 production rates, while
the HO2 yield with benzophenone was around 50 times
higher. The differences may be understood in terms of
differing sensitizer excitation rates due to different
overlaps between spectral absorbance and lamp emission
spectrum, in terms of different rate constants of the
triplets with CA and in terms of the physical state of the
films.

Figure 1. HO2 production as a function of the molar
ratio of the sensitizer to CA in the film of the CWFT.
Figure 2 shows some raw data of results from
AFT experiments, showing the response of NO to
switching on lights in absence of particles (black) (blank
effects due to the AFT walls), in presence of CA aerosol
(green) and in presence of CA aerosol with 0.5 mole
ratio of IC (red), clearly demonstrating the HO2 yield
from the particles initiated by the sensitizer. Preliminary
analysis shows that the yield from the aerosol particles is
about an order of magnitude higher than from films of
the same composition in the CWFT, likely due to more
efficient release of HO2 out of the condense phase.

Figure 2. IC/CA aerosol contribution to the NO loss
George, C., Ammann, M., D’Anna, B., Donaldson, D. J.,
and Nizkorodov, S. A., (2015) Heterogeneous
photochemistry in the atmosphere, Chemical reviews.
Laskin, A., Laskin, J. and Nizkorodov, S. A., (2015)
Chemistry of Atmospherc Brown Carbon, Chemical
reviews
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Aircraft engine emissions include both primary organic
aerosol (POA) and organic gases which can react in the
atmosphere to produce secondary organic aerosol
(SOA). These emissions include compounds known or
suspected to cause adverse health effects. While it is thus
possible that airports may adversely affect local air
quality, such an assessment requires detailed
characterization of the primary and secondary emissions.
In particular, quantitative investigation of aircraft SOA
and its dependence on engine operating conditions has
received attention, though prior studies suggest efficient
SOA formation (Miracolo et al, 2011). The atmospheric
importance of aircraft SOA is thus poorly constrained.
We present measurements of non-methane
organic gases (NMOGs), POA, and SOA from 7 aircraft
engine models operated under thrust settings
representative of idling, taxiing, approach, climb, and
take-off. Experiments were conducted at the SR
Technics engine test facility at the Zurich International
Airport. Particle composition was measured by an
Aerodyne high-resolution time-of-flight aerosol mass
spectrometer (HR-ToF-AMS), while the NMOGs were
characterized by a proton transfer reaction time-of-flight
mass spectrometer (PTR-ToF-MS). SOA was produced
by oxidation of engine emissions in a potential aerosol
mass (PAM) flow tube, which utilizes higher-thanambient OH concentrations to simulate days of
atmospheric aging on the timescales of minutes. In the
present experiments, the integrated OH exposures (OH
concentration x time) were varied, with the studied range
corresponding to approximately 10 to 80 hours of
atmospheric aging.
Rapid SOA formation was observed, with
significant production even at the lowest studied OH
exposures. The rate of SOA production slowed
significantly after approximately 20-30 hour-equivalents,
enabling estimation of the maximum SOA potential from
each engine condition.
The SOA production potential increased with
decreasing thrust, ranging from 5 mg / kg fuel at 85-90%
thrust up to 100 mg / kg fuel at 2.5-5% thrust. For
comparison, Euro 5 light-duty diesel vehicles (LDV)
produce approximately 40 mg / kg fuel, while older LDV
produce on the order of 150-200 mg / kg fuel (Platt et al,
2014). Aircraft SOA production results in SOA/POA
ratios ranging from approximately 2 (85-90% thrust) to
200 (2.5-5% thrust), indicating that total aircraft OA
emissions are dominated by SOA.

Oxidation in the PAM decreases NMOG
concentrations. By combining the reacted mass of
individual NMOGs with their known SOA yields, one
can estimate the amount of SOA formed due to the
reaction of each NMOG. A sample calculation for an
engine at idle is shown in Fig. 1. Here we show the
amount of SOA predicted to be formed from the reaction
of each individual aromatic species. The figure indicates
that >80% of the SOA mass can be explained by
aromatic precursors, with approximately 50% explained
by benzene derivatives alone. The SOA fraction
explained by aromatics decreases to 50% at 85-90%
thrust. However, given the greatly increased emissions at
idle thrust, it is clear that aromatics play a dominant role
in SOA formation from aircraft exhaust.

Figure 1. Comparison between the measured SOA and
that predicted from the reaction of aromatic precursors,
with the engine operated at 3.5-5% thrust.
Funding was provided by the Swiss Federal Office of
Civil Aviation. We are grateful for the support of SR
Technics personnel and Rene Richter (PSI).
Miracolo et al. (2010) Atmos. Chem. Phys. 11, 41354147.
Platt et al. (2014) Nature Communications 5, 3749.
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comparison to outdoor chamber experiments, effect of
oligomerization and reactive uptake of aldehydes
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New parameterizations for the formation of organic
aerosols have been developed. These parameterizations
cover SOA formation from biogenic and anthropogenic
precursors, NOx dependency, oligomerization and the reactive uptake of pinonaldehyde. Those parameterizations
are based on available experimental results.
The effect of those parameterizations are tested against
various experiments carried out inside the outdoor chamber Euphore. Two datasets of experiments were used
: the anthropogenic experiments (were SOA is formed
from a mixture of toluene, 1,3,5-trimethylbenzene and
oxylene) and the biogenic experiments (were SOA is
formed from α-pinene and limonene). SOA formation
inside the chamber was simulated by using the Secondary
Organic Aerosol Processor (SOAP) model (Couvidat and
Sartelet, 2015) to take into account the dynamic evolution
of concentrations.
Satisfactory results were obtained for the biogenic
experiments and most of the anthropogenic experiments.
However, the anthropogenic experiments seem to indicate
a complex NOx dependency that could not be reproduced
by the model.
The uptake of pinonaldehyde onto acidic aerosols
is too slow to occur under atmospheric conditions but
less volatile or more reactive aldehydes could react in
acidic aerosols. Some 3D models use an equilibrium
parameterization of the uptake of pinonaldehyde (Pun and
Seigneur, 2007). The use of this parameterization leads to
a significant overestimation of SOA concentrations from
biogenic precursors as shown in Fig. 1.
Oligomerization was found to have a strong effect
on SOA composition and could have a strong effect
on the formation of SOA. Indeed, as shown in Fig. 2,
oligomerization could under atmospheric conditions lead
to a significant increase of the SOA mass after several
hours of aging.

Figure 1: Aerosol concentration formation from the oxidation of several biogenic precursors with SO2 with different
assumption for the uptake of pinonaldehyde. BiA0D equilibrium refers to the parameterization of Pun and Seigneur
(2006). The pH and HSO4 paramerizations refer to the
two parameterizations for the dynamic uptake of pinonaldehyde used in this study.

Couvidat, F. and Sartelet, K. (2015), Geosci. Model Dev.,
8, 1111-1138.
Pun, B. and Seigneur, C. (2007), Atmos. Chem. Phys., 7,
2199-2216.

Figure 2: Evolution of the SOA yield from α-pinene oxidation as a function of time for an organic mass loading
of 5 µg m−3 at RH=70%. Solid lines correspond to SOA
formation with aging. Dashed lines correspond to SOA
formation without aging.
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Wall effects are always an important issue for the
understanding of simulation chamber experiments.
They strongly depend on the nature of the
experiment, the type of wall surface and the size of
the chamber. For the determination of yields or
partitioning coefficients in secondary organic aerosol
(SOA) experiments consequently wall effects have to
be understood very well (Pierce et al., 2008; Saathoff
et al., 2009; Matsunaga & Ziemann 2010; Zhang et
al., 2014). Typically, the wall effects contribute more
for lower concentration levels, and thus for
experimental conditions more similar to the
unpolluted ambient atmosphere.
Aerosol models coupling particle dynamics with
aerosol chemistry and physics are indispensable tools
for the analysis of simulation chamber experiments.
In combination with dedicated measurements such
models can be used to determine not only particle
losses e.g. due to sedimentation or diffusion to the
walls but also wall losses of gas molecules of
different volatility. Aim of this work is to quantify
wall losses in the 84.5 m3 aluminium chamber AIDA
(Aerosols Interactions and Dynamics in the
Atmosphere)
(Saathoff
et
al.,
2009)
by
comprehensive analysis of long term SOA
experiments with an aerosol dynamic model.
Experiments lasting up to 64 hours were done
for this purpose since they have proven to be most
sensitive to wall loss processes . The experiments
started by ozonolysis of α-pinene leading to organic
aerosol formation followed by subsequent aging by
OH radical reactions. The evolutions of the particle
chemical composition, mass, size, and number as
well as dedicated trace gases were monitored by
chemical ionisation mass spectrometry (CIMS), by
aerosol mass spectrometry (HR-TOF-AMS), SMPS,
CPC, and several trace gas monitors. After the
experiments aluminium foils which had been
exposed inside the chamber were analysed for
deposited aerosol components by CIMS.
The experimentally observed data were
analysed using the sectional aerosol behaviour code
COSIMA (Naumann, 2003), supplemented by a SOA
module (Saathoff et al., 2009) and using the master
chemical mechanism (MCM 3.1) to describe the
trace gas kinetics. The physical aerosol processes
treated in COSIMA-SOA include particle diffusion
to the walls and sedimentational deposition,
coagulation, condensation and evaporation, wall

losses of trace gases and dilution effects due to
sampling.

Figure 1. Evolution of measured (contour) and
calculated (lines) aerosol particle size and mass
during ozonolysis of 60 ppb of α-pinene and
subsequent OH radical reactions at 294 K and 56 %
RH in the AIDA simulation chamber.
COSIMA-SOA quantitatively reproduces the
observed behaviour of trace gases and particles in
AIDA (cf. Figure 1). Wall loss rate constants range
between 10-3 and 10-4 s -1 for condensable organic
trace gases and about 10-3 s -1 (nucleation mode) to
10-6 s -1 for SOA particles. Clearly, SOA yield
measurements in the AIDA chamber have to be
supplemented by detailed kinetic process modelling
to account for losses – mainly from the gas phase - to
the aluminium walls. Combining comprehensive
measurement techniques and theoretical methods,
such long term experiments provide a quantitatively
reliable basis to evaluate AIDA SOA experiments
even at lowest aerosol concentration levels.
Matsunaga A. and Ziemann P.J. (2010) Aerosol Sci.
Technol. 44, 881-892.
Naumann, K.-H. (2003) J. Aerosol Sci., 34, 1371–
1397.
Pierce et al., (2008) Aerosol Sci. Technol. 42, 10011015.
Saathoff et al. (2009) Atmos. Chem. Phys. 9 (5),
1551-1577.
Zhang et al., (2014) PNAS 111(16), 5802-5807.
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Importance of solubility for climate impacts of organic aerosol
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Introduction
Aerosol particles introduce high uncertainties to
estimates of the Earth’s radiative forcing. If exposed to a
given relative humidity (RH), aerosol particles
containing soluble material can absorb water and grow in
size (hygroscopic growth). If RH is increased further
beyond supersaturation (RH >100%) the particles can act
as cloud condensation nuclei (CCN). Both of these
processes impact the climate influence of aerosol
particles. The amount of water that can be absorbed by
aerosol particles depends on their chemical composition
and can be represented with the single hygroscopic
parameter κ (Petters and Kreidenweis, 2007).
Organic aerosols (OA) contribute a large fraction
(20-90%) of atmospheric submicron particulate mass.
On the other hand, they consist of thousands of
compounds with different properties. The complexity of
OA is a challenge for representing OA in large scale
atmospheric models. If potential limited solubility of OA
is not accounted for, the same κ value is expected in both
the sub-and supersaturated regimes. The κ values for
organic aerosols inferred from hygroscopic growth factor
(GF) measurements in sub-saturation often differ from
the corresponding κ values inferred from CCN
measurements in super-saturation, κHGF being typically
lower than κCCN. The underlying reasons for this
behavior not fully resolved.
In this study, we combine climate model
simulations with analysis of laboratory and field
observations to investigate the importance of solubility
for OA hygroscopicity and CCN activation.
Methods
We conducted a set of simulations with the
Norwegian Earth System Model (NorESM) to test the
sensitivity of climate predictions to the hygroscopicity of
OA. Four different κOA values were selected for the
organic fraction in NorESM (0.01, 0.05, 0.1, and 0.15),
representing the range of values reported in literature.
The simulations were made in two modes, offline mode
(aerosols are not allow to affect meteorology) and online
mode, both for present day (PD). Furthermore, we used
solubility distributions estimated for isoprene (IP) and
monoterpene (MT) SOA (Riipinen et al, 2015) for
exploring the effect of limited solubility on the κ values

reported for these SOA types based on laboratory and
field data.
Results and Discussion
The results from NorESM suggest that the
variation in the reported κOA values results in a
significant influence on the predicted radiative forcing.
Aerosol-cloud interactions dominate the sensitivity over
the direct effect of hygroscopic aerosol particles on the
radiative properties of the atmosphere. The sensitivity to
κOA parameter also depends considerably on the ambient
RH (see Fig. 1).
The analysis of the laboratory data (Pajunoja et
al., 2015) in water can be a key property in explaining
the observed differences between the hygrosopicity and
CCN activation of IP- and MT-derived SOA at sub- (90
% RH) vs. supersaturated conditions. At RHs below 80
%, however, in particular for the MT SOA, additional
processes, such as surface adsorption or considerable
non-ideality of the aqueous and/or organic phases, are
needed to explain the observed water uptake.

Figure 1. The impact of κOA on direct radiative forcing as
a function of RH, calculated with NorESM. Error bars
show 10 and 90 percentiles.
M. D Petters & S. M Kreidenweis, S. M. Atmos. Chem.
Phys. 7, 1961–1971 (2007).
I. Riipinen, N. Rastak and S. N. Pandis, Atmos. Chem.
Phys. 15, 6305–6322 (2015).
A. Pajunoja et al. Geophys. Res. Lett., 42, 3063-3068
(2015).
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A thermal desorption denuder sampling device to
measure semivolatile organic compounds (SVOCs) in
the gas phase has been developed and combined with a
PTR-TOF8000 instrument (Ionicon Analytik GmbH,
Austria). The composition of organic aerosol (OA) has
been measured with the same instrument according to
Holzinger et al. (2010). The first deployment of the
combined SVOC and OA setup took place during the
Southern Oxidant Aerosol Study (SOAS) in Centreville,
Alabama, United States in the summer of 2013.
About 50 semivolatile organic compounds (SVOCs)
exhibited significantly enhanced signals with mixing
ratios in the range of 0.5-20 pmol/mol. More than 400
organic species were detected in the aerosol samples and
~150 of these desorbed at temperatures of 200℃ and
below, and exhibited mixing ratios above 0.5 pmol/mol
in ambient air. If these ~150 species had significant
concentrations in the gas phase they should have been
detected with the SVOC denuder inlet as well, and
indeed, all SVOC in the gas phase were also in the group
of the ~150 species detected in OA, however, ~100 OA
species were not detected in the gas phase.

Figure 1. Detected organic species in the gas phase
(SVOCs) and in organic aerosol. All species detected in
the gas phase were also found in aerosol samples. OA
species not present in the gas phase contain fewer C
atoms and exhibit a wider range of carbon oxidation
states. SVOCs constitute less than 30% of the detected
OA mass.

Figure 1 shows number of carbon atoms and the carbon
oxidation state of the ~150 OA and ~50 SVOC species.
The species not detected in the gas phase typically have
fewer carbon atoms and cover a wider range of carbon
oxidation states, many of these species contain nitrogen
atoms. OA species with less than five carbon atoms are
considered to be thermal decomposition products that are
produced during desorption from the collection cell. The
budget of the detected compounds suggests that less than
30% of the detected OA mass is due to gas/particle
partitioning of SVOCs and that other formation
pathways must contribute significantly to the measured
OA burden. We will discuss (i) possible secondary
organic aerosol (SOA) formation pathways associated
with ammonium and nitrate chemistry, (ii) the diurnal
cycle of the detected species, and (iii) the role of
meteorology and mixing in OA budgets.
Holzinger, R., Williams, J., Herrmann, F., Lelieveld, J.,
Donahue, N. M. and Röckmann, T.: Aerosol analysis
using a Thermal-Desorption Proton-TransferReaction Mass Spectrometer (TD-PTR-MS): a new
approach to study processing of organic aerosols,
Atmos.
Chem.
Phys.,
10,
2257–2267,
doi:10.5194/acp-10-2257-2010, 2010.
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Secondary organic aerosol emissions from a flexi-fuel gasoline engine operated with
gasoline-ethanol blends: First results with the new photochemical emissions aging
reactor
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Combustion processes are the major anthropogenic
sources of particulate and gaseous pollutants, causing
significant environmental and health effects. One of the
main challenges for the assessment of the effects of
combustion emissions is their transformation in the
atmosphere, due to photochemical aging reactions.
Traditionally atmospheric reactions of various biogenic
and anthropogenic emissions have been studied in
laboratory chamber setups. More recently different flow
tube reactors have been developed to achieve a wider
degree of oxidant exposure times and a continuous aging

different gasoline-ethanol fuel mixes (E5 and E85) were
used. Both the New European Driving Cycle (NEDC)
and selected steady state conditions were used in the
emission study.
The emissions from the engine were first diluted
and then introduced to the tube reactor. Finally,
downstream the tube reactor the aerosols were sampled
to the aerosol measurement instruments, including HRAMS (Aerodyne Research Inc.), SMPS (TSI) and
Aethalometer (Magee Scientific).
With both fuels the photochemical aging clearly

Figure 1. Primary and secondary organic aerosol emissions and oxidation state of the aerosols measured with SPHR-AMS.
process (e.g. Kang et al., 2007). In this work, a recently
developed photo-oxidation flow tube reactor was applied
to study the photochemical aging of ethanol and gasoline
fueled car engine emissions.
The reactor is constructed from stainless steel
tube (Ø 34 cm) which has four 254 nm UV lamps
assembled at the inner walls. The lamps are surrounded
by quartz glass tubes, which are flushed with cooling air.
Ozone and water vapor are added into the reactor to
produce OH radicals via photolytical decomposition of
O3. The OH exposure times were estimated by
measuring D9-butanol gas decay with HR-PTR-ToF-MS
(Ionicon) during the experiments. Ozone concentration
and lamp intensities were varied to achieve the desired
OH exposure times.
The engine applied for the experiments was
AUDI turbo charged flexi-fuel gasoline engine and two

increased organic aerosol emissions (Fig. 1). It was also
observed that the oxidation state of the aerosols
increased with OH-exposure with E5 fuel case as
expected. This increase was not clear for the E85 fuel
case and already the primary organic aerosol exhibited
relatively high oxidation states. The ozone exposure
alone also affected the emissions by increasing the
oxidation state of E5 fueled emissions, while there was
no increase in OA.
Kang, E., Toohey, D. W., and Brune, W. H. (2007)
Atmos. Chem. Phys. 11, 1837-1852.
Support by the Academy of Finland (Grant: 258315,
259946), the strategic funding of the University of
Eastern Finland and the Helmholtz Virtual Institute of
Complex Molecular Systems in Environmental Health
(HICE) is gratefully acknowledged.
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A substantial fraction of atmospheric fine particles are
composed of secondary organic aerosol (SOA). SOA
causes adverse health issues and affects radiative
stability by absorbing and scattering solar radiation. Its
physicochemical properties also affect cloud formation
processes. Recently, compact flow reactors with wide
oxidation exposure are being used as an additional tool
to conventional smog chamber in SOA studies (Kang et
al., 2007; Lambe et al., 2011). This study reports newly
developed flow reactor for SOA researches. Residence
time distribution (RTD), control of temperature and
relative humidity (RH), and OH radical exposure were
characterized for the reactor. SOA formations from dark
ozonolysis and OH radical initiated photochemical
reaction for representative organics were examined.
New flow reactor of this study includes reaction
tube, radiation source, reactant injection system, and OH
radical generation system. The reaction tube is made of 2
mil thick cylindrical FEP (ID 15 cm × L 70 cm). Four
32W UV lamps ( = 254 nm) are used as radiation
source. Two 480 W Peltier modules are used for cooling
the reactor. Air stream heated by 530 W heating tape is
used to evaporate reactants (e.g., organics and H2O). O3
is generated by the UV photolysis ( = 185 nm) of high
purify O2. OH radical generation is instantly carried out
by UV photolysis ( = 254 nm) of the mixture of O3 and
H2O in flow tube. Oxygen atom radical forms by
photodissociation of O3 and then reacts with H2O to form
OH radical
RTD was measured by injecting NO for 15 s into
the reactor. Figure 1 shows measured RTD and those for
ideal plug and laminar flow. Measured NO peak was
~0.6 times earlier relative to ideal plug flow. Actual
RTD showed earlier arrival and longer tailing compared
to ideal laminar flow. It might be due to non-ideal axial
mixing in the reactor.

OH radical concentrations were estimated by
photochemical decay of toluene that has well
documented OH reaction rate constant and negligible
reactivity to O3. OH concentrations was calculated to be
from 8.2×1010 to 7.2×1011 molecules cm-3 for O3 and RH
from 2000 to 8000 ppb and from 10 to 60%, respectively,
by assuming first order decay of toluene by OH radical.
Comparing to atmospheric OH concentration of 1.5×106
molecules cm-3, OH level in the reactor corresponds to
atmospheric oxidation of ~0.5 to ~5 days.

Figure 2. Contour plot of atmospheric aging time as a
function of O3 level and RH.
In this study, SOA yields of α-pinene dark
ozonolysis at different temperature and RH were
comparable to literature data. In OH initiated SOA
formation, SOA yield decreased from 0.58 to 0.25 for αpinene, 0.33 to 0.10 for ∆3-carene, 0.45 to 0.08 for
toluene, and 0.65 to 0.06 for ethylbenzene with increase
in OH exposure from 8.2 × 1010 to 7.2 × 1011 molecules
cm-3 s-1. Further details will be discussed in the
presentation.
Kang, E., Root, M.J., Brune, W.H. (2007) Atmos. Chem.
Phys. 7, 9925–9972.
Lambe, T., Ahern, T., Williams, L.R., et al. (2011)
Atmos. Meas. Tech. 4, 445–461.

Figure 1. Residence time distribution of KNU flow
reactor.
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Atmospheric aerosols play an important role in regional
air quality, have adverse health impacts and can affect
directly or indirectly regional and global climate.
Secondary organic aerosols (SOAs) represent the major
part of aerosol in the atmosphere, and are formed
through atmospheric oxidation and processing of volatile
organic compounds (VOCs) via gas-to-particle
partitioning. Among the atmospherically relevant
compounds, amines have been demonstrated to play an
important role in atmospheric new particle formation
events (Yu et al., 2012; Almeida et al., 2013). Indeed,
despite the high vapor pressures of low-molecular
weight amines, these compounds can affect the
chemistry and lifecycle of atmospheric aerosols,
especially due to their unique acid-neutralizing capacity.
Amines are emitted to the atmosphere from industry,
combustion, biomass burning, animal husbandry and the
oceans (Ge et al., 2011). In addition, soil and vegetation
act as important sources too, especially during periods
with high biological activity (Ge et al., 2011). The
reactions between amines and carbonyl compounds may
contribute to nanoparticle growth (Qiu and Zhang,
2013), and more knowledge is needed to estimate their
role in the chemistry of atmospheric aerosols. In this
context, the objective of this study was to provide
mechanistic data describing amine reactivity with
relevant biogenic carbonyl compounds in the
atmosphere.
In this work, the reactivity between amine and
carbonyl compounds from biogenic sources were
investigated by flow tube reactor and Teflon bags. The
approach proposed here is based on the chemical
analysis at the molecular level of both volatile and
condensable products. The gaseous phase was
characterized on-line by mass spectrometry and the
structures of gaseous products were determined using
gas chromatography coupled to high resolution tandem
mass spectrometry (GC-HRMS). Structures of
condensable products were determined by ultra-highperformance liquid chromatography coupled to
electrospray ionization Orbitrap mass spectrometry
(UHPLC-HRMS). To support the results of laboratory
experiments, ambient aerosol samples were collected
from SMEAR II boreal forest site at Hyytiälä, Finland,

during August 2015 and analysed by the same analytical
techniques.

Figure 1: Formation of N-containing low-volatile
compounds from pinonaldehyde-dimethylamine reaction
(Duporté et al., 2016)
New evidence was achieved on the nitrogen-containing
compounds originating from the reactions between
amines and carbonyl compounds (Figure 1) in both
laboratory experiments and ambient air sampled in the
boreal forest at Hyytiälä, Finland. These nitrogen
compounds identified in this work could be important for
the formation and growth of SOAs in the atmosphere. In
addition, the presence of brown carbon, confirmed by
liquid chromatography-UV-Vis mass spectrometry, was
also observed in this study.

This work was supported by the Academy of Finland
Center of Excellence program (project no 272041).

Almeida J., Schobesberger S., Kürten, A., Ortega I. K.,
Kupiainen-Määttä O., Praplan A. P., Adamov A.,
Amorim A., Bianchi, F. and Breitenlechner M.
Nature, 2013, 502, 359-363.
Duporté G., Parshintsev J., Barreira L. M. F., Hartonen
K., Kulmala M. and Riekkola M-L. Submitted to
Environ. Sci. Technol. (2016).
Ge X., Wexler A. S. and Clegg S. L. Atmos. Environ.
2011, 45, 524-546.
Qiu C. and Zhang R., Phys. Chem. Chem. Phys. 2013,
15, 5738-5752.
Yu H., McGraw R. and Lee, S. H. Geophys. Res. Lett.
2012, 39, L02807.
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Particulate organic matter represents an important
fraction of PM2.5 mass in Europe (20 to 60%). The
Chemistry Transport Models (CTM) tend to underestimate
secondary
organic
aerosol
(SOA)
concentrations and the causes are still poorly understood,
due to the complexity of the formation process and the
large number of species involved, originating from
anthropogenic and biogenic sources. The formation of
SOA is one of the topics addressed in the context of the
Eurodelta-Trends exercise.
For this exercise a common set of input data
(meteorology, emissions, and boundary conditions)
covering Europe for a twenty years period (1990-2010)
has been developed. Seven regional models are used
within this exercise (Chimere, CMAQ, MINNI, LOTOSEUROS, EMEP-MSCW, Polyphemus, and WRF-Chem)
to perform simulations at 25km resolution. In this work
the SOA simulated by each participating model are
compared for the three reference years (1990, 2000, and
2010).
For the three years the models show similar
features: similar anthropogenic SOA (ASOA) spatial
distributions, but with large variability between models
in terms of concentration levels. The same tendency is
observed for the anthropogenic VOC, from which ASOA
are formed. Concerning the biogenic fraction of SOA
(BSOA), the results show a large variability in the spatial
distributions while the distributions of the biogenic VOC
emissions are similar.
These differences can be attributed to the various
oxidation processes included in the models, leading to
different patterns of SOA precursors, formed from the

oxidation of the emitted VOC. Furthermore, the gas
phase chemical mechanisms and organic aerosol models
are different for each regional model, leading to
differences in the SOA precursor concentrations and in
the gas/particles partitioning.
Finally, the SOA analysis is extended to the
whole Eurodelta-Trends period (1990-2010), in order to
study the impact of these differences on the simulated
trends over Europe during the last twenty years.
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Volatile organic compounds (VOC) are constantly
emitted from terrestrial plant life. Emissions of plant
volatiles are dependent on physiological conditions, and
changes in these conditions could rapidly induce
emissions or alter emission dynamics. Herbivore induced
plant volatiles (HIPVs), are a class of VOCs produced by
plants mainly to provide direct and indirect protection
against herbivores. In order to study the HIPV formation
and the subsequent secondary organic aerosol (SOA)
formation and growth an intensive measurement
campaign was organized in our research facilities during
summer 2015.
To study HIPV emission dynamics Scots pine
saplings were exposed to four bark feeding-pine weevils.
The emitting compounds were monitored continuously
before and after treatment by proton transfer reaction
time-of-flight mass spectrometry (PTR-ToF-MS) and the
online measurements were supplemented with cartridge
samples,
which
were
analyzed
offline
via
thermodesorptiongas
chromatographymass
spectrometry (TD-GC-MS). SOA formation was
monitored with High resolution- aerosol mass
spectrometer (HR-AMS), and scanning mobility particle
sizer (SMPS).
The advanced online monitoring techniques used
in this study produce large sets of complex and highly
detailed data on the chemical and physical quantities of
the emissions. Wyche et al. (2015) used principal
component analysis (PCA), hierarchical cluster analysis
(HCA) and positive least-squares discriminant analysis
(PLS-DA) to address the need for advanced data analysis
methodology in the analysis of the large datasets
produced in their chamber measurements. Using
multivariate
statistical
methodology
to
mass
spectrometry data is not totally new approach, as
positive matrix factorization (PMF), introduced by
Paatero and Tapper (1994), is the de facto method for the
analysis of AMS measurement data. In addition, Wyche
et al. lists several other recent papers using similar
methodology for other aerosol composition data. This
inspired us to apply similar methodology to our HIPV
and SOA formation data.
The data was pre-treated in the same manner as
described in Wyche et al., including using MannWhitney test to find the signals in individual mass
channels which were significantly differing from the
signals measured during a blank experiment. The
multivariate methods were for the significant signals in
order to detect similarities and differentiating patterns
between different mass fractions.

Our preliminary results indicate that we can
identify different phases of the experiment (pretreatment, active feeding and post-treatment) with
canonical discriminant functions (Fig 1.) by using only
16 of the AMS mass signals.

Figure 1. The phases of the experiment (1=pre-treatment,
2=active feeding, 3=post-treatment) separated with DA
We applied principal component analysis to AMS
measurement data in order to separate different chemical
compounds from the data. The first PCA results indicate
that the masses do not separate very clearly between the
components. However, some shapes in the dividing of
the different compounds could be seen and additional
analysis is needed to see all significant patterns in the
AMS data. PCA is expected to work better for PTR-ToFMS data as Wyche et al. were able to give clear mapping
for gas-phase composition in their analysis.
The preliminary results showed that pine weevils
had a large impact on VOC emissions emitted by Scots
pine and subsequent SOA formation. We were able to
detect the different phases of the experiments with the
multivariate methodology and to construct three
principal components out of the AMS measurement data.
Subsequent analysis is needed for gaining full insight to
the HIPV emission dynamics within our measurement.
This work was supported by The Academy of Finland
Centre of Excellence (grant no 272041) and European
Research Council (ERC Starting Grant 335478).
Paatero and Tapper. Environmetrics, 5, 111–126, 1994.
Wyche et al. Atmos. Chem. Phys., 15, 8077–8100, 2015.
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Atmospheric aerosols are critical in many
environmental processes. It is now recognized that the
largest mass fraction (20–90%) of atmospheric fine
particles (PM2.5) is generally organic, and is mostly
dominated by secondary organic aerosol (SOA) formed
from the oxidation of volatile organic compounds
(VOCs) (Hallquist et al., 2009). Monoterpenes, which
are abundantly emitted into the Earth’s atmosphere and
derived from terrestrial vegetation, are well-established
important SOA precursors.
The most abundant monoterpene in the troposphere is αpinene. The ozonolysis of α-pinene has become a model
SOA system for many experimental works.
Identification of multifunctional particle phase products
has been reported, including carboxylic acids and highmolecular-weight compounds, although molecular
structures and formation pathways of oligomers remain
uncertain. Recently, highly oxidized compounds
(HOMs) were identified in significant concentrations in
the gas phase from the α-pinene ozonolysis (Ehn et al.,
2014). These HOMs could then condense irreversibly
onto aerosol surfaces to produce SOA. Further
heterogeneous oxidation processes have been revealed
by the presence of dimers in particle phase (Kristensen et
al., 2014; Zhang et al., 2015). For instance Kristensen et
al. (2014) have identified that humidity can significantly
increase the concentrations of dimers in the particle
phase. Oligomers could, however, have a significant
impact on the physical properties, such as volatility, of
SOA, which remain hitherto poorly characterized
(Lopez-Hilfiker et al., 2016).
The aim of the present work was to examine the impact
of humidity, seed composition as well as the aerosol
acidity on volatility of SOA formed from α-pinene
ozonolysis. Experiments were conducted under wet (5060% RH) or dry (<5 % RH) conditions at room
temperature (24 ± 2°C) and atmospheric pressure in a 2m3 Teflon chamber. Gas- and particle-phase multifunctional organic compounds were chemically
characterized using Filter Inlet for Gases and AEROsols
(FIGAERO) coupled to a high resolution time-of-flight
chemical ionization mass spectrometer (HR-ToF-CIMS)
with iodide as reagent ion chemistry.

Hundreds of compounds were observed in both gas and
particle phases. SOA was characterized by temperatureprogrammed thermal desorption of collected particles.
Thermograms were obtained for individual compounds
under a large variety of conditions (i.e. humidity, acidity,
seed composition). These results reveal the
heterogeneous processes occurring in the particle phase,
which influence the concentration of oligomers. The
presence of such HOMs in particle phase is correlated
with a lower volatility of SOA.

This work was supported by the European
Research Council (ERC)
(Grant 638703-COALA).
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INTRODUCTION
Organic compounds are ubiquitous in the atmospheric aerosol (Zhang et al., 2007). A large fraction
of this organic material originates from the conversion
of Volatile Organic Compounds (VOCs) to less volatile
forms by oxidation: this part is called secondary organic
aerosol (SOA) (Zhang et al., 2007). Much research in
recent years has focused on the formation of SOA from
VOCs, but no comprehensive description of its formation exists yet. To address this, we measured the formation of SOA from oxidation of different VOCs as a part
of the SOA Formation from Forest Emissions Experiment (SOAFEE) campaign, utilizing the environmental
chamber of the Pacific Northwest National Laboratory
(PNNL) in the state of Washington, USA. One of the
aims of the campaign was to characterize the formation
of SOA from oxidation of monoterpenes under different
environmental conditions.
METHODS
We investigated the oxidation products formed
in monoterpene oxidation under different conditions.
These conditions included the initiation of the oxidation
reaction by OH radical and ozone, with termination of
the radical reactions by HO2 , RO2 and NO radicals. We
measured both the gas and particle phase with a multitude of different instruments, both from the University
of Helsinki and from other institutions. The experiments were conducted in a Teflon bag chamber operated in a continuous flow mode, with a residence time
of roughly three hours. During the experiments we injected ammonium sulfate seed aerosol into the chamber,
along with different VOCs and oxidants. We controlled
UV and visible lights separately to alter the photolysis
rates of different species, and in this way change the
oxidant composition in the chamber.
We measured the molecular compositions and
concentrations of different Highly Oxidized Multifunctional organic compounds (HOMs) formed using a nitrate ion Chemical Ionization Atmospheric Pressure
interface Time-Of-Flight mass spectrometer (CI-APiTOF, Jokinen et al., 2012). This study focuses on the
formation of HOMs under different conditions, as they
can readily condense to form aerosol. We also measured the concentrations of reactant monoterpenes and

concentration of formed aerosol mass, along with measurements of the aerosol size distribution, the volatility
of the resulting particles and their activity as cloud condensation nuclei (CCN).
RESULTS AND CONCLUSIONS
We found clear differences in the HOMs formed
under different conditions. As an example, during ozone
oxidation, upon adding NOx to the chamber we observed the appearance of HOMs containing nitrogen,
presumably organonitrates. We will present further results, and compare the data to the ambient data measured in the Hyytiälä station. In this way we expect to
further our understanding of the relative contributions
of different oxidation pathways to SOA formation in the
ambient boreal atmosphere.
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Characterization of Physical and Chemical Properties of 3-methyl-1,2,3butanetricarboxylic acid (MBTCA) aerosol
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Secondary organic aerosol (SOA) is formed
through the oxidation of volatile organic compounds
(VOCs) by atmospheric oxidants such as O3, OH radicals
or NO3. Monoterpenes may contribute as much as 50%
to the total organic aerosol (Andersson-Skölld and
Simpson 2001). Once SOA is formed in the atmosphere
it can undergo multiple chemical processing such as
fragmentation, functionalization and oligomerization.
Organic acids constitute a major product of the O3 and
OH reactions with terpenes (Warnke et al., 2006). 3methyl-1,2,3-butanetricarboxylic acid (MBTCA), a
highly oxidized tricarboxylic acid, has been proposed as
the most relevant tracer compound for atmospheric
terpene secondary organic aerosol (SOA) (Szmigielski et
al., 2007; Zhang et al., 2010). Recently, Muller et al.
(2012) showed that MBTCA is formed from the
oxidation of pinonic acid and that this oxidation takes
place in the gas phase. However, the physical and
chemical properties of MBTCA particles are limited. To
our knowledge this is the first time that MBTCA aerosol
is studied in an environmental chamber.
MBTCA was synthesized in the Laboratory of
Environmental Chemistry in the Institute of Physical
Chemistry, Warsaw, Poland, following the approach of
Szmigielski et al. (2007). Aerosol MBTCA was
generated through an atomizer and characterized in the
Patras ICE-HT smog chamber. Atmospheric levels of
OH radicals were produced by HONO photolysis under
UV illumination. An Aerodyne High Resolution Aerosol
Mass Spectrometer (HR-AMS) and a Scanning Mobility
Particle Sizer (SMPS) measured the particle phase, while
a thermodenuder was used for the volatility
characterization. The gas phase was monitored by a
Proton Transfer Reaction Mass Spectrometer (PTR-MS).
The HR mass spectrum of the fresh MBTCA is
shown in Figure 1. Some of the characteristic m/z values
are 39, 41, 43, 44, 53, 55, 59, 67, 69, 96, 81, 83, 99, 100,
113, 114, and 141. Even after heating the particles to
120oC for 30 s the mass spectrum remained practically
the same (θ< 12o). Applying the algorithm of Kostenidou
et al. (2007), the AMS collection efficiency (CE) was
around 1 and the fresh MBTCA density 1.8±0.1 g cm-3
clear. The T50 was estimated around 87oC, while an
integrated volatility characterization was performed
according to Karnezi et al. (2014) approach.
After exposure to OH radicals and UV
illumination the aerosol O:C ratio decreased while the

H:C ratio increased indicating fragmentation. Positive
matrix factorization (PMF) applied to the chamber
experiments revealed a second less oxygenated factor
after OH addition (Figure 2).

Figure 1. HR mass spectrum of fresh MBTCA.

Figure 2. PMF analysis of the AMS organic aerosol
spectra for an MBTCA photo-oxidation experiment.
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terpenylic, and especially caric acid (see Figure 1); this
is explained by transfer from the vapour to the particulate phase for these compounds during the cool night. A
strong day/night difference was also seen for the OSs
(not shown); enhanced night-time levels for these OSs
were also observed at sites in Brasschaat and Hamme in
Belgium (Gómez-González et al., 2012; Kahnt et al.,
2013).
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In an earlier study (Ion et al., 2005), we reported on a
number of polar organic compounds, including photooxidation products of isoprene, levoglucosan, malic acid
and sugar alcohols, which were measured by gas chromatography/mass spectrometry (GC/MS) for PM2.5
aerosol collected during a 2003 summer field campaign
at the forested site of K-puszta, Hungary. In 2006 a
follow-up summer field campaign was conducted,
whereby a total of 68 high-volume PM2.5 samples
(again typically separate day-time and night-time samples) were collected. Whereas it was very hot and dry
during the entire 2003 campaign, the 2006 campaign was
characterized by two distinct periods, with the first half
of the campaign unusually cold and the second half
warm; besides, the air masses often originated over the
North Sea and/or the Atlantic Ocean during the cold
period, whereas during the warm period they had a continental character and were more stagnant (Maenhaut et
al., 2008).
The samples from the 2006 campaign were
analysed for organic and elemental carbon (OC and EC)
with a thermal-optical method, using a NIOSH-like
protocol (Birch and Cary, 1996). Water-soluble organic
carbon (WSOC) was determined as described by Viana
et al. (2006). Methanesulphonate, oxalate, malonate and
succinate were measured by ion chromatography (IC)
(Maenhaut et al., 2011). Fifteen organic acids (e.g.,
3-methyl-1,2,3-butanetricarboxylic acid (MBTCA), cispinonic, cis-pinic, terebic, terpenylic) and 5 nitrooxy
organosulphates (OSs) were determined by liquid chromatography/MS (LC/MS), as described by GómezGonzález et al. (2012). All concentration data for the
actual samples were corrected for field blanks.
Whereas the polar organic compounds accounted
for 1.2% of the OC during both day-time and night-time
in the 2003 campaign, the 4 IC organic compounds
accounted for 2.5% of the OC during both day-time and
night-time of the cold period of the 2006 campaign;
during the warm period their contribution was somewhat
larger (i.e., 3.1%). For the 20 LC/MS compounds, the
contribution to the OC was 1.5% during both day-time
and night-time of the cold period and 2.0% during the
warm period. Of the LC/MS compounds, MBTCA and
cis-pinonic, cis-pinic and terpenylic acid were the major
contributors to the OC.
For a number of LC/MS compounds strong
day/night differences were noted, especially during the
warm period, with concentrations that were up to a factor
of 10 higher during the night-time than during the daytime. This was the case for cis-pinic, terpenylic, homo-

Figure 1. Concentration of 4 monoterpene marker
compounds in the individual samples.
As a consequence of the pronounced day/night
differences for cis-pinic, terpenylic, homoterpenylic, and
caric acid, these compounds were highly correlated with
each other (all R> 0.8). Many more good (R> 0.7) and
high (R> 0.8) correlations were observed; for example,
among the three IC diacids and between OC and WSOC,
the three IC diacids, terebic, terpenylic, ketolimonic,
homoterpenylic, MBTCA, diaterpenylic acid, and
(2R,3R)-2-hydroxyterpenylic, suggesting that the three
IC diacids were like the terpene-derived compounds also
mainly from biogenic origin.
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Understanding atmospheric processes such as chemical
transformations, nucleation, cloud formation, scattering
and absorption of solar radiation, contributing to climate
change and human health effects, requires studies at a
molecular level. The application of nuclear magnetic
resonance (NMR) spectroscopy to the structural analysis
of atmospheric samples remains rather uncommon.
Some work has been done for ambient samples and
laboratory organic aerosol where NMR has proven to be
a valuable tool (e.g. Finessi et al. 2012, Maksymiuk et al.
2009, Duarte et al. 2008).
Our work was focused on monoterpene secondary
organic aerosol (SOA) formation and analysis by NMR,
in order to study reactive intermediates which are often
lost during long residence times and sample preparation
or analysis by common analytical tools like liquid
chromatography (LC), and to complement information
about aerosol chemical composition and formation
mechanism. Since these compounds are unsaturated or
reactive, they are rapidly transformed into other
compounds by the oxidizing atmosphere. The nonvolatile oxidation products like highly oxidized organic
peroxides, organic acids, aldehydes serve as
condensation nuclei and can provide functionality for
particle growth. The mechanism of how organic
molecules take part in the first steps of nucleation and
growth of new particles has been the focus of several
studies in recent years but no conclusive results have yet
been obtained.
In order to study monoterpene chemistry related
to the atmosphere, SOA from α-pinene ozonolysis was
generated in a house-made 30.5 L flow reactor, collected
and analysed by 1H, 13C-NMR and HPLC-MS. Although
NMR is low-sensitivity instrumentation, with our
experimental set up we were able to collect sufficient
amounts of SOA to make a chemical composition
assessment. Variability in sampling time and residence
time allowed us to study labile compounds and
compounds involved in particle aging.
1
H-NMR spectra of α-pinene SOA at different
residence times revealed the same major signals
corresponding to identical compounds (Figure 1.). The
major signals were identified as pinic, pinonic and
terpenylic acid (compared with 1H-NMR and 13C-NMR
spectra of standards). The differences between aged
SOA occurred in the composition of minor compounds,
and in reciprocal ratio of signals. In expanded 1H-NMR
spectra plenty of protons attributed to aldehydes, hydro
peroxides, double bonds and protons to electron-poor sp3
carbon or heteroatoms were recognized. Several of these
compounds are reactive enough to be transformed during

the sampling process. They were recorded only in short
time samples, whereas others appear only in samples
with longer residence times, thus on more aged particles.
The major compound composition determined by 1HNMR and HPLC-MS of aged particles is compared in
Table 1. Particle aging is related to a decrease of pinic
acid, pinonic acid and pinonaldehyde, and an increase in
terebic acid.
Figure 1. 1H-NMR spectra of α-pinene SOA at 40 s, 100
s and 165 s residence time.
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Table 1. Comparison between chemical composition of
aged particles
TResidence, s
SOAα-pinene constituent*
40 s
100 s
164 s
Pinic acid
1.56
1.22
0.82
Pinonic acid
0.61
0.58
0.56
Terebic acid
0.10
0.18
0.24
Pinonaldehyde
0.38
0.29
0.27
*

Concentrations expressed as relative ratio to terpenylic acid

These experiments allowed us to recognize major
compounds on particles and the most labile compounds,
which are involved in the mechanistic pathway of
monoterpene oxidation and particle formation. Still,
additional experiments are required in order to make full
structural identification of these intermediates.
The authors are grateful to Dr. Ulrike Lacher for
providing with NMR spectra.
Finessi, E., Decesari, S., Paglione, M., Giulianelli, L. et
al. (2012) Atmos. Chem. Phys. 12, 941.
Maksymiuk, C.S., Gayahtri, C., Gil, R.R. Donahue,
N.M. (2009) Phys. Chem. Chem. Phys. 11, 7810.
Duarte, R.M.B.O, Silva, A.M.S., Duarte, A.C. (2008)
Environ. Sci. Technol. 42, 8224.
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Experimental determination of the partitioning coefficient of important BVOC
oxidation products at the atmospheric simulation chamber SAPHIR
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Atmospheric aerosols from biogenic and anthropogenic
sources play a key role in climate change and air quality.
Organic aerosol (OA), a major contributor to the
submicrometer particulate matter (PM1) is either directly
emitted through e.g., combustion processes (primary
OA, POA) or formed through the oxidation of volatile
organic compounds (secondary OA, SOA). Since SOA
constitute a major fraction of the total OA (Jimenez,
2009) a detailed understanding of SOA formation is of
importance. Recent measurements show that semivolatile organic compounds are stronger enriched in the
particulate phase relative to the gas phase as calculations
based on equilibrium vapor pressure would suggest
(Hohaus, 2015; Zhao, 2013). It is currently unclear
whether this is due to uncertainties in the estimates of
vapor pressures or to the existence of uptake pathways to
particles other than absorption.
A set of chamber experiments were conducted at
the atmosphere simulation chamber SAPHIR to
investigate the SOA formation from the ozonolysis of βpinene, limonene and real plant emissions. Real plant
emissions were obtained by transferring Pinus sylvestris
(Scots pine) emissions from the newly constructed plant
chamber SAPHIR-PLUS into SAPHIR. The composition
of fresh and photochemically aged SOA was
investigated in detail using ToF-AMS and compound
specific measurements.
A new experimental methodology was used for
compound-specific analysis of organic aerosol. The
Aerosol Collection Module (ACM) (Hohaus, 2010)
utilizes an aerodynamic lens to remove the gas from the
particulate phase of an aerosol. The particulate phase is
then directed onto a sampling surface that is cooled to
sub-zero temperatures. After collection the particles are
thermally desorbed and transferred to a detector for
further analysis. In this work, a PTR-ToF-MS was
coupled to the ACM to detect and quantify important
organic compounds in the gas and particulate phase.
Partitioning coefficients were derived from eq.1 where
Cip and Cig are mass concentrations of species i per unit
volume air in the particulate and gas phase, respectively
[µg m-3], COA gives the mass concentration of total
absorbing particulate phase per unit volume air [µg m-3],
and Kp,i represents the equilibrium partitioning
coefficient [m3 µg-1].

Cip
(1)
 K p ,i  COA
g
Ci
Here, we present a comparison of partitioning
coefficients determined experimentally by ACMPTRMS and co-located PTR-based instruments
(CHARON, TD-PTR-MS) (Eichler, 2015; Holzinger,
2010) and discuss experimental results in the context of
calculated values derived from vapor pressure estimates.
This work was supported by the EC’s 7th Framework
Program under Grant Agreement Number 287382 (Marie
Curie Training Network PIMMS) and by the Helmholtz
President’s Fund (Backfeed).
Eichler, P., (2015) A novel inlet system for online
chemical analysis of semi-volatile submicron
particulate matter, Atmos. Chem. Phys., 8, 1353–
1360.
Hohaus, T., (2010) A new aerosol collector for quasi online analysis of particulate organic matter: the
Aerosol Collection Module (ACM) and first
applications with a GC/MS-FID, Atmos. Meas.
Tech., 3(5), 1423-1436.
Hohaus, T., (2015) Experimental determination of the
partitioning coefficient of b-pinene oxidation
products in SOAs, Phys.Chem.Chem.Phys., 17,
14796.
Holzinger, R., (2010) Aerosol analysis using a ThermalDesorption
Proton-Transfer-Reaction
Mass
Spectrometer (TD-PTR-MS): a new approach to
study processing of organic aerosols, Atmos. Chem.
Phys., 10, 2257–2267.
Jimenez, J. L., (2009) Evolution of Organic Aerosols in
the Atmosphere, Science, 326, 1525-1529.
Zhao, Y., (2013) Insights into secondary organic aerosol
formation mechanisms from measured gas/particle
partitioning of specific organic tracer compounds,
Environ. Sci. Technol., 47(8), 3781-3787.
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Photo-induced transformation of typical biomass burning organic species: a pathway to
secondary Humic Like Substances (HuLiS) formation
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Humic-like substances (HuLiS) are major
contributor of organic matter in atmospheric aerosol.
These polyacidic macromolecular species have some
common features with terrestrial and aquatic humic
and fulvic acids (such as for example the optical
properties), but they are smaller and have a smaller
fraction of aromatic moieties and a larger fraction of
aliphatic ones. HuLiS could be both, emitted by
primary emission sources (e.g. biomass burning) and
secondary formed in the atmosphere by
photochemical
processes
involving
notably
OH-induced oxidation processes of aromatic
hydrocarbon molecules (Graber et al., 2006).
Many investigations have been performed in
order to understand the chemical composition of
HuLiS extracted from atmospheric waters and
aerosol particles especially concerning their
fluorescence properties.
Recent studies reported the specific
photochemical transformation of phenol to form
some oligomers (dimer, trimer, tetramer, etc) which
present some fluorescence properties which overlap
the typical ''C peack'' of humic acids in EEM
(Excitation
Emission
Matrix)
fluorescence
measurements (Barsotti et al., 2015).
The aim of this work was to study the
relationship between the transformation of some
typical organic species emitted by biomass burning
(guaiacol, m-cresol, syringol, acetosyringone,
coniferyl aldehyde, vanillin, vanillic acid and gallic
acid) and the fluorescence properties detected in
irradiated solutions. A particular attention has been
given to fluorescence signals similar to those
observed for HuLiS extracted from atmospheric
waters and particles. Different photochemical
processes were investigated such as direct photolysis
and reaction with hydroxyls radical, originated by
irradiation of hydrogen peroxide and sodium or
ammonium nitrate in order to mimic a typical
chemical aerosol substrate.
As example the direct photolysis degradation
kinetic is reported for acetosyringone, as well as the
EEM matrix of the T0 dark (not irradiated) and the
T24 (24 h irradiation) solutions (Figures 1 and 2).
A tentative identification of the transformation
intermediates has been performed using high
resolution LC-MS/MS (QqTOF).

Figure 1. Acetosyringone direct photolysis
degradation.

Figure 2. EEM for T 0 dark (up) and T24 (down).
This work was supported by and the French Ministry
of Ecology, (MEEM). The PhD grant of Francesco
Barsotti was financially supported by the Italian
Ministry of Education University and Research
(MIUR).
Graber, E. R., and Y. Rudich (2006). Atmos. Chem.
Phys., 6, 729-753.
Barsotti, F., Ghigo, G. and Vione, D (2015). J.
Photochem. Photobiol. A, 315, 87–93.
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The Impact of Molecular Structure and Chemical Functionality
on Aerosol Hygroscopicity
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Aerosol hygroscopic growth affects both the aerosol
direct effect, via particle size and refractive index, and
the indirect effect, through the critical supersaturation
required for aerosol activation in to cloud droplets.
Hygroscopicity, represented by a reduced kappa
parameter (Petters and Kreidenweis, 2007), is often
inferred from aerosol composition using measurements
of the O:C ratio, although the correlation between O:C
and kappa has recently been shown to be only
approximate (Rickards et al., 2013). This highlights the
importance of understanding the precise impact of
chemical functionality on solute hygroscopicity.
Here, we use a comparative kinetics technique
(Davies et al., 2013) to measure hygroscopic growth
curves for organic solutes with varied chemical
functionality over wide ranges in temperature (245 – 325
K) and RH (<5% to >99.5%). The objective is to provide
a large library of hygroscopic growth measurements for
a wide range of organic compounds that will allow
refinement of predictive models and from which
elementary insights can be gained through the influence
of molecular structure on hygroscopicity.
A cylindrical electrodynamic balance is used to
trap single, aqueous aerosol particles (30 m to 4 m in
radius) as they evaporate into a nitrogen flow of
controlled temperature and relative humidity. Elastic
light scattering from the trapped particle is used to
monitor its evaporation, with an accuracy in radius of <
50 nm and a time resolution of < 10 ms. The RH of the
nitrogen flow is determined with an uncertainty < 0.5 %
by sequential trapping of a water or NaCl calibrant
droplet (Davies et al., 2013). The mass flux of water
leaving the aerosol can be calculated at all times from
the evolution in droplet radius, allowing the water
activity (aw) within the evaporating droplet to be
determined with high temporal resolution (Kulmala et
al., 1993). Knowledge of the mass fraction of solute
(MFS) in the particle at the point of capture allows both
mass and radial growth factors, kappa values, osmotic
coefficients and MFS vs aw curves to be determined
with high accuracy. Individual aerosol particles are
reproducibly generated using a droplet-on-demand
generator loaded with the solution of interest, increasing
instrument sensitivity by allowing hygroscopicity
measurements to be averaged over many tens of
droplets.
In the work reported here, the effect of chemical
functionality on solute hygroscopicity is systematically
studied for two atmospherically relevant classes of
chemical compounds; dicarboxylic acids and amino

acids. Experimentally determined MFS vs aw curves
recorded in the range 45 to 99.9% RH are compared with
theoretical models (eg. AIOMFAC) to determine the
accuracy with which changes in hygroscopicity due to
chemical
structure
are
currently
represented.
Measurements on sixteen dicarboxylic acids (C2 to C7
backbone) show a clear trend of decreasing
hygroscopicity with the addition of multiple methyl and
ethyl substituents. MFS vs aw data for unbranched
dicarboxylic acids agree well with AIOMFAC
predictions, with the model found to less well represent
the hygroscopicity of the branched diacids (Figure 1). A
similar impact of structure on hygroscopicity is observed
for the amino acids.

Figure 1. Examples of measured hygroscopicity curves
(circles) for a series of branched dicarboxylic acids;
methylmalonic acid (red), dimethylmalonic acid (black),
diethylmalonic acid (blue). AIOMFAC, dashed lines.
This work was supported by the Natural Environment
Research Council (NE/L006901/1, REHM and JPR) and
an Italian Ministry of Education Scholarship (GR).
Petters, M. D., and Kreidenweis, S. M. (2007) Atmos.
Chem. Phys. 7 (8), 1961 – 1971.
Rickards, A. M. J., Miles, R. E. H., Davies, J. F.,
Marshall, F. H., and Reid, J. P. (2013) J. Phys. Chem.
A 117 (51), 14120-14131.
Davies, J. F., Haddrell, A. E., Rickards, A. M. J., and
Reid, J. P. (2013) Anal. Chem. 85 (12) 5819-5826.
Kulmala, M., Vesala, T. and Wagner, P. E. (1993),
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High-NOx photooxidation of n-dodecane: Influence of temperature and relative
humidity on secondary organic aerosol formation.
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Our current knowledge of oxidation pathways and
chemical composition of the secondary organic aerosol
(SOA) is limited and poorly understood considering the
difficulty of the chemical transport model (CTM) to
predict the organic aerosol mass in the atmosphere (Heald
et al., 2011). It leads to a lack of precision in the
estimation of the impact on climate and air quality of the
atmospheric aerosols.
In this context, the aim of this work is to study SOA
formation from oxidation of precursors such as long chain
alkanes which represent a substantial fraction of the
unresolved complex mixture in diesel fuel (Gentner et al,
2012). Beside the fact that it represents a relevant class of
compound for the urban atmosphere, simple alkanes are
also very interesting model-molecule to investigate the
sensitivity to different reaction pathways of the organic
matter, i.e. fragmentation, functionalization or
oligomerization, during its atmospheric oxidation. The
project aims hence at building parameterization that
represents physical-chemical processes controlling SOA
formation from supposedly well-known precursor. Doing
so it will allow the testing of the hypothesis that fund
explicit models before their reduction in view of their
insertion in CTM models. In particular, the present work
assesses the effect of temperature (from 10 to 30°C) and
relative humidity (from <1 to 70%) on the high-NOx
photooxidation of n-dodecane.
The experiments were carried out in the CESAM chamber
(http://cesam.cnrs.fr) (Wang et al., 2011). It is a 4,2 m3
stainless steel chamber which permit to conduct
experiments at different temperature and relative
humidity, constant pressure and under a very realistic
actinic flux.
In each experiment, seed particles of ammonium sulfate
and n-dodecane were injected in the chamber together
with isopropyl nitrite (IPN) as OH source and allowed to
stabilize before irradiation. The gaseous phase was
analysed by a Proton Transfer Reaction Time of Flight
Mass Spectrometer (PTR-ToF-MS), an in situ Fourier
Transform Infrared Spectrometer (FTIR), NOx and O3
analysers. SOA formation was measured with a Scanning
Mobility Particle Sizer (SMPS). Figure 1 shows a typical
example of SOA formation during an OH initiated
oxidation experiment. The role of temperature and
relative humidity on SOA yields and products distribution
will be presented. Aside aerosol mass production, the
mechanism was also investigated by measuring SOA

composition after sampling on filter with a supercritical
fluid extraction technique coupled to gas chromatography
and mass spectrum (SFE-GC-MS). Mechanistic pathways
of the gaseous and particulate products will be proposed.

(a)

(b)

Figure 1. Typical experiment of OH oxidation of
dodecane at 30°C and <1% RH: (a) Time dependent
concentrations and aerosol mass, (b) comparison of PTRToF-MS mass spectra before irradiation (t=0h) and after
1 hour (t=1h).
This work was supported by the European Community
within the 7th Framework Program, section “Support for
Research Infrastructure – Integrated Infrastructure
Initiative”: EUROCHAMP-2 and also by the French
National Programme of Atmospheric Chemistry (PNLEFE CHAT). CNRS-INSU is acknowledged for
supporting the CESAM chamber as national instrument.
Heald, C. L et al. (2011). Atmos. Chem. Phys., 11, (24),
12673-12696.
Gentner, D. R et al. (2012). Proceedings of the National
Academy of Sciences, 109, (45), 18318-18323.
Wang, J., et al. (2011). Atmos. Measur. Tech., 4, 24652494.
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Characterization of primary and secondary wood emissions for different combustion devices
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Wood combustion is a renewable and CO2-neutral
source of heat compared to other conventional energy
fuels. However, its contribution to high aerosol levels
has a negative influence on public health and badly
quantified effects on climate change (Alfarra et al.,
2007). The global emissions of black carbon (BC) and
organic carbon (OC) from solid–fuel combustion is 8
Tg yr-1 and 33.9 Tg yr-1, respectively where the
contribution of residential wood combustion varies
depending on the season, location and technology
used (Bond et al., 2004). In addition to particles,
biomass burning emits large amounts of volatile
organic compounds (VOCs) which may undergo
photochemical aging to produce secondary organic
aerosol (SOA). The magnitude of SOA production
from biomass burning and the impact of combustion
conditions thereon remain highly uncertain, which
hinders the estimation of the contribution of this
source to the ambient air. The quantity and
composition (e.g., EC:OC ratio) of the emissions
depend on various factors such as type and size of
wood (C and moisture content), fuel load and
combustion efficiency. Also, the aerosol forming
potential of these VOCs depends on their molecular
structure, mass yield, vapor pressure of intermediates,
and OH reactivity.
We performed a chamber study investigating
the primary and secondary emissions of beech wood
from three types of combustion devices namely a
pellet boiler (combustion conditions: optimum, lack
and excess of oxygen), an industrial wood chip grate
boiler (30% and 100% power), and an old log wood
stove using a potential aerosol mass reactor (PAM)
under different OH exposures. We monitored the
physical and chemical effects of different OA aging
conditions using an SMPS, an Aethalometer, an HRToF-AMS, as well as a PTR-ToF-MS and other gas
monitors. Emission factors for POA and SOA were
determined.
We observed enhanced SOA:POA ratios (~5)
at excess O2 conditions compared to optimum
conditions (~1.6) at similar OH exposure (1.2-1.8*108
molecules cm-3 h) in the pellet boiler. Further,
increasing the OH exposure by a ~factor of 1.6 from;
1.1*108 to 1.8*108 molecules cm-3 h) caused a
negligible change in SOA mass during optimum

combustion conditions (Fig. 1). However, increasing
the OH exposure by a factor of 3.6 from 3.3*107 to
1.2*108 molecules cm-3 h) enhanced the SOA mass by
a factor of 2.5 under excess O2 conditions. However,
the total POA concentration remained unchanged for
both combustion conditions, an enhancement in EF’s
for POA (3 times) and SOA (18 times) was also
observed in the presence of excess O2 demonstrating
the effect of different combustion conditions on
emission type (Table 1).
Table 1: Calculated emission factors (mg/kg wood)
for primary and secondary particle and gas phase
emissions in pellet boiler.
Burning
POA
SOA
CO2
Carbon
conditions (mg/kg)
(mg/kg) (g/kg)
content
of wood
(%)
Optimum
564
356
1686
46.7
Excess O2 1531
6455

Figure 1: OA mass concentration at different OH
exposure in the PAM chamber for different burning
conditions in the pellet boiler (Left axis: Optimum;
Right axis: Excess of O2) .
We further present the effect of different
combustion conditions on the chemical composition
of the gas phase precursors and their oxidation
products, their emission factors and the relative SOA
forming potential in both gas and particle phase.
This work was supported by the Swiss National
Science Foundation ( NRP 70 “Energy Turnaround”)
Alfarra, M. R., (2007) Environ. Sci. Technol., 41,
5770–5777.
Bond, T. C., (2004), J. Geophys. Res., 109, D14203.
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High Particulate Matter Episodes at a Suburban Site in Hong Kong
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Chemical transformation of secondary aerosols was
investigated for high particulate matter (PM) episodes in
Hong Kong. Five out of ten episodes across different
seasons were characterized by medium-range transport
with high solar irradiation, implying the importance of
episode type. We used one particular episode of this type
to examine in detail the evolution of aerosols.
Photochemical aging led to mode size shifting for sulfate
and organics, as well as increases in sulfur oxidation
ratio and carbon oxidation state. Production of secondary
inorganic speices sulfate and secondary organic aerosols
(SOA) was very efficient in the course of six hours.
Initially, “fresh” SOA—semi-volatile oxygenated
organic aerosols (SVOOA)—was formed at a rate faster
than that of “aged” SOA—low-volatility oxygenated
organic aerosols (LVOOA). A transformation from
SVOOA to LVOOA at the later stage of photochemical
aging was clearly observed, resulting in a 20-fold
increase of LVOOA. This conversion was further
supported by mass spectral evolution, which showed an
increase of the most oxidized ion (CO2+) and decreases
of moderately oxidized ones (C2H3O+, C3H3O+ and
C3H5O+). The observed fast-changing features of
secondary aerosols observed suggest that the dynamic
nature of aerosol formation and transformation should be
included in chemical transport models.

Figure 1. Photochemical production of secondary species
This work was supported by the Environmental
Conservation Fund of Hong Kong (project number
ECWW09EG04) and the Research Grants Council of the
Hong Kong Special Administrative Region, China
(General Research Fund 600413).
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(APCI-Orbitrap-MS²) for characterization of the SOA molecular composition
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The emission of volatile organic compounds (VOCs)
into the atmosphere, irrespective of biogenic or
anthropogenic origin, acts as a well-established
precursor for the formation of secondary organic aerosol
(SOA). Particularly a detailed knowledge of the
molecular composition of SOA is essential for
elucidation of formation mechanisms (Zhang, 2015).
Providing high sensitivity and selectivity towards
single chemical compounds, mass spectrometry (MS) is
the most commonly applied technique for the chemical
analysis of atmospheric aerosol particles (Farmer, 2010).
Online mass spectrometry techniques avoid potential
artefacts associated with offline analysis methods, such
as evaporation and chemical reactions during long
sample collection and analysis time periods (Pratt and
Prather, 2012). One of the major advantages of online
mass spectrometry is the ability to examine chemical
changes in atmospheric environments in short timescales
within seconds.
However, condensed phase reactions between
inorganic (nitrate, sulfate and ammonium) and organic
aerosol constituents, lead to the formation of low volatile
irreversible products like monoterpene- and isoprenederived organosulfates, nitrooxy organosulfates (Surratt
et al., 2008) or organonitrates (Szmigielski, 2010). Due
to the fact that these compounds consist of more than
just C-, H-, and O-atoms, a high mass resolution is
needed to determine the exact sum formula.
Furthermore another current research interest is
the identification and correct determination of highly
oxidized molecules (HOMs) which are able to contribute
significantly to organic mass in tropospheric particles
(Mutzel, 2015). Especially in the analysis of atmospheric
aerosols at mass to charge ratios (m/z) above 300 amu
several compounds at the same nominal mass are
basically possible whereby a high mass resolving power
is needed to separate between two compounds.
Here we present the first coupled APCI-OrbitrapMS²-technique for the online determination of SOA
particle phase. This approach combines the high mass
resolution (R=70.000 at m/z 200) and accuracy (<2 ppm)
of an QExactive Orbitrap mass analyser (Thermo
Scientific, Germany), which enables the determination of
the elemental composition by exact mass measurements,
and the advantages of online measurement techniques.
In this work, a modified, commercial APCI-ion
source is used for the investigation of SOA derived
organic molecules produced in environmental chamber
experiments. As a soft ionization technique APCI

provides information about the molecular mass by
producing either [M-H]- or [M+H]+ ions, depending on
the polarity of the ion source. Additionally the
QExactive mass spectrometer allows MS² experiments
for further structural elucidation of SOA products.

Figure 1. Comparison of the Dimer C17H26O6 (m/z 325)
measured with different relative humidity (RH) shows
different molecular patterns.
First investigations were focussed on the influence of the
water vapour concentration on the formation of αpinene/O3 oxidation products in the mass range from m/z
300-450. Fig. 1 shows high resolution mass spectra of
HOMs at m/z 325 whose structure is proposed by Zhang
et al. (2015). The figure shows clearly a different
molecular pattern which could only be observed with an
appropriate mass resolution.
Farmer, D.K. and Jimenez, J.L. (2010) Analytical
Chemistry. 82, 7879-7884
Mutzel, A. et al. (2015) Environ. Sci. Technol. 49,
7754-7761
Pratt and Prather (2012) Mass Spectrometry Reviews. 31,
17-48
Surratt, J.D. et al., (2008) J. Phys. Chem. A. 112,
8345-8378
Szmigielski et al., (2010) Atmospheric Research. 98,
183-189
Zhang et al. (2015) PNAS. 112, 14168-14173.
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Organic Aerosols represent a major fraction of
particulate matter in ambient air, that influence
significantly the climate and air quality. Their
concentration and composition show a large seasonal
and regional variability. Primary emission sources have
been widely studied, and are now well known and
apportioned. VOCs (Volatile Organic Compounds) can
undergo photo-oxidation reacting with light and oxidants
like OH, NO3, O3, producing less volatile compounds
that, through coagulation or nucleation, can form
Secondary Organic Aerosols (SOA), which account to a
significant part of total OA. To date, air quality models
does not succeed to well simulate the SOA fraction in
the PM concentration forecasts.
The aim of this work is to evaluate the benefit of
the combination of field measurement and modelling on
the evaluation of the SOA distribution. Final goal is to
improve models for the prediction of SOA formation and
contribution in the ambient air.
Aerosol filter samples have been collected at the
urban station of “Les Frenes” in Grenoble (France) in
2013 every third day for one year and already included a
large aerosol chemical characterization (Tomaz et al.
2016). The samples were extracted by QuEChERS
(Quick Easy Cheap Effective Rugged and Safe) (Albinet,
Tomaz, and Lestremau 2013) and and analyzed by GCMS after derivatization with MSTFA+1%TMCS.
Quantification of SOA markers (e.g. SOA-Biogenic:
pinic acid, pinonic acid, 2-methylerythritol, βcaryophyllinic acid, MBTCA, SOA-Anthropogenic:
DHOPA, DHOBA, SOA-PAH: hydroxypyrene, 4 – nitro
– 1 - naphtol, 1 acenaphtenol, SOA-Biomass Burning:
methyl-nitrocathecols) was done using native standards.
The estimation of the SOA (or SOC) contribution
from individual precursor was performed using the SOA
tracers method proposed by (Kleindienst et al. 2007).
This approach uses ratios obtained by chamber studies
between markers produced and the amount of precursors
introduced.
The chemistry-transport model CHIMERE
(Menut et al. 2013) was used for SOA distribution
modeling, taking both anthropogenic and biogenic
markers into account. For selected SOA marker, the
atmospheric formation pathway was sought in the
literature and inserted in the model. Kinetic data were
taken from The Master Chemical Mechanism database
(National Centre for Atmospheric Science, Universities
of Leeds and York). The simulation was performed over
Europe and at regional scale (Figure 1)

The novelty of in this work relies in the synergy
between the analysis of field data and the improvement
of the model. The results from one-year campaign
measurement was compared for the first time to the
output of modeling simulation on a regional scale. This
kind of approach is required in order to get an overview
of the SOA distribution at a local scale, since the actual
concentrations are often underestimated. This is the first
step towards a better understanding of the processes
occurring in the atmosphere in order to improve
atmospheric chemistry models and efficiency of air
quality control policies.

Figure 1. Map of distribution of Pinonic acid (ng/m3) all
over Europe between 07-09 July of 2013, simulated by
CHIMERE
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The formation of secondary organic aerosol (SOA) from
the oxidation of biogenic precursors, α-pinene in
particular, has been studied extensively in smog
chambers. Recently many organic species in α-pinene
SOA have been identified, and can be grouped into semivolatile/low-volatility monomers and extremely low
volatility dimers (Zhang et al, 2015). Zhang et al (2015)
also found distinct differences of the chemical
composition of SOA in response to varying temperature
(T) and relative humidity (RH) conditions, but only
explored the T range of 285 K-298 K. T and RH
conditions representative of the upper troposphere where
SOA can be transported to or formed in-situ are rarely
simulated in chamber studies, despite their potential
importance for the chemical composition and phase state
of SOA and thus their cloud formation potential (Zhang
et al, 2015, Virtanen et al, 2010).
In order to investigate α-pinene SOA evolution at
low T, we conducted 2 chamber experiments at 223 K
and high RH (~ 95%) for the comparison of the chemical
composition at molecular level. And we deployed the
recently developed Filter Inlet for Gases and AEROsols
(FIGAERO) coupled with a high-resolution time-offlight chemical ionization mass spectrometer (HR-ToFCIMS) for the measurement of both gases and particles
(Lopez-Hilfiker et al, 2014). For the first chamber
experiment, SOA was produced directly in the cold and
humid AIDA simulation chamber (84.5 m3); for the
second chamber experiment, SOA was first produced in
the smaller NAUA chamber (3.7 m3) at room
temperature (296 K) and then transferred to the cold and
humid AIDA chamber.
We analysed thermograms resulting from the
thermal desorption of SOA particles deposited on the
Teflon filter in FIGAERO for specific ions. Maximum
desorption temperatures (T max) of single mode
thermograms are correlated with a compound’s enthalpy
of sublimation; multi-mode thermograms indicate
contributions from isomers having different vapor
pressures or decomposition of larger molecules (LopezHilfiker et al, 2015).
The experimental data exhibit differences in Tmax
of pinic acid and norpinic acid for the two experimental
conditions (Fig. 1). A higher Tmax was observed for
compounds when SOA was produced in cold AIDA
compared to SOA formed at 296 K and then transferred
to cold AIDA. Multi-mode desorption profiles for pinic
acid and norpinic acid, potentially resulting from high
molecular weight organics and/or oligomers (i.e., multi-

phase accretion reaction products) were also observed
when SOA was produced directly in cold AIDA, while
only single mode desorption profiles were observed
when SOA was generated at 296 K.
The results provide insights into the influence of
changing T and RH conditions on the chemical
composition and morphological properties of SOA
during its evolution in the atmosphere.

Figure 1. FIGAERO thermograms for pinic acid and
norpinic acid produced directly in cold AIDA at 223 K
with 95% RH (red) or formed in NAUA at 296 K and
transferred to cold AIDA at 223 K with 95% RH (blue).
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Sea spray aerosol fluxes comparison: European Arctic vs. the Baltic Sea
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The results of studies of the vertical gradient of
aerosol concentration measurements made during cruises
of r/v "Oceania" between 2008 and 2016 are presented.
The scientific cruises were conducted around the Baltic
Sea and the European Arctic regions. Using the results
from those experiments, sea spray emission fluxes were
calculated for all particles of sizes in the range from
0.5 μm to 47 μm.
Measurements were carried out
using a gradient method Petelski (2003, 2014),
Markuszewski (2014). For this method we used a Laser
Particle Counter (PMS model CSASP-100_HV) placed
on one of the masts of the r/v Oceania. Measurements
were performed on five different levels above sea level:
8, 11, 14, 17 and 20 meters. The vertical aerosol
concentration gradient was obtained from a minimum of
4 measurement series. Thus each result consists of a 1
hour series with the average sampling time at each
elevation equaling 8 minutes.
Using the results from those experiments the sea
spray emission fluxes have been calculated for all
particles of sizes in range 0.5 μm to 8 μm, as well as for
particles of sizes from fifteen channels of 0.5 μm width.
Using these fluxes we calculated the Sea Salt Generation
Function (SSGF) over the Baltic Sea, Petelski (2014).
This function provides information on the emission of
particles of different sizes, depending on environmental
parameters. The emission of sea spray depends on the
size of energy lost by the wind waves in the process of a
collapse.
Gathered data and results
Processed data contains cruises over the years
2008 – 2016 in the Southern Baltic Sea region, and three
measurements campaigns AREX (ARctic EXperiment)
in the European Arctic region over the years 2013 –
2016. All the results presented were corrected to 80%
relative humidity [Fitzgerald, 1975; Petelski, 2005].
Comparison and parameterisation between
aerosol flux, size distribution and wind speed in range
from 6 m/s to 17 m/s were made.

Figure 1. Gradient coarse aerosol fluxes gathered in
years 2008 – 2015
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We would like to present the data obtained during
the regular research cruises of the S/Y Oceania over a
period of time between 2009 – 2015. The Baltic Sea is a
very interesting polygon for aerosol measurements,
however, also difficult due to the fact that mostly cases
of a mixture of continental and marine aerosols are
observed. It is possible to measure clear marine aerosol,
but also advections of dust from southern Europe or even
Africa. This variability of data allows to compare
different conditions. The data are also compared with
our measurements from the Arctic Seas, which have
been made during the ARctic EXperiment (AREX). The
Arctic Seas are very suitable for marine aerosol
investigations since continental advections of aerosols
are far less frequent than in other European sea regions.
The aerosol size distribution was measured using
the TSI Laser Aerosol Spectrometer model 3340 (99
channels, measurement range 0.09 μm to 7 μm),
condensation particle counter (range 0.01 μm to 3 μm)
and laser particle counter PMS CSASP-100-HV-SP
(range 0.5 μm to 47 μm in 45 channels). Studies of
marine aerosol production and transport are important
for many Earth sciences such as cloud physics,
atmospheric optics, environmental pollution studies and
interaction between ocean and atmosphere.
All equipment was placed on one of the masts of
r/v Oceania. Measurements using the laser aerosol
spectrometer and condensation particle counter were
made on one level (8 meters above sea level).
Measurements with the laser particle counter were
performed at five different levels above the sea level (8,
11, 14, 17 and 20 m).
Based on aerosol size distribution the
parameterizations with a Log-Normal and a Power-Law
distributions were made. The aerosol source functions,
characteristic for the region were also determined.
Additionally, poor precision of the sea spray emission
determination was confirmed while using only the
aerosol concentration data. The emission of sea spray
depends on the size of energy lost by the wind waves in
the process of a collapse.
Gathered data and results
Processed data contains cruises over the years
2008 – 2016 in the Southern Baltic Sea region, and three
measurements campaigns AREX (ARctic EXperiment)
in the European Arctic region over the years 2013 –
2016. All the results presented were corrected to 80%
relative humidity [Fitzgerald, 1975; Petelski, 2005].

Comparison and parameterisation between
aerosol flux, size distribution and wind speed in range
from 6 m/s to 17 m/s were made.

Figure 1. Exemplary comparison of aerosol
concentration measurements in the Baltic Sea and
European Arctic regions.
This research has been partly made within the
framework of a Polish-Norwegian Research Programme
operated by the National Centre for Research and
Development under the Norwegian Financial
Mechanism 2009-2014 in the frame of Project Contract
No Pol-Nor/196911/38/2013 and Project Polar-KNOW.
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Each sample was collected on two side-by-side
membrane filters: the first one (quartz) was devoted to
the determination of elemental and organic carbon by
thermo-optical analysis, the second one (Teflon) was
aimed at measuring the mass concentration by
gravimetric method and at determining element

PM10

30

Sea 1

Figure 1. Ship's course over Tyrrhenian sea

concentration by energy dispersion X-ray fluorescence
and ion concentration by ion chromatography.
The results of the chemical determinations were
elaborated to obtain the mass closure and to evaluate the
composition of different size fractions of the marine
aerosol as well as the influence of the different sources
located on the coast (industrial areas, volcanoes, large
cities).
In Figure 2 we report the preliminary mass
concentrations of PM10, PM2.5 and PM1 during the
campaign.
.

Palermo

Marine aerosols significantly contribute to the global
natural aerosol system, as the oceans cover more than
70% of the Earth's surface. Conversely, anthropogenic
emissions from coastal areas may influence the
concentration and chemical composition of particulate
matter in the marine boundary layer, as a function of the
distance from the coast and of the presence of industrial
plants and/or urban areas. Particularly interesting is the
situation in the Tyrrhenian Sea, a part of the
Mediterranean Sea located off of the western coast of
Italy, surrounded by many industrial and urban areas and
characterised by a maximum distance between the coasts
of no more than 400 km.
Chemical composition of the marine aerosol and
its modifications due to the transport of continental
aerosol were studied during a cruise of the
oceanographic ship Minerva1, carried out in the
Mediterranean Basin from 25 June to 13 of July 2015 in
the framework of the project “Medoceanor 2015”
(Figure 1).
17 samples of PM10, PM2.5 and PM1 were
simultaneously collected during the cruise; 4 of them
were carried out far from the coast and can be considered
as representative of open sea conditions. Sampling time
varied from 9 to 48 hours, as a function of the wind
direction and of the residence time of the ship in front of
a specific source.

Figure 2. Mass concentrations of PM10, PM2.5 and PM1
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Films of organic compounds exposed to the atmosphere
are ubiquitously found on surfaces of cloud droplets,
aerosol particles, buildings, plants, soils and the ocean.
The sea-surface microlayer is one example of organic
films that are host to countless biogenic amphiphilic
compounds concentrated there with respect to bulk water.
Yet, organic materials present in the bulk, such as humic
acids and other photosensitizing compounds, can still
have a tremendous impact on the surfactants (George,
2015).
Here, we present a laboratory investigation on
secondary organic aerosol (SOA) formation from the
reaction of ozone with volatile organic compounds
(VOCs), originating from photo-induced processes in
surfactant-containing water or sea-water. The results
underscore
the
environmental
importance
of
photochemical reactions at the air–water interface to
produce SOA precursors in significant amounts, leading
to significant particle formation and growth.
Laboratory experiments were conducted in a
custom-built 2 m3 Teflon reaction chamber with a pure or
sea-water reservoir containing nonanoic acid, a model
surfactant proxy for a surface microlayer, and humic acids
when desired. In other experiments nonanol was used as
a surfactant for comparison. VOC concentrations were
measured over time using a proton transfer reaction–time
of flight–mass spectrometer (PTR–ToF–MS) as a
function of irradiation (UV and visible light) in a
humidified low NOx and low ozone environment.
Additionally, photochemical gas- and liquid-phase
products generated by irradiation of natural riverine
biofilms were investigated. Characterization of organic
compounds in water and aerosol particles was performed
with ion chromatography and liquid chromatography–
high resolution mass spectrometry (LC–HRMS) utilizing
a quadrupole-orbitrap detector. Aerosol size distribution
and numbers were continuously monitored during all
experiments.
Production of VOCs occurred while the chamber
air and water were irradiated with UV light for the
nonanoic acid and pure water system. Gas-phase products
included alkenes, aldehydes and dienes, as observed by
PTR–ToF–MS in three different ionization modes (H3O+,
NO+ and O2+). Aerosol nucleation and growth occurred
upon ozone introduction and reaction in the chamber but
with lights switched off, further indicating the presence of
unsaturated VOCs. Concentrations of aerosol particles

were typically on the order of 102–103 cm–3. When
nonanoic acid and seawater were present, similar types
and concentrations of VOCs were observed. Production
of halogenated organic compounds was investigated using
O2+ reagent ions. The addition of humic acids typically
enhanced photochemical VOC production and aerosol
formation, where SOA numbers exceeded 104 cm–3 after
ozone injection and particle nucleation. We note that
when nonanol was used as a surfactant, VOC and aerosol
formation was never observed. This result highlights the
potential importance of the carbonyl functionality of the
acid group in the photochemical mechanism. The
products were not only emitted to the gas phase, but also
the bulk water. Using LC–HRMS the same VOCs,
observed with the PTR–ToF–MS in the gas phase, were
also identified in bulk water samples extracted during and
after experiments. In addition, high molecular weight
compounds such as highly oxidized organic molecules
and molecular recombination products were identified in
experiments with the nonanoic acid surfactant.
We suggest that light absorption precedes radical
chemistry at the organic surfactant interface. Recent
experimental findings in our group, supported by quantum
chemical calculations, reveal the possibility of exciting
nonanoic acid molecules to their triplet state even under
irradiation of 300–320 nm wavelengths. Subsequent
inter- and intra-molecular reactions have been proposed
generating OH and other radicals leading to a suite of
products. At an organic interface neighboring organic
molecules are likely to react, especially in molecular
layers such as those existing in organic or biogenic films.
This proximity of organic molecules is unique to an
interface, in contrast to the bulk or gas phase and thus,
may also result in unique chemical reaction pathways
leading to VOC formation. Fatty acid and organic
compound coated surfaces are ubiquitous and photoninduced chemistry at organic interfaces may be important,
ultimately influencing VOC flux and SOA formation at
the Earth’s surface and aloft.
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Cloud frequency and location largely affect the climate
as clouds are cooling components of the Earth’s
radiative budget (Ramaswamy, 2001). The particles
which lead to the formation of these clouds are called
Cloud Condensation Nuclei (CCN). By modelling the
occurrences and critical diameters of these particles we
can predict cloud formation.
In a recent study of Antarctic waters, marine
and atmospheric researchers collaborated to study
marine aerosols in conjunction with marine biogenic
sources. The study took place, on a cruise, in January
and February 2015. Both chemical and physical
measurements were taken, however, this data comes
from a continuous CCN chamber used in line with a
DMA set-up to study size-resolved particulates
(Roberts, 2005). Ambient aerosol was sampled jointly
with confined tank studies. Water samples were taken
from several locations close to Antarctica and used for
sea spray production in a laboratory tank. This work
studies the early results of the tank experiments, and
the ambient aerosols sampled during the cruise. All
ambient sampling conditions were analysed, but careful
attention was given to ambient sampling conditions
containing the same aerosol species as the lab
experiments. The different ambient conditions were
classified by the origin of air mass back-trajectories
taken from HYSPLIT (Stein, 2015) in conjunction with
the cruise’s coordinates. Characterization of the CCN
potential during these periods can be seen in Figure 1.
The effects of these biological blooms on
cloud formation require the analysis of CCN potential.
However, for a fuller assessment the total number of
CCN produced during these periods must also be
reviewed. Work is ongoing, but it would appear that
while isolated tank samples exhibit unique CCN
properties, ambient periods ascribe no enhanced
properties. Since, cloud formation is predicted to
increase with total particle numbers in conditions of
marine blooms (O’Dowd, 2002; Allan, 2015), further
study into total number might reveal a regional
climactic effect. The importance of this work on global
modelling of radiative effects is significant, due to the
increasing number of biological blooms in the Southern
Ocean.

Figure 1. CCN critical diameters for Cases of tank ice,
ambient ice samples, and ambient control samples.
The research leading to these results has received funding
from the European Union’s Seventh Framework Programme
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n_ 603445; Spanish Ministry of Economy and
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With the exception of Ni, the primarily anthropogenic
elements were most enriched in the Agadir samples,
suggesting that industrial activities in and around Agadir
have a larger impact on aerosol composition that the
local effect from the phosphate mining industry near
Laayoune.
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Aerosol deposition is an important source of trace
elements (TEs) to the surface ocean. Due to the
proximity to the Sahara Desert/Sahel, the North Atlantic
receives some of the highest inputs of mineral dust
globally (100-220 Tg yr-1; Prospero et al, 1996;
Kaufman et al, 2005). In terms of biological production,
this significant input of TEs contributes to the greater
efficiency of the Canary Current Upwelling System
(CCUS) relative to its Pacific counterpart (Carr et al,
2003); both of which support socio-economically
important fisheries. However, mineral dust is just one
component of atmospheric aerosols. Human activities
(e.g. vehicle emissions, fossil fuel burning, agricultural
practices) also contribute to the atmospheric load,
resulting in changes in the elemental ratios with respect
to crustal composition.
In order to investigate the TE composition of
aerosols and quantify atmospheric deposition fluxes to
the CCUS, aerosol and bulk deposition samples were
collected from three coastal locations in Morocco
(Agadir, Laayoune and Dakhla) as part of the EPURE
project (http://www-iuem.univ-brest.fr/epure), over an
annual cycle (March 2015-2016). Here, we present TE
composition and flux estimates, with a focus on Cd.
Aluminium (Al) is frequently used as a tracer of
mineral dust inputs. Whereas cadmium (Cd) is an
element of concern for human health, and is toxic to
phytoplankton above a certain threshold, despite being
essential for carbon uptake in some genera (Brand et al.,
1986). A poor correlation between aerosol Al and Cd (r2
= 0.31, P = 0.091) suggests that mineral dust was not the
dominant source of Cd during this study. However,
coincident peaks of Al and Cd did occasionally occur
(e.g. early August, Fig. 1), suggesting that during dust
events mineral dust could be an important source of Cd.
Despite the presence of phosphate mining
activities to the south of the Laayoune, we did not
observe significantly different ratios of Cd/Al relative to
the other two stations. Indeed, the elemental ratio of
Cd/Al (by mass) at all three stations (Agadir = 2.1x10-5 2.3x10-4,Laayoune = 1.1x10-5 – 1.8x10-4, Dakhla=
2.1x10-5 - 2.3x10-4) fall within the range observed at
nearby locations (e.g., Cap Spartel=4.6x10-5 - 2.3x10-4
(Guieu et al., 2010) and Gran Canarian = 4.6x10-5 –
1.84x10-4 (Gelado-Callero et al., 2012)). Similarly, the
Cd /Pb ratios (Pb is derived from industrial activities) for
Agadir = 0.0032-0.070, Laayoune = 0.0035- 0.11,
Dakhla = 0.0044-0.045), Cap Spartel (0.0088-0.056) and
Gran Canaria (0.031-0.079), all show a similar range in
the Cd/Pb ratio, which suggests that the same sources
dominate aerosol composition throughout the region.
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Figure 1. Aerosol Al (top) and Cd (bottom) from
the first six months of the field campaign.
This work was supported by the Conseil Général du
Finistère, and the EPURE programme.
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The marine diesel-engine emit a large amount of
particulate matter (PM). Due to using a heavy oil
containing a large amount of the sulfur content. PM is
composed of soot, a soluble organic component and
sulfur content. Since the MARPOL Convention by the
International Maritime Organization has entered into
force in May 2005, NOx, emissions regulations in the
PM is in addition to the SOx 2008 year provided. Since
it is expected that future further regulation is intensified.
The development of the PM-collection device with
respect to a ship becomes an urgent need. The authors
considered the best that electrostatic precipitator (ESP) is
a compact and low pressure loss, it has been studied.
However, particles deposited on the electrode was found
to degrade the performance due to long-time operation.
In recent study, PM was combusted by using dielectric
barrier discharge (DBD) [Y. Ehara, 2013]. In this paper
significantly describes PM combustion by the DBD
using a catalyst. The reactor was used as a packed bed
type.
Fig.1 shows a reactor construction. The reactor
had a coaxial double tube structure. The inner tube is
made of aluminum and a high voltage electrode. The
outer tube is made of quartz and wrapped with an
aluminum foil, and a ground electrode. AC high voltage
is applied between the inner electrode and the outer
electrode. Air flows into the discharge part from the
aluminum tube. The catalyst surface depositing the PM
were filled into the reactor. PM is taken from the diesel
generator was operated with light oil. The catalyst used
was NS-1A (Nikki-Universal., LTD.). It is spherical and
the diameter is about 4mm. Temperature inside the
reactor was maintained at 400 ℃. AC high voltage of
3kHz is applied to the reactor, DBD generate on the
catalyst surface. The discharge power is set as about 7W.
Fig.2 shows a photograph of catalyst, (a) is
catalyst, (b) is catalyst adding PM, (c) heated for 30
minutes at 400 ℃. Since the PM is attached, (b) is black
than (a). Generally PM is about 99% is a soot, combusts
at about 600 ℃. Since (b) has a lighter color than the (c),
the catalyst makes sure that was combusted at a low
temperature. Further, when DBD generate 30 minutes at
400℃, the catalyst surface becomes the state of (d). It
was confirmed that almost PM combusted. Therefore,
the PM combustion using DBD with a catalyst is
considered effectively.
This work was supported by Japan Society for the
Promotion of Science.
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Figure.2. Combustion test results
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Emission events characterization of marine aerosol in a shoreline site
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Ocean derived aerosols play an important role in cloud
formation and properties, radiation balance and chemistry
of the marine atmosphere. In addition to primary particles,
ocean derived aerosols also contain inorganic and organic
species produced through secondary (gas to particles)
processes. Determination of marine aerosol and sea spray
emission from the sea surface is a necessary step in
attempts to parameterize the mass exchange between sea
and atmosphere.
An intensive observation campaign was performed
at Mace Head (Ireland) from 1 to 30 August 2015. The
aim of the campaign was to characterize the sea aerosol
emission in the clean North Atlantic Marine Boundary
Layer (MBL). Size-segregated aerosol flux measurements
by eddy-covariance (EC) could provide important
information on the emission of marine aerosols.
Measurements were carried out using a
micrometeorological flux system installed on the tallest
Mace Head tower at 22 m height (above ground level).
The system included a condensation particle counter
(CPC; Grimm Aerosol Model 5.403) that measured the
total particle number concentrations at 1 Hz. Wind
components (u, v, w) were measured at 20 Hz with an
ultrasonic anemometer (Gill Instruments R3), which also
measured sonic temperature. During the campaign, the
wind velocity was relatively high, but typical at Mace
Head, up to 16 m/s (average 7 ± 3 m/s), the average
temperature varied between about 10° and 18°C, and the
average relative humidity varied between 58% and 95%.
The predominant wind directions at the site are westerly
(W), south westerly (SW).
The CPC system used was able to detect particles
between 20 and 1000 nm. Aerosol was sampled roughly
at the same height as the sensing head of the anemometer
(about 10 cm from its sensing volume) through a 30 m
long sampling inlet (copper) of 10.7 mm internal
diameter. A pump was used to maintain a flow rate of 35
L/min in the inlet tube, maintaining a turbulent flow. A
portion of 1.5 L/min was taken from the main flow at the
end of the inlet tube using a 0.45 m long conductive
plastic tube (6 mm internal diameter) connecting to the
CPC. The size-segregated fluxes and the particle size
distributions were measured by an OPC (Model 1.109,
Grimm aerosol) with a sampling frequency of 1Hz. The
OPC sampled air on the top of the tower was operated
using a second inlet tube 2.45 m long (internal diameter,
4 mm) with a flow rate of 1.2 L/min. OPC was configured
to evaluate particle number concentrations in the size
range 0.25-2.5 m using 16 channels.

During the measurement campaign the tower was
upwind of the sea sector (190°-300°) for 75% of the time,
offering westerly exposure to the North Atlantic Ocean.
The flux and concentration footprints were evaluated
using the model for scalar passive tracer described in
Schmid (1994). Results are reported for fluxes and
concentrations respectively. The surface area for
concentration was significantly larger than that for fluxes.
In figure 1 the combined average particle size
distributions are reported, taking into account aerosol
measurement with nanoSMPS + SMPS and OPC. A good
overlapping in the common size range is observed with
the presence of a mode in the nanoparticles range
(Dp<0.05 µm) and an accumulation mode (around 0.20
µm). Size-segregated particle fluxes obtained in the
measurement period will be discussed to investigate
marine aerosol/sea spray emission events, also according
to a distinction for air masses coming from open sea and
land sector. The events will also be characterized by
aerosol chemical composition derived from Aerosol Mass
Spectrometer (AMS) measurements, to evidence, in
particular, the occurrence of marine primary organic
plumes (Ovadnevaite et al., 2011).

Figure 1. Average combined number size distribution
with SMPS (in orange) and OPC (in green).
This work was supported by the CNR project AirSeaLab
and EU’s FP7/2007-2013 project BACCHUS, under grant
no 603445.
Ovadnevaite, J., O’Dowd, C.D., Dall’Osto, M., Ceburnis,
D., Worsnop, D.R. and Berresheim, H. (2011)
Geophysical Research Letters 38, L02807.
Schmid, H.P. (1994) Bound-Lay. Meteorol. 67, 293-318.
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Influence of Hole Diameter on Hole-type Electrostatic Precipitator
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Recently, the increasing worldwide environmental
awareness, the air pollution problem has attracted
attention as a problem to be solved of mankind. SOx,
NOx and particulate matter (PM) have been pointed out
to cause diseases such as asthma and lung cancer as a
cause chemicals for the air pollution. The marine diesel
engine is the main source of harmful substances. Fuel of
the marine diesel engine is a heavy oil. The diesel engine
exhaust the high concentration of PM. The collection of
low resistive particles is difficult by the conventional
electrostatic precipitators (ESPs). The low resistive
diesel engine particles are detached from the collection
electrode, which causes the particle re-entrainment,
resulting in poor collection efficiency. Therefore, authors
developed hole-type ESP for removal of PM emission
from the diesel engine (Y. Ehara 2014). In this study, it
was decided to apply the hole-type ESP suppress the reentrainment phenomenon.
The exhaust gas with the engine load of 75% of
the diesel engine generator using a light oil was allowed
to flow directly into the hole type ESP. The particle sizedependent number densities the inlet and outlet of the
ESPs were determined by the scanning mobility particle
sizer (TSI, Model 3080) for the particle size ranged 20800 nm and the particle counter (Rion, KC-01E) for the
particle size of 300-5000 nm, respectively. Fig 1 shown
the ESP structure. Hole diameter of the grounding
electrode is 5-20mm, and the aperture ratio of the
grounding electrode is 16%. There is the discharge
electrode space between an discharge electrode and
grounding hole electrodes. There is the collecting zone
between a grounding hole electrode and grounding case.
The hole-type ESP utilizes the ionic wind, combined
with electrostatic force to transport the charged particles
effectively into the collecting zone through the hole of
the electrode. The collecting zones are designed as zero
electrostatic fields, i.e., no electrostatic repulsion force
acting on particles by induction charge, so that no reentrainment takes place.
Fig. 2 shows the collection efficiencies of hole
type ESP for the hole diameter and the electrode without
a hole (Conventional ESP). There is not difference in the
collection efficiencies for particle size of 40-240 nm.
The collection efficiencies of small particle size is high.
PM is collected on the outlet side of the hole by the gas
flow. In the conventional ESP, re-entrainment
phenomenon takes place in the collection efficiencies for
particle size of 3000 nm. The collection efficiency is
high with the hole electrode. As a result, the reentrainment phenomenon is controlled using the hole

Figure 1. ESP structure

Figure 2. Collection efficiencies for the hole diameter
electrodes. In addition, since the aperture ratio is the
same the number of small is diameter than that of large
diameter. Therefore, the collection efficiency of small
hole diameter was higher than that of large hole diameter.
This work supported by Grant-in-Aid for
Scientific Research (B) of the Japanese Society for the
Promotion of Science.
Y. Ehara, A. Osako, A, Zukeran, K. Kawakami, and T.
Inui. (2014) Air Poliutipon XXII, 145-156
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Vertical profiles of the aerosol effective radius in the marine boundary layer
over the Baltic Sea
P. Makuch1, T. Petelski1, P. Markuszewski1, M. Cisek1, T. Zieliński1, T. Stacewicz2, S. Sitarek3
1

Institute of Oceanology Palish Academy of Sciences, Sopot, 81-712, Poland
Institute of Experimental Physics, Facu;ty of Physics, Warsaw University, Warsaw, 01-093, Poland
Maksymilian Pluta Institute of Applied Optics, Warsaw, 03-805, Poland
Keywords: aerosol, effective radius, lidar
Presenting author email: makuch@iopan.gda.pl

The aim of this research is to recognize the
aerosol particle size distribution and particle vertical
profiles over the southern Baltic Sea in different
meteorological conditions. We also considered factors
which determine the size of the aerosol effective radius.
Very interesting for us is the impact of the emission of
aerosols from the sea surface on vertical profiles of
aerosol size distribution over the Baltic Sea.
We organized simultaneous cruise of our ship
S/Y Oceania and a measurement campaign on the coast.
On the ship we made the measurements using the
following equipment:
1. Laser particle counter PMS CSASP-100HV (range:
0.5 μm to 47 μm in 45 measurement channels),
2. Laser aerosol spectrometer (LAS 3340) TSI (range:
0.09 μm to 7 μm in 99 measurement channels),
3. Condensation particle counter (CPC 3771) TSI
(range: 0.01 μm to 3 μm).
On the coast, less than 50 m from the sea (54.803 N,
18.396 E) we had installed a mobile laboratory with a
multichannel lidar. We used a lidar working on laser
Nd:YAG made by Quantel Brilliant. This laser emits
three wavelengths: 1064, 532 and 355 nm. Energy of the
impulse is respectively 100, 60 and 40 mJ, repetition rate
is 10 Hz and pulse duration is 6 ns. Measurements made
with the lidar were performed in winter 2014/2015.
Lidar was directed at an angel of 13 degrees from
the horizontal so we could get the data from 200 to 1100
m above sea level. Data from counters from the S/Y
Oceania were collected from 8 to 20 m above sea level.
Effective radius is one of the parameters of aerosol
size distribution that synthetically speaks of the
scattering of electromagnetic waves on the aerosol. It is
defined as the ratio of average volume to average area of
the particles:

To calculate effective radius from the lidar data we
used the method described by Jagodnicka at al. (2009).
While to calculate this parameter for data from the ship
we used aerosol particle size distribution from the
connection data from all particle counters.
In Figure 1 we present average effective radius
from the data from the ship measured in February 2015.

We show effective radius for three heights above sea
level depending on wind speed.
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Figure 1. Average effective radius for three heights
depending on wind speed.
On the x axis we show wind speed at 10 m above sea
level and on the y axis an effective radius in μm is
presented. Different colours mean different height above
sea level.

This work was supported by the project “Satellite
Monitoring of the Baltic Sea Environmental –SatBałtyk”
funded by European Regional Development Fund
contract No. POIG 01.01.02-22-011/09.

Jagodnicka A.K., Stacewicz T., Karasinski G., Posyniak
M., Malinowski S.P. (2009) Particle Size Distribution
Retrival from Multiwavelenght Lidar Signals for Droplet
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The Chemistry-Aerosol Mediterranean Experiment
(ChArMEx, https://charmex.lsce.ipsl.fr) is a large multilateral federative research project on atmospheric
chemistry in the Mediterranean region and on its impacts
on the regional climate, air quality and human health,
and marine biogeochemistry. It is part of the multidisciplinary regional programme MISTRALS (Mediterranean
Integrated Studies at Regional and Local Scales;
http://mistrals-home.org) initiated in 2010 and planned
to continue until 2020. We briefly summarize activities
related to aerosol sciences during ChArMEx first
experimental phase that included four regional airborne
campaigns focused on the western basin in summer
2012, 2013 and 2014 and an additional one in August
2014 along a west-east transect. Surface stations have
been established or augmented for enhanced observation
periods of 2-3 years, and long-term remote sensing
products and 3-D modelling have been widely used.
A glimpse of results
The background air quality during the long
Mediterranean dry season is poor and mainly affected by
long-range transport. Large particles are mainly
contributed by mineral dust but not PM2.5, especially in
the north of the basin. Aircraft and drifting balloons
suggest the unexpected persistence of coarse dust
particles (> 15-20 µm in radius in Saharan plumes) and
little change in their light scattering and absorption
properties compared to those near source regions. Apart
from sea-salt, non-continental sources appear important
for black carbon in the north-western basin and Sicily
channel region due to ship traffic, and for nucleation due
to marine biogenic iodine-containing gas precursors.
Highly oxidised organic aerosols are a major component
of the fine particles in the western basin, among which
secondary particles from biogenic precursors play an
important role in summer. The fine particle background
is relatively homogeneous at the regional scale.

Results show the occurrence of very long-range
transport (> 1 week) over the Mediterranean of very
polluted or very clear air masses from North America,
tropical Africa, and southern Asia.
In terms of aerosol-climate interactions, results
based on an original satellite-model blended, long-term
time series of the 3-D monthly distribution of the main
aerosol types show the important role of aerosol direct
radiative forcing on the regional water cycle and climate.
They show the need for ocean-atmosphere coupled
modelling to account for the parasol aerosol effect on sea
surface temperature and evaporation.
In terms of dust deposition, fluxes have decreased
by a factor of 5 to 10 compared to the 1980’s and 90’s. A
new deposition network shows that deposition is
heterogeneous and allows testing dust models.
Perspectives
The proposed roadmap for the 2nd experimental
phase of the project includes a new project (CEMBAI)
of airborne campaign in the eastern basin on aerosolcloud interactions, an oceanographic cruise project
(PEACETIME) to study the air-sea interface, a regional
model intercomparison effort on the recent past, present
and future direct radiative and climatic effect of aerosols
and impact on the regional air quality. ChArMEx also
works at building a regional climate and air quality
health impact assessment (ARCHIMEDES), aiming at
filling the gaps in our knowledge in the eastern and
southern sides of the Mediterranean basin.
Authors gratefully acknowledge that there are many
more scientists and institutes than the author list can
reasonably support that valuably contributed to
ChArMEx. Most references are in a joint special issue of
Atmos. Meas. Tech. and Atmos. Chem. Phys.
(http://www.atmos-chem-phys.net/special_issue334.html).
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Dust storms are a frequent occurrence in the Mediterranean
region. Cyprus recently experienced a dust event during early
September 2015, with PM10 concentrations reaching 7.6
mg/m3 in Limassol on the 8th September. During other global
dust events, PM10 concentrations reached 12 mg/m3 in
Beijing in March 2002 (Zhang et al., 2002), and 15.4 mg/m3
near Sydney in September 2009 (Leys et al., 2011). Although
analytical techniques are required to estimate PM
concentrations accurately, simplified methods for
determining the concentration of suspended dust
concentrations based on visual range (xv) would be highly
attractive. Development of such a metric would enable
distributed estimates of dust concentrations to be made.

2011). Geometric scattering is predominant for super-micron
particles with Qe (Jung and Kim, 2007) given by:
2
(4)
𝜋𝑑𝑝 −3
𝑄𝑒 = 2 {1 + (

𝜆

) },

Here λ is the wavelength of light which we assume to be 0.5
μm. This wavelength corresponds to the maximum intensity
for incident radiation (Seinfeld and Pandis, 2006).
Also, by assuming a particle density of 2.65 g/cm3
(representative of quartz) and a mean particle size of 2 μm,
total suspended particulate mass can be predicted in the
monodisperse case (TSPmono) via:
4374
(5)
𝑇𝑆𝑃
=
.
𝑚𝑜𝑛𝑜

𝑥𝑣

After integrating Eq. 3 numerically, total suspended
particulates in the polydisperse case (TSPpoly) can be
predicted by:
1296
(6)
𝑇𝑆𝑃
=
.
𝑝𝑜𝑙𝑦

𝑥𝑣

Predictions of TSP from xv were compared with
observations of PM10 from air quality monitoring stations
(Table 1).

Figure 1. Northwards view at 15:40 PM (UTC) from CyI in
Nicosia, Cyprus (7th September 2015). The PM10
concentration is approximately 3 mg/m3. Visual range is
about 500 m.
The Koschmieder equation (Koschmieder, 1924)
establishes a relationship between visual range and the
extinction co-efficient through simplifications to the radiative
transfer equation. Assuming a threshold contrast of ε=0.02,
it is given by:
ln 𝜀 3.912
(1)
𝑏 =
≈
.
𝑒𝑥𝑡

𝑥𝑣

𝑥𝑣

For monodisperse aerosols, the extinction coefficient
is given by (Finlayson-Pitts and Pitts, 2000):
𝑏𝑒𝑥𝑡 = 𝑛𝐴𝑝 𝑄𝑒,
(2)
where n is the particle number concentration, Ap is the cross
sectional area of the particle and Qe is the single-particle
extinction efficiency. Setting bext from Eq. 2 to the result of
Eq. 1, assuming spherical particles, multiplying both sides by
ρDp/2 and integrating across all particle diameters yields:
𝜌𝜋 ∞ 3
3.912𝜌 ∞ 𝐷𝑝 𝑑𝐷𝑝
(3)
∫ 𝑛𝐷 𝑑𝐷 =
∫
,
8
⏟

𝑝

0

𝑝

2𝑥𝑣

0

𝑄𝑒

TSP

where TSP denotes total suspended particulate mass.
Dust storms are characterised by particles that are
much larger than the wavelength of light (Jayaratne et al.

Table 1. Comparison of observations of PM10 in Nicosia
with Eqs. 5 and 6 based on rough estimates of visual range.
Visibility
xv
TSPmono TSPpoly
PM10
(m)
(mg/m3) (mg/m3) mg/m3
fair
2000
2.2
0.65
0.23
poor
1000
4.4
1.3
0.55
very poor
500
8.7
2.6
3.1
Predictions are in reasonable agreement with
observations in the polydisperse case, showing that visual
range can be used as a proxy for estimating dust
concentrations by making some simplifying assumptions.
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Temporal variability of mineral dust in southern Tunisia: analysis of 2 years of PM10
concentration, aerosol optical depth, and meteorology monitoring
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The south of Tunisia is a region very prone to wind
erosion. During the last decades, changes in soil
management have led to an increase in wind erosion. In
February 2014, a ground-based station dedicated to the
monitoring of mineral dust (that can be seen in this
region as a proxy of the erosion of soils by wind) was
installed at the Institut des Régions Arides (IRA) of
Médenine (Tunisia) to document the temporal variability
of mineral dust concentrations. This station allows
continuous measurements of surface PM10 concentration
(TEOM™),
aerosol
optical
depth
(CIMEL
sunphotometer), and total atmospheric deposition of
insoluble dust (CARAGA automatic sampler). The
simultaneous monitoring of meteorological parameters
(wind speed and direction, relative humidity, air
temperature, atmospheric pressure, and precipitations)
allows to analyse the factors controlling the variations of
mineral dust concentration from the sub-daily to the
annual scale.
The results from the two first years of
measurements of PM10 concentration are presented and
discussed. In average on year 2014, PM10 concentration
is 56 µg m-3. However, mineral dust concentration highly
varies throughout the year: very high PM10
concentrations (up to 800 µg m-3 in daily mean) are
frequently observed during wintertime and springtime,
hardly ever in summer. These episodes of high PM10
concentration (when daily average PM10 concentration is
higher than 240 µg m-3) sometimes last several days
(Fig. 1).

Figure 1. Daily mean of PM10 concentration (in µg m-3)
from 10 February to 31 December 2014.
By combining local meteorological data, airmasses trajectories, sunphotometer measurements, and
satellite imagery, the part of the high PM10 concentration
due to local emissions and those linked to an advection
of dusty air masses by medium and long range transport
from the Sahara desert is quantified.
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Contribution and impact of desert dust outbreaks for a long-term period in a site of the
Western Mediterranean Basin
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The desert dust (DD) aerosols are a key player in the
Earth’s planetary system and, therefore, their influence is
still an open topic. There are different terms to refer to
the change on the aerosol load or properties during DD
outbreaks, but they are related in greater or lesser extent.
The fraction of the total aerosol load caused by DD
outbreaks is known as DD contribution, meanwhile the
DD impact is similar but it means the produced change
in a time window used as reference (e.g., moving 30-day
averages). The main aim of this study is to analyse both
quantities in order to provide a comprehensive
characterization of the DD episodes in a background
region placed around 1000 km to the North of the
Saharan and Sahel desert. The identification of DD
episodes for this area is presented by Cachorro et al.
(2016).
The database used in this study includes both
columnar and surface aerosol data for a long-term
database of 12 years (2003-2014). The formers are
obtained from Palencia site (41.99ºN, 4.52ºW, 750 m
a.s.l.) belonging to AERONET (Aerosol Robotic
Network). The surface measurements are those from
Peñausende site (41.28ºN, 5.87ºW, 985 m a.s.l.) of the
EMEP (European Monitoring and Evaluation
Programme) network. The distance between the
columnar and surface sites (~100 km) plays a minor role
due to the absence of any large landforms between them
and the clean atmospheric background conditions.
The DD inventory used in this study is evaluated
with the joint interpretation of columnar and surface
aerosol loads and other ancillary information (Cachorro
et al, 2016).
The impact of DD episodes is addressed using the
average daily variations (δX) of AOD (aerosol optical
depth) and PM10 (particulate matter of diameter below
10 μm) with respect to their inter-annual monthly mean.
Those intrusions strongly/weakly modifying the aerosol
behavior in the study area are highlighted, since the
influence of background levels and other episodes of
high turbidity are minimized in our results. With respect
to the aerosol load, three months highlight by a strong
impact (>0.3 and >30 μg m-3) both at the surface and
entire column: March-2004, July-2004, and August2010. On the contrary, the least intense events,
simultaneously observed at the surface and the entire
column, occur on June-2009, January-2012, and August2013, with an impact close to zero on both quantities.
However, there are other events with large δAOD but
with a weaker impact on PM10: July-2003, August-2003,
August-2004, and October-2008. In these months,

whereas δAOD is always larger than 0.25, δPM10 barely
reaches 20 μg m-3. The opposite situation (large δPM10
and a weaker AOD impact) takes place in: November2003, March-2005, April-2005, August-2005, and June2012.
The DD contribution to AOD and PM10 is
addressed at seasonal (annual) scale obtained as the
difference of the multi-annual monthly (yearly) means
considering all days and the corresponding value without
including the desert dust cases. This method assumes the
entire daily aerosol load (both surface and columnar) due
to DD aerosols, being included the contribution of
regional background aerosols. As a result, the annual
cycle peaks in March, decreases in April-May, notably
increases during summer months and experiences a
progressive decline after summer towards minimum
values in winter. The maximum DD contribution to
AOD occurs in June and August close to 0.03, while the
PM10 maximum DD contribution reaches 2.4 µg m-3 in
August. The inter-annual variability of the DD
contribution to aerosol load is maximum in 2004 for
AOD with 0.03 and 2006 for PM10 with 2.4 µg m-3, and
minimum in 2013 (0.004 for AOD and 0.4 µg m-3 for
PM10).

This work was supported by the projects: Nr. 262254
[ACTRIS 2] of European Union Seventh Framework
Programme (FP7/2007-2013), project CGL2012-33576
of Spanish Government (MINECO), and VA100U14 of
Consejería de Educación of Junta de Castilla y León. We
also are grateful to Spanish MINECO for the IJCI-201419477, BES-2012-051868, and PTA2014-09522-I
grants. Also thanks to EMEP (especially to MAGRAMA
and AEMET) and AERONET-PHOTONS-RIMA staff
for providing observations and for the maintenance of
the networks.
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C., Bennouna, Y., Torres, B., de Frutos, A. M., and
Herguedas, A. (2016) Atmos. Chem. Phys. Discuss.,
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Characterization of mineral dust aerosols: emphasis on columnar microphysical
properties and surface mass concentration
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To go further in the characterization of desert dust (DD)
aerosols in the Western Mediterranean Basin, their
fingerprints on optical and microphysical properties are
investigated between 2003 and 2014 in the NorthCentral Iberian Peninsula. This study is based on a DD
inventory which allows a classification of the DD
episodes in two different categories (purer, “D” and
mixed, “MD”) and highlights the relevance of the jointly
interpretation of surface and columnar aerosol data
(Cachorro et al., 2016). The main columnar properties
(obtained from Palencia site of AERONET network)
deeply analysed in this study are aerosol optical depth
(AOD), Ångström exponent (AE), volume size particle
distribution (VSPD), total and fine volume concentration
(VCT and VCF, respectively), and sphericity.
Relationships between some of these quantities are
established (see Figures 1a and 1c). Moreover, some of
these columnar properties are also faced to surface
quantities (obtained from EMEP network in the nearby
site of Peñausende) such as particle mass concentrations
PM10, PM2.5 and their ratio (see Figures 1b and 1d).
In the VCF/VCT analysis, three categories can be
distinguished. Those coarse-mode-dominated cases with
VCF/VCT ≤ 0.2 present maximum concentration of
particles around 2 μm, non-sphericity, stronger
absorption power at shorter wavelengths, among others.
When the fine mode gains weight, the categories with
0.2 < VCF/VCT < 0.45 and VCF/VCT ≥ 0.45 exhibit
aerosol mixtures and thus, there is a larger variability in
all studied aerosol properties.
The non-spherical shape of mineral dust aerosols
is corroborated (shown in Figure 1). Overall, the mean
sphericity during DD episodes is 0.25. When sphericity
is plotted against AE, the two categories (D and MD) are
clearly differentiated (Figure 1a). This delimitation is
slightly vaguer in the case of sphericity vs PM2.5/PM10
scatterplot (Figure 1b).
Relationships between AOD and PM10 with VCT
are displayed in Figures 1c and 1d. Columnar extinction
efficiency is obtained from the relationship between
AOD and columnar VCT and presents a range between
1.7 and 3.7 μm2/μm3 for our DD database. The
relationships
between
surface
and
columnar
concentrations provide an estimation of the scale height
between 8 and 10km depending on the intrusion type.
The knowledge of aerosol microphysical properties are
of great interest to reduce the uncertainty associated with
the transformation between AOD and PM10 quantities.

Figure 1. Sphericity vs AE (a) and PM2.5/PM10 (b) for
two types of DD event days. Linear fits between AOD
(c) and PM10 (d) vs VCT for three categories of
VCF/VCT.

This work was supported by the projects: Nr. 262254
[ACTRIS 2] of European Union Seventh Framework
Programme (FP7/2007-2013), project CGL2012-33576
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also are grateful to Spanish MINECO for the BES-2012051868 and IJCI-2014-19477 grants. Also thanks to
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Levels of metals/metalloids of PM10 and PM2.5 generated by aeolian erosion of mining
wastes of former fluorite mine in semi-arid climate: Case of Hammam Zriba (Tunisia).
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(1) Laboratoire des Ressources Minérales et Environnement, Departement de geologie. Faculté des
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Hammam Zriba (36°20’N 10°13.5’E), former mine
of fluorite, north eastern Tunisia, is characterized by a
semi-arid Mediterranean climate, and northwester
prevailing wind. The un-restored tailings made up of
wastes may involve environmental burdens to the
surrounding areas. The wind is the main erosive agent
and contributes in the degradation of mine wastes and
the dispersion of contaminants.
Few studies were focused on metals/metalloids
concentrations in dust and aerosols derived from
mining sites in Tunisia. However, there are almost no
published data regarding the situation in complex
mineralogical composition of the wastes mining
(barite-Celestine series, fluorite, quartz, calcite,
galena, pyrite and Sphalerite). Thus, the present study
focuses on the eolian dispersion of metals/metalloids
in aerosols in the vicinity of the fluorite mine.
In order to characterize the source of contamination,
19 composite of samples were collected from the
surface of tailings. In addition, aerosol samples were
taken using two aerosol samplers for PM10 and
PM2.5. Each sampling was performed during 24h.
Aerosols were collected during one month from the
9th Mai until 13th June 2013. A total of 60 samples
with both PM10 and PM2.5 samples were collected
with 2 additional samples for the mineralogical
determination. Besides, a weather station was
installed close to the aerosols samplers to register the
meteorological data in situ.
Mining wastes were analyzed for mineral
composition by DRX and SEM - EDS, grain size and
the content of majors and trace elements. Moreover,
the determination of major and trace elements content
in PM10 and PM2.5 was carried out using the
protocol defined by (Querol, 2000). In addition,
PM10 and PM2.5 were analyzed for soluble fractions
of contaminants. The XRD and the SEM – EDS
analysis were performed on both PM10 and 2.5.
Furthermore, Principal Component Analysis PCA for
both PM2.5 and PM10 data was elaborated.
The mineralogical study reveals that the tailings of
Hammam Zriba contain different metal/metalloids
bearing minerals (Ba, Sr, S, F, Fe, Pb, Zn, Cu, As…)
mainly in sulphates and sulfides form. The tailings
show a bimodal and lognormal grain size distribution

with a prevailing coarser mode around 10-40 µm and
a finer mode around 0 - 0.6µm. The PM10 fraction in
the HZ tailings is ranging between 8.8 and 55.28%.
However, the PM2.5 fraction is in the 7-21% range.
Chemically, the tailings still contain elevated levels of
BaO, SrO and SO3 with concentrations ranging
between 22.99 – 44.53%, 9.37 – 19.26% and 5.66 –
21.63% respectively. Moreover, the F and Fe2O3 are
ranging between 0.20 – 6.58 and 0.40 – 1.32%
respectively. Elevated levels of Zn, Pb and Cd are
detected in the tailings and are ranged from 9630,03 15193,38 mg/kg, 1218,43 - 3719,66 mg/kg and 28,69
- 47,46 mg/kg respectively.
The majors and trace elements in PM10 are present
at relatively high concentrations. Thus, Ba, Sr, Zn,
Pb, Cu and Ni reach 959.32, 310.62, 176.14, 52.75,
208.99 and 9.95 ng/m3 respectively. Cd and As don’t
exceed 0.58 and 0.85 ng/m3. Moreover, Ba, Sr, Zn,
Pb, Cu and Ni are present at high levels in PM2.5.
They reach 71.38, 25.31, 100.12, 13.03, 106.48 and
3.09 ng/m3 respectively. Cd wasn’t detected in all
PM2.5 samples. However, As don’t exceed 1.00
ng/m3. In addition, the PM2.5/PM10 ratio is ranging
between 0.01 and 0.87.
Three PM samples, collected during a strom dust
(21th and 22th Mai 2013), would be interpreted
separately for two raisons: They remained only for 6h
for each one and they were collected in African dust
episode. The results show that aerosols contain
higher concentrations of Ba, Sr, Zn, Pb, Cu, Ni, As
and Cd particularly in PM10 with 61556.77,
20597.07, 6530.52, 2503.9, 867.08, 97.51, 11.85 and
27.72 ng/m3 respectively. They exceed the European
council PM10 guide value. Furthermore, the results of
leaching showed that the concentrations of
contaminants in the leachete are very narrow.
The content of majors and trace elements in
PM2.5and PM10 could have multiple sources. Thus,
the Principal Component Analysis PCA shows 5
factors that explain 77.23%of the variance of the data.
Querol, X et al (2000) Levels and chemistry of
atmospheric particulates induced by a spill of heavy
metal mining wastes in the Don8ana area, Southwest
Spain. Atmospheric Environment 34. 239-253.
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Asbestos fiber occurrence and emissions into the
ambient air is probably solved problem and is nothing
new (WHO, 1987). Despite the conformity in the mining
minimization and manipulation with this dangerous
carcinogenic material are often at many places high
concentration of asbestos fiber in the ambient air, even in
the highly economically advanced and developed
countries. One example is the city of Pilsen and its
surrounding. The first valid observation of asbestos fiber
actinolite limit exceedance was from the year 2002 and it
was randomly observed during measurements of the
impact of asbestos remediation work. Thereafter fiveyear long research followed and it was proven that
respirable actinolite fibers are highly emitted to ambient
air during mining and aggregate processing with high
content of the asbestos mineral actinolite by construction
works, winter road strewing, pavement dusting, dusty
roads etc. (Klán, 2013).
Actinolite Ca2(Mg,Fe2+)5Si8O22(OH)2 is classified
in the group of calcium amphibols which forms part of
asbestos minerals. In the Pilsen area is occurred in
Proterozoic metamorphosed altered basalts called spilite.
Spilite mining in the Pilsen area represents according to
inquiry more than 1 million tons of aggregate per year.
Fine fraction is a significant part which is often used in
the mixtures.
Asbestos fibers are formed by the mechanical
abrasion of the rock, from the materials which are not in
the fiber form. Actinolite is most often crumbled in the
ratio 1/7-8 (width/length). In the Pilsen area are often
fibers 7-14 µm long and around 1-2 µm thin.

According to previous single measurements,
asbestos fiber number concentration is around 1000
fibers/m3 depending on the dustiness and the source
proximity. Fibers long or longer than 5 µm and with
3 µm diameter and length-diameter ratio 3:1 are
considered as an asbestos fiber for number concentration
evaluation.
With transmission electron microscopy (TEM)
we found that nanostructure of the fiber asbestos
material actinolite are disintegrated by the mechanical
abrasion to 10 nm width and 100 nm long nanoparticles,
with width-length ratio 1/7-10.
Unlike spherical nanoparticles (eg. combustion
emissions), asbestos actinolite nanofibers generally do
not form aggregates and chains.
The present result shows higher asbestos fiber
actinolite occurrence in the ambient air of the Pilsen area
and they can disintegrate into nanoparticles.

100nm
Fig 2: Nano-structure of the disintegrating aktinolite
fiber in Pilsen, TEM
The project is supported by the Czech Grant Agency
(P503/12/G147).
Klán, M., Havlíček, D. and Plocek, J. (2013) Asbestos –
fibrous particles of mineral actinolite in ambient air
of the Pilsen district, Ochrana ovzduší, 45, 24–27

Fig 1: Actinolite fiber (in the middle) on the filter in
Pilsen, SEM
Actinolite asbestos fiber distribution and its
number concentration in the Pilsen ambient air are not
sufficiently explained yet.

World Health Organization (WHO) Regional Office for
Europe (1987), Air Quality Guidelines for Europe,
WHO Regional Publications, European Series, No.
23, ISBN 80-7212-000-X
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Regardless of our current understanding of the risk of
exposure to mineral PM, airborne particles emitted from
surface phosphate mines cannot be unequivocally listed
as benign and harmless. For example, Hamaiedth and ElHasan (2011) reported that 40% of the patients who
visited the Al-Hassa health center during 2008 (about
800 people) suffered from respiratory diseases that was
attributed to exposure to phosphate dust. Indeed, when
development of new mining area is considered the
required environmental impact assessment (EIA)
oftentimes contains also a health impact assessment
(HIA) section. The latter can be done only by performing
dispersion modelling, which requires emission factors as
input. Emission factors for surface phosphate mining
operations are not available due to complete absence of
data on which they should base.
To tackle this problem, we developed
methodology for estimating the missing emission factors
for surface phosphate mining indirectly. This is done by
implementing a range of plausible values, based on nonuniform distribution functions we constructed as part of
the study, into a dispersion model. Model concentration
predictions of different airborne PM fractions were
compared to directly measured or to partially calculated
concentrations around surface phosphate mines. We
applied this approach in Khneifiss phosphate mine,
Syria, and in Al-Hassa and Al-Abyad phosphate mines,
Jordan. It is noteworthy that the study accounts for
numerous model unknowns and for vast parameter
uncertainties by means of applying prudent assumptions
concerning the parameter values. For example, we
simulated each scenario multiple times, using different
parameterizations and emission factors.
Model results reveal that all the performance
measures inspected (average concentrations ratio,
fractional bias, fractional error, mean normalized bias
and mean normalized error) were within their previously
reported pertinent ranges when modelling TSP emissions
from area sources (Tartakovsky et al., 2013; 2016). Our
results suggest that “net” mining operations (buldozing,
grading and dragline) contribute only little to the
ambient TSP concentrations relative to phosphate
processing and transport. In particular, applying both the
USEPA AP 42 (1995) emission factors for phosphate
transfer and for emissions from unpaved roads seems to
better account for transport emissions in open surface
mines than when using any of them solely. Regarding
PM emissions that are due to wind erosion, the
differences between the EPA and the NPI emission

factors were found to have only small effect on the
modelled ambient concentrations.
Based on our results, the common practice of
deriving the emission rates for phosphate mining
operations from the US EPA emission factors for surface
coal mining or from the default emission factor of the
EEA seems to be reasonable. Yet, since multiple factors
affect dispersion from surface phosphate mines a range
of emission factors, rather than only a single value, was
found to satisfy the model performance. Nonetheless,
our results suggest that health effects may arise from
long term exposure to particulate matter emitted from
surface phosphate mining activities.
D.L.T. would like to thank the Rieger Foundation PhD
Fellowship Program for supporting his studies. The
research was done at the Technion Center of Excellence
in Exposure Science and Environmental Health, TCEEH.
EEA, 2013. EMEP/EEA air pollutant emission inventory
guidebook, 2013. EEA Technical report no. 12/2013.
ISSN 1725-2237. Luxembourg Publications Office of
the European Union.
Hamaiedth, H. and El-Hasan, T., 2011. Inorganic
chemistry,
granulometry
and
mineralogical
characteristics of the dust fall over phosphate mine
adjacent area, central Jordan. Environ. Earth. Sci.,
62, 1771–1777.
National Pollutant Inventory (NPI), 2000. Emission
estimation technique manual for mining and
processing of non-metallic minerals. Department of
sustainability, environment, water, population and
communities. Australian government.
Tartakovsky, D., Broday, D.M. and Stern, E., 2013.
Evaluation of AERMOD and CALPUFF for
predicting ambient concentrations of total suspended
particulate matter (TSP) emissions from a quarry in
complex terrain. Environmental Pollution, 179,138145.
Tartakovsky, D., Stern, E. and Broday, D.M., 2016.
Dispersion of TSP and PM10 emissions from quarries
in complex terrain. Science of The Total
Environment, 542A:946–954.
US EPA, 1995. AP 42, 5th ed. Compilation of air
pollutant emission factors.
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The Arabian Peninsula is one of the dustiest
places in the world. The main sources of dust are the
alluvial plains of Iraq, the plateau of eastern Jordan, the
Jazirah (Jezireh) of eastern Syria, and the interior plains
of Dhofar and adjacent interior eastern Yemen.
According to Notaro et al. (2015) the recent increase of
the dust emission activity in the Arabian Peninsula is due
to the prolonged drought episodes in the Fertile
Crescent. Kuwait is of great interest due to highest
recorded dust density in the Arabian Peninsula (Sabbah,
2010).
We present in this paper new lidar measurements
obtained in the Kuwait with the objective of assessing
the vertical distribution of dust haze in this region and
characterizing the main transport pathways of dust.
A polarized Micropulse Lidar (P-MPL) has been
recently installed in the Kuwait station (29.3º N, 47.9º E,
40 m a.s.l.) by the College of Health Sciences, the Public
authority for Education and Training of Kuwait. Routine
measurements are performed from November 2013 to
date for dust research. The lidar uses a Nd:YVO4 laser
emitting 6-8 µJ at 532 nm with a frequency of 2500Hz.
A Matsukov-Cassegrain telescope with two polarization
channels composes the receiving system. Routine
measurements are 30-m vertical resolution and 30second integrating time.
Several dust events are observed all year long in
Kuwait with a maximum intensity in summer (JuneJuly). Dusty days are classified by the Met. Services
based on surface wind speed and visibility into 4
categories: “dust storm”, “rising dust”, “suspended dust”
and “haze”. We present here a selected event
corresponding to the case “rising dust” with mean daily
wind speed between 4 and 11 m/s and visibility better
than 1 km. The analysed period ranges between 18 and
28 June 2014
The aerosol extinction profiles are computed
following a standard Klett’s method and constant lidar
ratio of 35 Sr . The lidar ratio is within the lower range
of acceptable lidar ratio for dust particles. The aerosol
extinction coefficient is vertically integrated to give the
aerosol optical thickness (AOD). Figure 1 shows the
comparison between 5-min time step and the AOD
retrieved from the MODIS DeepBlue operational
algorithm. The time series have been filtered of
unrealistic values and the range of observations in AOD
is limited up to 2.0. We observe a steady increase in the
AOD from June 18 to 22. A burst in the AOD is

observed on June 23 corresponding to the strong signal
observed in the lidar raw signal in the planetary
boundary layer. The retrieved MODIS AOD when
available is in a good agreement with the lidar ones.

Figure 1: Time series of the (black solid line) MPL AOD
and (red dots) AQUA DeepBlue AOD at 550 nm.
The analysis of the vertical extinction coefficient
profiles on June 22 reveals a first maximum observed in
the boundary layer below 500 m (nighttime profiles), a
second maximum is observed at 2 km and the third one
in a layer between 4 and 6 km.
The backtrajectories obtained using the HYSPLIT
model indicates that the air masses arriving on 22 June in
the morning over Kuwait have different origins. In the
upper layer, the air mass travels over Syria and Iraq
under Shamal wind regime before being advected over
the gulf. The air mass is then uplifted over the high
mountains range in Iran and turned back toward Kuwait.
The air mass arriving at 500 m is subsiding from higher
altitude and should not carry large amount of dust as
confirmed by the rather weak aerosol extinction
coefficient of 0.15 km-1. The large increase in the
extinction coefficient at 2 km could be due to the
advection of dust from Saudi Arabia as reveals by the
UV aerosol Index derived from OMI observations during
the event. However a possible contribution from the
sources areas straddling the border between Iran and
Pakistan could also be expected
Notaro, M., Y. Yu, and O. V. Kalashnikova (2015),
Regime shift in Arabian dust activity, triggered by
persistent fertile crescent drought, J. Geophys. Res.
Atmos., 2015JD023855, doi:10.1002/2015JD023855.
Sabbah, I. (2010), Impact of aerosol on air temperature
in Kuwait, Atmospheric Research, 97(3), 303–314,
doi:10.1016/j.atmosres.2010.04.002.
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Decrease of tropospheric ozone concentrations associated with Saharan dust outbreaks
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C. Pastor
Atmospheric Pollution Laboratory (LCA), Department of Applied Physics, Miguel Hernández University, Elche,
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Presenting author email: ruben87sm@gmail.com.
From May to September 2012, ozone reductions
associated with fifteen Saharan dust outbreaks (SDOs)
which occurred between May to September 2012 have
been evaluated. Moreover, a particle concentration
threshold, from which the ozone depletion can be
considered statistically significant, has been determined.
The study of interactions between ozone and coarse
particles (size >1 µm) is based on an hourly time scale.
Time series of ozone concentrations in which its
seasonal component was removed have been used and as
a result, the effect of the solar radiation on the ozone
variability has been minimized.
The campaign was performed at a mountain
station located near the eastern coast of the Iberian
Peninsula. The sampling site named “Aitana” (38°16´N;
0°41´W; 1558 m a.s.l) is on the top of a mountain range
located inland in the province of Alicante, in
southeastern Spain. The station is situated 25 km from
the Mediterranean coast and about 300 km from the
nearest North Africa point. Particulate matter
characterization and meteorological dynamics in the
sampling point can be consulted in Galindo et al., 2015.
The instrument used to measure particle
concentration was an optical counter Grimm 190, which
is able to determine particle number concentrations in 31
particle size channels from 0.25 μm to 32 μm.
Concentrations of O3 were registered using a Dasibi
model 1008 UV absorption continuous analyzer.
Meteorological data (temperature, wind velocity, solar
radiation, precipitation, relative humidity) were obtained
from a weather station located 10 m above the ground.
The sampling site was influenced by SDOs for a
total of 75 days (∼50% of the entire study period). These
Saharan dust events were distributed in 15 different
periods.
In order to determine a particle concentration
threshold from which a statistically significant decrease
in ozone concentrations is produced, a comparison
between hourly ozone average concentrations recorded
without SDO (O3-NSDO) and those obtained under SDO
has been carried out. Four different ozone scenarios
depending on the particle concentration during a SDO
are taking into account: a) during SDOs independently of
the hourly particle concentration (O3-SDO); b) during
SDOs when particle concentration exceeds the median
hourly values (O3-N>N-median); c) when exceeds the
hourly particle mean values (O3-N>N-mean) and d)
when is over the P75 (75th percentile) hourly particle

values (O3-N>N-P75). With the O3 values obtained from
each of the four intensities, the corresponding ozone
percentage reduction has been calculated. Furthermore,
to ascertain when the ozone reduction can be considered
significant a statistical comparison (Mann-Whitney test)
has been performed. The O3 value obtained without SDO
(O3-NSDO) has been used as a reference level. Table 1
shows the results.
Table 1: Concentrations and percentage reductions of O3
and significance levels.
Value±error
↓∆O3
O3
Significancea
(ppb)
(%)
58.1±0.2
NSDO
SDO

57.5±0.2

1.0

0.257

N>Nmedian

55.8±0.2

4.0

0.000

N>Nmean

54.7±0.3

5.9

0.000

N>NP75

54.3±0.3

6.5

0.000

a

: Levels upper than 0.05, do not reject the null hypothesis, that
is, the means are statistically equals between the groups.

The condition O3-N>N-median (with p-value <
0.05) is enough to obtain a statistically significant ozone
reduction (4.0%). Table 1 also reveals that an increase in
the particle concentration during SDOs produces a
greater decrease in ozone concentrations.
The ozone reduction can vary according to the SDO and
in certain cases this percentage can reach values of
higher than 15%. The negative gradient of ozone
concentration during the course of the Saharan episodes
vary from 0.2 to 0.6 ppb·h-1 with an average value of
0.39 ppb·h-1. The negative correlation between ozone
and coarse particles occurs almost simultaneously.
Moreover, although the concentration of coarse particles
remained high throughout the SDO, the time series
shows the saturation of the ozone loss.
This work was supported by the Spanish Ministry of
Science and Innovation under the CGL2009-08036
(PASSE)
and
CGL2012-39623-C02-2 (PRISMA)
projects. We would like to thank the military base (EVA
no. 5) for allowing access to its facilities.
Galindo N, Yubero E, Nicolás J.F, Crespo J, Soler R,
(2015) Aerosol Air Qual Res. 1–12, in press. doi:
10.4209/aaqr.2015.05.0302.
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Impact of Saharan dust outbreaks on the chemical composition of PM10 at Mt. Aitana
(southeastern Spain)
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Table 1. Average values, standard deviations, minima
and maxima of PM10 main components (ng/m3).
PM10
Cl
NO3
SO42
C2O42
NH4+
Na+
K+
Mg2+
OC
EC
Ca
S
Fe
Ti
a

Mean
13325
113
817
1504
156
388
240
61
52
1927
70
413
270
173
20

SD
12079
202
553
895
45
268
240
57
52
695
41
668
162
329
40

Min
784
<DLa
<DLa
88
6
<DLa
<DLa
<DLa
<DLa
720
6
<DLa
14
<DLa
<DLa

Max
92344
2087
2585
4224
492
1490
865
375
206
4603
247
6192
725
2811
311

<DL: concentrations below the detection limit

The mean PM10 concentration for the whole study
period was a little higher than the value measured at
another high altitude site in norhteastern Spain (Mt.
Montsec; Ripoll et al 2014; 12 µg/m3, three-year
average). This can be attributed to the measurement
period, which does not cover two complete years. This is
important since PM levels at high altitude stations
exhibit a clear seasonal cycle with minimum values
during winter (Galindo et al 2016).
OC and SO42 were the main components of
PM10, accounting for approximately 25% of the total
concentration. In addition to OC and secondary
inorganic ions (SO42, NO3 and NH4+), crustal
components, represented by Ca, Fe and Ti, were also
major contributors to the PM10 mass. The common origin
of these elements was supported by the high correlations
obtained between them (r > 0.72). Due to the close
proximity of the measurement location to the

Mediterranean coast, marine ions (Na+, Mg2+, Cl) also
showed significant concentrations.
Figure 1 presents a comparison between
concentrations calculated for days under the influence of
Saharan dust intrusions and days without intrusion.
2500

Non-intrusion
Intrusion

2000

Concentration (mg/m3)

From 17th March 2014 to 4th September 2015, more than
150 PM10 daily samples were collected at Mt. Aitana
(38°38'56.8"N 0°15'55.2"W; 1558 m a.s.l.) using a highvolume sampler (Digitel, 820 m3/day). Samples were
analysed by ion chromatography, ED-XRF and a
thermal-optical method for the determination of major
ions, elements and carbonaceous species (organic and
elemental carbon), respectively.
Table 1 shows summary statistics for PM10 and its
main chemical components during the study period.

1500

1000

500

0
NO3NO3- SO42SO42-

Na+
Na+ NH4+
NH4+

OC
OC Ca2+
Ca

Fe
Fe

Ti
Ti

Figure 1. Average concentrations on intrusion and nonintrusion days.
As expected, the impact of Saharan dust
outbreaks on the concentrations of crustal elements was
significantly higher than for the other PM10 components.
However, the relative increase in the concentrations of
Fe and Ti (500%) was much greater than that calculated
for Ca2+ (250%), indicating that in this region: (1)
calcium is not the best tracer of Saharan events and (2)
the ratios Ca/Fe and Ca/Ti decrease on intrusion days; in
fact, the Ca/Ti ratio could be used as a sensitive indicator
of Saharan events. Similar results were reported in
previous works performed in the study area (Nicolás et
al 2008, 2009).
This work was supported by the Spanish Ministry
MINECO under the CGL2012-39623-C02-2 (PRISMA)
project. We would like to thank the Spanish Defense
Ministry (EVA n. 5) for allowing access to its facilities.
Galindo, N., Yubero, E., Nicolás, J.F., Crespo, J. and
Soler, R. (2016) Aerosol Air Qual. Res. 16, 530-541.
Nicolás, J.F., Chiari, M., Crespo, J., García, I., Lucarelli,
F., Nava, S., Pastor, C. and Yubero, E. (2008) Atmos.
Environ. 42, 149-159.
Nicolás, J.F., Galindo, N., Yubero, E., Pastor, C.,
Esclapez, R. and Crespo, J. (2009) Water Air Soil
Pollut. 201, 149-159.
Ripoll, A., Pérez, J., Minguillón, M.C., Pérez, N.,
Pandolfi, M., Querol, X. and Alastuey, A. (2010)
Atmos. Chem. Phys. 14, 4279-4295.
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Global scale variability of the mineral dust longwave refractive index from new in situ
chamber measurements
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Modeling the interaction of mineral dust aerosols with
longwave (LW) radiation is still a challenge due to the
poor knowledge on their complex refractive index. In
particular little is known on the variability of the dust
refractive index with particle mineralogy, which changes
with the source region of emission, and size distribution,
which modifies during transport due to gravitational
settling.
In this study we explore the variability of the
mineral dust LW refractive index as a function of its
mineralogical composition and size distribution by in
situ measurements in the CESAM chamber
(Experimental Multiphasic Atmospheric Simulation
Chamber) (Di Biagio et al., 2014). Mineral dust aerosols
were generated from nineteen natural soils and
sediments from Northern Africa, Sahel, Middle East,
Eastern Asia, North and South America, Southern
Africa, and Australia. These were selected to represent
major dust sources worldwide and to account for the
heterogeneity of the soil composition at the global scale.
The generated aerosols were re-suspended in the
chamber, and their LW extinction spectra (2-16 µm),
size distribution, and mineralogical composition were
measured. The generated dust aerosol exhibits a realistic
size distribution and mineralogy, including both the suband super-micron fractions, and representing in realistic
proportions the main LW-active minerals (clays, quartz,
calcite). The complex refractive index of dust is obtained
by optical inversion based on extinction and size data.
Results from the present study show that the LW
refractive index of dust strongly varies both in
magnitude and spectral shape from sample to sample,
following the variability of the particle composition. For
instance, the strength of the absorption at ~7 and 11.4
µm depends on the amount of calcite within the samples,

while the absorption at 8-14 µm is determined by the
abundance of quartz and clays. The available literature
data (Volz, 1972, 1973; Fouquart et al., 1987) used
nowadays in climate models and remote sensing
retrievals, do not adequately represent either the
magnitude, or the spectral features and the variability of
the dust LW refractive index as observed in our dataset.
Our data also show that the spectral shape of the
dust extinction spectrum does not modify with time due
to the loss of coarse particles by gravitational settling. In
consequence, the retrieved LW refractive index does not
change, so it can be used to represent short-to-medium
range transport conditions.
The unique dataset presented in this study is of
great relevance for both climate modelling and remote
sensing applications. First, our results permit taking into
account the geographical variability of the dust LW
refractive index, which at present is not accounted for in
climate models and satellite/ground based retrievals. Our
findings also support the common practice to treat the
dust LW refractive index as static during transport,
which would strongly simplify its representation.
This work was supported by the LEFE/INSU, the EC,
the OSU-EFLUVE, the CNRS-INSU, and the CNRS
Labex L-IPSL.
Di Biagio, C., Formenti, P., Styler, S. A., Pangui, E. and
Doussin, J.-F. (2014) Geophys. Res. Lett. 41, 62896297.
Fouquart, Y., Bonnel, B., Brogniez, G., Buriez, J. C.,
Smith, L., and Morcrette, J. J. (1987) J. Climate
Appl. Meteor. 26, 38-52.
Volz, F. E. (1972) Appl. Optics 11, 755-759.
Volz, F. E. (1973) Appl. Optics. 12, 564-568.
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The atmospheric inputs to the Mediterranean Sea play a
Table 1: Annual mass flux of nutrients and trace metals in
significant role in marine nutrient cycles during the
kg km-2 yr-1in 2013 and 2014 for 4 sites: Cape Corsica,
summer period of surface water stratification. This is the
Mallorca, Lampedusa and Medenine
case for macronutrients (P and N) (Loÿe-Pilot et al., 1990; Station
Cape Corsica
Mallorca
Lampedusa
Medenine
39°15N33°21NPulido-villena et al., 2010) and micronutrients such as Fe Position
40°00N-9°21E
35°31-12°37
3°03E
10°30E
(Bonnet and Guieu, 2006), and also possibly trace metals
2013
2014
2013
2013
2014
2013
Year
such as Co, Ni, Mo, Mn, Zn and Cd which play an
533.7
80.9
1351.4
3390.5
140.7
1215.4
Fe
essential role in phytoplanktonic activity (Morel and
11.7
4.3
31.8
17.4
12.4
32.5
P
Hudson., 1985). It is necessary to estimate the mass flux
0.002
0.01
0.02
0.18
0.004
0.03
Cd
of nutrients and trace metals associated in atmospheric
0.6
0.2
1.5
0.4
0.6
2.1
Co
inputs and their bioavailability to assess their role in
3.6
0.9
3.5
3.6
1.5
2.9
Cr
phytoplanktonic activity. To do this, many studies
0.69
0.16
1.4
5.3
0.7
2.1
Cu
focused on macronutrient P and micronutrient Fe,
5.1
0.9
12.6
5.9
2.0
21.0
Mn
however there are little data for trace metal deposition to
0.9
0.2
2.3
28.3
1.0
1.4
Ni
Mediterranean Sea.
1.4
0.2
2.8
3.7
0.5
3.8
A network of mass deposition measurements was
V
installed around the western Mediterranean basin on
1.9
0.7
3.7
525.5
1.4
4.6
Zn
islands or coasts: Le Casset, Frioul Island and Cape
Corsica (France), Mallorca Island (Spain), Lampedusa
By comparing elemental mass ratios to Al of
Island (Italy), and Medenine (Tunisia) since 2011 to
CARAGA samples with reference values of Saharan dust,
estimate the dynamic of Saharan dust deposition events.
we find that Zn, Cu, Ni and Cr have been widely
This network is based on an automatic sampler named
influenced by anthropogenic sources, and that this
CARAGA collecting weekly bulk insoluble fraction flux
influence had a large spatial variability.
of total atmospheric deposition, mainly composed of
mineral dust (Laurent et al., 2015).
In order to estimate mass flux of nutrients and trace
This study was funded by ADEME/PRIMEQUAL and
metals, we tested the relevance to use CARAGA samples
MISTRALS/ChArMEx programmes.
for measuring the chemical composition of atmospheric
deposition. In a first time, the contribution of the insoluble
Bonnet, S., and C. Guieu. (2006) Atmospheric forcing on
fraction was compared to total deposition by measuring
the annual iron cycle in the western Mediterranean Sea:
elemental mass loss during simulated rain events. During
A 1-year survey. J. Geophysical Res., 111, C09010.
the collection in situ, we lost by dissolution in water 0.39Laurent, B., et al. (2015) An automatic collector to
1.09% of Al and 0.11-0.68% of Fe, but 10.27-15.60% of
monitor insoluble atmospheric deposition: an application
P. For trace metals, this loss presents less than 5%, except
for mineral dust deposition. Atmos. Meas. Tech., 8,
Zn (5.79-9.22%), Cu (2.55-6.58%) and Mn (3.672801-2811.
15.82%). For mass measurements, CARAGA samples are
Loÿe-Pilot, M.D., Martin, J.M., Morelli, J. (1990)
ignited at 550°C to eliminate organic matters. The impact
Atmospheric input of inorganic nitrogen to the Western
of this ignition on elemental composition was checked
Mediterranean. Biogeochemistry 9, 117–134.
from dust and soot analogues. Results show a mass loss
Morel, F. M. M. and Hudson, R. J. M. (1985) Geoof nutrients and trace metals of less than 5%. Finally, the
biological Cycle of Trace Elements in Aquatic Systems:
various tests show that the CARAGA samples are relevant
Redfield Revisited, edited by John Wiley and Sons,
to estimate the total mass fluxes of nutrients and trace
Chemical Processes in Lakes, New York, 251–281.
metals with uncertainties better than 10% for Al, Fe and
Pulido-Villena, E., Wagener, T. and Guieu, C. (2010)
trace metals, except Mn (15%) and P (around 20%).
Bacterial response to dust pulses in the western
Annual mass fluxes of nutrients and trace metals
Mediterranean: Implications for carbon cycling in the
have been estimated for samples of Corsica, Mallorca,
oligotrophic ocean. Global Biogeochemical Cycles 24,
Lampedusa and Medenine for 2013 and 2014 (table 1).
0886-6236.
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QUARRY

Receptor sites

Quarry sites

Figure 1: Location of the sampling sites inside/outside
the quarries, Nord-Pas-de-Calais region, France.
We present here the experimental results of this first
field campaign of the EMCAIR project from the first
quarries in a limestone basin in North of France. The
chemical fingerprint of the quarry’s emissions was
characterized here from air (PM10) samples, soil
collections and wet/dry deposition. The influence of the
quarrying activities on PM concentration/composition at
receptor sites was then investigated here using sizeresolved chemistry.
Our preliminary results suggested that quarry’s influence
remains limited in their vicinity as illustrated in Figure 2
for calcium which is a major component extracted from
the quarries.
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As part of the EMCAIR project, a 1-month field
campaign, which is in charge atmo Nord- Pas-de-Calais,
has been performed in Northern France at 5 different
locations impacted by quarrying activities (two inside
the quarries and 3 outside; see Figure 1). Filter (Partisol)
and (3-stage) cascade impactor samples were collected at
the different sites in order to perform a detailed chemical
analysis of PM (ions, carbon, trace elements). This
experimental setting was completed by a large suite of
on-line (PM2.5, PM10) and off-line (Owen Gauge)
measurements in order to better describe the short-term
PM variability and dry/wet dust deposition mass and
composition.

QUARRY

Fine
Coarse

The EMCAIR project (Emission for quarries in the air)
aims to improve our understanding of the impact of
quarrying activities on local air quality with a focus on
PM in various contexts (geological, climatic,..). It will
better characterize PM properties emitted from quarries
(size distribution, chemical composition) against
background dust, and evaluate the impact of these
emissions at local scale (downwind area). Ultimately,
EMCAIR will develop and validate an experimental
protocol that may be widely applicable to characterize
the impact of quarrying emissions.

2 km

Concentration , µg/m3

Although Air Quality in Europe has significantly
improved since 2000, some large discrepancies are still
observed across the EU members. As a result, pollution
episodes with Particulate Matter (PM) concentrations
above EU limit values remain important at some
locations and need to be better characterized in order to
define more efficient local abatement strategies.
Mineral dust is an important component of PM10,
responsible for many PM exceedances, especially over
Southern Europe. It can originate from both natural (soil
resuspension) and anthropogenic emissions (non-exhaust
traffic, building, quarries, etc). While addressing the
influence of dust in PM levels in Europe, it remains
unclear whether specific emissions like quarrying
activities have an important impact on local PM
concentrations and how these activities can be
discriminated from natural dust. Although these
emissions are taken into account in emission inventories,
still few studies are available so far to constrain emission
factors from quarries and evaluate their local impact on
PM concentrations and composition.

Figure 2: Weekly averaged concentration of calcium in
fine (PM2.5) and coarse (PM2.5-10) modes in the quarry
and at the nearby receptor sites reported in Figure 1.
This work was supported by the ADEME (CORTEA)
EMCAIR project and UNPG (Union Nationale des
Producteurs de Granulats).
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The atmospheric inputs to the Mediterranean Sea play a
Table 1: Annual mass flux of nutrients and trace metals in
significant role in marine nutrient cycles during the
kg km-2 yr-1in 2013 and 2014 for 4 sites: Cape Corsica,
summer period of surface water stratification. This is the
Mallorca, Lampedusa and Medenine
case for macronutrients (P and N) (Loÿe-Pilot et al., 1990; Station
Cape Corsica
Mallorca
Lampedusa
Medenine
39°15N33°21NPulido-villena et al., 2010) and micronutrients such as Fe Position
40°00N-9°21E
35°31N-12°37E
3°03E
10°30E
(Bonnet and Guieu, 2006), and also possibly trace metals
2013
2014
2013
2013
2014
2013
Year
such as Co, Ni, Mo, Mn, Zn and Cd which play an
533.7
80.9
1351.4
3390.5
140.7
1215.4
Fe
essential role in phytoplanktonic activity (Morel and
11.7
4.3
31.8
17.4
12.4
32.5
P
Hudson., 1985). It is necessary to estimate the mass flux
0.002
0.01
0.02
0.18
0.004
0.03
Cd
of nutrients and trace metals associated in atmospheric
0.6
0.2
1.5
0.4
0.6
2.1
Co
inputs and their bioavailability to assess their role in
3.6
0.9
3.5
3.6
1.5
2.9
Cr
phytoplanktonic activity. To do this, many studies
0.69
0.16
1.4
5.3
0.7
2.1
Cu
focused on macronutrient P and micronutrient Fe,
5.1
0.9
12.6
5.9
2.0
21.0
Mn
however there are little data for trace metal deposition to
0.9
0.2
2.3
28.3
1.0
1.4
Ni
Mediterranean Sea.
1.4
0.2
2.8
3.7
0.5
3.8
A network of mass deposition measurements was
V
installed around the western Mediterranean basin on
1.9
0.7
3.7
525.5
1.4
4.6
Zn
islands or coasts: Le Casset, Frioul Island and Cape
Corsica (France), Mallorca Island (Spain), Lampedusa
By comparing elemental mass ratios to Al of
Island (Italy), and Medenine (Tunisia) since 2011 to
CARAGA samples with reference values of Saharan dust,
estimate the dynamic of Saharan dust deposition events.
we find that Zn, Cu, Ni and Cr have been widely
This network is based on an automatic sampler named
influenced by anthropogenic sources, and that this
CARAGA collecting weekly bulk insoluble fraction flux
influence had a large spatial variability.
of total atmospheric deposition, mainly composed of
mineral dust (Laurent et al., 2015).
In order to estimate mass flux of nutrients and trace
This study was funded by ADEME/PRIMEQUAL and
metals, we tested the relevance to use CARAGA samples
MISTRALS/ChArMEx programmes.
for measuring the chemical composition of atmospheric
deposition. In a first time, the contribution of the insoluble
Bonnet, S., and C. Guieu. (2006) Atmospheric forcing on
fraction was compared to total deposition by measuring
the annual iron cycle in the western Mediterranean Sea:
elemental mass loss during simulated rain events. During
A 1-year survey. J. Geophysical Res., 111, C09010.
the collection in situ, we lost by dissolution in water 0.39Laurent, B., et al. (2015) An automatic collector to
1.09% of Al and 0.11-0.68% of Fe, but 10.27-15.60% of
monitor insoluble atmospheric deposition: an application
P. For trace metals, this loss presents less than 5%, except
for mineral dust deposition. Atmos. Meas. Tech., 8,
Zn (5.79-9.22%), Cu (2.55-6.58%) and Mn (3.672801-2811.
15.82%). For mass measurements, CARAGA samples are
Loÿe-Pilot, M.D., Martin, J.M., Morelli, J. (1990)
ignited at 550°C to eliminate organic matters. The impact
Atmospheric input of inorganic nitrogen to the Western
of this ignition on elemental composition was checked
Mediterranean. Biogeochemistry 9, 117–134.
from dust and soot analogues. Results show a mass loss
Morel, F. M. M. and Hudson, R. J. M. (1985) Geoof nutrients and trace metals of less than 5%. Finally, the
biological Cycle of Trace Elements in Aquatic Systems:
various tests show that the CARAGA samples are relevant
Redfield Revisited, edited by John Wiley and Sons,
to estimate the total mass fluxes of nutrients and trace
Chemical Processes in Lakes, New York, 251–281.
metals with uncertainties better than 10% for Al, Fe and
Pulido-Villena, E., Wagener, T. and Guieu, C. (2010)
trace metals, except Mn (15%) and P (around 20%).
Bacterial response to dust pulses in the western
Annual mass fluxes of nutrients and trace metals
Mediterranean: Implications for carbon cycling in the
have been estimated for samples of Corsica, Mallorca,
oligotrophic ocean. Global Biogeochemical Cycles 24,
Lampedusa and Medenine for 2013 and 2014 (table 1).
0886-6236.
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Effects of maintenance works and ventilation settings on the PM concentrations in
subway platforms
T. Moreno1, C. Reche1, MC. Minguillón1, V. Martins1, M.Capdevila2, S. Centelles2, E. deMiguel2 and X. Querol1
1
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2
Transports Metropolitans de Barcelona (TMB), L’Hospitalet de Llobregat, 08902, Spain
Keywords: Subway ventilation, particulate matter, air conditioning, tunnel.
Presenting author email: teresa.moreno@idaea.csic.es

Factors controlling PM concentrations in underground
systems include type of ventilation, station design,
wheels/rails/brakes composition, train speed/frequency,
passenger density, and the presence/absence of platform
screen doors. It is important to know the effect of these
variables to produce a strategic plan to improve air
quality in subways worldwide. As part of the IMPROVE
LIFE project in the Barcelona subway, experiments are
investigating the impact on passenger’s exposure to air
pollutants attributed to: 1) tunnel renewal works (ballast,
sleepers, rails); 2) addition of ballast with/without a dust
suppressant polymer; 3) changes in ventilation settings;
4) use of different brake pads; and 5) use of pantographs
with different compositions. Monitoring equipment is
located at the train entry point in each platform
including: i) DustTrak (8533, TSI) for PM2.5 mass
concentrations; ii) OPS (3330, TSI) for number
distributions in the 0.3–10μm size range; iii) high
volume sampler (CAV-A/MSb, MCV) for PM2.5
gravimetric and chemical analysis; and iv) IAQ-Calc
(7545, TSI) for CO, CO2, T, RH values. Campaigns
carried out so far have yielded the following results:
1. An increment of mean levels in the platform
associated with tunnel night renewal works was detected.
These works increased PM2.5, N0.3-10 and CO levels up to
90% (Table 1), although duration was always less than
30 min. Welding and railway replacement activities had
a more lasting effect on PM2.5 and N0.3-10 concentrations,
extending into passenger occupancy hours.
Table 1. Summary of statistics in days with or without
renewal works in progress.

PM2.5 (µg m-3)
N0.3-10 (# cm-3)
CO2 (ppm)
CO (ppm)
T (°C)
HR (%)

Before works
Mean St. Dev.
34.2
15.4
1129
570
479
49
0.03
0.08
16.9
1.4
34
6

Works period
Mean St. Dev.
42.6
21.5
1211
774
501
51
0.1
0.4
19.7
1.2
41
8

2. The addition of ballast treated with a dust
suppressant at first did not seem to reduce the emission
of particles more than the standard method (using just
water) during the process (Fig.1). However, an effect
was observed later during subway operation hours, PM
being lower when applying the dust suppressant method.
Further research is needed to evaluate the reproducibility
of these results.

Figure 1. Box plot of PM2.5, N0.3-10 and CO levels during
subway operation hours, after ballast addition with and
without dust suppressant. Data points in black, mean
concentrations in red.
3. Better air quality was achieved by forceful
introduction of outdoor air (impulsion) in tunnels rather
than by the extraction of indoor air. PM 2.5 and N0.3-10
mean levels were 18-22% higher when extraction was
operating (PM2.5: 77 vs 62µg m-3; N0.3-10: 1713 vs
1340#cm-3), while CO2 levels were 10% higher (480 vs
530ppm). The increases were observed immediately
after the change of ventilation setting, but did not
increase further with time.
The relationship between the composition of
platform PM and that of particles generated by
maintenance works, as well as the chemistry of different
pieces used in each subway line (brakes, pantographs,
ballast) will now be studied, and the contribution of each
pollutant source will be estimated to develop protocols
aimed at producing discernible improvements to rail
subway air quality.
This study was supported by the IMPROVE LIFE
project (LIFE13 ENV/ES/000263) and the Spanish
Ministry of Economy and Competitiveness with FEDER
funds (METRO CGL2012-33066).
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French Network on Ultrafine Particles Monitoring: first results
A. Thomasson1, P.Y. Guernion2 , B. Mesbah3, F. Roze1 ,and O. Le Bihan4
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Presenting author email: AThomasson@air-rhonealpes.fr
Since 2012, various projects have been dedicated to
airborne ultrafine particles by French regional air quality
monitoring networks (in Rhône-Alpes, Aquitaine, and
Provence-Alpes-Côte d’Azur), constituting the first
French UFP monitoring “observatory”.
These projects were carried out in close
collaboration between each network and with the French
reference laboratory for air quality monitoring
(LCSQA), leading to the building up of a national
Working Group on UFP.
Several questions are addressed, including the
identification and quantification of local industrial
sources, the assessment of the impact of industrial,
traffic and residential heating emissions on total particle
number, as well as the investigation of phenomena’s
(meteorology, photochemistry, etc...) influencing urban
background concentrations.
Method
7 UFP 3031 granulometers (TSI) have been
acquired by all the partners. This instrument is based on
diffusion charging of particles, followed by size
segregation within a Differential Mobility Analyzer and
detection of the aerosol via an electrometer. Regular
inter-comparison exercises have been conducted (Le
Bihan et al., 2016).
Both short term campaigns and long term
monitoring programs have been considered, in mobile or
fixed air monitoring stations at more than 10 sites. The
implementation concerns various typologies of stations
(Table 1): close to industry or to traffic, background
urban sites.

Other pollutants were also monitored, such as SO2, NOx,
PM2.5, and/or PM10 as well as PMff and PMwb (fossil
fuel and wood burning combustion estimated with
AE33).
Results
Main results include:
The identification of five specific UFP sources at
a metallurgical complex, investigated through the
implementation of a UFP 3031 at various places around
a steel mill. UFP based wind roses appear to be largely
more specific than PM based for identifying the sources.
Moreover, a strong correlation between UFP <70 nm and
SO2 has been observed close to a chemical area.
UFP size distribution and concentration
monitored close to heavy traffic roads appeared to be
mainly leaded by traffic variations, regardless of
seasonal or meteorological conditions. UFP < 50 nm
roughly represent 50% of the total number concentration.
At urban background sites, UFP characteristics
are primarily influenced by meteorological parameters.
During wintertime, PMwb (wood burning) part presents
a very good correlation with UFP > 70 nm (especially
100-200nm canal). By contrast, in summer, a good
correlation is observed between PMff (fossil fuel) and
UFP > 70 nm This hot season also corresponds to the
formation of new particles in the afternoon due to
photochemical reactions.
Acknowledgements

Table 1. Place and typology of the monitoring sites.
Place
Grenoble
(38)
Talence
(33)
Grenoble
(38)

Typology
Urban
background

Fos-Berre
(13)
Mourenx
(64)

Industry

Traffic

Nb.
5

Partner
AIR RA

1

AIRAQ

2

AIR RA

This work was supported by the French Ministry
of Environment., Rhône-Alpes Region and Arkema,
Total , SOBEGI. The authors would like to thank for
supporting this study, P. Bourquin, M. B. Personnaz, C.
Chappaz, Y. Pellan, E. Moussu, M. Dalle, O. Favez, L.
Gauvin.
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Continuous measurement of ambient aerosol liquid water content in Beijing
O.A. Fajardo1, J. Jiang1,2 and J. Hao, 1,2
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The amount of liquid water present on ambient
aerosol particles influences its radiative properties, the
partitioning of gas-phase organic and inorganic
compounds to the condensed phase, and the
assessment of particle health effects upon inhalation.
Despite the known importance of water uptake in
ambient aerosol systems (McFiggans et al., 2006)
there is a relative lack of aerosol water measurements.
Water is one of the most important constituents of
ambient aerosol at certain relative humidity (RH)
conditions and its amount is governed by gas-liquid
equilibrium. There is an intrinsic complexity of the
atmospheric aerosols with regard to hygroscopicity,
given the large differences in particle sizes, varying
from nanometer to micrometer, and the varying
chemical components in different size modes.
Rapid economic and industrial development of China
in recent years is evidenced by its growing
urbanization and energy consumption. But such
development has brought the Chinese cities severe
urban air pollution in recent decades (He et al., 2002).
Beijing, for example, frequently has severe PM
pollution events that normally are accompanied with
increasing ambient RH (Jiang et al., 2015). The
amount of liquid water on the aerosol particles during
the haze events has been proved to be and important
pathway to enhance the heterogeneous oxidation of
SO2, which reinforce the uptake of water by sulfate
contributing to the rapid build up of pollution in the
atmosphere (Wang et al 2014
An improved home-made Dry-Ambient Aerosol Size
Spectrometer (DAASS) was implemented and
deployed at a sampling site in Beijing to measure
water content and volumetric growth factor of fine
ambient aerosol during clean and polluted days.
Aerosol chemical composition was characterized by
an aerosol chemical speciation monitor (ACSM).
Meteorological conditions were also assessed to trace
origin of the air masses arriving at the site. A
thermodynamic model, ISORROPIA II, was used to
predict aerosol water content based on inorganic
compositions measured by ACSM. During the twoweek sampling period, an aerosol efflorescence
behavior was observed around 50% relative humidity
(RH). Aerosol at the sample location was
predominantly alkaline, with an average acidity ratio
of 1.3 during the polluted days but very variable
during the clean days. This fact coupled with

generally low ambient RH resulted in low amounts of
liquid water detected during the campaign. When RH
reached its maximum of 87% and aerosol appeared to
be more acidic, the maximum amount of aerosol water
content measured was 1.3 µg/m3 (44.9% wt of
DAASS measured ambient aerosol). Measured
aerosol water content and model predictions seem to
show a better agreement during the more polluted
days, but during the clean days aerosol organic
fraction appears to have an important contribution in
the water content. We argue that the organicassociated water is comparable with that associated
with inorganic compositions during the clean periods
at low ambient RH conditions. The present instrument
offers an attractive alternative for an unattended and
continuous method to evaluate local aerosol water
content at ambient conditions.

Figure 1. Correlation of Volume growth Factor (VGF) to Ambient Relative
Humidity measured during the study using DAASS. Blue hexagons are mean
VGF values for the whole sampling period. Yellow stars are median VGF
values. Red line is a fitted curve to the mean values. Shaded area represents
VGF within one standard deviation from the mean. Coefficient of
determination (R2) is given on the top-right side.

Mcfiggans, G., Artaxo, P., Baltensperger, U., Coe, H., Facchini, M.,
Feingold, G., Fuzzi, S., Gysel, M., Laaksonen, A., Lohmann, U. & Others
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Cloud Droplet Activation. Atmospheric Chemistry And Physics, 6, 2593-2649.
Jiang, J., Zhou, W., Cheng, Z., Wang, S., He, K. & Hao, J. 2015. Particulate
matter distributions in China during a winter period with frequent pollution
episodes (January 2013). Aerosol and Air Quality Research, 15, 494--U157.
Yuxuan Wang, Qianqian Zhang, Jingkun Jiang, Wei Zhou, Buying Wang,
Kebin He, Fengkui Duan, Qian Zhang, Sajeev Philip, and Yuanyu Xie.
2014. Enhanced sulfate formation during china’s severe winter haze
episode in january 2013 missing from current models. Journal of
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Study of brake wear particle emissions of a minivan on a chassis dynamometer
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There are several studies reporting that the contribution
of exhaust and non-exhaust traffic related sources to total
traffic related PM10 emissions is almost equal. The
current study aimed at investigating the physicochemical
characteristics of brake wear particles generated by a
whole vehicle on a chassis dynamometer under different
initial speeds and deceleration rates. The selection of
driving conditions was made in such way to better
represent driving conditions met in urban environments
due to the fact that the contribution of brake wear is
more significant in big cities and urban sites.
Regardless the driving conditions a single brake event
reveals a clear two peak PN concentration curve, the first
at acceleration phase and the second during brake
application. Higher initial speeds result in a higher
number of total brake wear particles. However, at higher
initial speeds more particles are released during the
acceleration phase rather than the application of the
brake. On the other hand, braking with lower
deceleration rates result in a higher number of particles
released at the application of the brake compared to
braking with high acceleration rates.

Figure 2: Particle Number distributions at low and higher
brake pad temperature
Initial brake pad employed for this study seems to be a
mixture of iron, copper, silicon, carbon, zinc, barium and
magnesium. After braking procedure no major changes
on elements composition occurred for the worn pad
material.
Airborne particle collected consist of large irregularly
shaped grains (>100 nm). These grains constitute either
of C, O, Si or amorphous areas with carbon (>90%) as
the main constituent.

Image 1. TEM images of particles taken from the
collection plate of the ELPI.
Figure 1: Braking Particles partition over total PN
sampled
Regarding the PN distribution higher temperatures of the
pad result in a bimodal distribution with the first peak
being at approximately 1.0 μm and the second falling at
the nanometer scale (~200 nm).
Even if high nanoparticles production has been linked
with temperatures of the brake system higher than
180°C, the current study demonstrates that also in
temperatures of the pad higher than 140°C a clear second
peak at the nanoparticle size range appears

This work was supported by the EU funded project APTSTEP.
Grigoratos, T. and Martini, G. (2015); Brake wear
particle emissions: a review; Environmental Science and
Pollution Research 22 4: 2491-2504
Amato, F., Cassee, F., Denier van der Gon, H., Gehrig,
R., Gustafsson, M., Hafner, W., Harrison, R., Jozwicka,
M., Kelly, F., Moreno, T., Prevot, A.S.H., Schaap, M.,
Sunyer, J., Querol, X. (2014) ; Urban air quality: The
challenge of traffic non-exhaust emissions, Journal of
Hazardous Materials 275:30:31-36
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Researches on atmospheric single particle characteristics
during haze periods in October, 2014 in Beijing, China
Zhipeng Bai1,2, Wenjie Zhang1,2, Lang Liu1, Rui Zhang1, Bin Han1,Wen Yang1, Wan Wang1
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2
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Nanjing University of Information Science & Technology, Nanjing 210044, China
Abstract：To investigate the composition and possible sources of particles especially during the
heavy haze pollution in Beijing, a single particle mass spectrometer (SPAMS) was deployed to
measure the changes of single particle species and sizes during October of 2014, in Beijing. Total
2,871,431 particles with both positive and negative spectrum were collected and characterized in
combination with the ART-2a neural network algorithm. 8 types of particles were classified, as
well as the relative ratio of different type of particles to total particles, Dust particles(Dust, 8.1%),
Elemental Carbon(EC,29.0%), Organic Carbon (OC,18.0%), EC and OC combined particles
(ECOC,9.5%), Na-K containing particles(NaK,7.9%), K-containing particles(K,21.8%), Organic
nitrogen and potassium containing particles(KCN,2.3%), Metal-containing particles(Metal,3.6%).
Three haze pollution events and one clean period were obtained, considering the mass
concentration of PM2.5 and the back trajectory results from the Hysplit-4 model. Results showed
that EC, OC and K were the major components of single particles during three haze pollution
periods, which showed obviously increasing ratios compared with those in clean periods. EC were
mainly from the fossil fuel combustion of industrial processes during pollution episodes. OC
were mainly from local contribution and secondary formation, combined with those transport from
the regional transportation of fossil fuel combustion, biomass burning. K were mainly from
biomass burning . Additionally, KCN particles was one of the new particle types detected in this
study, animal husbandry was the biggest contributor, and fog haze event can enhance the
formation of KCN. Metal particles were likely from industrial and steel processes emissions.
Results from the mixing state of secondary species with different types of particles showed that
sulfate and nitrate seems more easily to be mixed with carbon containing particles during haze
pollution episodes than those in clean periods.
Key words: single particle mass spectrometry, haze pollution

Fig1. The mass concentration, size distribution, and ions of

Fig2. The size distribution of 10 major species of particles

PM2.5 during sampling periods

during sampling periods
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Characterization of reactive oxygen species in airborne particles from São Paulo
Megacity
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The human exposition to atmospheric particulate matter
(PM) has been associated to adverse health effects by
some epidemiological studies (Pope et al 2009). These
studies have specifically shown health issues in
association to the exposition to ultrafine particles (UFP,
dp < 100 nm) and fine particles (PM2.5). Health-related
issues include inflammatory processes, diverse
respiratory system problems, cardiovascular diseases,
morbidity, and mortality. The exact mechanisms of these
processes work are currently unknown but one such
hypothesis is that they are derivated from oxidative
stress initiated by reactive oxygen species (ROS) within
affected cells. Recent investigations show correlations
among particulate matter (PM) oxidative properties,
ROS production and its chemical composition. Some
ROS such as hydrogen peroxide (HOOH) and hydroxyl
radical (OH) together to organic species and trace
metals composing the PM are related to its oxidative
properties.
In this study we investigated some ROS and
related species, which are either produced and/or
consumed in the Fenton reaction. The studied species
were hydrogen peroxide (HOOH), hydroxyl radical
(OH), and speciated iron (Fe(II)/Fetotal). 24hr fine
(PM2.5) and coarse (PM10) particle samples were
collected once a week, using Hi-Vol samplers, during the
year 2014 in the University of Sao Paulo campus (which
is surrounded by intense traffic), in Sao Paulo Megacity,
Brazil. Moreover, since it is known ROS production is
likely to be associated to PM composition, we also
determinated OC, EC, levoglucosan, mannosan,
gallactosan, and major ions for observing if there was
any correlation among them.
PM samples were extracted in two different
aqueous solution conditions: (i) pH = 3.5 (H2SO4
solution), and (ii) phosphate buffer solution in pH = 7.27.4. While the first condition is environmentally
important and ideal pH for studying of ROS production
through Fenton reaction, the last one is physiologically
relevant and often used for health-related cell-free ROS
studies (Arellanes et al. 2006, Wang et al 2006). In the
present abstract we show results for pH 3.5 only.
In pH 3.5 ROS and related species concentrations
were (units in nmol mg-1): 14 ± 5 (OH), 5.8 ± 2
(HOOH), 10.6 ± 4 (Fe(II)), and 14.7 ± 5.7 (Fe total) for
fine particles. In turn, for coarse particles ROS levels
were 7 ± 2.6 (OH), 2.8 ± 1.7 (HOOH), 10.6 ± 4.3

(Fe(II)), and 15.4 ± 6 (Fetotal). Mass-corrected ROS timeseries are found in Figure 1.
(a)

(b)

Figure 1. Mass-corrected ROS time series (in pH 3.5) for
Sao Paulo, (a) PM2.5 and (b) PM10.
In regard to correlations, we found moderate
associations between OH and biomass and/or fuel
burning tracers (levoglucosan, mannosan, gallactosan,
K+, OC, and EC) while both Fe(II) and Fetotal were
correlated with OC and EC only. HOOH was not
correlated with anyone else.
This work was supported by the Brazilian Scientific and
Technological Council (CNPq, Conselho Nacional de
Desenvolvimento Científico e Tecnologico).
Arellanes, C., Paulson, S.E., Fine, P.M., Sioutas C.
(2006) Environ. Sci. Tech. 40, 4859-4866.
Pope. C.A., Ezzati, M., Dockery, D.W. (2009) N. Engl.
J. Med. 360, 376-386.
Wang, Y., Arellanes, C., Curtis, D.B., Paulson, S.E.
(2010) Environ. Sci. Technol. 44, 4070-4075.
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Determination of airborne polycyclic aromatic compounds exhausted from buses
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Atmospheric particulate matter has been
extensively studied to better understand its impact on
human health, due to evidences of harmful effects in the
respiratory and cardiovascular systems. Chronic
respiratory effects related to particulate matter may
include reduced lung function and increased symptoms
of bronchitis in children and adults (Kelly,
2012). Polycyclic aromatic hydrocarbons (PAHs) are a
group of environmental pollutants that might be present
in both vapor and particulate phases. As products of
incomplete combustion processes, PAHs and their
derivatives are present not only in ambient particles but
also in urban dust (Hasheminassab, 2013). PAHs and
their nitrated and oxygenated derivatives deserve
attention due to their well-known toxicities and harmful
effects on health. Certain PAHs are carcinogenic and/or
mutagenic, and nitro-PAHs and quinones have proved to
be more potentially mutagenic and/or carcinogenic than
the parent PAHs (Franco, 2010). The main goal of this
study was determination of PAHs, nitro-PAHs and
quinones associated to atmospheric aerosol.
Particulate matter samples were collected in the
underground floor at the Lapa Bus Station (12°58′S,
38°30′W, 52 m altitude), in Salvador, State of Bahia,
Northeastern Brazil during April 27th–May 18th, 2010.
PM10 samples were collected using a high-volume (HiVol) sampler equipped with particle separator for
particles smaller than 10 µm aerodynamic diameter.
Samples were collected on quartz fiber filters (22.8 cm ×
17.7 cm) over 4 h, at 1.13 m3min−1, each PM10 samples
corresponding to 271 m3. After collection, filters were
folded in half face to face, placed in an aluminum foil
envelope then in a zip lock plastic bag, transported cool
to the laboratory and stored in a freezer (−4 °C) until
analysis by GC-MS (Santos,2016).
Concentrations PAHs, nitro-PAHs and Quinones
for all the urban samples PM10 (n = 30) collected in the
bus station are summarized in Table 1. Some species
indicated in Table 1 had concentrations below the
quantitation limit and / or were not detected (n.d.). The
average of the individual concentrations and the
concentration ranges were (ng m-3): 0.30 (coronene) 4.90 (benzo(k)fluoranthene) tfor PAHs, 1.60 (4nitrobiphenyl) to 34.5 (9-nitroanthracene) for nitroPAHs and <LOQ (9,10-phenanthraquinone) to 21.7
ng.m-3 (1,4-benzoquinone) to quinones.
The results presented in Table 1 are relevant
because the quantification of such compounds as
benzo[a]pyrene, 1-nitropyrene, 3-nitrofluoranthene and
9,10-anthraquinone at elevated concentrations indicates
the impact of emission sources and incomplete
combustion processes, primarily diesel engines and
diesel exhaust gases.

Table 1. Absolute mass units (pg) and concentration
ranges (ng m-3) for PAHs, nitro-PAHs and quinones in
particulate matter samples PM10 (n = 30).
Compounds
Mass
1,4-benzoquinone
255
naphthalene
20.6
1.4-naphthoquinone
126
acenaphthylene
4.60
acenaphthene
9.30
fluorene d10*
fluorene
12.4
1-nitronaphthalene
73.0
1.2 - naphthoquinone
LOD>9.60
1-methyl-4-nitronaphthalene
nd
2-nitronaphthalene
70.2
2-nitrobiphenyl
41.3
1-methyl-5-nitronaphthalene
nd
1-methyl-6-nitronaphthalene
nd
2-methyl-4-nitronaphthalene
nd
phenanthrene
75.0
anthracene
11.2
3-nitrobiphenyl
27.0
4-nitrobiphenyl
17.0
9.10-anthraquinone
194
5-nitroacenaphthene
65.0
fluoranthene
16.0
pyrene d10*
2-nitrofluorene
61.0
pyrene
26.2
2-nitrophenanthrene
47.3

Concentration ranges
3.15 - 96.23
0.43 - 5.40
1.24 – 51
0.13 - 1.08
0.20 - 2.06
0.23 - 3.37
2.47 - 19.50
nd - 3.04
nd
1.68 - 26.46
1.53 - 6.29
nd
nd
nd
nd - 15.98
0.4 - 2.84
0.25 - 9.22
0.29 - 5.05
2.09 - 115.32
0.40 - 36.85
0.19 - 3.88
0.62 - 16.33
0.25 - 6.97
0.05 - 30.28

Mean ± SD
21.7±23.6
1.9±1.3
11.311.4
0.4±0.3
0.9±0.6
1.2±0.8
6.9±4.2
0.8±0.7
6.5±5.5
3.4±1.4
7.1±4.2
1.1±0.7
2.6±2.5
1.6±1.3
19.0±26.7
5.1±6.9
1.5±1.0
5.4±3.5
2.5±1.6
4.6±6.9

Compounds
Mass
9,10-phenanthraquinone LOD>9.40
3-nitrophenanthrene
176
9-nitrophenanthrene
78.0
2-nitroanthracene
90.4
9-nitroanthracene
401
Benzo[a]anthracene
22.8
chrysene
15.7
2-nitrofluoranthene
202
3-nitrofluoranthene
173
1-nitropyrene
104
2-nitropyrene
57
4-nitropyrene
133
Benzo[b]fluoranthene
36
Benzo[k]fluoranthene
53.3
7-nitrobenz[a]anthracene
54.9
Benzo[a]pyrene
24.8
peryleno
7.1
6-nitrochrysene
45
Indeno[1.2.3 c.d]pyrene
13.5
Dibenzo[a.h]anthracene
5.3
6-nitrobenzo[a]pyrene
159
1-nitrobenzo[e]pyrene
74.1
Benzo[ghi]perylene
17
3-nitrobenzo[e]pyrene
29.3
coronene
4.80

Concentration ranges
nd - 4.5
4.9 - 41.8
1.5 - 28.3
1.0 - 38.5
7.0 - 101.3
0.06 - 15.0
0.02 - 11.1
nd - 69.39
nd - 49.8
nd - 21.8
nd - 19.48
nd - 24.11
0.14 - 23.3
1.03 - 12.2
1.00 - 28.6
nd - 20.5
nd - 3.43
nd - 17.8
nd - 10.6
nd - 2.53
nd 30.9
nd - 26.5
nd - 15.1
0.85 - 7.2
nd - 3.76

Mean ± SD
0.6±1.1
16.4±9.1
7.5±6.3
8.8±8.5
34.5±29.2
2.1±3.7
1.4±2.8
7.0±17.0
11.5±11.2
6.7±5.5
2.3±4.9
2.4±6.2
2.5±4.8
4.9±3.4
5.5±6.6
1.3±3.8
0.5±0.9
4.1±3.9
0.6±1.9
0.3±0.6
11.6±10.0
6.4±7.0
0.8±2.7
2.8±1.6
0.3±0.67

In the present study concentrations were
compared between PAHs precursors (naphthalene,
phenanthrene,
anthracene),
nitro-PAHs
(1
nitronaphthalene,
2-nitronaphthalene,
2nitrophenanthrene,
3-nitrophenanthrene,
9nitrophenanthrene, 2-nitroanthracene, 9-nitroanthracene)
and quinones (1,4-naphthoquinone, 9,10-anthraquinone,
9,10-phenanthraquinone) which can be derived from
these PAHs were quantified and the samples collected at
Lapa station.
Correlations between PAHs, nitro-PAHs and
quinones show strong correlations, r=0.96 (among
NAPH, 1-NNAPH, and 1,4-NQ), r=0,93 (for NAPH, 2NNAPH, and 1,4-NQ), r=0.9369 (for PHE, 2-NPHE,
9,10-PQ), 0.9836 (for ANT, 2-NANT, 9,10-AQ), r= 0.95
(for PHE, 3-NPHE, 9,10-PQ), 0.95 (for PHE, 9-NPHE,
and 9,10-PQ) and 0.99 (for ANT, 9-NANT, 9.10-AQ).
The strong correlations between the precursor to
HPA and its derivatives in the samples collected at Lapa
station suggests that these compounds may have the
same origin, such as diesel and /or biodiesel/ diesel
combustion.
Franco, A., Kummrow, F., Umbuzeiro, G.A.,
Vasconcellos ,P.C., Carvalho, L.R.F. (2010) Braz.
J. Toxicol 23, 1-10.
Hasheminassab, S., Daher, N., Schauer, J.J., Sioutas,C.
(2013) Atmos. Environ. 79, 529–539.
Santos, A.G., Regis, A.C.D, da Rocha, G.O., Bezerra,
M.A., de Jesus, R.M., de Andrade, J. (2016) J.
Chromatogr. A 1435, 6-17.
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Residential heating as main cause of urban air pollution;
case study from the Czech Republic
C. Leoni, J. Hovorka, J. Bendl, M. Klan
Institute for Environmental Studies, Faculty of Science, Charles University, Albertov 6, 128 43 Prague 2, CR
Keywords: atmospheric aerosol, household heating, mixing layer height.
Presenting author email: leonic@natur.cuni.cz
Household heating can be a major source of air pollution
by emitting particulate matter (PM) and gaseous
pollutants, especially when solid fuels (wood and coal)
are used to provide energy (Hovorka et al., 2015). The
localities prone to large-scale solid fuel combustion are
typically suburban agglomerations with single family
houses. Such type of agglomeration is Svermov, a
district of Kladno town, situated in a shallow valley in
the Central Bohemian Region, about 20 km NW from
Prague. The district is considered as an air-pollution hotspot for long time exceedances of PM10 and
benzo[a]pyrene - B[a]P mainly in the winter (CHMI).
To reveal the causes of both PM and B[a]P
exceedances at the district, a measurement campaign was
conducted from the 2nd of Feb. to the 3rd of March 2016
using an isothermal mobile station. The station was
placed at the football field, still within the urbanized area
of the district, but not in close proximity to single house
chimneys. At the station were recorded the following
parameters with five-minute integration time: particle
number concentration – PNC and size distribution within
the size ranges 14-730 nm and 0.523-10 μm (SMPS3936L25, and APS-3321, TSI Inc.), CO, NOx, SO2, O3,
CH4, NMC by automatic monitors (Horiba-360 series),
wind speed/direction - WS/WD (Windsonic),
temperature - T (Comet), relative humidity - RH
(Rotronic), precipitation by laser disdrometer (Thies).
Also, the vertical profile of T and RH (Vaisala) within
the atmospheric boundary layer up to 300 m was
measured several times a day using a helium-filled
balloon. Additionally, 24h samples of ultrafine particles
(da<150 nm) were collected on backup filter of a Davis
Rotating-drum Uniform-size-cut Monitor - 8DRUM
(DELTA Group, UC-Davis).
The air pollution in the Kladno district strictly
depends on the WS (Figure 1). The median PM10 was 11
μgm-3, but as soon as the WS dropped below 1 ms-1, the
PM10 increased up to 6 times, with a maximum of 132
μgm-3. The same applies to the PNC: while the average
PNC was 6∙103 #cm-3, within calm air conditions it raised
to 2∙104 #cm-3, with a maximum of 4∙104 #cm-3. The size
distribution during the pollution events showed a peak in
the ultrafine size range, around 100 nm. The peaks of
PM10 and ultrafine particles occurred simultaneously
with peaks of CO and SO2 (Figure 1). During the
pollution periods, the CO/SO2 concentrations increased
up to 2/30 μgm-3.
Moreover, a daily pattern was observed during
the campaign: higher concentrations of all the pollutant
were always registered during the evenings (6 – 11 PM),
indicating the home heating habits of the population. The

PM10 concentration was always higher during the
weekends (average 30 μgm-3) than during the weekdays
(average 15 μgm-3).
Lastly, the measurements of the mixing layer
height revealed frequent formation of temperature
inversion layer near the ground up to the height of 50m.
Such a low mixing layer height contributes to the fast
pollutants accumulation within the urban airshed.
In conclusion, the Kladno district, situated in a
shallow valley, can be considered as a typical urban site
experiencing air pollution problems as result of limited
urban airshed ventilation, low emission height, and high
emissions of pollutants. The next step will be the
analysis of the PAHs concentration in the ultrafine
particles samples collected with the 8DRUM impactor.
The aim of the analysis is to investigate the importance
of the UFP-bond PAHs contribution to PAHs burden at
the site

Figure 1. Temporal variation of fine particles, PM10, CO
and SO2 with wind speed and temperature.
The project is supported by the Czech Grant
Agency (P503/12/G147).
Hovorka J., Pokorná P., Hopke P.K, Křůmal K,
Mikuška P., Píšová M. (2015), Atmos. Environ., 113 98107.
Czech Hydro-meteorological Institute (CHMI)
http://portal.chmi.cz/files/portal/docs/uoco/isko/tab_roc/t
ab_roc_EN.html
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Organic markers and compounds in PM1 aerosol in small town near Prague (Czech
Republic) in winter 2016
K. Křůmal, P. Mikuška, P. Coufalík and Z. Večeřa
Institute of Analytical Chemistry of the CAS, v. v. i., Veveří 97, 602 00 Brno, Czech Republic
Keywords: organic tracer, urban aerosol, PM1.
Presenting author email: krumal@iach.cz
Atmospheric particulate matter (PM) is known to play an
important role in many environmental problems. During
last years, much attention has been paid to the
identification of emission sources of PM. To track the
contributions of the main sources to composition of
atmospheric aerosols, various source-specific organic
tracers are analysed in collected PM (Křůmal et al.,
2010; Křůmal et al., 2013; Křůmal et al., 2015; Mikuška
et al., 2015).
Atmospheric aerosols in the size fraction PM1
were sampled over 24-h periods using a high-volume
sampler (DHA-80, Digitel, 30 m3/h) on quartz filters
during winter period of 2016 (2. 2. – 1. 3.) in the town
Kladno-Svermov (Figure 1). Sampling locality was
situated in suburban residential area.
Collected
aerosols
were
analysed
for
monosaccharide anhydrides (MAs), resin acids (RAs),
methoxyphenols (MPs), monosaccharides (MSs),
disaccharides (DSs), sugar alcohols (SAs), alkanes,
hopanes/steranes (H/S) and polyaromatic hydrocarbons
(PAHs). Analysis of MAs, RAs, MPs, MSs, DSs and
SAs included extraction of parts of filters with mixture
dichloromethane/methanol (1:1 v/v) under ultrasonic
agitation, derivatization of extracts with mixture of
BSTFA + TMCS, dryness, redissolution in hexane and
GC-MS analysis. Analysis of alkanes, H/S and PAHs
included extraction of parts of filters with mixture of
dichlormethane/hexane (1:1 v/v), fractionation on
column with silicagel, dryness to 1 mL and GC-MS
analysis.
Analysed compounds included:
 MAs: levoglucosan, mannosan and galactosan.
 RAs: abietic and dehydroabietic acid.
 MPs: vanillic and syringic acid, vanillin and syringol.
 MSs: xylose, fructose, galactose and glucose.
 DSs: sucrose and trehalose.
 SAs: arabitol, manitol, sorbitol and inositol.
 Alkanes: C8 – C40, pristane and phytane.
 H/S: 17α(H),21β(H)-hopane, 22RS-17α(H),21β (H)homohopane,
17α(H),21β(H)-norhopane
and
ααα (20R)-cholestane.
 PAHs:
fluorene,
phenanthrene,
anthracene,
fluoranthene, pyrene, retene, benzo[a]anthracene,
chrysene, triphenylene, benzo[b+j+k]fluoranthene,
benzo[e]pyrene,
benzo[a]pyrene,
perylene,
indeno[1,2,3-c,d]pyrene,
dibenzo[a,h]anthracene
benzo[g,h,i]perylene and picene.
Figure 2 compares mass concentrations of PM1
aerosols (µg.m-3) and mean day temperature (°C) during

sampling in Kladno-Svermov. Detailed results including
comparison of analysed organic compounds in winter
2016 in Kladno-Svermov will be presented.

Figure 1. Location of the sampling site (KladnoSvermov) at the map of the Czech Republic.

Figure 2. Mass concentrations of PM1 aerosols (µg.m-3)
and mean day temperature (°C) during sampling in
Kladno-Svermov.
This work was supported by Grant Agency of the Czech
Republic under grant P503/12/G147 and by Institute of
Analytical Chemistry of the CAS, v. v. i. under an
Institutional research plan No. RVO:68081715.
Křůmal, K., Mikuška, P., Vojtěšek, M., Večeřa, Z.
(2010) Atmos. Environ. 44, 5148-5155.
Křůmal, K., Mikuška, P., Večeřa, Z. (2013) Atmos.
Environ. 67, 27-37.
Křůmal, K., Mikuška, P., Večeřa, Z. (2015) Atmos.
Pollut. Res. 6, 917-927.
Mikuška, P., Křůmal, K., Večeřa, Z. (2015) Atmos.
Environ. 105, 97-108.

European Aerosol Conference 2016

Tours, France

Page 645 of 1211

The contribution of biomass burning to PAH concentrations in Budapest in wintertime
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2

Polycyclic aromatic hydrocarbons (PAHs) are wellknown environmental pollutants related to the
incomplete burning of organic material. Due to their
carcinogenic and mutagenic effect these compounds
have been in the focus of environmental studies for a
long time. PAHs have been found in the atmosphere
(both in gas phase and aerosol particles), in surface
water, sea water, sediment, soil, drinking water, food,
etc. Energy production (power plants burning oil, coal or
biomass), domestic heating, transport and some
industrial processes are the main emission sources of
atmospheric PAHs. After being emitted from burning
processes these compounds condense primarily on soot
particles in the submicron range. As a consequence the
atmospheric residence time of PAHs can be as long as a
week and thus the pollutants can be transported in the
atmosphere from urban and rural sources to remote areas
like e.g. the Antarctica.
In cities the concentration of PAHs can reach
high values which damages health. In order to assess the
health risk posed by PAHs it is necessary to know the
contribution of different sources to their atmospheric
concentration. However, the source strengths may vary
in time following human activity at different periods of
the day. This can be traced down only if the sampling
frequency is high enough, i.e. the sampling time is
comparable to people’s daily rhythm.
In this study the concentration of 13 PAHs (3-6
ring compounds) was determined in urban PM10
samples and the correlation among concentrations,
meteorological conditions and the dominant emission
sources (transport and domestic heating) was
investigated.
Results
Six-hour sampling was performed in the outskirts
of Budapest on a continuous base from February 10 to
March 11 in 2015. The 4 samples per day frequency
made the tracking of the diurnal variation of a number of
characteristics possible. On the other hand, the sampling
campaign was long enough to study the effect of
different meteorological situations on the PAH
concentrations. Qualitative and quantitative analyses of
PAHs were performed by HPLC with programmed
fluorescence detection.
In Figure 1 the total concentration of PAHs in
different periods of the day is shown for the whole
sampling campaign. In the first ten days and the last 8
days of the campaign anticyclonic weather conditions

dominated with low windspeed and without
precipitation. These circumstances facilitated the
accumulation of PAHs in the atmosphere leading to total
concentrations above 200 ng m-3. In the middle of the
campaign (samples 46-80) wind and precipitation
resulted in total concentrations below 50 ng m-3 most of
the time. During most of the sampling campaign the
highest concentrations were observed in the evening
hours (17-23 h) while the lowest values in the early
afternoon (11-17 h). This can be explained with the
change of the mixing height within the day on one hand,
and the variation of emission sources on the other hand.
In the late afternoon and evening hours the emission
from traffic and wood burning (domestic heating) is
considerable and it happens concurrently with the
decrease of mixing height.

Figure 1. The total concentration of PAHs in
different periods of the day during the sampling
campaign.
In addition to the total PAH concentrations the
variation in the concentration of individual PAHs and
their contribution to the total concentration were also
studied. Next, the share of PAHs in the total carbon
content of the aerosol in different period of the day was
examined, too. Finally, the sources of PAHs and
carbonaceous aerosol were investigated by using 5
diagnostic pairs of PAHs as well as measuring
levoglucosan (a tracer of biomass burning)
concentrations in the samples. These results will be
discussed in the presentation.
The authors are grateful for the financial support of the
grant GOP 1.1.1-11-2012-0114
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Balloon measurements of temperature, relative humidity, O3 and NOx vertical profiles
and inversion layer height observation in polluted urban atmosphere
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According to WHO an air pollution by PM has been
classified as human carcinogen. Limits for PAHs, PM,
NOx, O3 and other hazardous substances are exceeded in
urban area especially during the winter period. Reasons
are frequent inversion situations combined with
household coal heating, traffic, industrial and other
emission sources.
Knowledge about inversion layer height is
important for estimation of the pollution impact and it
can give us also information about the air pollution
sources. NOx and O3 vertical profiles are appropriate
complements to ground measurements.
Therefore, comprehensive characterization of
urban aerosol was conducted in residential district of the
city of Kladno Švermov, about 30 km NW of Prague,
from the 2nd Feb. to the 3rd of March 2016. The Švermov
is considered the as air pollution hot-spot due to long
time exceedances for benzo[a]pyrene - B[a]P, reaching
the second highest B[a]P annual concentration in the
Czech Republic. The Švermov is in the shallow valley.
Isothermal mobile station was placed at the football field
and balloon measurements were conducted in the
immediate vicinity to the station which records aerosol
size distribution (14 nm to 10 µm by SMPS and APS),
CO, NOx, SO2, O3, CH4, NMHC by automatic monitors
(Horiba-360 series), meteorological parameters, 13
PAHs in 24h resolution and 27 elements with 2h
resolution in 8 aerosol size fractions. Using a heliumfilled balloon series of vertical profiling up to the height
of 300 m within the atmospheric boundary layer were
conducted, for two types of parameters. While
meteorology parameters - T and relative humidity - RH
and pressure were acquired with 4 Hz frequency
(Vaisala), NO, NO2 and O3 profiles were measured with
1min integration time by the ATEKNEA Little
Environmental
Observatory
(LEO).
Gaseous
components data were corrected with the Horiba
analyzers in the mobile station.
The measurements confirmed frequent formation
of temperature inversion within boundary layer up to the
height of 50m (Fig. 1). Gaseous component vertical
profiling is in progress.

Figure 1. T and RH vertical profiles within and urban
atmosphere
Acknowledgement: This work was supported by the
project CENATOX under grant GAČR P503/12/G147
and FP7/ENV-2012-308524-2/CITI-SENSE.
Bendl, J., Hovorka, J., Topinka, J. (2013): Wintertime
Distribution of PAH with Aerosol Particle Size in two
Cities in the Czech Republic. EAC Annual
Conference, 1.-6. 9. 2013, Prague, Czech Republic
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Fine particle aerosol and black carbon in Suva, Fiji
C.F. Isley1, P.F. Nelson1, M.P. Taylor1, F. Mani2, M. Maata2. D. Cohen3, E. Stelcer3 and A.J. Atanacio3
1

Department of Environmental Sciences, Macquarie University, Sydney NSW 2109, Australia
2
Department of Chemistry, University of the South Pacific, Suva, Fiji
3
Australian Nuclear Science and Technology Organisation (ANSTO), Kirrawee NSW 2232, Australia
Keywords: aerosol, PM2.5, black carbon, receptor contribution.
Presenting author email: cynthia-faye.isley@students.mq.edu.au
Road vehicles and the widespread burning of wastes are
major air pollution sources implicated in Suva, Fiji’s
capital and the largest city in the South Pacific Islands.
This study is the first to investigate the levels and
sources of fine particulate matter (PM2.5) in Suva.
Elemental concentration has been determined using ion
beam analysis and black carbon (BC) was estimated by
the transmission of [He/Ne] laser light (633 nm
wavelength). Results will be interpreted by Positive
matrix factorisation (PMF) to identify the contribution of
receptor source groups.
Suva is located on a peninsula, in the southeast
of Viti Levu, the largest of the Fiji Islands. Suva city
centre is on the west side of the peninsula. Prevailing
winds are from the east-southeast. Continuous
monitoring of fine aerosol (PM2.5) levels has occurred
over a 12-month period, from October 2014, at three
locations across Suva (Figure 1); city, residential
(Kinoya) and background (University of the South
Pacific - USP); using Turnkey Osiris samplers. Wind
speed and direction have also been monitored at each
site, allowing comparison of meteorology with periods
of elevated PM2.5. PM2.5 samples have been collected at
the city site, using an ANSTO Aerosol Sampling
Program (ASP) sampler, for 24-hours each Wednesday
and Sunday. Intermittent samples have been collected at
the Kinoya and USP sites using an Ecotech Microvol
(Mvol) sampler.
USP is located on the east of the peninsula and
is mainly characterised by winds from the ocean. Kinoya
is a more densely populated residential area, west of
diesel-fuelled power plants. Kinoya displays less windy
conditions than the other sites, impeding the dispersal of
air pollutants. The Suva bus terminal, city markets, an

industrial area and shipping port activities all lie within
1 km of the City site.
ASP samples collected at the City site indicate
ambient weekday PM2.5 concentrations of 8.6 ± 0.4
µg/m3 (Table 1). Weekend concentrations were lower, at
6.0 ± 0.3 µg/m3. Continuous monitoring indicates that
World Health Organisation (WHO) guidelines (10 µg/m3
as an annual mean) and Australian guidelines (8 µg/m3
as an annual mean) may be exceeded in some areas of
Suva. PM2.5 and BC concentrations for eight indoor
locations (Figure 1, using Microvol) have also been
determined.
Table 1. Fine aerosol and black carbon concentration
Sampler PM2.5
BC
n sample
(BC)
3
3
(g/m )
(g/m )
City
ASP
weekday 8.6 ± 0.4
2.6 ± 0.2
66
weekend
6.0 ± 0.3
1.8 ± 0.1
54
City
Osiris
10.1 ± 0.5
3.2 ± 0.5
4 (Mvol)
Kinoya
Osiris
11.9 ± 0.5
2.6 ± 0.3
6 (Mvol)
USP
Osiris
5.1 ± 0.2
0.5 ± 0.2
6 (Mvol)

Site

Black carbon constitutes around 30 % of PM2.5
mass for Suva City samples, indicating combustion
sources as major contributors to Suva’s fine aerosol.
Household emission surveys report that waste burning is
practiced by around 53% of Suva households and that
41% of households cook with kerosene or wood; whilst
Campbell (2004) reports 40 % of cars and over 90% of
other vehicles in Suva to emit visible smoke. This
prevalence of human-influenced emission sources means
there is significant potential for emission reduction.
Observed levels of BC and PM2.5
concentrations are unexpected for a city of only 200,000
people; that is also geographically isolated from other
centres.
PMF determination of receptor source
contributions to Suva’s fine aerosol provides information
necessary to implement more effectively targeted
emissions controls.
The authors would like to thank AINSE Ltd for
providing financial assistance (Award Nos ALNGRA
14537_11256 & 15531) to enable IBA and PMF
analyses to be conducted.

Figure 1. Sampling locations

Campbell, A. (2004) Road safety reform and safety
improvement, TA No. 2850-FIJ Department of
Environment and Ministry of Transport and Civil
Aviation.

European Aerosol Conference 2016

Tours, France

Page 648 of 1211

Characterisation of ambient fine and ultrafine aerosol particulate matter in Suva, Fiji
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Combustion emissions are a source of fine (PM2.5 < 2.5
µm) and ultrafine (UFP < 0.1 µm) aerosol particulate
matter (PM). UFPs have large surface area per unit mass
and are comparable in size to the cellular structure of the
lungs; making them potentially harmful to human health;
particularly when composed of black carbon (Donaldson
et al. 2001). In Suva, the capital of Fiji, concentrations of
black carbon in PM2.5 are 2.9 ± 0.1 µg.m-3; indicating
that combustion activities are major contributors to
Suva’s PM. This work characterises ambient aerosol PM
in Suva, focusing on UFPs and PM2.5.
Suva is located on a peninsula, in the southeast of
Viti Levu, the largest of the Fiji Islands. Prevailing
winds are from the east-southeast. The monitoring site is
located at approx. 18 m height in Suva city centre, on the
west side of the peninsula; near to the Suva bus terminal,
city markets, an industrial area and a shipping port.
At the city site, PM2.5 concentration, wind speed
and wind direction were recorded using a Turnkey Osiris
sampler. In addition, ultrafine particle number
concentration (PN) and average diameter (dp) were
measured using a Philips Aerasense Nanotracer; over a 7
day period.
Lowest hourly mean (Figure 1), averaged over
seven days, for PN was 1.07× 104 ± 9×102 cm-3 and
PM2.5 was 5.6 ± 0.7 µg.m-3; both occurring at 14:00.
Peak hourly mean occurred at 19:00 for PN (2.33×104 ±
7×102 cm-3) and 21:00 for PM2.5 (16.6 ± 1.2 µg.m-3). This
pattern of lowest PM concentration in the middle of the
day largely reflects the more favourable dispersion
conditions at this time. Waste burning activities,
throughout the evening, influence this diurnal cycle;
displaying a similar daily PN pattern to cities with
evening contributions from household heating (Borsos et
al. 2012). Mean UFP diameter (dp) was 39 ± 0.6 nm;

there is a significant positive relationship between PM2.5
concentration and dp, r(22)=0.86, p<0.001.
Maximum one-minute readings for PM2.5 were
66.8 µg.m-3 (mean 11.2 ± 0.2 µg.m-3); with 16-second
PN readings peaking at 3.71×105 cm-3. Mean PN for
Suva city, 1.64×104 ± 6×102 cm-3, is similar to that of
several European cities that have larger populations than
Suva (Aalto et al. 2005, Borsos et al. 2012, Mazaheri et
al. 2014)).
Mobile
sampling
of
ultrafine
particle
concentration exposure was also conducted for various
environments throughout Suva (Figure 2). Highest
concentrations were recorded whilst travelling on buses
(2.25×105 ± 3.0×104 cm-3), in taxis (7.39 ×104 ± 8.3×103
cm-3) and when walking (3.49×104 ± 2.9×103 cm-3).
These indicate that transport emissions contribute
substantially to UFP exposure in Suva. Exposure whilst
travelling is of significant interest, as a survey of Suva
residents in 2015 indicated that more than 70 % of Suva
residents travel by bus to work, spending around 30
minutes per day on a bus.
Understanding UFP characteristics in Suva will
assist in formulating effective air emissions control
strategies, with the potential to reduce population
exposure.
106
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UFP cm-3

2

104
103
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house bus coastal school shop
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Figure 2: UFP number concentration for selected Suva
environments
dp
PN
PM2.5

hour of day

Figure 1: Daily variation of PM2.5, PN and dp; Suva city

Aalto, P., Hameri, K, Paatero, P. Kulmala, M. et al.
(2005) J. Air & Waste Management Association.
55,1064-1076.
Boros, T., Rimnacova, D., Zdimal, V., Smolik, J. et al.
(2012) Science of the Total Environment, 433,418426.
Donaldson, K., Stone, V., Clouter, A., Renwick, L and
MacNee, W. (2001) Occup Environ Med 58,211-216.
Mazaheri, M., S. Clifford, R. Jayaratne, M. A. Megat
Mokhtar et al. (2014) Environmental Science &
Technology, 48(1),113-120.
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Number size distribution of UFP had been measured by
SMPS at a background urban site in Northern Bohemia
since June 2012 to August 2014 in three size modes with
time resolution of one hour: nucleation mode (10–30
nm), Aitken mode (30–100 nm) and accumulation mode
(100–800 nm). Recently we studied UFP in relation to
three meteorological parameters, stored on an hourly
basis (mean air temperature Th, mean air humidity Hh
and global radiation totals Gh). This unique set of data
originated at two climate/weather stations of CHMI
within 4 km distance from the UFP observational point.
The city Ústí nad Labem is a regional centre on
the border to Saxony state (Germany). The air quality is
influenced by chemical industry, brown coal power
plants and by main traffic. The measuring point for UFP
is located in the Elbe river valley in a residential area
with only minor traffic and industrial load. The groundlevel inversion that prevents vertical mixing of the air
and significantly limits the dispersion of particulate
matter is common especially in winter and is associated
with a significant diurnal pattern of relative humidity and
unfavourable dispersion conditions. During summer we
register high air temperatures and unstable thermal
stratification even at the bottom of the valley.
The analysis was based on creating contour
maps from irregularly spaced XYZ data, where XY
plane represented combination of two meteorological
parameters from the set Th, Hh and Gh and the Z variable
was item-by-item one of the UFP modes. The datasets
were formed from the data of two winter months
(February 2013 and 2014) and two summer months (July
2013 and 2014). Every dataset consisted of
approximately 700 points; three examples out of 36
resulting contour maps are given in Figures 1 to 3.
In our previous paper (Hejkrlík, Plachá and
Richterová, 2015) we studied one-dimensional relation
between UFP concentrations and meteorological
elements. The results were rather obvious with only little
unexpected information. This is not the case of present
two-dimensional approach. Contour maps similar to the
examples in Fig. 1 to 3 are useful for identification of
meteorological conditions favourable for occurrence of
high concentrations of UFP regarding new particle
formation or sinks.
The statistics of such events during one single
month is somewhat low but the plans exist to repeat the
investigation for the seasons of the year that will allow
for an analysis of gridded maps of two atmospheric
parameters inside some intervals of a third ambient air
factor i. e. virtually for studying dependence of the
concentrations of fine aerosol particles on three
meteorological parameters simultaneously.

Figure 1. Concentration diagrams of nucleation mode vs
global radiation and relative humidity in February 2013

Figure 2. Concentration diagrams of Aitken mode vs
global radiation and air temperature in February 2014

Figure 3. Concentration diagrams of accumulation mode
vs air temperature and relative humidity in July 2013
Hejkrlík L ., Plachá H. and Richterová D. (2015). Longterm high-resolution analysis of UFP vs meteorological
conditions. Abstract 3AAS_P112, EAC 2015, Milan,
September 6-11, 2015
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Three years of balloon-borne and ground-based measurements of urban pollution by the
light aerosol counter LOAC: assessment and perspective
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LOAC is a light aerosol counter that can be used at
ground and under all kind of balloons, to determine the
aerosol concentrations in 19 size classes between 0.2 and
100 m, and to estimate their typology (Renard et al.,
2016a). The counting can be converted in PM2.5 and
PM10 mass concentrations, with an accuracy of about 5
g/m3.
LOAC has been operated since 2013 at the
Observatoire Atmospheirc Generali (OAG) touristic
balloon in Paris, France (Figure 1); measurements are
continually performed at ground, and during the balloon
flights, up to an altitude of 270 m. The measurements are
presented in real time to the public.

size distribution and the nature of the particles are
depending on the origin of the pollution (agricultural
activates, industrials activities, transport, wood burning
heating). Such measurements provide complementary
information to the normative PM10 mass concentrations.
In particular, during the December 2013 episode the
mass concentrations was dominated by the sub-micronic
carbonaceous particles, while the March 2014 episode is
dominated by the micronic particles of different origins.
The balloon measurements allows us to determine
the vertical evolution of the particles’ concentrations.
Figure 2 presents an example for the December 2013
event, which is characterized by an accumulation layer
of fine carbonaceous particles at an altitude of about 200
m.

Figure 1 : LOAC on the gondola of the OAG balloon
Another LOAC is operated at ground, also since
2013, at the SIRTA observatory in the south of Paris
suburb, for the study of pollution events and fog
formation. Finally, a third LOAC has been operated
since end of 2015 at ground in the south of Orleans
(France) at the Labex VOLTAIRE site. Table 1 provides
the location of the measurements.
Table 1. Locations of LOAC measurements.
Project
Balloon OAG
SIRTA
VOLTAIRE

Location
Paris
Palaiseau
Orléans

Coordinates
48.841°N, 2.274°W
48.713°N, 2.208°E
47.838°N, 1.944°E

The retrieved LOAC mass concentrations in the
Paris region are in good agreement with those of the air
quality network Airparif. Several episodes of pollution
has been recorded since 2013 (Renard et al., 2016b). The

Figure 2 : Evolution of particles concentrations with
altitude during the 11 Decemebe 2013 pollution event
The characteristics of the main pollution episodes
recorded during the last 3 years will be discussed. Then,
the perspective for a ‘LOAC network” will be presented,
including a fourth LOAC instrument that will be
mounted on a touristic balloon in a French small city.
Number and mass concentrations, and typologies
obtained by the instruments will be available on line.
Renard, J.-B., Léger, K., Bernard, J.-F., Sciare, J., and
Giacomoni, J. (2016a), La météorologie, 92, 39-45.
Renard, J.-B. et al. (2016b) Atmos. Phys. Measur.,
submitted.
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Direct observations of particulate matter dispersion over an urban area in Helsinki
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Air quality in urban areas is strongly dependent on both
the sources of gaseous and particulate pollutants and
their dispersion and advection in the atmosphere. A
scanning Doppler lidar provides direct observations of
horizontal wind and turbulent mixing profiles.
Furthermore, low elevation angle scanning enables the
observation of the spatial distribution of particulate
matter within approximately 1 km radius of the device.
Here we utilised a scanning Doppler lidar to investigate
the horizontal dispersion of particulate matter from a
busy intersection in Helsinki, Finland.
A Halo Photonics scanning Doppler lidar was
located on the roof of the Finnish Meteorological
Institute (FMI) building on the Kumpula campus
(60.20°N, 24.96°E) in March-April 2015. Two
consecutive sector scans at elevation angles of 0° and 5°
from horizontal were taken every 20 minutes during the
campaign. The aerosol backscattering signal was
corrected first for background profile (Manninen et al,
2015), telescope function and calibrated. The backscatter
coefficient, , was then obtained by correcting
recursively for attenuation assuming a constant lidar
ratio of 40 sr. On average, the attenuation correction was
2 %. Additional scan routines for horizontal wind
profiles and vertically-pointing stares are then utilised to
determine the turbulent properties of the boundary layer.
The FMI building is located on a hill next to one
of the major roads leading to the city centre from the
north; approximately 300 m southeast of the building the
road diverges into one branch to the southeast and
another to the southwest. The sector scans we applied
covered this intersection and extended over recreational
areas to the east and west of the intersection.

Figure 1 displays
from a 5° elevation angle
scan. On this day fresh air is advected by easterly winds
from the nearby Vanhankaupunginlahti bay recreational
area and the increase in over the intersection is clear.
Furthermore, Figure 1 shows how the region of elevated
extends at least 500 m downwind of the intersection.
A comparison of hourly mean PM10 concentration
from HSY Kallio monitoring station (1.9 km southwest
of the lidar location at Kumpula) with hourly mean
from 0° elevation angle sector scanning on 26 March
2015 shows surprisingly good agreement (Figure 2). It
should be noted that the relative humidity was less than
65 % for most of the day, reaching 75 % only shortly
during early morning hours. At higher relative humidity,
hygroscopic growth of the aerosol particles can dominate
changes in observed , as can intermittent cloud and
precipitation.
In conclusion, low elevation angle scanning with
a lidar opens up a new way of studying the spatial
variability in PM10 over urban areas. For instance,
applying the linear fit in Figure 2 to
in Figure 1
suggests that PM10 is less than 10 µg m-3 upwind of the
intersection, but downwind of it PM10 may reach 50 µg
m-3 or even higher.
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Figure 2. Comparison of hourly mean obtained from 0°
elevation angle scan due east of the FMI building and insitu PM10 from HSY Kallio station on 26 March 2015.
This work was financially supported by the Nessling
foundation (grants 2013006 and 201500326) and
Academy of Finland (grant 272041).
Figure 1. Horizontal distribution of from a 5° elevation
angle scan on 26 March 2015 at 08:40 local time
overlaid on terrain elevation map. Positive y-axis is to
the north; the lidar is located at (0, 0).

Manninen, A. J., O'Connor, E. J., Vakkari, V. and Petäjä,
T. (2015) Atmos. Meas. Tech. Discuss. 8, 1113911170.
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Abstract
Fine particulate matters (PM2.5) has been
identified as one of the major air pollutants in urban
areas, which are responsible for the adverse effects on
public health and the deterioration of visibility. Its air
quality standards were promulgated world widely, while
becomes a new challenge for Taiwan environment issue.
In Taiwan, the most of major cities are located close to
the ocean for the transportation demand of economic
development, when Tainan is the most representative
coastal city in southern Taiwan. The population density
goes up to 14,000 people km-2 in the coastal region,
which is similar to those of Tokyo and New York.
Additionally, there are over 9,000 factories around the
city. Nevertheless, the open burning is another potential
emission source, since a wide agricultural region is
located at the north. On the other hand, the monsoon
winds come from the North and South and bring the
pollution from South East Asia and China via long range
transport. Consequently, the complicated PM2.5 source
apportionment is interesting and helpful for further
proposing local atmospheric control strategies.
In this study, the atmospheric levels and
characteristics of PM2.5 were evaluated by measuring the
mass concentration and compositions, including watersoluble ions, carbonates (EC and OC), and metals, at
Xinying and Tainan cite for three seasons during 2013.
The former cite site was located at more rural area at
northern Tainan, and the other one was at urban center at
south, which were both only 15 kilometers far from
coastline. Their relative locations might also indicate the
pollutant transports by seasonal winds. Additionally, a
Chemical Mass Balance (CMB) receptor model was
used to identify possible sources of PM2.5 and their
contributions.
The current PM2.5 levels in Tainan in spring and
winter (41-49 μg m-3) were substantially high. The most
dominant anions were sulfate and nitrate, while the
cations were dominated by ammonium. These three ions
accounted for over 70% mass of total ionic composition.
These results are similar to those obtained by Yin et al.
(2012) and Souza et al. (2014) whereby SO42−, NO3− and
NH4+, were the dominants ions in PM2.5 during a major
haze even in Yong’an China. Furthermore, the secondary
inorganic ions NH4+ NO3– and SO42- were the dominant
species in PM2.5 recently in Beijing, China by Wang et al.
(2015). According to I and J values, determined by

Seinfeld et al. (1998), the case, J < 1 and I > 2, indicated
that the NH4+ was enough to neutralize the SO42-, but
could not capture all the NO3-. Therefore, the excess
NO3-could couple with the other cation, such as Na+,
Mg2+, and Ca2+. Thus, controlling NOx might be better
than SOx to reduce secondary PM2.5 level. For carbon
contents, the EC/OC ratio was relatively higher in
summer than in other seasons at Tainan site, which
might be resulted from the stronger photosynthesis and
humidity leaded to formation of the secondary aerosol in
summer. Additionally, the atmospheric boundary layer
was lower in winter and cause the inhibit the diffusion of
primary EC, leading to a much lower EC/OC in urban
area with multiple emission sources. The above
phenomenon could not found in Xinying site, which has
less population and primary EC emissions. Furthermore,
information on OC and EC is useful for understanding
the light scattering capacity of the aerosol and the
visibility of the atmosphere (Souza et al., 2014).
According to the results CMB modeling, the main
contributions on PM2.5 were (NH4)2SO4 and NH4NO3,
which are secondary PM, and traffic, which is primary
aerosol. The sulfate and nitrate in PM2.5 were mostly
emitted from the stationary sources and diesel vehicles.
Crustal elements, which could be considered as the
background components were varied between different
sampling sites. Notably, the traffic contribution was
32~50% in the high pollution season, especially at the
urban area. Seasonal variations were evident whereby
open burning, secondary OC and suspended dust were
highest contributors of PM2.5 in summer.
Consequently, to improve PM2.5 of Tainan City,
the priority control pollutantsare primary PM2.5 (open
burning, construction sites and road dust by vehicles),
NOx (diesel vehicle emissions), and SOx (fuels).
Yin, L., Niu, Z., Chen, X., Chen, J., Xu, L. and Zhang, F.
(2012). Chemical compositions of PM2.5 aerosol
during haze periods in the mountainous city of
Yong'an, China. J. Environ. Sci. 24: 1225-1233.
Souza, D.Z., Vasconcellos, P.C., Lee, H., Aurela, M.,
Saarnio, K., Teinilä, K. and Hillamo, R. (2014).
Composition of PM2.5 and PM10 Collected at Urban
Sites in Brazil. Aerosol Air Qual. Res. 14: 168.
Wang, H., Tian, M., Li, X., Chang, Q., Cao, J., Yang, F.,
Ma, Y. and He, K. (2015). Chemical Composition
and Light Extinction Contribution of PM2.5 in Urban
Beijing for a 1-Year Period. Aerosol Air Qual.
Res.15: 2200-2211.
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Hourly PM2.5 organic carbon (OC) and elemental
carbon (EC) were measured continuously in Seoul
Hwangsa Monitoring Center, National Institute of
Meteorological Science, Seoul, Korea since November,
2015. It employs Thermal-optical transmittance method
with NIOSH 5040 protocol. Average concentrations
were 4.9±2.3 g/m3 and 1.6±0.85 g/m3 for OC and EC,
respectively. EC accounted 24±7.7% of total carbon
(OC+EC). From the 4-month measurement, both OC and
EC concentration were highest in December, and lowest
in February. Monthly variation of OC and EC mass
concentration was shown in Table 1.
Collocated PM2.5 sampler was also operated to
investigate 24-hr integrated mass concentration and other
chemical components (water-soluble ions and trace
elements). Contributions of OC and EC to PM2.5 total
mass concentration were 0.16±0.038 and 0.046±0.013%,
respectively, during December 2015 to February 2016
(Fig. 1).
Diurnal and weekly variations were analysed for
OC and EC. The EC showed a more significant diurnal
pattern with the highest concentration on 8 a.m. (LST)
while OC had two smoother peaks on 9 a.m. and 8 p.m.
Diurnal variation of EC during the weekend was not
distinct compared to that of weekdays. Weekly patterns
of OC and EC showed that the concentrations were
highest during middle weekdays and minimized on
Sunday. And this weekly variation of OC was more
significant than that of EC. Night time high OC
concentration was observed in many studies ().
Minimum in the middle of the day and maximum at
night time can be explained by the diurnal changes in
mixing height even though there might be other
contributions such as emission changes (Bae et al., 2004).
The reason that variation of EC is less significant than
that of OC might be due to EC is less sensitive to
meteorological parameters such as temperature and RH
(Duan et al., 2005).

Table 1. Monthly mean of OC and EC (in (g/m3)) mass
concentration measured in Seoul, Korea.
Month
Nov. ‘15
Dec ‘15
Jan. ‘16
Feb. ‘16

OC
4.7±2.5
6.3±2.8
5.4±2.0
4.2±2.0

EC
1.7±1.0
2.2±1.1
1.5±0.62
1.4±0.68

No. of data
466
166
606
492

Figure 1. Contribution of OC and EC to total PM2.5
mass concentration in Seoul, Korea during December
2015 to February 2016.
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Vehicles are one of the main source of particulate matter
(PM) in urban areas. The interest in the health effects of
PM associated with road traffic has been studied to
characterize the particles and sources1). Many researches
focused on exhaust emissions, but recent studies have
reported that non-exhaust sources such as road dust, tire
wear particles and brakes wear particles account for an
equal amount of exhaust emissions. Among those, we
have focused on the tire wear particles, which mainly
consist of PM10 or PM2.5 and are of special concern due
to their adverse effects on human health. The wear
mechanism of tire is related to tire type and pavement
type2).
Recently, eco-friendly tires have been available
on the market. Which help to reduce the fuel
consumption by its low rolling resistance coefficient
(RRC). The purpose of this study is to characterize the
amount of PM emission according to RRC. To compare
the particle emission from the eco-friendly tires, we have
used 5 tires as described in Table 1.
Table 1. Tested tires
Tire
Type
RR grade
Tire A
Eco-friendly
1 (RRC ≤ 6.5)
Tire B
Eco-friendly
1 (RRC ≤ 6.5)
Tire C
Eco-friendly
2 (6.6 ≤ RRC ≤ 7.7)
Tire D
Eco-friendly
2 (6.6 ≤ RRC ≤ 7.7)
Tire E
Normal
4 (9.1 ≤ RRC ≤ 10.5)
In this study, we investigated the characteristics
of PM emission depending on RR of tires. We measured
the mass concentration and number concentration of PM
on both a tire simulator and on-road driving condition.
All experiments were conducted under constant speed
conditions without acceleration or deceleration (tire
simulator: 20, 40, 60, 80 km/h, on-road condition: 50, 80,
100, 140 km/h). Particle mass concentrations, particle
number concentrations, and particle size distributions
were measured using Dusttrak, aerodynamic particle
sizer (APS) and fast mobility particle sizer (FMPS).
The experimental results showed PM emission
was slightly increased with the increase of driving speed
in both tire simulator and on-road condition. However,
the PM emission does not depend on the RRC. Results
of the number concentration of ultrafine particles also
showed there was no strong relationship between the
RRC and ultrafine particle formation under constant
speed condition. From these results, we need to further
experiments which including acceleration or braking
condition are necessary to adequately define the
relationship between the RRC and PM emission.

Figure 1. Mass and number size concentration of tire
wear particles.
This work was supported by the Center for
Environmentally Friendly Vehicles (CEFV) under the
project “Development of the eco-friendly tire for
reduction of carbon dioxide and tire wear particles”
through the Ministry of Environment, Rep. of Korea.
1) Dahl, A., Gharibi, A., Swietlicki, E., Gudmundsson,
A., Bohgard, M., Ljungman, A., Blomqvist, G.,
Gustafsson, M., (2006) Traffic-generated emission of
ultrafine particles from pavement-tire interface.
Atmospheric Environment. Vol. 40, pp. 1314-1323.
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São Paulo (SPA) is the largest city in South
America and presents a strong economic importance for
the country. In the last years, SPA has revealed large
problems concerning air pollution (Vasconcellos et al.,
2011). The responsibility for the emissions of organic
and inorganic to the atmosphere has been attributed to
local sources. Other sources have also contributed to the
deterioration of the air quality, such as fossil fuels
burning and sugarcane burning. Besides these sources,
petrochemical refineries can also deteriorate air quality.
The biggest one, located at São Paulo Metropolitan Area
(SPMA), is responsible for 30% of the fuel produced.
Oil refineries are associated with organic and inorganic
compounds emissions to the atmosphere, mainly coming
from gasoline production and fuels storage (Cetin et al.,
2003).
Carbonaceous species constitute a very
significant fraction of the atmospheric aerosol,
accounting for between 10 and 50% of the total
particulate matter (Schwarz et al., 2008). Organic carbon
(OC) can be emitted by primary and secondary sources,
while elemental carbon (EC) is emitted exclusively
emitted by combustion processes.
Hopanes are pentacyclic triterpanes normally
containing 27 to 35 carbon atoms in a naphthenic
structure. They are associated with emissions from crude
petroleum and source rocks, engine lubricating oil, and
other sources.
These compounds are not present in gasoline
and diesel fuel because they belong to the higher boiling
fraction of crude petroleum, but they are found in
lubricating oil. Therefore they have been proposed as
molecular markers to identify the sources of oil
pollution.
The objective of this study was to determine the
organic and inorganic species present in the particulate
matter collected in the vicinities of a petrochemical
complex located close to São Paulo city. The samples
were collected with a high volume sampler and quartz
fiber filters. In total, fifteen samples were collected
between October and November 2015. EC and OC
concentration were determined by thermal-optical
method (Pio et al., 2011).
For the organic analysis, samples were extracted
with dichloromethane and submitted to a column
fractionation. The hopanes were obtained using n-hexane
as solvent and were determined by GC-MS. The
inorganic compounds were extracted with ultrapure

water and the extracts were analyzed by ion
chromatograph.
Figure 1 shows the variation in the concentration
of EC, OC and total carbon (TC) for all the samples.

Fig. 1 – EC, OC and TC concentration (µg m -3) for the samples
collected at petrochemical site.

The ratio OC/EC ranged from 1.6 to 3.5
indicating a stronger correlation with secondary sources.
Oxalate was the most abundant ion in the
samples, followed by sulfate and nitrate. Results show
the influence of vehicular emissions.
Fifteen hopanes were determined in the samples.
17α(H),21β(H)-30-Norhopane was the predominant. The
concentration for all hopanes were higher than previous
studies, in tunnels and urban sites (Alves et al., 2016).
Besides, polycyclic aromatic hydrocarbons were also
determined and results show vehicular emissions
influences.
This work was supported by the CNPq, Medicine School
(USP) and INCT-Energy and Environment.
Alves, C. A., et al., 2016. Atmos. Res. 168, 139–148.
Cetin, E., et al., 2003. STOTEN 312, 103-112.
Pio, C., et al., 2011. Atmos. Environ. 45, 6121–6132.
Schwarz, J., et al., 2008. Atmos. Res. 90, 287–302.
Vasconcellos, P.C. et al., 2011. Atmos. Environ. 45,
5770-5777.
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The TECNAIRE project aims to diagnose the problems
of air quality in urban environments by developing new
monitoring and modelling techniques able to evaluate
strategies for their management. Taking this into
account, a complex traffic hot spot (Plaza de Fernández
Ladreda, FL) in Madrid city was selected for the study.
This location frequently experiences the highest
pollution levels for particles and gases in the city caused
by traffic emissions. It is a site of enormous complexity
in terms of sources, urban geometry and intense
pedestrian activities. Two campaigns were designed and
performed from 13 February to 2 March (winter period)
and from 25 June to 20 July 2015 (summer period).
Several instruments were deployed in the study
area. An Optical Particle Counter Grimm 1107
instrument (Grimm and Eatough, 2009) was installed at
2.5 m high stand in the South of the square, next to a
transport transfer station, and a Grimm 365 at the roof of
a 5 m high building in the North side, both measuring
PM10, PM2.5 and PM1 simultaneously. These
measurements were complemented with a PM10 TEOM
monitor in a municipal monitoring station located in the
square. Meteorological stations were co-located at both
Grimm
locations,
one
of
them
providing
microturbulence parameters evaluated from sonic
anemometers deployed at two height levels. A TSI
DustTrak DRX instrument (Tasić et al., 2012) measured
the particulate matter (PM) levels at 14 points around the
experimental area in a dynamic pattern by moving the
instrument around the square and measuring at a mean
adult height respiration level. These transects were done
at fast (15 minutes) or slow (3 hours) speed. Additional
measurements in specific spots such as bus stops and
traffic lights were made. The traffic flow, traffic light
changes and pedestrian flows were also measured.
The PM levels measured were higher during the
winter campaign caused by the use of domestic heating,
different meteorology and boundary layer height. During
this campaign, local meteorological conditions varied
giving well defined periods of strong to moderate winds,
accompanied by showers alternating with calm wind
periods which favored pollutant stagnation and
accumulation. The most important air pollution episode
lasted from 19th to 21st February, when a daily cycle with

two peaks linked to traffic rush hours was detected for
the main pollutants. The nocturnal values remained high
due to the atmospheric stability associated to surfacebased temperature inversion conditions.
The transects made with the DustTrak instrument
during both campaigns indicated that the highest PM
concentration values were recorded at the crosswalks,
especially at points 9 and 3 (See Figure 1). During the
measurements both points were influenced by an intense
flux of cars stopping to pick up and dropping passengers
(point 9, both campaigns) or children going to school
(point 3, winter campaign). The highest concentrations
in a bus stop were measured when diesel buses were
idling during the red lights and bus stops. These are
critical points as people usually spend time at bus stops,
so their exposure to PM could be significant.
Remarkable differences in PM concentrations at this
point were observed between diesel and Compressed
Natural Gas (CNG) buses.

Figure 1. PM10 concentrations measured for a
representative transect in FL fast roundabout 6 July 2015
starting at 6:47 UTC
This work has been financed by Madrid Regional Research
Plan through TECNAIRE (P2013/MAE-2972).
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To investigate the spatial variability of PAHs associated
with respirable particulate matter (PM), 16 PAHs were
measured in 24-h integrated PM2.5 samples collected
simultaneously at 9 communities of Xi’an, China, from
15 to 21 June, 2013. The PAH concentrations ranged
from 32.4 to 104.7 ng m-3, with an average value of
57.1±23.0 ng m-3. The PAH concentrations at suburban
communities (average: 86.3 ng m-3) were much higher
than those at urban communities (average: 48.8 ng m-3),
due to the significant number of locally distributed
sources and mixed land use at suburban area (Figure 1).

Figure 2. Percentages of PAH ring concentrations at 9
Xi’an communities.
The average benzo[a]pyrene-equivalent toxicity
(Σ[BaP]eq) at 9 communities during the sampling period
was 6.9±2.2 ng m-3, showing a generally similar spatial
distribution to PAHs (Figure 3) (Bi et al., 2003; Wang et
al., 2006). The excess inhalation cancer risk derived
from Σ[BaP]eq indicated that average 8 persons per
million community residents in Xi’an would develop
cancer due to PM2.5-bound PAHs.
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Figure 1. Spatial distributions of PM2.5 and PAH
concentrations at 9 Xi’an communities.
Elevated PAH levels were observed to occur
downwind and industrialized area (west and northwest of
Xi’an), suggesting the contribution of local sources. A
suburban-urban decline trend of PAH concentrations in
this study may be attributable to the disorganized
management of motor vehicles and massive building
constructions (Figure 2).

Figure 2. Kriging interpolation of PAH concentrations
(units: ng m-3) in Xi’an.
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Figure 3. Spatial distributions of BaP concentrations at
Xi’an 9 communities.
The much greater spatial variability of PAH
relative to PM2.5 demonstrated variability in PM2.5
composition and confirmed the importance of the local
scale for PAH exposure health risk assessment.
This study was supported by the Natural Science
Foundation of China (NSFC) (Grant No. 41503096), the
New Teachers’ Scientific Research Support Plan of
Xi’an Jiaotong University (Grant No. XJTU-HRT-002),
and the Fundamental Research Funds for the Central
Universities (Grant No. XJJ2015035).
Bi, X.H., Sheng, G.Y., Peng, P.A., Chen, Y.J., Zhang,
Z.Q. and Fu, J.M. (2003) Atmos. Environ. 37, 289298.
Wang, G.H., Kawamura, K., Lee, S.C., Ho, K.F. and
Cao, J.J. (2006) Environ. Sci. & Technol. 40, 46194625.

European Aerosol Conference 2016

Tours, France

Page 658 of 1211

Hopanes in particulate matter from two road tunnels of the São Paulo Metropolitan
Area
C.A. Alves1, A.M. Vicente1, S. Rocha1, P.C. Vasconcelos2 and E. Vicente1
1

Centre for Environmental and Marine Studies, Department of Environment, University of Aveiro, 3810-193
Aveiro, Portugal
2
Chemistry Institute, University of São Paulo, Brazil
Keywords: Hopanes, Tunnel, PM2.5
Presenting author email: estelaavicente@ua.pt

Hopanes have been reported to be present in many
sources, such as crude petroleum and source rocks
(Mulabadal et al., 2013), urban aerosols (Alves et al.,
2014) and engine lubricating oil (Kleeman et al., 2008).
Hopanes have an important role as specific biomarkers
of coal and lubricating oil present in motor vehicle
exhaust (Kleeman et al., 2008).
Particulate matter samples were collected inside
two road tunnel in the São Paulo metropolitan area:
Jânio Quadros (JQ) tunnel and tunnel nº3 of the Beltway
Rodoanel Mário Covas (RA). JQ tunnel is situated in the
southwest region of the São Paulo city. The tunnel is
1900 m long and has two lanes with the traffic flowing
in only one direction. The majority of the circulating
traffic inside the JQ tunnel is composed of vehicles or
motorcycles fuelled with gasohol (ethanol mixed with
gasoline) and vehicles powered with ethanol (Brito et al.,
2013). The RA tunnel is a beltway with a radius of
approximately 23 km, from the geographical centre of
the city downtown area. The tunnel has four lanes, is
about 1700 m long and the traffic also flows in only one
direction (Brito et al., 2013). Brito et al. (2013) reported
the median values of traffic counts in the tunnels during
the collection of the samples analysed in this study. On
average, from 8 am to 20 pm, 1806 vehicles h−1 and
1152 vehicles h−1 light duty vehicles circulated in the JQ
and RA tunnels, respectively. Diesel engines accounted
for 4 vehicles h−1 in the JQ tunnel and 330 vehicles h−1 in
the RA tunnel.
Using high-volume equipment, PM2.5 sampling
was carried out in both tunnels. The daily sampling
programme, in 2011, took place between May 4th and
11th for JQ and July 11th and 13th for RA. The sampling
was divided in two different periods of the day: i) 8 am
to 14 pm and 14 pm to 20 pm; ii) 8 am to 14 pm and 14
pm to 8 am, for JQ and RA, respectively. Samples were
solvent-extracted and analysed by gas chromatography
and mass spectrometry.
Hopanes were detected and quantified by the key
ion m/z 191. A series of hopanes, from C27 to C35
(excluding C28), have been identified in aerosols from
both tunnels, maximising at C31αβS and C30D, for JQ
and RA, respectively.
Hopane average concentrations in both tunnels
are in the range of values reported for Chinese megacites (3.1 ± 4.6 ng m-3) (Wang et al., 2006a) and New
Zealand cities of Auckland (5.7 ± 4.3 ng m-3) and
Christchurch (2.0 ± 2.4 ng m-3) (Wang et al., 2006b).
The highest concentration of hopanes was obtained in

the RA tunnel, during the morning period (8 am - 14
pm). These results can be related to the intense traffic of
heavy duty vehicles, responsible for the transporting of
large payloads to and from the Santos harbour (Brito et
al., 2013).

Figure 1 – Average concentrations of hopanes identified
in the samples from JQ and RA in two different periods
of the day.
This work was supported by the Research Foundation of
the State of São Paulo (FAPESP, project 2008/58104-8)
and by the National Council for Scientific and
Technological
Development
(CNPq,
project
402383/2009-5). Ana Vicente acknowledges the Postdoc
grant SFRH/BPD/88988/2012 and the financing
programme POPH/FSE. Perola thanks INCT-EEnergy
and Environment.
Alves, C., Nunes, T., Vicente, A., Gonçalves, C.,
Evtyugina, M., Marques, T., Pio, C. and Bate-Epey,
F. (2014) Atmos. Res. 150, 57-68.
Brito, J., Rizzo, L.V., Herckes, P., Vasconcellos, P.C.,
Caumo, S.E.S., Fornaro, A., Ynoue, R.Y., Artaxo, P.
and Andrade, M. F. (2013) Atmos. Chem. Phys. 13,
12199-12213.
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Clement, T.P. (2013) Mar. Pollut. Bull. 70, 147-154.
Wang, G., Kawamura, K., Lee, S., Ho, K.F. and Cao, J.J.
(2006a) Environ. Sci. Technol. 40, 4619-4625.
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Environ. Sci. Technol. 40, 5257-5262.
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Most of urban slums in Mumbai, where 41% of its
population lives, are located in the periphery of major
traffic highways, railway lines and landfill sites, raising
concerns of high air pollution. The disease pattern
analysis in various slums of Mumbai shows that 18% to
45% of the diseases reported are related to air pollution.
However, so far no extensive studies have been conducted
to investigate the existing air pollution exposures of the
Mumbai slum population. This study was conducted in
four urban slums of Mumbai to assess the outdoor air
pollution exposures of PM2.5 (particulate matter mass
concentration < 2.5 m aerodynamic diameter) and Black
Carbon (BC) and their spatio-temporal variations both
within and between the slums.
Eleven days of mobile monitoring were conducted
in four urban slums of Mumbai namely Santosh Nagar,
Hanuman Nagar, Malwani and Bhandup. In each
monitoring trip, a person outfitted with a back pack
containing DustTrak for measuring real time PM2.5
concentration, microAeth for measuring real time black
carbon concentration and a GPS unit, walked along a
predesigned path in each neighborhood.
Average PM2.5 concentrations of 34 ± 8 µg/m3 and
BC concentration of 5916 ± 3564 ng/m3 was observed
among all the four slums. PM2.5 concentrations exhibited
intra- and inter-slum homogenous spatial distributions
whereas BC showed spatial distributions. Higher BC
concentrations were observed in three of the four slums
which are in the periphery of heavy traffic roads.
Further analysis has shown that the contribution of local
sources to BC is in the range of 64% -75% where as it is
only 19%-37% for PM2.5 n which explains the higher
within slum spatial variation in BC compared to PM2.5.
Multi variable regression models developed to examine
the contributions of different exposure predictor variables
in predicting the outdoor PM2.5 and BC concentrations,
show that type of road is a significant predictor of outdoor
PM2.5 and BC concentrations. The model explained 71%
and 70% variability in BC and PM2.5 concentrations,
respectively.
The study thus shows that the people living in all
four monitored slums are exposed to high levels of PM 2.5
and BC, with the population residing along heavy and
medium traffic roads being the most exposed. The
extrapolation of these results to all slums of Mumbai
suggests that about half of the city’s population is indeed

Table 1: Summary statistics for outdoor PM2.5 (µg/m3)

N
Mean
S.D.
Min.
Max.

S.Nagar
590
35
3
20
90

H.Nagar
485
30
3
14
74

Malwani
229
34
7
15
68

Bhandup
213
30
9
12
85

Table 2: Summary statistics for outdoor BC (µg/m3)

N
Mean
S.D.
Min.
Max.

S.Nagar
590
3.8
1.6
0.2
20.0

H.Nagar
485
6.0
5.9
0.2
43.0

Malwani
229
6.1
5.2
0.2
28.0

Bhandup
213
6.0
5.2
0.1
35.0

Figure 1: Local source contributions in the PM2.5 and BC
at higher risk regarding air pollution exposure, especially
of combustion origin, with the poor ventilation and air
tightness of the slum homes raising the concerns even
more.
Detailed survey using structured questionnaire and
additional assessment of air pollution exposures in winter
is currently underway.
Dionisio, K. L., Rooney, M. S., Arku, R. E., Friedman, A.
B., Hughes, A. F., Vallarino, J., Ezzati, M. (2010).
Environmental Health Perspectives, 118(5), 607–613.
Van Poppel, M., Peters, J., &Bleux, N. (2013). Environ.
Polln., 183, 224–33.
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The worsening of air quality in urban areas
presents a high level of interest within the scientific
community and society because of the known strong
relationship between exposure to radioactive gas radon
222

( Rn) used as a tracer of air masses transport and air
pollutants in form of particle materials PM or gases and
increased adverse short- and long-term effects on human
health (Zoran M. et al, 2012). This paper focuses on the
assessment of urban air pollution dynamics in relation
with radon (222Rn) for Bucharest metropolitan area in
Romania. Specifically, daily mean concentrations of
particle matter (PM2.5, PM10), ozone (O3), nitrogen
dioxide (NO2), sulphur dioxide (SO2) and global air
quality indices (AQI) have been analyzed in relation
with radon (222Rn) concentrations measured in the air
near the ground with an AlphaGUARD Radon
Monitoring System and CR-39 SSNTDs during 2012
year. Such new information is required by atmospheric
sciences to prove suitability of 222Rn as a tracer for
atmospheric dynamics analysis as well as by
epidemiological and radiological protection studies.

seasonal concentrations due to the dominant role of
atmospheric dispersion in determining the temporal
variation of PM10 levels. During summertime the
ground ozone concentrations increase with the increase
of air temperature due to the intensity of solar radiation
on the clear sky days and urban heat island phenomenon.
This effect is reflected in relatively high positive
correlation (R2= 0.6283) that suggests that the change of
ground level ozone concentration corresponds well to the
change of the air temperature. Ground level 24 hours
ozone concentrations displayed an anticorrelation with
the PM10 concentrations during 2012 (Figure 1).

Results
Despite efforts to mitigate air pollution in Romania and
former East European countries, the number of
exceedances of EU ground-level of different pollutants
like as particle matter PM in both sizes 2.5µ (PM2.5)
and 10µm (PM10), ozone (O3), nitrogen dioxide (NO2),
and sulphur dioxide (SO2) remained at serious levels
during summer 2012 (Zoran M.et al, 2016), when the
threshold of 120 μg m-3 of ozone in air maximum daily
eight-hour mean was exceeded on more than 25 days
across large parts of Europe including Romania. Have
been investigated also meteorological effects on the
temporal patterns of atmospheric radon and air
pollutants. Radon (222Rn) concentrations measurements
in the lower atmosphere can provide immediate
information on air pollutants dynamics on different time
scales (emission rates, chemical transformations, dry and
wet deposition and removal processes. The seasonal
pattern of radon concentration in air near the ground at
the given test site reflects, to some extent, the regional
meteorological conditions prevailing at Bucharest
metropolitan test site with higher values in the winter
time and lowest in summer. The analyses of
observational time-series data evidenced a significant
correlation between PM10 and

222

Rn daytime and

Figure 1. Daily mean PM10 and ozone concentrations
(µg/m3) during 2012 year in Bucharest test area
The difference of summer and winter values of radon in
air concentration and main air pollutants (ozone - O3,
nitrogen dioxide -NO2, sulphur dioxide -SO2, and
particulate matter in two size fraction PM10 and PM2.5)
is attributed to meteorological variables influence (air
temperature, relative humidity, pressure and wind
intensity) and air masses stagnation.
This work was supported by by Romanian National
Authority for Scientific Research, PNII Program PCCA
under Contract 86/2014 VRAGEO and Program
NUCLEU Contract PN 16 40 01 01.
Zoran M., Savastru R., Savastru D., (2012), Journal of
Radioanalytical and Nuclear Chemistry 293 (3): 877888.
Zoran M., Savastru D., Dida A., (2016), Journal of
Radioanalytical and Nuclear Chemistry
DOI
10.1007/s10967-015-4681-5
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The variation of EC, OC and TC (EC+OC)
between February and June 2015 were depicted in
Figure 1. The average concentrations were
determined for EC, OC and TC, respectively, as
2.74±2.40, 6.29±3.13, and 9.03±3.54 µg/m3 during
the study period. The variability of gaseous
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In order to evaluate air quality profile of the
study area, a sampling station was installed to
monitor the particulate and gaseous phase (O3 and
NOx) pollutants in February 2015. In addition,
meteorological parameters including wind speed and
direction, temperature, pressure and relative humidity
were recorded with high time resolution. Daily PM2.5
samples were collected on pre-fired quartz filters and
thereafter were analyzed in terms of EC and OC
using thermal optical analyzer (Sunset Lab, USA).
Carbonate carbon (CC) correction was also
performed for the samples as described by Pio et al.
(1994).

precursors were also evaluated herein. A decreasing
trend was observed for NOx concentrations towards
summer months, which could be attributed both to
increase of mixing layer depth in summer and
decrease of traffic intensity around the sampling
location due to vocation season. As expected, the
ozon concentration increased in summer season in
conjunction with the elevated solar radiation, which
is typical for Mediterranean climate.

TC Conc.

The study area, Dilovasi, is the district of Kocaeli and
the center of a highly industrialized area. The district
contains several factories working on various sectors
such as metal, paint, glass, wood, chemical and
petrochemical industries. Transport facilities have
enhanced with two motorways, railway and many
seaports. As a result of these industrial activities in
addition to emissions released from the residential
areas and heavy traffic, air pollution is one of the
major environmental problems of the region that
threatens public health seriously. The previous
studies have showed that the cancer became the
major cause of death in the region.
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Figure 1. Time evolution of OC, EC and TC between
February and June, 2015

Pio, C. A., Castro, L. M., and Ramos, M. O.
1994. Differentiated determinationof organic and
elemental carbon in atmospheric aerosolparticles by a
thermal-optical method, in: Proceedings of theSixth
European Symposium: Physico-Chemical Behaviour
ofAtmospheric Pollutants, edited by: Angeletti, G.
and Restelli,G., Report EUR 15609/2 EN, European
Commission, 706–711.
This project was supported financially by
Turkish Scientific and Technological Research
Council (TÜBİTAK) with a project number
113Y500
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Organic aerosol constitutes a substantial fraction (2090%) of submicrometer aerosol mass, playing an
important role in air quality and human health1. However,
only about 10-30% of OA has been chemically specified
so far2. A better understanding of the chemical
composition, properties and reactivity of OA are
therefore important for assessing the effects of aerosol.
Since the thousands of compounds in OA covers a very
large chemical space with respect to molecular mass,
functional group distribution and polarity at a trace level
concentration3,4, characterization of OA is a challenging
analytical task.
Over the past few years, ultrahigh resolution mass
spectrometry (UHRMS) coupled with electrospray
ionization (ESI) has been applied to characterize the
complex organic mixtures in OA at the molecular level.
Due to the high mass resolving power and high mass
accuracy, the UHRMS techniques can detect thousands
of individual organic aerosol components and provide
their accurate chemical compositions for each analysis.
In this study, urban ambient aerosol with particle
diameter < 2.5 μm (PM2.5) was collected in Mainz,
Germany and Beijing, China, respectively. Solvent
mixture of acetonitrile and water was applied to exact
the organic compounds from the filter samples. The
extracts were analyzed by Orbitrap (ESI-UHRMS)
coupled
with
ultra-high-performance
liquid
chromatography (UHPLC) in both negative and the
positive modes. The chemical composition difference
between the two city OA have been discussed in detail.

Figure 1. The number of organic compounds in Mainz
and Beijing organic aerosols. Each subgroup is marked
by the different colore. (-) stands for negative mode,
while (+) stands for positive mode.

Figure 2. The van Krevelen diagram of CHO compounds
detected in ESI-. (a) OA from Mainz. (b) OA from
Beijing with low PM2.5 concentrations. (c) OA from
Beijing with high PM2.5 concentrations. Areas ‘A’ and
‘B’ refer to aliphatic compounds and oxidised aromatic
hydrocarbons in organic aerosol, respectively. The
colour bar denotes the aromaticity equivalent (gray ball
with XC < 2.50, purple ball with 2.50 ≤ XC < 2.714 and
red ball with XC ≥ 2.714).
This study was supported by the scholarship from
Chinese Scholarship Council (CSC) and Max Plank
Graduate Center with Johannes Gutenberg University of
Mainz (MPGC).
Kroll, J. H.; Donahue, N. M.; Jimenez, J. L.; Kessler, S.
H.; Canagaratna, M. R.; Wilson, K. R.; Altieri, K. E.;
Mazzoleni, L. R.; Wozniak, A. S.; Bluhm, H.; Mysak,
E. R.; Smith, J. D.; Kolb, C. E.; Worsnop, D. R.
(2011) Nat. Chem. 3(2), 133-139.
Hoffmann, T.; Huang, R. J.; Kalberer, M. (2011) Anal.
Chem. 83(12), 4649-64.
Lin, P.; Rincon, A. G.; Kalberer, M.; Yu, J. Z. (2012)
Environ. Sci. Technol. 46(14), 7454-7462.
Noziere, B.; Kalberer, M.; Claeys, M.; Allan, J.; D'Anna,
B.; Decesari, S.; Finessi, E.; Glasius, M.; Grgic, I.;
Hamilton, J. F.; Hoffmann, T.; Iinuma, Y.; Jaoui, M.;
Kahnt, A.; Kampf, C. J.; Kourtchev, I.; Maenhaut, W.;
Marsden, N.; Saarikoski, S.; Schnelle-Kreis, J.; Surratt, J.
D.; Szidat, S.; Szmigielski, R.; Wisthaler, A. (2015)
Chem. Rev. 115(10), 3919-83.
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Northeast Asia including China, Republic of Korea
(Korea) and Japan is characterized by high emissions of
anthropogenic air pollutants. An emission inventory data
set is essential as an input for modeling studies, and also
a very important tool to evaluate the emission control
strategies. To quantify and to make projection of
emissions of anthropogenic air pollutants, several studies
on emission inventories have been carried out. However,
there are only a few Asian inventories (Streets et al.,
2000; Ohara et al., 2007; Zhang et al., 2009), and mainly
focused on China.
Clean Air Policy Support System (CAPSS) is an
integrated air quality management system based on the
emission inventory which used to evaluate the efficiency
of total air pollutant control or air quality management
policies of Korea developed by National Institute of
Environment Research (NIER). The emission inventory
includes 7 air pollutants, CO, NOx, SOx, TSP, PM10,
VOC, NH3 since 1999. This is a very fine emission
inventory covers Korea divided into a 1 km × 1 km grid.
Since 2000, Green House Gas (GHG)-CAPSS emission
inventory including CO2, CH4, N2O was estimated (Hong
et al., 2008). From 2011, PM2.5 emission inventory was
estimated, additionally (NIER, 2016).
CAPSS is made by bottom up approach method
based on statistical data, and more than 250 kinds of
statistic data is gathered from about 150 related
organizations to estimate the emissions. At first, CAPSS
used emission source classifications based on the
EMEP/CORINAIR emission inventory guidebook
(SNAP 97), and it was modified to consider the own
characteristics of Korea in 2007 (NIER, 2013).
In this study, we introduce the methodology to
estimate CAPSS emission inventories from on road
mobile sources and report the trend of the emission
amount.

Figure 1. Schematic diagram of emission estimation
method from on road mobile sources.
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Road dust (RD), together with surface soils, is
recognized as one of the main sinks of pollutants in
urban environments. In last years, concern over this
component raise, as dust particles can easily be resuspended, resulting in an important source of
atmospheric PM (Kousoulidou et al, 2008), or can be
carried to rivers and roadside soils after runoff.
Many studies on RD and roadside soils focussed on
total concentrations but few studies assessed the
bioaccessibility of heavy metals (the fraction that is
soluble in the gastrointestinal environment and
available for absorption to humans). Therefore, we
evaluated the distribution and the bioaccessibility of
Fe, Mn, Cr, Cu, Ni, Pb, Sb and Zn in the finer fractions
of road dust and soils (10 – 2.5 μm and under 2.5 μm).
Dust and soil samples were collected from the outskirts
towards the city centre, along peri-urban transect. In
total 10 sites were identified, 6 on a main road, 2 in
secondary roads and two background sites. On the
main road we sampled near a roundabout, or a traffic
light, and on the straight.

Results shows that fine particles of soil and dust are
enriched in Cd, Cu, Pb, Sb and Zn compared to the
whole sample, indicating that these media can be a
potential source of metals when small particles are resuspended. Regarding bioaccessibility, in RD the
extractable portion of fine particles is clearly greater
than in the bulk material for all metals, in the order Pb
> Zn > Cu > Ni >> Cr and for Pb and Zn the
bioaccessible fraction exceed the 90% in all samples.

Figure 2. Percentage of SBET-extractable to pseudototal content in the < 2.5 fraction and in the bulk.

Figure 1. Sampling sites and position of Turin in Italy.
In white the administrative borders of the city.
We determined the pseudo-total content (with Aqua
regia) in the bulk samples as well as the mass loadings
in the selected grain size fractions (10-2.5 and <2.5
µm). The metal bioaccessibility was estimated with the
Simple Bioaccessibility Extraction Test (SBET) (Ruby
et al, 1999).

Taking into account that this fractions are already
enriched in contaminants, the estimation of the
bioaccessibility appear to be a necessity for the
estimation of the risk for the human health in urban
areas.
Ruby M.V., Schoof R., Brattin W., Goldade M., Post
G., Harnois M. Advances in Evaluating the Oral
Bioavailability of Inorganics in Soil for Use in Human
Health Risk Assessment Environ. Sci. Technol. 33
(1999), pp. 3697–3705.
Kousoulidou M., Ntziachristos L., Mellios G. and
Samaras Z. Road-transport emission projections to
2020 in European urban environments Atmos.
Environ. 42 (2008), pp. 7465–7475.
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The radioactivity of airborne volcanic ash
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In the wake of the eruption of the Icelandic
volcano Eyjafjallajökull during spring 2010, and the
wandering of its ash plume over Europe, responsible of
an unprecedented disruption of air traffic, the potential
health impact of the inhalation of volcanic "ashes" was
questioned both in the news media and in the scientific
literature. Among the hypothetical public-health effects
at a long distance from the erupting volcano, those
potentially induced by the radionuclide content of the
ash particles were explicitly addressed (Mascarenhas and
Mattoso, 2010). The natural radioactivity burden of the
Eyjafjallajökull volcanic plume was even assumed to
compare with the radioactive source-term of the
Chernobyl (1986) nuclear accident…
If it is true that the primordial long-lived
radionuclide content of one cubic kilometre of dense
magma is in the few PBq range, and that the Pinatubo in
1991, as an example, erupted 5 km3 of magma (probably
the second largest volcanic eruption of the last century),
most of the radioactivity falls on the ground close to the
volcano where it covers a ground with roughly the same
composition. Only a minute fraction of the erupted
material (the so-called "ash inhalable fraction") remains
airborne and shares the fate of the tropospheric (and
sometimes stratospheric) aerosol. The clearly identified
respiratory health hazard of high concentration volcanic
ash (Horwell and Baxter, 2005) does not stem from its
intrinsic radioactivity content.
On the other hand, during the eruptive process,
and ash formation from vesiculation of the ubiquitous
238
U-containing magma, radon long-lived decay
products, which can reach secular equilibrium in the
magma chamber, are readily adsorbed at the surface of
particulate mater. Due to its volatility, this is particularly
true for polonium-210: it turns out that this radionuclide
(half-life 138 days) is a powerful atmospheric marker of
volcanism. Indeed, half of the natural polonium-210 we
inhalate is of volcanic origin (Lambert et al., 1979).
In a prospect of "nuclear forensics" aiming to
identify the source of any anomalous (i.e. above
background) airborne radioactivity, the outstanding
concentration of polonium-210 as an alpha emitter in the
atmosphere (of the order of 0.1 mBq/m3) can be used to
the best advantage for establishing a baseline. Hence,
this can be done through a relatively straightforward
routine measurement of the atmospheric aerosol globalalpha activity. Should a particular event (either natural or

man-made) occur, the burdensome radiochemical
analysis of the sampling filters can then fill the
uncertainty gap.
Preliminary 210Po determinations were performed
in 2013 from aerosol samples collected near Paris,
France. We also took the opportunity of the Bárðarbunga
volcano eruption (in September 2014) to check for a
possible intrusion of volcanic ashes and vertical
spreading down to the ground level. It is generally
assumed that the 210Po/210Pb ratio is close to 0.1 over
continental areas (Kim et al., 2000). An average 210Pb of
450 µBq/m3 derived from weekly aerosol samplings in
France over the last decade, was found. Thus, a 210Po
concentration of ~ 45 µBq/m3 was expected. We
observed a wide variability of the airborne 210Po
concentrations (8-2500 µBq/m3). The lower values were
obtained in February and refer to a background status.
During the Bárðarbunga plume arrival (22-29
September), the 210Po activity concentration did not
exhibit very high values (160 µBq/m3). These weak
polonium concentrations were tentatively inferred from
low (210Po/210Pb) in the gas emission (Gauthier et al.,
2016). They also coincide with comparatively high SO2
concentrations. Apart from the volcanic activity,
polonium-210 can originate as well from biomass
burning (Paatero et al., 2009), soil re-suspension,
domestic heating systems and local coal power plants
(Długosz-Lisiecka, 2015). Our highest 210Po values did
not match with high SO2 or 210Pb concentrations and are
likely to result from one of these non-volcanic sources.
Długosz-Lisiecka, M. (2015) Environ. Sci. Processes
& Impacts 17, 458-464.
Gauthier, P.-J., Sigmarsson, O., Gouhier, M.,
Haddadi, B. and Moune S. (2016) J. Geophys. Res.
Solid Earth 121, doi:10.1002/2015JB012111.
Horwell, C.J. and Baxter, P.J. (2006) Bull. Volcanol.
69(1), 1-24.
Kim, G., Hussain, N., and Church, T.M. (2000) Tellus,
52B, 74–80.
Lambert, G., Buisson, A., Sanak, J. and Ardouin, B.
(1979) J. Geophys. Res. 84(C11), 6980–6986.
Mascarenhas, S. and Mattoso, L.H.C. (2010) Nature 465,
157.
Paatero, J., Vesterbacka, K., Makkonen, U.,
Kyllönen, K., Hellen, H., Hatakka, J. and Anttila, P.
(2009) J. Radioanal. Nucl. Chem. 282, 473–476.
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Properties of depositional fluxes of radionuclides at Málaga (coastal
mediterranean station)
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The activity concentrations of 7Be, 210Pb and 40K
were measured in Málaga, Southeastern Spain
(36°43′40″N;
4°28′8″W)
in
aerosols,
precipitation and dry fallout continuously and
systematically for eleven years. At the same
sampling point, aerosols were collected weekly
on filters and monthly precipitation sampling
was carried out to study deposition. The
deposition of radionuclides on the ground
represents an important factor in environmental
radioactivity monitoring. To predict the longterm radiological consequences of an accidental
deposition of the radionuclides to the ground, it
is a prerequisite to know the environmental longterm behaviour of these radionuclides and a
relatively large number of values is required for
statistically meaningful conclusions. 7Be and
210
Pb are highly particle active and they are easily
scavenged by aerosols. Little attention is paid to
40
K in airborne materials. Its origin is lithogenic
and is mainly originated from the suspension of
soil. 40K is found in most types of soil and can
easily be transported by re-suspended material.
This nuclide has been previously associated with
the arrival of coarse re-suspended material from
the African continent.
The specific activities of 7Be, 210Pb and 40K in
bulk deposition varied from 0.30 to 8.3 Bq L-1
(mean = 2.6 Bq L-1), 0.05 to 1.3 Bq L-1 (mean =
0.39 Bq L-1) and 0.02 to 0.84 Bq L- (mean= 0.20
Bq L-1) , respectively. The temporal variations of
radionuclides exhibit similar seasonal behaviour
with low values in winter-autumn months and
maximum values in spring-summer months. The
time variations of the different radionuclides
concentrations have been discussed in relation to
various meteorological factors and the mean
values have been compared to those published in
recent literature for other sites located at different
latitudes. Bulk depositional fluxes of 7Be, 210Pb
and 40K have been
evaluated for period of
measurements. Bulk depositional fluxes of 7Be ,
210
Pb and 40K varied between 3 and 1776 Bq m-

2
month-1 (annual mean = 1250 Bq m-2 year-1 ),
0.9 to 102 Bq m-2 year-1
(annual mean = 140
Bq m-2 year-1 and 0 to 81 Bq m-2 year-1 ( annual
mean = 65 Bq m-2 year-1). Data on the
atmospheric depositions of radionuclides in
Málaga show that the seasonal variation is not
uniform from year to year and the amount of
rainfall controls mainly the depositional fluxes.

The specific activities of 7Be and 210Pb in bulk
deposition samples showed a similar seasonal
trend variation to that of the atmospheric aerosol
concentrations. Using the concentrations of 7Be ,
210
Pb, in air and their depositional fluxes, the
deposition velocities of aerosols and washout
ratios were calculated. The mean deposition
velocity of 7Be and 210Pb over the eleven-year
period is approximately 1 cm s-1 for both
radionuclides and the corresponding washout
ratios are 840 and 1190, respectively. The results
showed a prevailing influence of amount of
rainfall for deposition velocities and other factors
such as TSP, the number of rainy days and the
number of dry days for washout ratios. A
comparison of our measurements and other data
obtained at different locations in the world was
also made.
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Plutonium is a useful time marker for dating ice cores
and snow pits because it in the environment mainly
originates from atmospheric nuclear weapons tests
carried out since the 1950s. We present temporal history
of plutonium-239 deposition on the Dome Fuji and
compare that with the nuclear test record and previous
results from Antarctica and other regions.
To determine 239Pu in snow pit samples, covering
~50 years (1956-2007), at Dome Fuji in East Antarctica
(Hong et al., 2012), we used an inductively coupled
plasma-sector field mass spectrometry (ICP-SFMS)
(Element2, Thermo Finnigan MAT, Germany), coupled
with an Apex high efficiency sample introduction system
(Apex HF, ESI, USA). The ICP-SFMS technique is
prone to spectral interferences. The existence of high
content of uranium in sample could lead to significant
interferences with 239Pu owing to uranium hydride
(238UH+) formation. We found that the interference effect
of 238UH+ was negligible when the 238U concentrations
were lower than 10 pg g-1. For the calculation of 239Pu
concentration, semi-quantitative method was used. It is
based on assumption that the first ionization energy for
Pu and U are very close (6.06 eV and 6.19 eV,
respectively) and therefore they should have a similar
behavior when ionized in the plasma (Gabrieli et al.,
2011). An external calibration method was applied for
the semi-quantification of 239Pu with 238U in the samples.

Figure 1. Profiles of Pu concentration and comparison with
other chemical signatures. (This study vs Hoshina et al., 2014)

Depth profile of 239Pu concentrations is shown in
fig. 1. The three major 239Pu concentration peaks were
found at depths of 390-395 cm, 335-340 cm and 275-280
cm. The 239Pu peaks are related to thermonuclear weapon
tests by the US (1952-1958), USSR (1961-1962), France
(1966-1974) and China (1964-1980), respectively. The
240
Pu/239Pu ratios which are commonly used as indicators
for the source of Pu determined for the pre-moratorium
samples are about 0.3 and for the post-moratorium are
about 0.2. Between 1970 and 1973 (±1), the 240Pu/239Pu
ratios are rapidly decreased from 0.2 to 0.07 (± 0.02) and

0.08 (± 0.03). It was related to the French tests which
took place at Mururoa and Fantataufa, Tuamotu
Archipelago (21°S, 137°W) between 1966 and 1974
(Koide et al., 1985). The profile of 239Pu was compared
with those of nss-SO42- and tritium to examine the
compatibility of the different age markers. In the nssSO42- profile, two pronounced peaks were found at
depths of 110-115 cm and 335-340 cm; around the
shallower peak, attributed previously to the 1991
Pinatubo eruption and the deeper peak appeared together
with the 239Pu peak dated to the year 1964±1, it was
related to the Mt. Agung eruption of March 1963 (Hong
et al., 2012). Tritium was a coproduct of the nuclear test
and its fallout over the Antarctic Plateau was also
enhanced during 1950s-70s. However, its maximum
fallout had been observed in 1966 (Hoshina et al., 2014),
about 2 (±1) years later than that of 239Pu. The shift in
their peak deposition was attributed to the different
phases between tritium in the form of HTO (gas) and
plutonium present in the particulates (Jouzel et al., 1979).
In Fig. 1, the tritium peak was found at the depth ~10 cm
shallower than the 239Pu and Agung nss-SO42- peaks.
Such difference in the peak depth is compatible with the
2-year lag when the surface snow accumulation rate (~8
cm yr-1) and its compaction at 3 m depth (~30%) are
taken into consideration.
The Antarctic Plateau represents an ideal place to
detect 239Pu fallout using ICP-SFMS. The low snow
accumulation thereon is responsible for the detectable
level of 239Pu in snowmelt without pre-concentration. In
addition, the low U contents in snow minimize the
potential isobaric interference of 238UH on 239Pu. These
suggest that this method can be widely used for the
reconstruction of the fallout history of 239Pu and for the
age constraint in other Antarctic Plateau sites.
This work was supported by a research grant (PE16010) from
Korea Polar Research Institute.
Gabrieli, J., Cozzi, G., Vallelonga, P., Schwikowski, M., Sigl,
M., Eickenberg, J., Wacker, L., Boutron, C., Gäggeler, H.,
Cescon, P. and Barbante, C. (2011) Atmos. Environ. 45,
587-593.
Hong, S., Soyol-Erdene, T.–O., Hwang, H., Hong, S., Hur, S.D.
and Motoyama H. (2012) Environ. Sci. Technol. 46, 1155011557.
Hoshina, Y., Fujita, K., Nakazawa, F., Iizuka, Y., Miyake, T.,
Hirabayashi, M., Kuramoto, T., Fujita, S. and Motoyama,
H. (2014) J. Geophys. Res. 119, 274-283.
Jouzel, J., Merlivat, L., Pourchet, M. and Lorius, C. (1979)
Earth and Planet. Sci. Lett. 45, 188-200.
Koide, M., Bertine, K.K., Chow, T.J. and Goldberg, E.D.
(1985) Earth and Planet. Sci. Lett. 72, 1-8.
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The filtration of airborne nanoparticles is becoming an important issue as they are produced in
large quantities from material synthesis and combustion emission. Current international standards dealing
with efficiency test for filters and filter media focus on
measurement of the minimum efficiency at the most
penetrating particle size. The available knowledge and
instruments provide a solid base for development of
test methods to determine the effectiveness of filtration
media against airborne nanoparticles down to singledigit nanometer range.
An interlaboratory evaluation is performed
under the Technical Committee 195 of European
Committee for Standardization (CEN/TC195) for the
development of the methodology to determine effectiveness of filtration media against air-borne particles
in the 3 – 500 nm range. An indicative test set up is
presented in Figure 1.

tests are carried in different face velocities. Some indicative results are presented in Figure 2. The filtration
efficiency results among different laboratories show
noticeable discrepancies. Possible factors contributing
to this deviation could be the test set up, effective filtration area, uniformity of the flow velocity in the filter
holder, aerosol flow pressure, temperature and relative
humidity, concentration of the challenging aerosol,
monodispersity of test aerosol, neutralization efficiency
and environmental conditions.

Figure 2 Filtration efficiency data among different filter samples and laboratories at 5 cm/s face velocity.
Statistical analysis, based on ISO 5725-2, will be performed in order to evaluate the methodology. TheoretiFigure 1. Test set up to measure the effectiveness of filtration media.

cal model are to be applied and compared with the experimental results. In addition, upon the completion of
the round robin tests, sensitivity analysis is to be im-

Five different laboratories, ETH/Empa, University of
Minnesota, Politecnico di Torino, Unifil and Camfil,
participate in the round robin test in order to ensure the
accuracy of the test method. The qualification of test
rig and apparatus is performed prior of the filtration efficiency measurement tests.
Highly uniform and ununiform filters are tested in this
investigation. Furthemore, filters with electrostatic
charge are challenged with nanoparticles to investigate
this effect among different laboratories. . Each laboratory is to test different samples of the filter media in
order to ensure repeatability. The filtration efficiency

plemented, addressing the aforementioned discrepancies.
International Organization for Standardization (1994) ISO
5725-2:1994(E) “Accuracy (trueness and precision) of measurement methods and results -- Part 1: General principles and
definitions”.
International Organization for Standardization (1994) ISO
5725-2:1994(E) “Accuracy (trueness and precision) of measurement methods and results -- Part 2: Basic method for determination of repeatability and reproducibility of a standard
measurement method”.
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In order to provide unambiguous measurement results,
exact calibration and evaluation of instrumentation is a
crucial precondition. In aerosol sciences mobility
standards are an important tool for this purpose.
Electrospray sources turned out to be an efficient way to
produce monomobile particles smaller than 100 nm.
Successfully generated molecular mobility standards
from large organic salts “enable accurate mobility
measurements in the nanometer size range“ (Ude and
Fernández de la Mora, 2005). However one problem
arises. Even though smaller clusters (1-2 nm range) with
higher mobilities can be determined accurately, larger
clusters (> 2nm) with lower mobilities cannot. In this
area, the mobility spectrum is distorted by even larger
multiply charged clusters or particles as the probability
of multiple charging increases with higher mobility
equivalent diameters. This process can be avoided by
using an aerosol neutralizer/charger.
This work addresses this issue by comparing
three different aerosol neutralizers: a radioactive source,
a soft x-ray charger and a corona charger. The former
two are bipolar chargers, whereas the latter one is a
unipolar charger. The advantage of unipolar chargers lies
in the fact that it “does not reach an equilibrium charge
distribution”(Intra and Tippayawong, 2009). This is
especially important for sub 10 nm particles.
The monomobile molecular clusters of different
tetra-alkyl ammonium ions are generated using an
electrospray ion source and are classified by a high
resolution DMA (Steiner et al., 2010). The number
concentration of charged clusters exiting the DMA is
determined by an electrometer. A schematic overview of
the experimental setup is given in figure 1.

Figure 2 shows the positive inverse mobility spectrum
obtained from measurements with tetra-heptyl
ammonium bromide conducted without (above) and with
(beneath) aerosol neutralizer.

Figure 2. Singly charged clusters of THAB detected by
HR-DMA, with and without neutralizer ( 241AM). The
first peak of the lower graph refers to the charger ions of
the neutralizer, for better visibility of the mobility
spectrum the scale is adjusted to the second peak, the
monomer of THAB.
Similar results are expected for the soft x-ray charger. A
recently built corona needle charger, which generates
unipolar ions is expected to significantly improve the
measurement leading to clearly visible peaks within the
mobility spectrum ideally up to mobility equivalent
diameters of around 4 nm.

Figure 1. Experimental setup ES: electrospray; charger:
241
AM source, soft x-ray charger or corona charger,
dashed lines indicate that not in every experiment a
charger is used; HR-DMA: high resolution DMA; EM:
electrometer.

Intra, P. and Tippayawong, N. (2009) Journal of
Electrostatics, 67, 605-615.
Steiner, G., et al. (2010) Aerosol Sci. Technol., 44:4, 308315.
Ude, S. and Fernández de la Mora, J. (2005) J. Aerosol
Sci., 36, 1224-1237.
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A novel instrument has been developed for realtime aerosol mass distribution measurements. The
instrument includes two major components: a relative
humidity (RH) conditioner and a 6-stage quartz crystal
microbalance (QCM) micro-orifice impactor. The RH
conditioner ensures that the incoming aerosol is
conditioned to the range of 40 % to 65 % RH. The
impactor operates at 10 L/min inlet flow rate and
measures the mass of the collected particles in six
aerodynamic diameter channels covering the range of 45
nm to 2.5 μm. The nozzles of the impactor stages are
clustered so that the particles are collected at the center
of the QCM, where the mass sensitivity is close to unity
(Cumpson and Seah 1990). Laboratory tests conducted
with monodisperse aerosol particles (Figure 1) showed
that the RH conditioning ensures excellent agreement
between the mass calculated from direct condensation
particle counter (CPC) readings and the mass calculated
for the QCM using the Sauerbrey equation (Sauerbrey
1959). Good agreement was found for mass loadings of
up to about 130 μg for solid particles and up to about 2
μg for liquid particles. The experimental results indicate
that the RH conditioning also eliminated solid particle
bounce.
The QCM impactor was calibrated with
monodisperse liquid particles using conventional
calibration techniques. The collection efficiency as a
function of aerodynamic diameter of each impactor stage
was measured. The experimental cutpoints (Table 1)
were in good agreement with numerical predictions from
classical impactor theory (Rader and Marple 1985).

converted to the mass distribution data by assuming the
particles were spherical and of 1 g/cm3 density. In
reality, the particles are likely to be non-spheres with a
shape factor larger than 1 and with a density larger than
1 g/cm3. The use of realistic values for these two
parameters is likely to further improve the agreement
between the two measurement techniques.

Figure 1. Comparison of the mass measured by QCM
and by CPC methods. The mass readings are the amount
of mass collected at the end of each test.

Table 1. QCM impactor calibration results.
Stage Cutpoint (nm)

(St50)1/2

σg

Inlet

2440

0.475

1.12

1

960

0.458

1.10

2

510

0.474

1.15

3

305

0.514

1.18

4

156

0.467

1.18

5

74

0.493

1.18

6

45

0.469

1.24

The QCM cascade impactor was also tested in an
outdoor environment. The measured ambient aerosol
distribution was compared with an independent colocated measurement using a wide-range particle
spectrometer, WPS (Liu et al. 2010). The results are
shown in Figure 2. The WPS mobility data were

Figure 2. Comparison of the mass distribution measured
by the QCM impactor (bars) and theWPS (line).
Cumpson, P. J., and M. P. Seah. (1990) Measurement
Science and Technology 1 (7): 544.
Liu, Benjamin YH, Francisco J. Romay, William D.
Dick, Keung-Shan Woo, and Mihai Chiruta.
(2010) Aerosol and Air Quality Research 10:
125–39.
Rader, Daniel J., and Virgil A. Marple. (1985) Aerosol
Science and Technology 4 (2): 141–56.
Sauerbrey, Günter. (1959) Zeitschrift Für Physik 155
(2): 206–22.
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A novel probe to investigate corrosion relevant particles
in boilers of waste incineration plants
S. Schumacher1, J. Lindermann1, B. Stahlmecke1, D. Jarzyna1, A. Khot1,
T. Zeiner1, T. van der Zwaag1, H. Nordsieck2, R. Warnecke3, and C. Asbach1
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Both types of substrates are well-suited for
scanning electron microscopy (SEM), which provides a
comprehensive investigation of the size distribution,
morphology and chemical properties of individual
particles. Using computational fluid dynamics (CFD),
the collection efficiencies of the impactor as well as of
the membrane filter have been studied in detail. Based
on the results, a detailed data evaluation strategy has
been developed to deduce the airborne particle number
and mass size distributions from counting the collected
particles in SEM images.
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Although the particulate phase in the boilers of waste
incineration plants has for a long time been under
suspicion to essentially drive the corrosion of the
superheater tubes, it has not been comprehensively
characterized to the present. In former works, the aerosol
was usually exhausted from the boiler and subsequently
diluted and cooled, in order to make it available for
conventional
aerosol
measurement
techniques
(Deuerling, 2010). However, at high temperatures this
method involves tremendous artefacts such as
condensation of salt vapours during cool-down.
Furthermore, sticky chlorine-containing micron particles,
which are assumed to be most crucial for the corrosion,
deposit in the goose-neck bend of conventional probe
inlets and cannot be analysed as single particles.
Therefore, we developed within the frame of the
project VOKos a novel sampling probe, which allows
the collection of particles in the interesting size range
and largely suppresses condensation artefacts.

4.0
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Figure 2: Evolution of the airborne particle mass size
distribution in the course of the boiler.

Figure 1: Cross section of the sampling probe.
The probe consists of two stages: Firstly, larger
particles are sampled on an impaction plate. Secondly,
the remaining smaller particles are collected on a nickel
membrane filter with well-defined pore size and pattern.
Together, a broad particle size range from a few 10
nanometres up to several 100 µm is covered. Before and
after sampling, the probe is flushed with an excess of
clean nitrogen heated to the sampling temperature, which
on the one hand avoids condensation of salts and postreactions and on the other hand facilitates well-defined
sampling times.

The probe has been successfully employed for
measurements in the combustion chamber (1250°C) and
the four passes (250 - 950°C) of the waste incineration
plant Schweinfurt (GKS) to characterize the evolution of
the aerosol on its way through the boiler. As shown in
Fig. 2, the concentration of particles with sizes between
0.1 and 1 µm grows by condensation of salt vapours
during cooling, whereas the mass concentration of larger
particles decreases due to deposition losses. We show
that especially particles with sizes of several
micrometers, which were difficultly to measure up to
now, contain high chlorine fractions.
This work has been supported by the Federal Ministry of
Education and Research (BMBF) within the project
VOKos (Grant No 03X3589).
Deuerling, C.F. et al. (2010): Aerosol Sci. Technol. 44, 1.
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Comparison of the responses of a novel nanoparticle measurement device with commonly
used aerosol instruments
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Figure 1. Mass concentration of TiO2 particles measured
with TEOM (with and without 0.5 µm precyclone) and
Pegasor AQTM Indoor.
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Nanoparticle concentrations need to be monitored and
measured to ensure the safe working environment for the
employees for example at nanotechnology workplaces.
Numerous methods and instruments have been used for
the monitoring. However, the markets are lacking an
affordable and easy to use instrument, which would
provide reliable and extensive information about the
nanoparticles in the workplace air.
A novel aerosol instrument (Pegasor AQTM
Indoor) for nanoparticle monitoring and measurements
was compared with commonly used aerosol instruments
including TEOM (ThermoScientific), NSAM (TSI),
UCPC 3776 (TSI), CPC 3775 (TSI) and SMPS (TSI). The
Pegasor AQTM Indoor utilizes diffusion charging and
measurement of the charge carried by the particles with a
sensitive electrometer. In addition, an adjustable threshold
voltage is used to prevent gas ions entering to the
electrometer. Moreover, the adjustable voltage is used in
advance for characterizing the particles. The instrument
provides a number, a mass and an active particle surface
area concentration. The instrument is equipped with 2.5
µm precyclone, however the true maximum particle size
is far below this limit due to the measurement technique.
Pulverized TiO2 nanopowder (with Fluidized Bed
Generator, TSI) and atomized ammonium sulphate
((NH4)2SO4) solution (Constant Output Atomizer, TSI)
were used as test aerosols. The aerosol was sampled from
a chamber (Ihalainen et al., 2012) to provide a stable
particle concentration. Moreover, the measurement
instruments were used in actual workplaces including a
welding workshop, a metal workshop, a bakery and a
kitchen furniture factory.
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Figure 2. A) Surface area concentration of TiO2 particles
measured with NSAM (alveolar lung deposition) and
Pegasor AQTM Indoor (active surface area), B) Number
concentration of TiO2 particles measured with CPC 3776
and Pegasor AQTM Indoor. Precyclone was not used with the
CPC.

Pegasor AQTM Indoor instrument was found to
measure surface area, number concentration and mass
concentration with sufficient consistency compared to
commonly used instruments (Fig 1 and 2). However, the
values from Pegasor AQTM Indoor were generally lower.
Nonetheless, the correlations are obvious. The differences
between TEOM and Pegasor AQTM Indoor, for example,
can be partly explained with the larger measurement range
of TEOM.
Ihalainen, M.; Lind, T.; Torvela, T.; Lehtinen, K. E. J.;
Jokiniemi, J. A method to study agglomerate breakup
and bounce during impaction. Aerosol Sci. Technol.
2012, 46 (9), 990−1001.
The authors like to acknowledge The Finnish Work
Environment Fund for the financial support.
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CODED RING SENSOR ARRAY FOR THE LOCAL DETECTION OF CHARGED
PARTICLES
W. Mölter-Siemens, S. Opiolka, A. Bankodad, S. Haep, C. Asbach
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The principle of the ring sensor is based on the
principle of the electrostatic induction, caused by
the flow of electrically charged particles through a
conductive ring sensor. It is well known and
described in detail in the literature: Nesterov, et al
(2007), Rossner, Singer, (1989), Haep et al (2009).
The induced current I(t) is given by the
following equation, where Q is the particle charge
and Ω(t) is the time dependant solid angle, defined
by the edges of the sensor and the position of the
particle (charge). Taking particle velocity v in count
the time dependency of the current is given as
follows.
𝐼𝐼(𝑡𝑡) = −

𝑄𝑄 𝑑𝑑𝑑𝑑(𝑥𝑥)
𝑄𝑄 𝑑𝑑𝑑𝑑(𝑡𝑡)
= −
𝑣𝑣
4𝜋𝜋 𝑑𝑑𝑑𝑑
4𝜋𝜋 𝑑𝑑𝑑𝑑
𝑥𝑥
Ω(𝑡𝑡) = Ω � �
𝑣𝑣

The coded ring sensor (Mölter-Siemens et
al, 2013), consists of two or more coaxially and
consecutively arranged ring sensors, having
different length and being positioned at different
distances. All primary sensors of the coded sensor
are electrically connected to each other and to just
one amplifier. The number and length of the
primary sensors in combination with the different
distances defines the so called code pattern.
The time dependent solid angle of a coded
ring sensor ΩC can be calculated by summing up the
solid angels of all the n primary sensor ΩP seen by
the charge Q moving along the common axis.
𝐶𝐶

𝑛𝑛

Ω (𝑡𝑡) = � Ω𝑃𝑃𝑖𝑖 (𝑡𝑡)
𝑖𝑖=1

Due to the known geometric set up of the coded
sensor, the code pattern is well known and the
response curve of the time depending current is
predictable.
An array of even a high number of
differently coded, parallel sensors can be
constructed. In addition, all the coded sensor are
electrically connected thus the measurement is
possible just by using only one amplifier. The
following equation describes the relationship
between the measured signal IA(t) and the
superimposed code patterns (solid angles) of the
“charged” coded sensors ΩA(t), which are activated

by a pulse of charged particles. During operation
only a small number m of coded sensors should be
“charged”.
𝑡𝑡

� 𝐼𝐼
0

𝐴𝐴 (𝜏𝜏)𝑑𝑑𝑑𝑑

𝐴𝐴

𝑚𝑚 < 𝑗𝑗

~ Ω (𝑡𝑡) = � Ω𝐶𝐶𝑘𝑘 (𝑡𝑡)
𝑘𝑘=1

Within the equation j and Ω𝐶𝐶𝑘𝑘 mean the total number
of coded sensors in the array and the code pattern of
the kth charged sensor, respectively. Based on these
considerations and knowing the code patterns
Ω𝑗𝑗𝐶𝐶 (𝑡𝑡) of all coded sensors it is possible to evaluate
those coded sensors whose pattern contributes to
the total signal of the array.
A novel measuring technology for the
local detection of electrically charged particles (or
other charged pieces) will be introduced. A
modified version of a ring sensor, based on the well
known principle of bar codes was developed and
the basic relationship between measured signals and
the so called code pattern was derived. For a
specific setup the functionality will be shown in the
presentation. Future work should be carried out
especially for the case of non ideal conditions. The
detection of non - isochronous charge clouds or the
analysis of superimposed signals from differently
charged particles should be subject to further
investigations.
Nesterov, A., et al (2007), Measurement of
triboelectric charging of moving micro particles by
means of an inductive cylindrical probe,
J.Phys.D:Appl. Phys. 40 (2007) 6115-6120
Rossner, M, Singer, H. (1989), Measurement of
micrometer particles by means of induced charges.
Industry Applications Society Annual Meeting,
1989., Conference Record of the 1989 IEEE, San
Diego, CA, USA, 1-5 Oct. 1989
Haep, S., Opiolka, S., Kaminski, H., Rapp, G.
(2009), Reinigungsgerät für Partikel aufweisende
Flächen und Verfahren zu dessen Betrieb,
Patentnr.: DE 10 2008 026 884 A1,
Offenlegungstag: 10.12.2009
Mölter-Siemens, W., Opiolka, S., Bankodad, A.,
Haep, S. (2013), Setup and validation of a novel
coded ring sensor to detect charged particles,
Proceedings, Filtech 2013, G11.
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Single Particle Extinction and Scattering (SPES)
allows the characterization of aerosol optical properties
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Aerosol is widely recognized as a fundamental
component of the climate system, although the direct
impact on the energy balance of the Earth system
represents an issue mainly because of uncertainties in
dust radiative properties. Although particle size (and size
distribution) dominates by far the scattering properties of
a collection of particles, other features like the
composition, shape, orientation, internal structures,
surface properties give rise to effects which are larger
than the accuracy required by the radiative transfer
computations in the Earth’s atmosophere.
Here we show the results obtained by applying
the Single Particle Extinction and Scattering (SPES)
technique (Potenza, 2015) to provide direct, independent
measurements of both the single particle optical
thickness and size. The technique has been extensively
validated in liquids. It is based upon the measurement of
the interference between the intense transmitted beam
illuminating one particle and the faint forward scattered
wave, which is ultimately related to the complex
scattered field amplitude and phase. The measurement of
the complex forward scattered field delivers important
information, being related to the optical thickness of the
particle (Potenza 2014a, Potenza 2010). In such a way a
detailed characterization becomes possible as it has been
already proven for liquid suspensions, accessing minute
details like, for example, the average refractive index
(Potenza 2015a), particle shape and orientation effects
on radiation, the presence of particles formed by
aggregation of smaller constituents (Potenza 2015b). The
attainment of these features largely improves the
determination of the particle size distributions.
From the experimental point of view, the SPES
technique takes unprecedented advantage from 1) being
totally calibration-free; 2) relying on a rigorous
validation method for recognizing the particles passed
out of the focal region; 3) being experimentally simple
and robust.
We present the first experimental results obtained
operating this technique on airborne particles. Results of
accurate characterization with known samples are
reported, which show the accuracy of the method in
determining the size distribution and refractive index of
several kinds of aerosol generated in standard ways in
laboratory. Measurements in the outdoor are also
discussed.
For each particle we measure the real and imaginary
parts of the complex forward scattered field amplitude
S(0), from which we rigorously determine the extinction
cross section and the optical thickness. These are

parameters of paramount importance to be inserted in
radiative transfer models. In particular, accessing the
effect of shape and orientation of single non-spherical
particles opens the possibility of unique assessments
about the aerosol optical properties (Mishchenko, 1998).
Data interpretation is performed through a deterministic
approach relying on fundamentals of light scattering
(Bohren, 1993), and also through a numerical approach
based on the results of more than 106 simulations
performed with the established A-DDA code (Yurkin,
2011) for particles with different size, compositions,
shape and orientations.
We propose this novel measurement method as a
powerful candidate for improving the characterization of
airborne dust, to be used both for a better knowledge of
the aerosol itself and as an input into radiative transfer
and climate model simulations.
M.A.C. Potenza, T. Sanvito, A. Pullia, Measuring the
complex field scattered by single submicron
particles, AIP Advances 5 (2015) 117222.
M.A.C. Potenza, P. Milani, Free nanoparticle
characterization by optical scattered field analysis:
opportunities and perspectives,
Journal of
Nanoparticle Research (2014) 16: 2680.
M.A.C. Potenza, et al., How to measure the optical
thickness of scattering particles from the phase delay
of scattered waves: Application to turbid samples,
Phys. Rev. Lett. 105, 193901 (2010)
M.A.C. Potenza, et al., Single particle extinction and
scattering
allows
real
time
quantitative
characterization of drug payload and degradation of
polymeric nanoparticles, Nat. Sci. Rep. 5 (2015)
18228.
M.A.C. Potenza, T. Sanvito, G. Fazio, Optical
characterization of industrial slurries, KONA
particle and particle journal review 33 (2015) 301321.
Yurkin, M.A., Hoekstra, A.G. The discrete-dipoleapproximation code ADDA: capabilities and known
limitations. J. Quant. Spectrosc. Radiat. Transfer 112,
2234-2247 (2011).
Bohren CF, Huffman DR (1998) Absorption and
Scattering of Light by Small Particles. (Wiley &
Sons, Berlin, 1983).
Mishchenko, M.I., Travis, L.D., Kahn, R.A. & West,
R.A. Modelling phase functions for dustlike
tropospheric aerosols using a shape mixture of
randomly oriented polydisperse spheroids. J.
Geophis. Res. 102, D14 16831-16847 (1997).
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Design and calibration of non-sheathed butanol CPC sensitive to 1 nm particles
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Introduction
At the global scale, modeling tools have shown that new
particle formation (NPF) by nucleation and growth can
significantly contribute to the total number
concentrations of aerosol particles and consequently to
the number of cloud condensation nuclei (Spracklen et
al. 2006). In particular, nucleation is expected to be a
major contributor to the total particle number
concentration at higher altitudes (in the upper
troposphere) (Merikanto et a. 2009), where clouds
mostly form. With the development of instruments
detecting particles at the nanometer scale, NPF events
have been observed in a growing number of
environments4, and recently detected at high altitudes
with a high frequency (Venzac et al., 2008; Boulon et al.
2010, 2011 ; Rose et al. 2015). However, understanding
the mechanisms behind the nucleation process requires
that particles in the sub 3 nm range (cluster particles) be
detected. But until only a few years ago, before
instruments that "pre-grow" particles upstream of a
regular CPC (e.g. Airmodus' Particle Size Magnifier –
PSM) were released, only natural cluster ions could be
detected in the natural environment.
We present here the recent development of a
nano-CPC capable of detecting neutral clusters in low
pressure environments such as high altitude stations and
airborne platforms, while keeping the design simple.
Butanol nano-CPC design
Commercial fine condensation particle counters in
boosted conditions (50°C for the saturator temperature
and 10°C for the condenser temperature) have recently
demonstrated their ability to detect particles in the sub
3 nm range (Kangasluoma et al., 2015) with butanol as
the working fluid. The main benefit of using butanol is
that the final droplets are large enough to be directly
detected by an optical counter, which is not the case of
diethylene glycol used in PSMs. PSMs thus need a
companion CPC to grow particle further, and detect
them.
This high detection efficiency is obtained when
the temperature difference between the saturator (Ts) and
the condenser (Ts) is increased from 17°C (non boosted
conditions) to 40°C (boosted conditions). The
temperature setpoints of the TSI 3772 and Airmodus A20
used in Kangasluoma’s study are limited to 50°C. The
goal of our development is to build a similar CPC based
on the TSI 3010 model with a new and independent
heating and cooling system. This allows more flexibility
to adjust temperatures and flow rate. The original flow
control with a critical orifice and a heavy pump is
replaced by a laminar flowmeter and a miniature rotary
vane pump. The saturator temperature (Ts), the

condenser temperature (Tc) and the flow rate of the
instrument are totally controlled by the user.
Calibration
The detection efficiency is measured with an aerosol
electrometer (Faraday cage + Keithley electrometer)
with standards sub 2 nm ions produced with electrospray
classified by a high resolution DMA (Attoui type) for
different temperature differences (T) and flowrates.
Careful attention has been paid in selecting the
thermoelectric coolers (Peltier elements) and designing
their power supply, in order to achieve a lower saturator
temperature than in most commercial CPCs (typically
10°C). Low condenser temperature helps to keep a high
T at relatively low saturator temperature in order to
decrease evaporation losses of volatile particles and
thermal diffusion losses in the saturator. The saturator
and condenser are thoroughly insulated to minimize heat
losses, and hence, power consumption. The CPC is
designed to be powered by a 28VDC power source,
making the instrument lighter and easier to integrate in
research aircrafts.
Detection efficiency will be characterized with
hydrophobic particles produced by evaporationcondensation of ammonium sulfate with an oven, as well
as with singly charged positive and negative,
hydrophobic particles of tungsten oxides and nickel
chromium oxides, produced by a hot wire generator,
down to 1 nm.
Boulon J. , K. Sellegri, H. Venzac, D. Picard, E. Weingartner,
G. Wehrle, M. Collaud Coen, R. Bütikofer, E. Flückiger,
U. Baltensperger,
and
P. Laj,
Atmos.
Chem.
Phys., 10, 9333-9349, 2010
Boulon J., K. Sellegri, M. Hervo, D. Picard, J.-M. Pichon,
P. Freville, and P. Laj,Atmos. Chem. Phys., 11, 56255639, 2011
Kangasluoma, J., Ahonen, L., Attoui, M., Vuollekoski, H., M.
Kulmala,K. & T. Petäjä, T. (2015) : Sub-3 nm Particle
Detection with Commercial TSI 3772 and Airmodus A20 Fine
Condensation Particle Counters. Aerosol Sci. Technol 49, p.
674-681
Merikanto, J., et al.., Atmos. Chem. Phys., 9, 8601–8616,
doi:10.5194/acp-9-8601-2009, 2009.
Rose C., K. Sellegri, Fernando Velarde, Isabel Moreno, Kay
Weinhold, Ali Wiedensholer, and P. Laj, Bolivia,
Atmospheric Environment, 102, 18-29, 2015
Spracklen et al. Atmospheric Chemistry and Physics 6, 5631–
5648. 2006.
VenzacHervé, KarineSellegri, Paolo Laj, Paolo Villani, Paolo
Bonasoni, Angela Marinoni, Paolo Cristofanelli,
FrancescopieroCalzolari, SandroFuzzi, Stefano Decesari,
Maria-Cristina Facchini,ElisaVuillermoz, GianPietroVerza,
PNAS, Vol. 105, Issue41, 15666-15671 2008
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Combustion aerosol standard generator for aeronautic fuel
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The potential impact of aircraft emissions on climate and
air quality has motivated the development of new engine
technologies and fuel blends aiming at reducing these
emissions. Nowadays there are different alternative fuels
being tested in blends with traditional kerosene, like
Fischer-Tropsch or Hydro-processed Esters and Fatty
Acids (HEFA) fuels. Field test of different fuels using
real engines of combustion chambers are technically
demanding. In addition, the amount of fuel needed for
these tests are sometimes limited and therefore limits in
turn systematic studies on the impact of fuel composition
on emitted particles. Such studies cover not only number
and size distributions of the emitted particles, but also
their complete physico-chemical characterization, and
are particularly challenging.
Combustion standard aerosol generator (CAST,
Jing 1999) was developed as a stable and controlled
source of soot for calibration proposes. The standard
CAST unit uses a confined propane flame to produce
soot particles. By controlling the air/fuel ratio, different
properties of soot like particle size, organic carbon
content etc. can be controlled in a reproducible way. On
the other hand this design was limited to gas fuels.
In 2003 a novel CAST unit capable of working
with liquid fuels was developed (Jing 2003). This unit
adds a nebulizer to produce liquid fuel droplets that are
ignited by the existing propane flame. So far this unit has
been tested with diesel fuel.
In 2012 JING Ltd. has developed another novel
model of CAST for liquid fuel. In this work we present,
up to our knowledge, the first tests of this liquid CAST
unit made at ONERA with aeronautic JetA1 fuel.

As a first test, we studied different combinations
of propane and air flows without adding kerosene. The
aim of this preliminary test was to estimate the most
favourable settings of air and propane to be used
together with kerosene to avoid contributions from the
propane flame to the soot particles formed. As can be
seen in Fig. 1 flows of propane equal or below 0.03 lpm
resulted in negligible amounts of particles formed
independently of the air flow used. Based in this
preliminary test, we chose 0.03 lpm of propane as
standard setting for the experiments with kerosene.

Figure 2. Different fitted size distributions obtained with
a SMPS using 0.03 lpm propane flow, 60 mbar partial
pressure nitrogen over jetA1 kerosene, 20 lpm of
quenching flow and air flows between 1.9 and 5.0 lpm
As can be seen in Fig. 2 fixing 0.03 lpm of
propane flow and 60 mbar partial pressure of nitrogen
over kerosene, different particle number and size
distribution can be obtained by adjusting air flow.
Higher air flow produces less particles, but with larger
sizes compared to low air flow settings. These first
results show how liquid CAST unit using aeronautic fuel
is a stable and controlled source of soot particles. Thus it
can be used to study particle produced by a wide variety
of aeronautic fuels, not limited only to standard kerosene
blends, but also alternative fuels.
This work was supported by EDDMAER a DGA funded
project.

Figure 1. Impact of tested air and propane flows (without
kerosene) in measured total particle number

Jing, L. (1999) 3rd ETH Workshop “Nanoparticle
Measurement”, ETH Hönggerberg Zürich.
Jing, L. (2003) 7th ETH Conference on Nanoparticle
Measurement, ETH Hönggerberg Zürich.
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Ultrafine particles (UFP) and their impact on human
health and our climate are areas of active research.
UFPs can be present in large numbers due to sources
such as traffic, residential heating, and other processes,
yet they contribute very little to the mass of atmospheric
particles. In order to assess their impact and provide
guidance in future air quality regulations it is necessary
to supplement gravimetric air quality measurements such
as of PM2.5 or PM10 with a time resolved measurement of
particle number concentration.
As a first step of harmonizing the continuous
measurement of UFPs in the atmosphere, the European
Committee for Standardization (CEN) drafted Technical
Specification CEN/TS 16976 which defines a set of
requirements for the Condensation Particle Counter
(CPC), its sampling system, the measurement procedure
and the reporting of measurement results.
While CPCs have been used in ambient aerosol
monitoring for many years (Hermann et al. (2007),
Caldow et al. (1992)) the results were not always
comparable (Yli-Ojanperä et al (2012)) due to the
different cut-offs (D50), operating conditions, working
fluids (water, isopropanol, butanol), and sampling
system setups (particle losses) used.
Recently, a new CPC with a dedicated sampling
system, both of which are fully compliant with the
proposed CEN/TS 16976, have been introduced (model
3772-CEN CPC, TSI Inc., Shoreview, USA).

Figure 1: Counting efficiency of the 3772-CEN CPC for
silver particles generated by evaporation/condensation
method (courtesy of TROPOS, Leipzig)
As required by the proposed CEN/TS 16976, the
3772-CEN CPC is a laminar flow, butanol-based device

that counts airborne ultrafine particles from 7 nm (Fig. 1)
in diameter at an aerosol flow rate of 1.0 L/min. It uses
an optimized coincidence and dead time correction
method to count particles in single count mode up to
concentrations of 50,000 particles/cm3as shown in Fig. 2.

Figure 2: Linearity measured of the 3772-CEN CPC
against an aerosol electrometer (model 3068B, TSI Inc.).
Data points show data for four units. The black line is a
1:1 line to guide the eye.
Other advancements include a pulse height
analyzer that monitors wick health, supersaturation state,
and instrument status. This new CPC instrument is
designed to easily integrate into centralized data
acquisition systems and reports data in the data string
format recommended by CEN.
We will show our detailed characterization of the
3772-CEN CPC and its dedicated sampling system, with
laboratory and field data from selected sites.

CEN/TS 16976. Ambient air - Determination of the
particle number concentration of atmospheric aerosol
Yli-Ojanperä, J., et al. (2012). Comparison of Three
Particle Number Concentration Calibration Standards
Through Calibration of a Single CPC in a Wide
Particle Size Range, Aerosol Science and
Technology, 46:11, 1163-1173.
Hermann, M., et al. (2007). Particle counting efficiencies
of new TSI condensation particle counters. Journal
of Aerosol Science 38, 674–682.
Caldow, R.C., et al. (1992). Performance of the TSI
Model 3010 Condensation Particle Counter, AAAR,
San Francisco, CA (TSI paper A83).
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Experimental investigation of aerosol particle composition and growth rates
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Aerosol particles have both natural and anthropogenic
sources. Apart from having a major influence on our
health, aerosols also impact Earth's climate.
In addition to primary sources, a large source of
secondary aerosol particles exists. The secondary
pathway works via gas-to-particle conversion. If the
conditions are favourable, small molecular clusters are
formed via condensation of low volatile gas phase
compounds. Those freshly formed molecules can grow
to larger clusters and form cloud condensation nuclei
(CCN). When studying these processes in detail, the
particle growth rates and the chemical composition are
especially interesting as they determine the potential role
of these initially formed clusters to become CCN.
Roughly 50% of the global cloud condensation nuclei
originate from atmospheric nucleation processes
(Merikanto et al, 2009)
The most commonly used method to determine
the chemical composition of atmospheric aerosol
particles is mass spectrometry (MS). High resolution
mass spectrometers are capable of resolving the
chemical fingerprint of molecular clusters in the size
range up to ≈2 nm in mobility diameter. Other mass
spectrometers, such as the thermal desorption mass
spectrometer (TDCIMS; Voisin et al, 2003) or size
selective methods, such as the hygroscopicity tandem
differential mobility analyser (HTDMA; Nenes et al,
2001) allow to determine the chemical composition of
atmospheric aerosol particles starting from sizes of about
6 nm in mobility diameter. Condensation particle
counters (CPCs) are based on mixing the aerosol flow
with a condensable vapour and creating supersaturation
by passing the mixed sample through regions with
different temperatures. Experimental studies have shown
that the activation efficiency of a CPC depends strongly
on a combination of the aerosol particle composition and
the working liquid that is used in the CPC (Iida et al,
2009, Wimmer et al, 2013, Kangasluoma et al, 2013).
Combining different CPCs with different working
liquids, the composition of ambient aerosol particles can
be derived indirectly. By using a DMA upstream of the
CPCs, the difference in the signals measured by the
different CPCs can be attributed to the chemistry of the
measured aerosol particles alone. Previous field studies
have shown that by only using four different CPCs, two
of them with different working liquids (water and
butanol) with different cut-off diameters, the
hygroscopicity of atmospheric aerosol particles can be
determined (Riipinen et al, 2009). This project aims at
combining the direct composition analysis using mass
spectrometry with the indirect method, using different

CPCs

together

with

a

DMA.

Figure 1. Schematic drawing of the experimental setup
of the nano CPC battery. The APiTOF will be used
either for direct sampling or downstream of the charger
or downstream of the DMA.
We performed intensive laboratory experiments
to analyse and verify the performance of the nano CPC
battery with respect to particle composition. The
deployment of the nano CPC battery for field
measurements requires careful design of the inlet system.
Diffusion losses should be minimized as much as
possible and good mixing should be ensured to get a
good signal in all the CPCs. We present results from the
characterization of the inlet system including the aerosol
charger. Different types of chargers (e.g. corona charger,
radioactive charger, chemical ionisation) are tested. We
characterize them for their applicability for charging
sub-3 nm aerosol particles.
This work was supported by the Austrian Science Fund
Merikanto et al, (2009), Atmos. Chem. Phys. 9, 86018616
Voisin et al, (2003), Aerosol Sci Technol 37, 471-475
Nenes et al (2001), J Geophys Res – Atmos 106, 34493474
Iida et al (2009), Aerosol Sci Technol 43, 81-96
Wimmer et al (2013), Atmos. Meas. Tech. 6, 1793-1804
Kangasluoma et al (2014), Atmos. Meas. Tech. 7, 689700
Riipinen et al (2009), Atmos. Chem. Phys. 9, 3317-3330
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The synthesis of very small nanoparticles (NPs) with
size below 100 Å, realized by using gas flow-reactors
working at high temperatures, is one of the few
experimental technique that can avoid or minimize
phenomena like agglomeration, partial coagulation,
coalescence and coating of NPs by impurities, whilst,
alas, is characterized usually by very scarce yield. Thus,
gas-flow aerosol routes in the technology have been a
natural choice in those processes aimed to the generation
of standard aerosol, f.i., for calibration, etherogeneous
nucleation or to the deposition of very thin substrates,
which can work as selective gas sensors. These last
nanostructure gas sensors sometimes can detect
selectively, and in reversible way, even sub-ppm traces
of surrounding gas under test such as NO2 (di Stasio
2004; Baratto et al 2004; di Stasio and Dal Santo, 2006).
In this work we use a quartz flow reactor with a twofurnace arrangement. A mixture of Argon and Hydrogen
carrier gases is input of the first furnace, under which, at
central longitudinal abscissa, is positioned a quartz boat
containing Cu-ACAC powder used as precursor species.
The Cu-ACAC foodstock grains are thermally
decomposed at a relatively low temperature (about 200
°C) and with short residence-transit times (adjusting Ar
flux). Immediately after (with respect to the direction of
the gas flux) the first oven, the vapours are input into the
second oven, which is positioned just adjacently to the
first one. This second is significantly longer with respect
to the first one in order to obtain longer transit times.
Temperature in the second furnace is ranging from about
400 to 700 °C. Inside the reactor under the second
furnace the vapours undergo further chemical
decomposition, thus producing at output of second
furnace supersaturation burst of copper metal vapours,
which quickly nucleate and form metal solid very fine
copper nuclei (about 5 nm size).
We sample the NPs obtained with aerosol quartz
filters and we perform the XRD measurements.
Subsequently, the rough data are stripped, smoothed,
subtracted from quartz filter background and corrected in
order to account for the diffractometer instrumental line
broadening. This last operation is made by a
contemporary measurement on the same instrument of
diffractograms from standard LaB6 powder, which is
both a standard for peak positions and for line width
characteristic of the diffractometer used.
From theory of X-ray diffraction and applied
crystallography, we learn how to infer from XRD

experimental data, the size of the copper crystallites
averaged over all the directions represented by the
Miller’s crystal indices (i, j, k).

Figure 1. Scheme of the experimental set-up for copper
NPs generation and of a-posteriori data treatment.
Finally we compare the NPs sizes so obtained via XRD
with respect to the modal values returned from the
measurements of the Cu aerosol flux, at output of the
second furnace, performed with a Bundle Diffusion
Battery (BDBs) and we show that the two kinds of
physical data (XRD vs BDBs NP size) do compare
surprisingly well, within the experimental error.
Detailed results will be shown at EAC 2016 conference
presentation.
This work was supported by the international Cooperative
Scientific Agreemen between Italian National Research
Council (CNR) and Siberian Brainc of Russian Academy of
Science (SB-RAS) for the years 2011-2013.

References
di Stasio S (2004). Chem. Phys. Lett. 393, 498-503.
Baratto C,. G. Sberveglieri, A. Onischuk, B. Caruso and di
Stasio S (2004). Sensors Act. B 100, 261.
di Stasio S, Dal Santo V (2006). Appl. Surf. Sci. 253, 28992910.

European Aerosol Conference 2016

Tours, France

Page 682 of 1211

CFD simulations to enhance the performance of an axial mobility classifier
for ionic molecular clusters
M. Leiminger1, L. Fischer1, M. Breitenlechner1,2, W. Jud1,3, A. Hansel1 and G. Steiner1,4
1

University of Innsbruck, Institute of Ion Physics and Applied Physics, 6020 Innsbruck, Austria
Harvard University, School of Engineering and Applied Sciences, Cambridge, MA 02138, USA
3
Helmholtz Zentrum Munich, Research Unit Environmental Simulation, 85764 Neuherberg, Germany
4
University of Vienna, Faculty of Physics, 1090 Vienna, Austria
2

Keywords: nucleation, clusters, mass spectrometry, ion mobility, computational fluid dynamics
Presenting author email: markus.leiminger@uibk.ac.at
New particle formation is one of the most active
research areas in atmospheric sciences. The
development of new instrumentation like (CI-) APiTOF mass spectrometry (MS) (Junninen et al., 2010,
Jokinen et al., 2012) considerably increased the
understanding of the mechanisms of new particle
formation with respect to the participating trace gases
(Almeida et al., 2013, Schobesberger et al., 2013,
Kirkby et al., 2016). The instrumentation used so far
such as the (CI-) APi-TOF MS might however not
detect the exact composition of nucleated clusters as
loosely bound ligands are likely to evaporate from
these clusters during the charging or ion guiding
process inside the instrument.
This lack of knowledge motivated the
development of a prototype MS with an axial mobility
classification (AMC) inlet. We optimized the
transition region into the high vacuum part of the MS
providing a soft and low fragmenting transition, which
makes the so called “nanoTOF” especially suited to
study fragmentation and evaporation processes of
ionic molecular clusters.
The operating principle of the AMC follows
the same concept as presented recently by Bezantakos
et al. (2015) and Tammet (2015). By applying a
defined electric field opposite to the sample flow, only
ions beyond a specific electrical mobility are able to
pass the electric field and to further enter the MS.
For the newly developed nanoTOF inlet, two
parameters are critical for detailed studies on the
composition of nucleating atmospheric clusters: first,
the overall transmission efficiency from ambient
(atmospheric) pressure to the detector of the MS at
high vacuum; second, the resolution power of the
electrical mobility classification.
To this end, besides laboratory experiments,
computational fluid dynamic (CFD) simulations of ion
trajectories in the AMC inlet were performed using the
open-source
CFD
software
OpenFOAM
(www.openfoam.com). The motion of ions was
simulated for different setups changing the flow rate,
electric field strength or inlet geometry. As an
example, Fig. 1 shows simulated flow profiles of ions
of three different mobility diameters. Larger ions (red)
are slowed down less by the electric field than small
ions with a higher electrical mobility (white and blue).
While the strength of the electric field is efficiently

used to select different electrical mobilities, the
simulations showed that the shape of the electric field
and the flow rate determine the transmission through
the core sampling inlet and the resolution power.
The CFD simulations represent an important
tool for the study of the transmission properties of ions
of different electrical mobility (or mobility diameters
respectively). They will therefore help to further
optimize the transmission and resolution power of the
AMC inlet of the nanoTOF, allowing a proper
classification of nucleating atmospheric clusters.

Fig. 1: Simulation of an ion flow through the core
sampling inlet for ions of three different mobility
diameters, d: 1.5 nm (blue), 2.0 nm (white) and 2.25
nm (red).
Acknowledgement: This work is funded by the
Austrian Science Fund, FWF (project no. P27295N20), the Tiroler Wissenschaftsfonds (nanoTOF-ICE)
and the University of Innsbruck promotion grant four
young researchers.
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the weight of slightly less than 3 lb. Additional to
measure the temperature, relative humidity and size
distribution of fine and ultrafine particles, the developed
mini-eUPS also records the timing as well as the global
position and altitude of the measurement. More, the selfdiagnosis and wireless communication functions (i.e.,
data reporting, hopping, downloading and storage) are
all included in the prototype. The mini-eUPS can thus
work either as a single-alone unit or a node in a wireless
sensor network.
The data reduction scheme based on the
constrained least square method is included in the
embedded micro-processor to quickly retrieve the
particle size distributions from measured raw data during
the measurement. Fig. 1 shows the size distributions of
particles measured by developed mini-eUPS and TSI
SMPS. Polydisperse test particles were generated by
atomizing salt solutions using a Collison atomizer and
dried via a diffusion dryer. The good agreement between
the measurements of mini e-UPS and SMPS was
obtained. Field testing of the developed mini-eUPS is
now in progress. The detail evaluation of mini-eUPS will
be given in this presentation.
5
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Multiple particle sensors with the built-in networking
feature are in high demand for continuous monitoring of
near-surface fine and ultrafine particle (UFP) size
distributions in cities where heavy traffic is often
encountered and/or in residential communities in close
proximity to freeways. The monitoring of near-surface
fine and ultrafine particles stems from the recent
epidemiologic studies evidencing UFPs are particularly
relevant to human health, like pulmonary diseases (Hoek
et al, 2002; Stewart et al, 2010). The increased asthma
prevalence has also been found to often occur in the area
with high UFP levels in ambient air (Samet et al, 2008).
However, the near-surface variation of fine and ultrafine
particles is often significant because of random nearsurface wind variation and high diffusivity of UFPs.
Multiple sizers are thus required to measure the nearsurface variation of UFPs. Under the consideration of
budget limit, it is very desirable to have cost-effective
particle sizers in compact package and having the
capability of networking together. Future applications
such as the traffic control in smart cities, early fire
detection in buildings and hospitals, indoor air quality
monitoring and control, worker protection in the facility
producing and processing UFPs and vertical profiling of
UFPs will be feasible if the above-stated sizers were
attainable. In this work we have developed a new
miniature UFP sizer (i.e., mini-eUPS) based on particle
electrical mobility technique for the above applications.
The prototype mini-eUPS consists of three major
components, i.e., mini-plate aerosol unipolar charger,
mini-plate DMA and mini Faraday cage with a sensitive
pre-amp. The temperature (T) and relative humidity
(RH) of sampled aerosol flow are also measured at the
sizer inlet. The aerosol inlet is integrated with a miniplate aerosol charger. In the charger, unipolar ions are
generated via the corona discharging of a 50-µm-indiameter tungsten wire and passed sampled aerosol
through a designed flow channel next to the iongeneration chamber. An iphone-sized DMA in the
parallel-plate configuration (i.e. mini-plate DMA) is
applied to classify particles according to their electrical
mobilities. Aerosol and sheath flowrates are monitored
and controlled to ensure the proper operation of the
mini-plate DMA. A mini-Faraday cage with a sensitive
electrometer is applied at the downstream of mini-plate
DMA to measure number concentration of classified
particles. With all the filter, pumps, flowmeters, high
voltage power supplies, driving circuits and an
embedded micro-processor, the developed mini-eUPS
has the overall package of 6" (L) × 5" (W) × 6" (H) and
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Figure 2 Comparison of particle size distribution
measured by mini-eUPS and TSI SMPS
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Determining the size of particles is a fundamental
requirement in aerosol science. Recently, Bezantakos et
al. (2015) proposed the use of Electrostatic Dissipative
Materials (EDMs) as a simple and cost-effective method
for enabling the classification of nanoparticles. Here we
show that the EDM technique is capable of sizing particles
less than 10 nm in diameter. To enable particle sizing in
our experiments, the EDM tube was placed downstream
of a high resolution differential mobility analyser (halfmini DMA, SEADM) that produced positively charged
particles. The EDM tube was operated with a grounded
inlet and outlet, coupled with an intermediate point that
was operated at high voltage with a positive power supply.
This configuration produces a decelerating segment
upstream of the high voltage region, which leads to
increased particle deposition, and an accelerating segment
downstream of the high voltage region, which focuses
particles near the centreline of the EDM tube.
In our experiments, sub-10 nm particles were
produced using two sources. Electrospray generation was
used to produce 1.5 nm particles and a hot wire generator
was employed to produce particles between 2 and 6 nm in
diameter. Downstream of the EDM tube, particle number
concentration (PNC) was measured with an ultrafine
Condensation Particle Counter (uCPC; TSI Model 3025).
𝑁(𝑉)
Relative penetration (𝑃 =
) measurements were
𝑁(0)

made, with 𝑁(𝑉) denoting PNC downstream of the EDM
tube with the application of high voltage and 𝑁(0)
without. The pre-selection of different particle diameters
(with a fixed EDM tube voltage) enabled the construction
of penetration curves as a function of particle size. From
these curves, the 50% penetration point can be used to
infer particle diameter.
Relative penetration was
estimated for six particle diameters and four voltage
settings (Figure 1).
The theoretical performance of the EDM tube can
be assessed using a semi-empirical equation that
considers both diffusional and electrostatic deposition
(Bezantakos et al., 2015), as well as an analytic model that
considers the relationship between particle mobility and a
threshold for different flow regimes (i.e. Poiseuille and
plug flow) in the tube (Tammet, 2015). It can be shown
that when the grounded inlet length is much less than the
hydrodynamic entrance length of the EDM tube, a plug
flow profile can be assumed (Tammet, 2015). In the plug
flow regime, the threshold mobility (Z0) is given by:
̅
𝑢
𝑍0 = ,
𝐸𝑑

where 𝑢̅ is the average flow velocity (ms-1) of the tube and
𝐸𝑑 = 𝑉𝑑 ⁄𝐿𝑑 is the electric field strength (Vm-1); which is

given by the applied voltage in the decelerating segment
𝑉𝑑 , divided by the length of this segment 𝐿𝑑 (Tammet,
2015). Furthermore, in the plug flow regime, penetration
through the EDM tube can be modelled using the
threshold mobility where:
𝑍
if 𝑍 < 𝑍0 , 𝑃 = 1 − , else 𝑃 = 0.
𝑍0

Figure 1. Experimental and theoretical results, based on
Tammet (2015), showing relative penetration versus
particle diameter for different voltage settings in the plug
flow regime.
Two observations are evident from the results
shown in Figure 1. Firstly, there is excellent agreement
between our experimental results and the analytic model
in the plug flow regime.
Secondly, our results
demonstrate very good sizing resolution near the 50%
penetration region, as indicated by the steep gradient of
penetration with respect to particle diameter.
Potential applications stemming from the size
classification of particles include using the EDM tube as
a simple and inexpensive replacement of the second DMA
in tandem DMA systems and as a substitute for an
electrostatic precipitator in aerosol sizers (e.g. the
NanoCheck offered by Grimm). Overall, the results
presented here are a step towards low-cost particle
detection techniques that can be widely used for a range
of environmental monitoring purposes.
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Where nephelometers have always been used in areas of
high dust loads due to their capacity to measure
relatively well in such environments, their accuracy was
not only limited to their functional principle but also to
deviations resulting from the influence of humidity.
The company H.I.TEC in cooperation with
company Grimm has put much efforts in enhancing the
known nephelometry to reliably determine the PM10 and
PM2.5 fraction, as well as the PM1 fraction with this
method.
Internal correction processing of measured
ambient values allow the new nephelometer to transfer
reliable measurement values even in areas with a high
humidity. This means, by logging and understanding the
ambient factors like humidity, the new nephelometer is
able to inform the user about the PM values without
artificial mass amplification caused by humidity.
One thrilling characteristic of this miniaturized
instrument, weighing only about half a kilogram, is the
fact that it even gives the user the information on TSP
(Total Suspended Particles) next to the current PM
values. From 1 second upwards the user can be informed
about the current airborne particulate matter fractions
and some information of particle sizes. This is realized
by a new method implied into the nephelometer which
will be presented in the full paper.
In the following figures we present measurement
results of the new nephelometer compared to the
GRIMM aerosol spectrometer, model 1108. On the one
hand we show the time resolved mass trend between one
aerosol spectrometer of GRIMM and three
nephelometers as candidates, and on the other hand we
show their correlation to the GRIMM aerosol
spectrometer.
Time resolved mass trends:

Figure 2. Time resolved mass trend of one aerosol
spectrometer against three nephelometers in zoom

Correlation function:

Figure 3. Correlation between the GRIMM 1108 and the
GRIMM nephelometer
The figure 3 shows a correlation of the GRIMM aerosol
spectrometer, model 1108 to the GRIMM nephelometer
in an almost perfect state. The correlation function has
an R² of 0.997.
These measurement results show an excellent
miniaturized and though powerful nephelometer which
has never been available on the market up to now.
The applications for this insensitive to humidity
nephelometer are clearly in the ambient monitoring and
control, industry process control, safety monitoring and
guideline surveillance.

Figure 1. Time resolved mass trend of one aerosol
spectrometer against three nephelometers in full scale
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The accuracy of the DMA-APM mass measurement for sub-50 nm nanoparticles
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The tandem differential mobility analyser (DMA)
and aerosol particle mass analyser (APM), denoted as
the DMA-APM system, provides a high resolution of
mass measurement for submicron particles (Ehara et al.,
1996). However, the mass of sub-50 nm nanoparticles
(NPs) measured by the system (mAPM) is always lower
than the electrical-mobility-diameter-based reference
mass, mref(dmob), defined in equation (1), with the
deviation up to 80 % (Tajima et al., 2011; 2013). The
causes of the under-estimation are not clear, and are
addressed in this study.
1

𝑚𝑟𝑒𝑓 (𝑑𝑚𝑜𝑏 ) = 𝜋(𝑑𝑚𝑜𝑏 )3 𝜌𝑚
6

(1)

The traceable size standards of polystyrene latex
(PSL) and NanoSilica, and laboratory generated silver
NPs, whose material densities (ρm) vary from 1 g/cm3 to
10.49 g/cm3, were applied to test the accuracy of the
DMA-APM system (APM 3601, Kanomax Inc., Japan).
The masses of the particles were measured with different
λc and aerosol flow rates (Qaerosol). The mass of
agglomerated silver NPs without sintering was measured
first (mAPM,NS). Then the particles were sintered at 700 ℃
to be spherical and the mass of the sintered particles was
measured (mAPM,S). The mAPM,S was compared to mAPM,NS
to study the effect of size and morphology of the
particles on the mass measurement. Different slip
correction factors were also examined to see if there is
an effect on the mass measurement accuracy. Moreover,
different reference masses were also discussed, including
the reference masses calculated based on the Feret’s and
projected area diameters, respectively, which were
determined with the transmission electron microscopy
(TEM) and energy-dispersive X-ray spectroscopy (EDS).
It was found that λc, Qaerosol and the slip correction
factor did not have significant contributions to the mass
deviation, while the operational conditions at low Qaerosol
(0.3 liter/min) and low λc (<0.2) were found to contribute
to lower mAPM values due to weak classifying forces. The
ratios of mAPM,S to mAPM,NS were 0.91±0.06 for 13 nm
silver NPs sintered from 17 nm (dmob, mobility diameter),
0.92±0.05 for 19 nm NPs from 30 nm (dmob), and 0.99±
0.06 for 30 nm NPs from 50 nm (dmob). The mass ratio
was slightly reduced by the evaporation loss which could
be due to the lower melting point of the silver
nanoparticles with the diameter less than 20 nm
(Shyjumon et al., 2006). Therefore, the mass ratio was
expected to be closer to unity if the evaporation loss was
taken into account, and it was a solid evidence that the
APM mass measurement was not sensitive to both the

morphology and size of the nanoparticles. In other words,
the APM was accurate for small nanoparticles.
The study also observed that mAPM of the small
nanoparticles was lower than the corresponding
mref(dmob), which agreed with data reported in literature.
However, the deviation between the masses was reduced
to less than ±10% when mAPM was compared to the
projected-area-diameter-based referenced mass. Similar
“improvement” was also observed when mAPM was
compared to Feret’s diameter-based reference mass.
Therefore, it was concluded that the reference mass
based on dmob was the major factor that resulted in the
under-estimation of mAPM as compared to mref(dmob).
This study observes that the mass ratio of mAPM to
mref(dmob) is a function of dmob independent to ρm of the
particles (dash line in Figure 1). The data from previous
literature (not shown) also follow the same trend. An
empirical equation was proposed to correct for the error
based on mref(dmob). With this correction, the DMA-APM
system is able to determine the mass of sub-50 nm
nanoparticles with an error less than ±10% (solid
symbols in Figure 1). The study improves the mass
measurement accuracy of the DMA-APM for sub-50 nm
nanoparticles.

Figure 1. The ratio of mAPM to mref(dmob) of different NPs
The support of the Taiwan Ministry of Science and
Technology under grant MOST 103 - 2221 - E - 009 012 - MY3 and Taiwan Institute of Labor, Occupational
Safety and Health (ILOSH) is gratefully acknowledged.
Ehara, K., Hagwood, C. and Coakley, K. J. (1996) J.
Aerosol Sci., 27, 217-234.
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Optimizing the particle counting efficiency of the Grimm 5.412 CPC
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In recent years, comprehensive efforts have been made to
improve the detection efficiency of airborne aerosol
particles down to sizes below 3nm. Differential Mobility
Analysers (DMAs) combined with suitable condensation
particle counters (CPCs) are the most common setups
(DMPS, SMPS) for the detection and sizing of ultrafine
airborne aerosol particles. Charging state and the
chemical composition of the aerosol particles are
especially important for the detection of the aerosols by
CPCs. Accordingly, the precise characterization of the
counting efficiency of the CPCs is required. (Iida et al.
2009, Kangasluoma et al. 2013)
The main goal for this work was to test the
counting efficiency of the new butanol based Grimm
5.412 CPC. In a first step for the “standard” operating
conditions and in a second step for “tuned” conditions to
enhance the counting efficiency of the instrument in the
size range below 4nm. For the experiments seed aerosols
of three different compounds were used: silver (Ag),
sodium chloride (NaCl) and tungsten oxide (WOx).
A schematic of the experimental setup is shown in
Figure 1. Ag and NaCl is generated in a tube furnace. WOx
particles are generated by the Grimm 7.860 tungsten
oxide generator. A volume flow of 4.8 L/min transports
the particles to an 241Am aerosol charger. Subsequently, a
DMA, optimized for the particle size range between 1 and
40 nm (NDMA, Steiner et al. 2010), selects a narrow
mobility fraction of the aerosol (well defined mobility
equivalent diameter). The classified particles are split in
two equally long branches: one to the CPC and one to a
custom-built Aerosol Faraday Cup Electrometer (FCE)
used as reference instrument. Due to technical reasons, the
flowrates to CPC and FCE had to be maintained at
different levels (0.6 L/min for the CPC and 3.56 L/min for
the FCE).

Figure 1.Schematic of the experimental setup
The counting efficiency of the CPC was calculated
as the ratio of the measured particle number
concentrations of the CPC and FCE. In the data analysis,
a laminar diffusion deposition model (Gormley and
Kennedy, 1949) accounts for the different losses along the
lines, especially for small particles.

Figure 2 shows the particle counting efficiency of
the Grimm 5.412 CPC at standard operating conditions
(saturator temperature TS = 36 °C, condenser temperature
TC = 10.1 °C) for NaCl, Ag and WOx aerosols. The first
experiments show that the particle cut-off diameters (D50)
match with the predicted D50 of > 4nm, showing a clear
composition dependency: D50(NaCl) = 6.3nm, D50(Ag) =
4.4nm, D50(WOx) = 4.3 nm

Figure 2. Particle counting efficiency of NaCl, Ag and
WOx of the GRIMM 5412 CPC at standard operating
conditions
In the following we will present strategies,
following the approach presented by Kangasluoma (2015)
to enhance the counting efficiency of the Grimm 5.412
CPC to be used as detector for charged and neutral
nanoparticles and molecular clusters.

Iida, K., Stolzenburg, M.R. and McMurry P.H. (2009)
Aerosol Sci. Technol., 43:81–96
.
Kangasluoma, J. et al (2013) Aerosol Sci. Technol,
47:556–563
Steiner, G. et al. (2010) Aerosol Sci Technol 2010, 44,
308-315
Gormley, P.G., and Kennedy, M. K. (1949) Proc. R. Ir.
Acad. A52:163–169.
Kangasluoma, J. et al. (2015) Aerosol Sci. Technol, 49:8,
674–681,
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The European community defines a nano material as:
1) nanomaterial means a natural, incidental or
manufactured material containing particles, in an
unbound state or as an aggregate or as an agglomerate
and where, for 50% or more of the particles in the
number size distribution, one or more external
dimensions is in the size range 1 nm-100 nm.
2) In special cases and where warranted by concerns for
the environments, health, safety or competitiveness the
number of size distribution threshold of 50% may be
replaced by a threshold between 1 and 50%.
Accordingly, the characterization of nanomaterial in air
or liquid is a challenge.
Among the various techniques used to measure nano
particles, the Dynamic Light Scattering (DLS) technique
is particularly attractive as it is a fast, easy to use,
popular technique. A good description of DLS can be
find in text books as Berne and Pecora (2000).
Nevertheless, a standard is needed to quantify
measurement quality and to extend the technique
towards very low particles concentrations.
Such a numerical standard has been developed and is
presented here. It consists in the combination of two
modules. The first module is devoted to the simulation of
the particles Brownian motion while the second module
is devoted to the simulation of the light scattering. In this
version the particles are assumed to be perfectly
spherical, isotropic and homogeneous hard spheres. The
particles are moved according with the Brownian motion
laws. Two time steps are defined: the first one for
computing the silica particles motion in water (1
nanosecond), the second one to compute the scattered
field (2 µs). For a given position of the set of particles
the scattered field is computed by using the Lorenz-Mie
theory, taking into account the interferences between the
light scattered from the different particles. The main
behaviour of this module is described by Wu et al
(2011). A temporal series of the scattered field on the
detector is computed. Examples of such scattered fields
are displayed in figure 1 for 10 particles of 20 nm
diameter with a time interval of 2 µs. The modification
of the scattered field is clearly visible. Then the total
intensity of each image is computed by summing the
intensities of all its pixels, permitting to observe the
evolution of the scattered intensity versus the time.
Finally, the time intensity fluctuations have been
analysed by calculating the time intensity autocorrelation
function (ACF), like in the DLS procedure. The ACF is
presented versus the correlation time in figure 2 for few

monodisperse samples of 10 spherical particles, with
diameters ranging from 15 to 500nm.
Then we have obtained a fully simulation of the DLS
diagnostic, from the Brownian motion of fine particles to
the ACF curve. In our EAC presentation, this numerical
tool will be applied to quantify the effects of the optical
configuration, of particles concentrations, or of size
distributions, i.e. in order to optimize DLS experiments.

Figure 1. Computed scattered field from 10 particles of
diameter 20 nm with a time interval of 2 µs.

Figure 2. Signal autocorrelation versus time. The
parameter is the particle size.

Berne B.J. and Pecora R., Dynamic light scattering :
With applications to chemistry, biology and physics.
(2000), Dover publications, New York.
Wu X.C., Meunier-Guttin-Cluzel S., Wu Y., Saengkaew
S., Lebrun D., Brunel M., Chen L.H., Coetmellec S.,
Cen K.F. and Grehan G., (2011), Optics
Communications, 285, 3013-3020.
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facilitate comparability the size distributions have been
normalized with respect to the total number
concentration.
Whereas our new inversion algorithm is in good
agreement with the AIM algorithm for large particles
(nominal diameter 180 nm), the resulting size
distribution is shifted towards larger diameters for
smaller particles (nominal 40 nm) as compared to AIM.
This might be due to a more advanced treatment of
Brownian motion in our algorithm. The associated
geometric mean diameters are displayed in table 1.
3.5
New Inversion, nominal 180 nm
AIM, nominal 180 nm
New Inversion, nominal 40 nm
AIM, nominal 40 nm

3

Normalized dN/dlogD

Particle number size distribution is an essential
parameter for the physical characterization of aerosols. It
is required for calculations of the effects of aerosols on
climate and human health (Wiedensohler et al., 2012),
and nowadays also emissions regulations for vehicles
rely on the measurement of particle size and number
concentration.
The Scanning Mobility Particle Sizer (SMPS)
consisting of a differential mobility analyzer (DMA) and
a condensation particle counter (CPC) is a widely used
instrument concept to determine aerosol size
distributions, as it combines the advantages of high
resolution and relatively short measurement duration.
However, it requires a very involved data inversion
algorithm which is in general not transparent for
commercial SMPS and hence does not allow for an
estimation of the uncertainties associated with particle
sizing. The need to compare and harmonize SMPS
inversion algorithms has been recognized, and various
institutes have started developing individual inversion
algorithms (see Coquelin et al., 2013, Wiedensohler et
al., 2012, and references therein).
We have developed a new SMPS inversion
algorithm based on a stochastic approach which uses the
raw CPC counts/ unit time as input data. The algorithm
is based on the analytical computation of particle
trajectories within the time-dependent electrical field of
the DMA, in order to relate the time of detection of a
particle in the CPC with its electrical mobility. Hereby
the electrical mobility is treated as a random variable
owing to the fact that particles are uniformly distributed
over the surface area of the DMA inlet. This approach
allows us to take into account the effect of Brownian
diffusion (only in radial direction at this point) on the
particle trajectories. Hence, Brownian diffusion is not
only taken into account in terms of diffusion losses
within the DMA and the plumbing lines, but also with
respect to random motions affecting the trajectories
inside the DMA. Details on the inversion algorithm
along with a comparison to the commercial Aerosol
Instrument Manager (AIM) software provided by the
instrument manufacturer TSI will be presented.
Figure 1 and table 1 show a preliminary
comparison of our new inversion algorithm with the
AIM software. Combustion aerosol was generated with a
CAST generator (Jing Ltd.), thermally treated, diluted,
and measured with an SMPS consisting of a TSI DMA
3085 (for nominal 40 nm particles) or 3081 (for nominal
180 nm), respectively, and a TSI 3776 CPC. The
increased level of scatter in the data obtained with the
new inversion algorithm stems from the fact that CPC
counts were recorded at a high rate of 10 Hz. To

2.5
2
1.5
1
0.5
0

-8

10

-7

10
Particle diameter [nm]
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Figure 1. Comparison between the new data inversion
algorithm and the AIM data inversion obtained with
CAST particles of nominal diameters 40 nm and 180 nm.
Table 1: Geometric mean diameters associated with the
number size distributions displayed in Fig. 1.
Algorithm
METAS
AIM (TSI)

Nominal
40nm
49.3 nm
45.4 nm

Nominal 180
nm
187.4 nm
188.8 nm

The new inversion algorithm will also open the
possibility to take more advanced effects into account,
such as Brownian diffusion in axial direction within the
DMA and the effect of laminar flow profiles in the
plumbing lines. Moreover, the multi-charge (MC)
problem could theoretically be dealt with directly in the
inversion and thus render a MC correction unnecessary.
Coquelin, L. et al. (2013). Journal of Physics:
Conference Series 429, 012018.
Wiedensohler, A., Birmili, W., Nowak, A., et al. (2012).
Atmos. Meas. Tech. 5, 657 – 685.
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+/-10%
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The Spanish Network on environmental DMAs (Red
Española de DMAs Ambientales, REDMAAS) is
currently formed by seven groups involved in the
measurement of atmospheric particle size distributions
by means of Differential Mobility Analyzers (DMAs)
(Wiedensohler et al., 2012). These groups are: IUMAUDC, IDÆA-CSIC, INTA, IARC-AEMET, University
of Granada, CEAM and CIEMAT. The REDMAAS was
established in 2010 (Gómez-Moreno et al., 2015) and its
main objective is the cooperation between the groups to
solve common problems and to optimize their facilities
and protocols. The main activities developed in the
network include: DMA calibration; CPC (Condensation
Particle Counter), SMPS (Scanning Mobility Particle
Sizer) and UFPM (Ultrafine Particle Monitor)
intercomparison; among others. In this work, the main
results obtained during the 2015 long/nanoSMPS+UFPM intercomparison campaign are shown. In
this campaign several other groups were invited to
participate and their results are included in this work.
Another novelty is the intercomparation of nano-SMPS,
not done previously in the network.
The field intercomparison exercise was
performed during September 2015 in the CIEMAT
facilities (Madrid). There were 6 complete SMPS
systems (6 long DMAs and 3 nanoDMAs), an UFPM
and four additional CPCs. After calibrating all the flow
rates, a CPC intercomparison was performed for 4 TSI
CPC 3772, 5 TSI CPC 3775 and 1 TSI CPC 3785. All of
them use butanol as condensation liquid except CPC
3785, which uses water. Ambient air was sampled from
a common flow splitter, which was connected to an
external probe. A diffusional screen was installed to
remove the smallest size so all the CPC could measure in
the same size range. The results for this intercomparison
can be found in figure 1. Most of the time, all the CPCs
are in the average +/-10% band, so they can be
considered in the correct values.

Particle number concentration (cm )

Keywords: Aerosol Size Distribution, SMPS, UFPM, Atmospheric Aerosol.
*Presenting author email: fj.gomez@ciemat.es
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Figure 1. CPC intercomparison.
The UFPM was also intercompared with the
CPCs. In general, the UFPM underestimated the particle
number concentrations although the agreement between
the UFPM and CPCs was within 20%.
As in previous intercomparisons, the SMPS
calibrations were checked with latex particles (80 and
200 nm) obtaining good results in the +/- 5% band.
There were two SMPS intercomparisons: one using the
long DMAs and in the second case using the
nanoDMAs. The measurements showed similar results to
those obtained previously (Gómez-Moreno et al., 2015).
CIEMAT and IUMA-UDC acknowledge funding from
the Spanish R&D Plan under PROACLIM Project
(CGL2014-52877-R). The Madrid Regional Research
Plan through TECNAIRE (P2013/MAE-2972) is also
acknowledged. IUMA-UDC also acknowledges Xunta
de Galicia (GRC2013-047).
Gómez-Moreno et al. (2015) Aerosol Science and
Technology, 49, 777–785.
Wiedensohler et al. (2012) Atmospheric Measurement
Technique, 5, 657–685.
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SPIN with a series of mineral dust experiments
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INTRODUCTION
This abstract presents the key results from a series
of mineral dust experiments which were performed
using a commercial ice nuclei (IN) counter SPIN
(SPectrometer for Ice Nuclei), manufactured by
Droplet Measurement Technologies.
THE EXPERIMENTS
The set of samples used includes four different
mineral dust proxies that are commonly used in IN
experiments: Arizona Test Dust (ATD) by Powder
Technology Inc., Kaolinite by Sigma-Aldrich,
Montmorillonite K-10 by Sigma-Aldrich and NXillite by Arginotec. The samples were atomized
from water suspension and dried prior to entering
the IN chamber of the instrument. Three sample
sizes, 200 nm, 300 nm and 400 nm in electrical
mobility, were studied under subsaturated and
supersaturated (with respect to water) freezing
conditions. Each sample species, size and mode
included three experiments, 72 independent
experiments in total. The experiments were carried
out after the temperature regulation of the
instrument was upgraded by the manufacturer.
RESULTS
The activated fraction α, i.e. the fraction of detected
ice crystals from total sample concentration, was
calculated for each experiment and the results were
compared to ones in literature. Figure 1 shows the
results for ATD as averages of three repeated
experiments for 300 nm and 400 nm samples.
Comparison to Koehler et al. (2010), who used a
different design of same measurement technique,
indicates that the results are in relatively good
agreement. In general comparison to literature the
results by SPIN indicated a larger RHice for 1 %
activated fraction on all samples and sizes, which is
likely due to technical differences between IN
counter instruments used in various studies.
In addition, instrument precision was studied to
validate the repeatability of experiments. We found
that the deviation of observed α:s was within ±0.5
% from the average under conditions when the 1 %
onset was reached. This indicates a good
repeatability of experiments.

Figure 1: The 1 % activated fraction onset of ATD
for sample sizes of 300 nm (blue triangle) and 400
nm (green star), compared to results by Koehler et
al. (2010) for 300 nm (blue circles) and 400 nm
(black squares). The solid line represents 100 % RH
on water and error bars the effect of 1 K change in
temperature to RHice.
CONCLUSIONS
The experiments on clay minerals show that
reproducible results can be acquired via SPIN
experimentation. Comparison to literature indicates
a systematic behaviour of differences between our
results and previous studies, which is likely due to
technical differences between IN counter
instruments.
ACKNOWLEDGEMENTS
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From 2011 onwards, some French regional air quality
monitoring networks started to develop strategies for the
monitoring of airborne ultraFine particles.
To ensure the consistency of the results obtained
from these various programs, a single measurement
technique has been commonly selected, the Model 3031
Ultrafine Particle (UFP) Monitor.

They were equipped with an individual sampling
line provided by TSI, including a PM10 ambient air
sampling head and a PM1.0 cyclone. A commercial
SMPS (DMA-3080 + CPC-3775 TSI) has been
implemented with 5 min scanning. Table 1 reports the
main characteristics of the two exercices.
Results for the 200 – 800 nm channel

Objective of the study
Two interlaboratory exercises have been
organized in 2014 and 2015, to assess the accuracy of
the instrument through a comparison with other
techniques (such as Scanning Mobility Particle Sizer,
SMPS), and through uncertainty calculations.
Instrumentation
The UFP 3031 is manufactured by TOPAS and
commercialized by TSI. It measures the size distribution
and number concentration within six particle size classes
between 20 and 800 nm. The principle is based on
diffusion charging of particles, followed by size
segregation within a Differential Mobility Analyzer
(DMA) and detection of the aerosol via an electrometer.
It has been specifically designed for long-term, air
quality monitoring networks. It operates with minimal
maintenance, requires no working fluids and has no
radioactive source. It is easily installed into existing air
quality monitoring stations.
Method
All instruments have been carried out in an urban
air monitoring station at Creil (60).
Nb. of instruments
Nb. of laboratories
Period
Nb. hourly data
validated
Nb. conc. range
( p.cm-3)

2014
6
4
9-20 July
261

2015
5 (+1)
3 (+1)
16-29 June
310

5,600–18,000

1,200-23,000

Table 1. Information regarding exercises.

The comparison of data regarding the 200 – 800
nm channel shows some limitations. For instance, the
average relative uncertainty calculated (cf. below) in
2015 has been of 90%. This could be due to the low
concentration in the environment in that range, regarding
the detection limit of the system (electrometer). As a
consequence, data obtained for this channel should be
considered only as indicative.
Results for the 20 - 200 nm range
Each instrument could be systematically
compared to a commercial SMPS using orthogonal
regressions, for each of the 5 channels of the 20 - 200
nm range, and satisfactory results have generally been
obtained. For instance, more than 85% of the calculated
coefficient director are in the 0.70 – 1.30 range, and
more than 80% of the correlation coefficients (r2) are
over 0.90.
The 3031 datasets have been evaluated using a
Grubb test, before uncertainty calculations (intratechnique). Uncertainty has been calculated at 6
concentrations, for each channel, and for the total
concentration.
Finally, in 2015, the average relative uncertainty
ranged from 13 % (70 – 100 nm) to 25 % (30 – 50 nm).
Acknowledgements
This work was supported by the French Ministry of
Environment, through the reference laboratory for air
quality monitoring (LCSQA). The authors would like to
thank for supporting this study, A. Wiedensohler, Atmo
Picardie, A. Ustache, C. Chappaz, E. Moussu, Y. Pellan,
M.B. Personnaz, A. Stoerkel, G. Gille, L. Gauvin, F.
Marlière, and L. Meunier.

European Aerosol Conference 2016

Tours, France

Page 694 of 1211

Evaluation of accuracy of fine particulate matter (PM10) automatic measuring
instruments in the air pollution monitoring network
H.H. Kim, S.B. Han, J.Y. Lee, J.B. Park, J.S. Roh, J.S. Jung, and S. Lee
Center for Gas Analysis, Korea Research Institute of Standards and Science, Daejeon 34113, Republic of Korea
Keywords: Gravimetric method, Beta-ray absorption method, PM10
Presenting author email: hhkim@kriss.re.kr
To evaluate the accuracy of fine particulate matter(PM10)
automatic measuring instruments in the air pollution
monitoring network, a method of evaluation was
established through a comparison with results obtained
using the standard gravimetric method; the accuracy of
PM10 automatic measuring instruments was assessed.
More than 90% of PM10 automatic measuring
instruments in operation under the air pollution
monitoring network rely on beta-ray absorption method,
while the rest utilize a Tapered Element Oscillating
Microbalance method. PM10 measuring instruments
based on beta-ray absorption are calibrated and assessed
using standard films with equivalent values. Because
reference materials cannot be created using dust,
standard films with equivalent values have been
employed as substitutes. This study evaluated the
accuracy of PM10 measuring instruments, through direct
comparisons with results obtained using the gravimetric
method,
Three gravimetric-based standard low volume
samplers and tested PM10 measuring instruments were
installed and operated in the test stations. After the first
cycle of ten days, measurements obtained from the
gravimetric-based standard low volume samplers and
PM10 measuring instruments were compared and
analyzed using linear regression as shown in Fig. 1.
Using the results of the first assessment, the gradients
and intercepts were analyzed to identify if the
instruments were deviating from the standard. Correction
factors were applied to such instruments, and
measurements were obtained again after a week-long
second cycle. A reliability analysis was performed for
the PM10 measuring instruments in 16 measuring stations
over the first and second cycles.
The correction criteria included a gradient of 0.9 –
1.1, an intercept of ±5.0, or an average error rate within
10% of that of gravimetric-based measurements. A
comparison of measurements obtained from uncorrected
PM10 measuring instruments in 16 stations with
gravimetric measurements showed that 12 instruments,
or 75%, deviated from the standard as shown in Fig. 2.
After correcting the instruments and carrying out the
second cycle, only three instruments deviated slightly
from the standard as shown in Fig. 3.
This study compared measurements obtained using
measuring
instruments
to
gravimetric
PM10
measurements, and found that measurements provided
from instruments corrected with standard films had poor
reliability.

Figure 1. Linear regression result between the
gravimetric method versus online PM10 measurement

Figure 2. Relative error of online PM10 measurement
relative to the gravimetric measurement before
calibration

Figure 3. Relative error of online PM10 measurement
relative to the gravimetric measurement after calibration
These results highlight the need to enhance the
reliability of PM10 measuring instruments in the air
pollution monitoring network using comparisons with
the standard gravimetric method.
This work was supported by the National institute of
environmental research for Air quality research.
EPA, Appendix J to part 50. “Reference method for the
determination of particulate matter as PM10 in the
Atmosphere.”
ISO 10473, (2000) “Ambient air – Measurement of the
mass of particulate matter on a filter medium – Beta-ray
absorption method.”
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During the last decades there was an increased concern
worldwide regarding adverse health effects of human
exposure to aerosol nanoparticles. European Commission
has established limit values for exposure to coarse (PM10)
and fine (PM2.5) particulate matter to protect human
health. However, the use of mass concentration as a metric
has recently been questioned, in particular because of the
rapid growth of nanotechnology and nanomaterial
science. The surface area of nanoparticles is a key
parameter in determining their properties, since their
increased surface-to-volume ratio enhances their
reactivity. Additionally, several studies have identified
surface area as an important determinant of low solubility
nanoparticles toxicity. The most commonly used
instruments for direct measurement of the surface area
concentrations are based on the measurement of the mass
transfer through the attachment rate of ions to the particle
surface area (i.e. Electrical Low Pressure Impactor
(ELPI), Diffusion Charger). However, questions arise
about the influence of particle morphology on charging
efficiency, and consequently, the instrument’s response.
In this study, a comparison was performed
between different techniques (direct and in-direct) for
particle surface area characterization, aiming at
investigating whether instruments response is affected by
particles morphology. The direct techniques included
measurement of aerosols surface area size distributions by
means of an ELPI (DEKATI) and a CEPI (Cascade
Epiphaniometer, (Gini et al. 2013)). The CEPI operating
principle is based on the measurement of the mass transfer
through the attachment of neutral atoms (211Pb) to the
particle’s surface area, a process not greatly affected by
electrostatic interactions (Rogak et al., 1991). The surface
area was also indirectly determined based on number size
distribution statistics (Scanning Mobility Particle Sizer,
TSI), under assumptions regarding particle morphology.
The instruments were tested for different kinds of
monodisperse and polydisperse aerosols. DEHS,
(NH4)2SO4 and NaCl aerosols were generated by an
aerosol atomizer (TOPAS-GMBH). Carbon aggregates
were generated by means of a spark discharge generator
(Fasmatech Science and Technology SA). The
instruments were also used in parallel to measure the
surface area of ambient aerosol nanoparticles. The
measurement campaign was conducted at the urban
background monitoring station DEM-GAW, located at
the grounds of NCSR ‘Demokritos’, Athens, Greece.
Figure 1 presents the results of the instruments
comparison in the case of monodisperse spherical and
non-spherical aerosol nanoparticles. CEPI signal (α-

counts/sec) is well correlated with the calculated total
surface area (SMPS). Particle shape seems not to
significantly affect instruments response, which is in
agreement with the outcomes of previously conducted
studies (Gini et al. 2016, 2013). In the case of ELPI, it was
observed that its signal, which is proportional to the active
surface area, is also well correlated with SMPS and
consequently with CEPI, independently of particle
morphology. However, in the case of carbon aggregates,
the ELPI signal was 32% higher than the expected,
assuming spherical particles.

Figure 1. Comparison between CEPI and ELPI signal
and SMPS-calculated total surface area (Fuchs surface
area)
We would like to acknowledge Dr Tim Jones, Cardiff
University/School of Earth and Ocean Sciences, for
providing us with the ELPI.
This work was supported by (1) EnTec FP7 Capacities
programme (REGPOT-2012-2013, FP7, ID: 316173) and
(2)
11SYN_5_1861/DE_SPARK_NANO_GEN,
implemented in the framework of the Action
«Cooperation 2011», co-financed by the European
Regional Development Fund (ERDF) & the Greek State
Gini M.I., Helmis C., Melas A.D., Papanastasiou D.,
Orfanopoulos G., Giannakopoulos K., Drossinos Y.,
Eleftheriadis K. (2016) Aerosol Sci. & Tech., 50, 133147.
Gini M.I., Helmis C.G., Eleftheriadis K. (2013) J. Aerosol
Sci., 63, 87-102.
Rogak S.N., Baltensperger U. and Flagan R.C. (1991)
Aerosol Sci. & Tech., 14, 447-458.
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The need to apply strict and accurate measurement
protocols to evaluate aerosol physical properties is key
for the evaluation of inhalable aerosols exposure. Among
others, the most relevant set of parameters to be
considered is the aerosol size distribution. Depending on
the size distribution, the fraction of the inhaled dose is
transported further to the tracheobronchial section and a
fraction may be delivered to the alveolar region
(Bernstein, 2004; Kane, 2009). It is generally agreed that
an aerosol is considered respirable when its related Mass
Median Aerodynamic Diameter (MMAD) is found
below 2.5 micrometer, as more than 80% of the aerosol
in mass reaches the alveolar region. This is a crucial
parameter used to estimate the aerosol dose delivered in
lungs for inhalation exposure evaluation.
From a regulatory standpoint, the use of the
impactor technique is recommended as it classifies
gravimetrically aerosol droplets in distinct size classes
and mimic to some extent the deposition behavior in
lungs. Due to the labor intensive nature of the multistage cascade impactor, other technics such as optical
methodologies are usually preferred for high-throughput
measurement of aerosol size distributions.
For this purpose, a commercial TSI Laser Aerosol
Spectrometer (LAS) operating at a wavelength of 633
nm was tested and assessed. In order to investigate the
influence of using particles/droplets with different index
of refraction on the instrument response, DEHS and PSL
were used to construct calibration curves. In Figure 1,
the LAS signal response was plotted as a function of
selected sizes where it can be seen that the instrument
responses were found significantly different.
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Figure 1: Calibration curves for two aerosol materials.
When different calibration curves were used for
selected DEHS droplet sizes, typical size responses
obtained with the LAS are shown in Table 1. For

instance when considering droplet size of 600 nm, using
PSL and DEHS calibration curves, size responses were
499 and 595 nm, respectively. In this example, a good
match was found when using the DEHS calibration
curve (±1%), whereas an underestimation of
approximately 17 % was obtained when using PSL
calibration curve. This underestimation is attributed
presumably because the test aerosol has a different index
of refraction in comparison to PSL particles.
Table 1. LAS size response for DEHS droplets using two
different calibration curves.
Generated
LAS size response LAS size response
DEHS
when PSL
when DEHS
droplet size
calibration is used
calibration used is
(nm)
(nm)
(nm)
600
499
595
1050
822
924
2000
1705
1930
From this work, it was found that the LAS can be
used accurately when the index of refraction of a test
aerosol is close to that of PSL calibrated particles.
Otherwise, an alternative calibration should be
implemented or a bias correction factor could be applied.
From our measurements, index of refraction of several eliquids were found to be close to that of DEHS. Thus,
the LAS size response provides an underestimated size
response by 15-20 % of the true value for e-cigarette
aerosols, when the PSL calibration curve is used. From
preliminary measurements performed on 4 commercial
e-cigarette brands, the Count Median Diameter (CMD)
values were found to be from 130 to 191 nm (no bias
correction applied) in agreement with literature values
(Fuoco, 2014). It should be stressed that only test
aerosols with known index of refraction should be
measured. In fact, aerosols with a totally different
chemical nature like iron or soot particles have a
complex index of refraction and the instrument would
probably fail in providing accurate and linear size
responses when PSL or DEHS calibration curves are
used.
This work was funded by Philip Morris International.
F.C. Fuoco et al (2014) Environmental Pollution 184,
523-529.
Bernstein, D. M. (2004) Inhalation Toxicology 16, 675–
689.
Kane, D.B. (2010) Inhalation Toxicology 22, 199-209.
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Large scale production of nanoparticles is increasing.
However, the processes are seldom monitored real-time
during the actual production. Batch sampling is more
tedious, and it can lead to huge losses in time and bulk
material. One widely used approach for nanoparticle
production via aerosol routes is to utilize flame based
methods. For this study, the Liquid Flame Spray (LFS;
Tikkanen et al., 1997) was used to produce spherical
∼15 nm silver nanoparticles. The production of these
particles was monitored with DENSMO (Juuti et al., 2015), Figure 1. Measurement setup of silver particle generation
and characterization.
recently developed monitoring device, which measures
aerodynamic and mobility median diameters, and thus the
effective density. All of these quantities are measured at
one second time resolution. For real-time comparison,
Engine Exhaust Particle Sizer (EEPS, TSI Inc.) and
2
10
Electrical Low Pressure Impactor (ELPI+, Dekati Ltd.)
were used to measure mobility and aerodynamic number
size distributions, respectively.
Here we present results from a single production
run from LFS, which consists of two production periods,
separated by a refill period. The aim was to identify how
1
10
stable the production is, and what transitions take place at
10:50
11:00
11:10
the start and the end of the liquid feed of LFS.
Time (HH:MM)
Figure 1 shows the measurement setup, where
ELPI da
EEPS db
DENSMO da
DENSMO db
silver nanoparticles are produced by LFS, diluted and
Figure 2. Median diameter measurement results from
then characterized. The liquid precursor is silver nitrate
ELPI, EEPS and DENSMO.
dissolved in mixture of ethyl alcohol and water. Figure 2
shows aerodynamic (da ) and mobility (db ) median diameter
16
measurement results. Aerodynamic median diameters are
14
from DENSMO and ELPI+ and mobility median diameters
12
are from DENSMO and EEPS. The correlation between
10
these measurements is excellent, which is to be expected
8
because all of the requirements of operation DENSMO
6
are fullfilled. From this data, the starts and the ends of
4
production phases can easily be determined.
2
The measured values for aerodynamic and mobility
10:50
11:00
11:10
diameters were then used to calculate the effective density
Time (HH:MM)
values. These values are presented in Figure 3. Similarly
DENSMO ρeff
ELPI+EEPS
DENSMO ± 25%
to the previous figures, the separate periods are clearly
Figure 3. Effective density from DENSMO (with ±25%
distinguishable and the correlation is well within the
uncertainty) compared against the value calculated from
±25 % uncertainty of DENSMO. Conversely to the median
the medians measured by ELPI and EEPS .
diameters, the effective density results show clearly a
settling trend, most likely due to the introduction of high
temperature flame to the ambient conditions. After the Tikkanen, J., Gross, K. A., Berndit, C. C., Pitkänen, V.,
Keskinen, J., Raghu, S., Rajala, M., Karthikeyan,
temperature has settled, the second period reaches stable
J. (1997) Characteristics of the liquid flame spray
conditions faster.
process. Surf. Coat. Technol. 90, 210-216.
Based on the presented results, DENSMO was
shown to be capable of replacing two standalone Juuti, P., Arffman, A., Rostedt, A., Harra, J., Mäkelä,
instruments, ELPI and EEPS, in monitoring a flame
J.M., Keskinen, J. (2015).
Real-time effective
synthesis process in real-time. Time dependent behaviour
density monitor (DENSMO) for aerosol nanoparticle
of LFS synthesis was also characterized, with both
production. Aerosol Sci. Technol., Accepted.
DENSMO and reference instruments.
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The use of CPCs under several conditions was subject to
comparison tests in the frame of the mandate M/461
from the European Commission for the support of
regulation in nanotechnology. In total 35 CPC
instruments (12 different types, handheld and stationary,
alcohol and water based, TSI and Grimm) from 10
partners with intended use in workplace exposure
measurements had been compared. In the Nano Test
Center of the IGF in Dortmund 28 different test aerosols
were generated by a flame generator (NaCl, ZnO), spark
generator (Cu, C) and a droplet generator/atomizer
(DEHS, NaCl). A wide range of concentrations (14 000
to 760 000 cm-3) and particle mobility diameters (5 to
260 nm) was supplied for the instruments that were
located in a chamber of 3x3x2.5 m³ over a period of 30
minutes for each aerosol. Questions of dependency from
concentration, particle diameter, chemical composition,
resp. hygroscopicity, and particle morphology in
comparison with the statements of the manufacturers
were in the focus of interest.
Deviations up to approximately 30 % from a
reference seem to be reasonable in the specified
operational range of the instruments. A missing
calibration may contribute to larger discrepancies.
Handheld CPCs TSI 3007 stay well below 35 %
deviation from a reference CPC (TSI 3776, butanol,
reliably calibrated) in their expected range of application
(Fig. 1). For very small particles below approximately 20
nm and concentrations considerably exceeding 100 000
cm-3 a use is not recommended.

Figure 1. Handheld CPC TSI 3007, average deviation of
11 specimens from reference in dependence of
concentration and particle diameter, dashed bars:
>100 000 cm-3
TSI P-Trak instruments (7 specimens) counted in all

cases lower concentrations than the CPC 3007, i.e.
higher deviations from the reference.
Stationary CPCs, investigated with 9 different
types, show lower deviations (Fig. 2), mainly below 20
%. Attention must be paid for very small particles
around 5 nm at high concentrations (like 166 000 cm-3).
Approximately 30 % deviation was reached at
concentrations above 160 000 cm-3.

Figure 2. Stationary CPCs, average deviation of 9
instrument types (17 specimens) from reference in
dependence of concentration and particle diameter
The determination of hydrophobic DEHS
aerosols (100 nm, 92 000 cm-3) revealed the expected
difference between alcohol and water based CPCs of
approximately 40 % deficiency for water based CPCs
with the positive exception of a TSI 3788.
Conclusions for field use can be drawn as
follows:
• An upper limit for the concentration and a lower limit
for the particle diameter must be respected.
• Stationary CPCs show fewer problems with high
concentrations and lower particle diameters.
• If the devices switch from single count mode to
photometric mode the deviation from the reference
concentration can increase dramatically.
• It
was
observed
that
individual
maintenance/calibration issues are more important
for the optimal performance of instruments than their
“general properties”.
The findings are included in a novel European
standard EN 16897 for use of CPCs in workplace
exposure determination.
This work was supported by the European Commission
under mandate M/461 “Nanotechnologies”.
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Aerosols play an important role in the global
climate, air pollution and aviation transportation. In the
recent years, aerosol lidar has been routinely used to
remotely monitor aerosol concentration. A car mounted
mobile lidar offers a compact solution to study the
regional inhomogeneity in the atmosphere.
Mini Micro Pulse Lidar (MiniMPL) is a miniature
aerosol lidar designed by Sigma Space Corporation. It is
capable of measuring aerosol up to 15km. It measures
32cm x 22cm x 50cm and weighs 13kg. The small form
factor and low power consumption (<100W) make the
MiniMPL ideal for mobile aerosol measurement in
vehicles as small as a passenger sedan.
We mounted the MiniMPL in the trunk of a Toyota
Prius with a vibration isolation mount (Figure 1). A
Microsoft Surface Pro tablet controls the data
acquisition. The location data of the MiniMPL is
reported by a GPS and integrated into saved lidar data.
The entire system is powered by a 125W car power
inverter.
The first measurement was done to map how the
Planetary Boundary Layer (PBL) varies around a city.
The measurement route is along interstate highway 495
(Capital Beltway) which encompasses Washington, D.C.
The total length and diameter of I-495 are about 100km
and 27km correspondingly. The experiments occurred
from 15:23EST and 17:30EST on 02/11/2014. We drove
counterclockwise from the east side of the beltway
(Point A in Figure 2(a)) and returned to point E.
We then compare the measured PBL height from a
fixed site (Point A) to the mobile measurement in Figure
2(b). The mobile measurement follows that of the fixed
site but is about 100-200 meters lower between point B
and D. This difference cannot be explained by the 20 to
40 meter elevation difference from B to D as compared
to A; however, the west side of the beltway is less
populated than the east side. In this case, the height of
PBL seems to be positively correlated with population
density and/or human activities.
In another measurement we drove along highway
G107 between the areas of two Chinese cities in
03/14/2014. We planned to compare the aerosol
signature within the cities, in the suburb and around
certain hotspots. The driving distance between the two
cities is about 160km and the whole measurement takes
about 9 hours (lunch break included).
From Figure 3(a) and 3(b) the data points F-G-H-I
circles the city of Baoding. Their Aerosol Optical
Density (AOD) is significantly higher than most other
part of the route due to city emission. The section along
B-C-D not only has higher average AOD than nearby
area, it also has several hotspots from local clustered
factories and residence. The hotspot is repeatable in both

ways, indicating they are not spontaneous emission. The
depolarization ratio, on the other hand, does not show
any hotspot. Its value remains about 0.1 along the whole
route. This value is representative of a smoggy
atmosphere, which is a typical result of anthropogenic
emission in China.
We show that the lidar mobile measurement is
capable of remotely capture area dependent features of
the atmosphere. When the features are of anthropogenic
nature, we can then back trace to find related human
activity and offer potential solutions.
.

Figure 1. The mobile lidar kit consists of a MiniMPL, a
car mount, power inverter, GPS and Microsoft Surface
Pro tablet.

(a)
(b)
Figure 2 (a) Google satellite map of the route of mobile
measurement around Washington D.C. (b) Comparison
of PBL height measured from fixed site and mobile
station.

Figure 3 (a) Google terrain map of the measurement
route between Shijiazhuang and Baoding in China. (b)
From top to bottom, Extinction coefficient,
depolarization ratio and AOD.
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Background
The aerosol absorption in the atmosphere
influences our climate. Background air often has an
absorption coefficient lower than 1 Mm-1. Current
commercial instrumentation uses predominantly filter
substrates for collecting aerosol during measurements
(e.g. Aethalometer, PSAP), which require corrections.
We aim to develop a robust field-deployable instrument
using photothermal interferometry (PTI), which
measures aerosol absorption in situ, in air, directly
(Moosmüller et al., 2009). Our PTI prototype consists of
a folded Michelson interferometer (Sedlacek, 2006).
Experimental method
The aerosol absorption is measured due to the
heating of the particles as they are exposed to pulses of
light with a certain wavelength (currently green light at
532 nm, diode laser, cw 0.5 W, duty cycle 50%). The
heat is transferred to the surrounding air, changing its
refractive index. This change is measured with an
interferometer (HeNe laser, 5 mW), i.e. the phase shift
between a reference arm and the arm with the aerosol
and pulsed light in a measurement chamber.
The resolution (determined by the noise) of the
interferometer is about ΔΦ = 1 µ rad (at 1-minute time
resolution). The relation between phase shift and the
absorption coefficient α is described by (Sedlacek,
2006):
,

known molecular absorption cross section of 1.4210-19
cm2 molecule-1 which corresponds to α = 345 Mm-1 at
25°C, 1000 mbar and 1 ppm). Soot from a Palas soot
generator (model GFG 1000) was similarly detected.
Further the prototype was tested with ammonium
sulphate (scattering only) and no signal was detected,
confirming that non-absorbing aerosol do not generate a
signal in PTI instruments. Our current prototype has a
detection limit of about 35 Mm-1.
Outlook
Work is currently underway to develop a new
prototype which is less prone to external vibrations using
shock-absorbing materials. The sensitivity will be further
improved by using other pump light sources. We also
want to improve the long-term stability and usability of
this instrument.
Conclusions
A photothermal interferometer has been tested.
Advantages of the setup are its stability (quadrature point
and easy interferometer adjustment during setup) and
that the instrument is based on OEM components,
readily available.
The interferometer absorption measurement
allows comparison and validation with aethalometertype instruments. This results in a better accuracy of
aerosol absorption measurements.

(1)

where l is the interaction length, f is the pulse frequency
and Pexc the power of the green light (within the
boundary of the interferometer laser), respectively; n is
the refractive index of air (1.000292); λ is the
interferometer wavelength (HeNe, 632.8 nm); To is the
absolute temperature; a is the radius of the
interferometer beam; ρ is the density of air (1.205 kg
m-3); and Cp is the specific heat of air (1005.4 J kg-1 K-1).
The theoretical limit of the resolution is about 10-8 rad,
based on the detector shot noise only (Sedlacek, 2006).
There is a trade-off in the effort to approach that limit:
one can also increase the signal with longer l or larger
Pexc or with smaller a or f, for example.

Figure 1. Typical measurement of 1 ppm NO2 with the
PTI prototype.

Results and discussions
The prototype was tested with NO2 (1 ppm, 3%
accuracy, in synthetic air 5.0, Messer gases, Switzerland)
and a typical result is shown in Figure 1. NO2 has a well-

Moosmüller, H., Chakrabarty, R. K., and Arnott, W. P.
(2009) J. Quant. Spectrosc. Radiat. Transfer., 110 (11),
844-878.
Sedlacek, A.J. (2006) Rev. Sci. Instrum. 77, 064903.

European Aerosol Conference 2016

Tours, France

Page 702 of 1211

Quality of Digital Images as Means of Ambient Fine PM Assessment
T. Yacobi1, Y. Etzion1, R. Jayaratne2, M. M. Rahman2, L. Morawska2, B. Fishbain1
1

Faculty of Civil and Environmental Engineering, Technion - Israel Institute of Technology, Haifa, 3200003, Israel
2
ILAQH/IHBI, Queensland University of Technology, Brisbane, QLD 4000, Australia
Keywords: particulate matter, digital camera, remote sensing, air pollution.
Presenting author email: tamary@tx.technion.ac.il

Continuous monitoring of airborne fine particulate matter
(PM) is fundamental for exposure assessment and
management of environmental and public health risks.
Traditionally, local continuous sampling is conducted
only by sparsely distributed air quality monitoring stations
(AQMS) to provide the mass fraction of particles < 2.5 µm
(PM2.5). This research aims at establishing a low-cost and
flexible remote sensing methodology, based on generic
digital cameras, that exploits image quality measures in
order to estimate fine PM loadings in the open path
between the camera sensor and the imaged scene.
Differing from traditional aerosol remote sensing, the
proposed method is based on indirect effects of light
scattering by particles and aims to monitor horizontal
near-ground atmosphere layers, thus seeking to better
resolve spatial variations in ambient PM concentrations.
The effect of PM levels on image quality was examined
for more than 20K images that were acquired by Canon
SLR digital cameras at a rate of 5 min during daylight
hours in three long-term campaigns as shown in Table
1below.
Table 1. Experiments Details
Experiment

Period

Number of
Daylight Images*
19,001

Haifa Bay,
July 2012 –
Israel **
April 2013
Brisbane I,
July 2015
2,190
Queensland,
Australia ***
Brisbane II,
August 2015
930
Queensland,
Australia ***
*
Between half hour after sunrise to half hour before
sunset.
**
Canon EOS Rebel T2i
***
Canon EOS Kiss X6i
Image metrics including color content, hue,
saturation, entropy metrics, and perceptual blur (CrétéRoffet et al, 2007) were calculated for every image. These
metrics were analyzed with respect to simultaneously
measured PM levels and meteorological conditions
obtained by AQMSs along or close to the lines of sight.
Since image metrics of Haifa Bay experiment
yielded low correlations to the simultaneously measured

PM2.5 levels (R2 ≤ 0.4), we further considered influences
of illumination and meteorology conditions on image
metrics. To this end, the effect of possible modifying
variables such as the solar illumination angle and the
ambient relative humidity, were studied.
After stratifying the Haifa Bay dataset by different
modifiers, two of the image metrics produced promising
results: perceptual blur metric and cyan content in the
image. Multiple linear regression (MLR) models over the
stratified data with those image metrics, yielded much
higher determination coefficients. For example, MLR over
data stratified by illumination angles to 10 quantiles
produced 0.445 ≤ R2adj ≤ 0.656. Additional stratifying of
the dataset by the different months improved the MLR
adjusting up to R2adj = 0.967 in certain strata.
An ongoing analysis of the Brisbane dataset
indicated model dependency on setup parameters, namely,
acquisition geometry and scene composition and PM
composition.
A comprehensive analysis is ongoing, including
additional datasets from Haifa, with different scene and
acquisition frequency, in order to improve PM estimation
based on image quality metrics.
This work was supported by the Technion Center of
excellence in Exposure Science and Environmental
Health, TCEEH
Crété-Roffet, F., Dolmiere, T., Ladret, P., & Nicolas, M.
(2007). The Blur Effect: Perception and Estimation
with a New No-Reference Perceptual Blur Metric,
SPIE Electronic Imaging Symposium Conf.
Human Vision and Electronic Imaging.
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Soot particles have a fractal-like shape, are produced
during incomplete combustion processes and are a major
constituent in the atmosphere. These fractal-like particles
have a self-similar structure and are composed of
spherical primary particles (monomers) of black carbon.
Due to the fractal-like shape, the number of primary
particles scales as a power law with the characteristic
size of the aggregate, where the exponent is called the
fractal dimension (Df). Combustion generated aerosol
particles are usually not pure soot particles but rather a
complex mixture of black carbon, organic matter,
sulphate, ash and other components. Therefore,
dependent on the combustion process, these particles can
also have different shapes varying between highly
fractal-like and almost spherical. Measuring the angular
light scattering of combustion originating aerosol
particles in the power law regime can give us
information on the shape of these particles.
At the University of Applied Sciences Northwestern
Switzerland an instrument was developed in order to
measure the angular light scattering of combustion
generated aerosols. It measures the scattering signal
simultaneously at seven different angles and at two
different wavelengths (405 and 852 nm) with a time
resolution of some seconds. This setup makes it possible
to probe the structure factor of aerosols with high time
resolution and therefore e.g. to observe fast structural
changes of the aerosol particles that are expected to
happen in fires during the different burning phases.
Figure 1 shows the angular light scattering of Cast
(combustion aerosol standard) soot particles of different
size, which were size selected by a differential mobility
analyser (DMA). The data is represented in the q-space,
which represents the magnitude of the scattering wave
vector. The measured data was fit by the RayleighDebye-Gans theory for fractal aggregates (Dobbins and
Megaridis, 1991) that are shown as solid, coloured lines
in Figure 1. In the power-law regime (at high q values,
where the scattering appears as a line on the log-log
scale), the negative slope corresponds to the fractal
dimension of the particles.
For Cast soot, it seems that the fractal dimension of the
generated particles does not depend on their size except
for the smallest investigated mobility diameter of
100 nm where the fractal dimension is slightly higher
(2.14) compared to the other particle sizes (~1.97). As it
is expected, the fitted radius of gyration increases with
the selected particle size, a higher “jump” is visible
between the nominal DMA size of 100 nm and 150 nm

from 125 to 173 nm, after that only a slight increase is
visible.

Figure 1. Normalised scattering signal for Cast soot
particles as function of the magnitude of the scattering
wave vector. The differently coloured lines represent the
different selected nominal diameter of the DMA.
Several other experiments were also conducted on
aerosols with different shapes such as highly fractal-like
Palas soot, spherical paraffin oil particles and different
kinds of combustion originating particles (e.g. wood
burning). We have seen that the fractal-like and spherical
particles can be well separated based on their angular
light scattering patterns. Smouldering fires on average
produced more spherical particles than flaming ones,
where lower fractal dimensions were observed. This
finding can be used to identify the different burning
phases during combustion processes.
This work was supported by the Swiss Commission for
Technology and Innovation (CTI).
Dobbins, R.A., Megaridis, C.M. (1991) Absorption and
scattering of light by polydisperse aggregates. Applied
Optics 30, 4747-4754.
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The study describes a method how to calculate
equivalent black carbon (EBC, Petzold et. al 2013)
concentrations, obtained from raw laser intensity data
measured by a semi-continuous thermo-optical EC/OC
analyzer (Sunset Laboratory Inc., USA), compares the
calculated EBC concentrations to several EBC-dedicated
instruments, and also examines various correction
methods and their influence on the calculated EBC
concentrations.
Comparative measurements to EBC-dedicated
filter-based instrumentation (MAAP (5012, Thermo
Scientific 5012), aethalometer (AE31, Magee Scientific),
and microaethalometer (AethLab AE51)) were
conducted during two intensive campaigns at a northwest suburb of Prague, Czech Republic. The summer
campaign lasted 27.6.-8.7.2012, and the winter campaign
6.-15.2.2013. All instruments were equipped with PM10
inlets. An example of uncorrected EBC data from the
winter campaign is shown in Fig. 1. The EBC
concentrations from the individual instruments were
compared to the EBC from MAAP concentrations and
fitted with linear functions forced through zero. A good
agreement was found not only between EBC obtained
with the semi-continuous Sunset analyzer, the
aethalometer and the microaethalometer, but also an
agreement with EBC obtained with the MAAP was
observed in both the summer and winter campaigns.
Not only original EBC concentrations from the
instruments were compared to each other, but several
corrections were applied as well, to show the
applicability, advantages, and also disadvantages of
deriving EBC concentrations from the semi-continuous
Sunset analyzer which was originally intended to
measure elemental carbon and organic carbon in a
thermo-optical analysis. The calculated EBC data were
corrected for:
• simple loading (Virkkula et al. 2007)
• loading by using also the scattering data from a
nephelometer (Collaud Coen et al. 2010)
• multiple scattering (Collaud Coen et al. 2010)
• wall reflection correction for a quartz tube in the
semi-continuous analyzer (Zíková et al. 2016).
Based on the analyses, we conclude it is necessary to
correct the laser signals given by the Sunset semi-online
analyzer for light reflection on the quartz tube, and the
new correction was introduced. With the new correction,
it is possible to use the semi-continuous Sunset analyzer
to measure EBC concentrations with a reasonable

agreement to aethalometer data with no additional costs
or alterations of the instrument. Such derived data cannot
compete with data obtained from instruments dedicated
to measure EBC concentrations, as the Sunset analyzer is
designed primarily for thermo-optical analysis. In the
absence of a dedicated instrument, however, EBC from
the semi-continuous Sunset analyzer can be used to
obtain an indication of EBC concentrations, as the
results are comparable to EBC concentrations obtained
from an aethalometer and a microaethalometer.
Nevertheless, the study also showed a need for a
correction of the raw attenuation data given by the semicontinuous Sunset EC/OC analyser, similarly to
corrections developed for aethalometers.

Figure 1. Time series of the original EBC concentrations
during the winter campaign without any corrections.
This work was performed in the framework of a project
by the ÖAD, WTZ CZ 03/12, MEYS MOBILITY grant
No. 7AMB12AT021, and EU Horizon 2020 Research
and Innovation Programme under Grant No. 654109
Collaud Coen, M. et al. (2010) Atmospheric
Measurement Techniques 3(2):457–74.
Petzold, A. et al. (2013). Atmospheric Chemistry and
Physics 13(16):8365–79.
Virkkula, A., et al. (2007) Journal of the Air & Waste
Management Association 57:1214–1222.
Zíková, N., et al. (2016) Aerosol Science and
Technology, in press,
doi: 10.1080/02786826.2016.1146819.
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Apart from its function as a nanoparticle counter,
the condensation particle counter (CPC) has sizing
capabilities when operated in the pulse-height analysis
(PHA) mode. By recording the intensity of the scattered
light pulses with a multichannel analyzer (MCA), the
final droplet size can be determined with a certain
accuracy. This information can then be used to
determine the initial particle size.
Previous work (Marti et al., 1997; Saros et al.,
1996) has shown that use of monochromatic light
introduces multimodal pulse height (PH) spectra, as a
result of Mie scattering, and as such, monochromatic
light is not suitable for pulse-height analysis. Especially
at a 90° scattering angle, large variation of the scattered
light intensity is induced by small changes in the size of
the droplets. This problem can be circumvented by
replacing the monochromatic source with a white light
source, which in turn requires hardware modification
(Dick, 2000), as most commercial CPCs operate with
solid state laser sources.
In this work we show that an unmodified
commercial CPC operating with monochromatic light, is
suitable for PHA in the particle size range of 1.5 to 5.5
nm (full size range data not shown here). We report the
operating conditions under which such operation is
possible and compare our results with simulations of
particle growth dynamics. The importance of a highly
monodisperse aerosol sample is highlighted as a crucial
parameter for unlocking the PH capabilities of
monochromatic light CPCs.
The experimental setup consisted of a glowing
wire generator (GW), a high resolution DMA (half-mini
DMA, SEADM) and an ultrafine CPC (TSI 3025) that
employs its original optical detection system.
Polydisperse tungsten particles were produced by the
GW and subsequently specific sizes were selected with
the DMA. For each particle size the PH spectrum was
recorded with a MCA.
Fig.1 shows measured pulse-height spectra from
particles of different initial size. The x-axis of Fig.1
shows the MCA channel (i.e. pulse height in arbitrary
units) while the y-axis shows the normalized frequency
of detected pulses of each MCA channel. Results show
that particles of different initial size produce clearly
distinguishable and reproducible PH spectra.
A measure of the PH resolving power is the
distance of a PH peak (x) relative to a fixed MCA
channel value (xR). Fig. 2 shows the experimental peak
ratio (x/xR) of the PH spectra for eight initial particle

diameters. The theoretical final droplet size was
calculated (Ahn and Líu, 1990) and it was found to agree
very well with the experimental data.

Figure 1. Experimental PH spectra produced by three
different initial particle sizes.

Figure 2. Relative position of the PH spectra peak vs
initial particle size.
In summary,
we experimentally show that
monochromatic light is suitable for PHA in continuous
flow CPCs, for nanoparticle sizes in the range of 1.5-5.5
nm. The degree of monodispersity of the aerosol sample
is a key parameter for a successful PHA with
monochromatic light.
References
Marti J.J., R.J. Weber, P.H. McMurry, F. Eisele, D. Tanner & A.
Jefferson, 1997. J. Geophys. Res. 102(D5), 6331–6339.Saros
Saros M.T., R.J. Weber, J.J. Marti, & P.H. McMurry, 1996. Aerosol
Sci. Technol. 25(2), 200–213.
Dick, W. D., McMurry, P. H., Weber, R. J., and Quant, R.:, J.Nanopart.
Res., 2, 85–90, 2000
Ahn, K and Y. H. Liu,B, J.Aer.Sci, Vol 21, No 2, 249-261, 1990.
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Detection of aerosols using Laser-Induced Breakdown Spectroscopy (LIBS)
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Aerosols released in the course of industrial
processes may represent a threat for workers and the
environment. Possible emission of micrometric /
submicrometric particles such as CNT (carbon nanotube)
powders at production sites or heavy metals at exhaust
stacks of foundries and incinerators are two telling
examples. The above considerations emphasize the need
to develop an instrument allowing in-situ and real-time
elemental identification and mass concentration
determination of airborne particles. A LIBS-based (Laser
Induced Breakdown Spectroscopy) system may be the
appropriate tool to deal with such delicate issue.
LIBS consists in focusing a powerful laser pulse
on a material (solid, liquid, gas, aerosol, nanoparticle
flow) whose elemental composition is to be determined.
The strong heating of the sample at the focusing spot
leads to the ignition of a hot and luminous transient
ionized gas called plasma. Plasma light contains the
signature of all the chemical elements the interrogated
material is made of. This signature is read by sending the
emitted light through a spectrometer equipped with a
detector. The LIBS signal presents itself as an optical
emission spectroscopy spectrum displaying lines
corresponding to the detected elements.
LIBS displays advantages of great interest for
industrial applications. Samples do not need preliminary
preparation making LIBS eligible for on-line monitoring.
It is a multielemental analysis technique with
simultaneous detection of all the elements contained in
the sample. Being all optical, it is not intrusive requiring
only optical access to the sample and thus allowing insitu measurements. LIBS is therefore a promising
analytical chemistry method intended to be operated at
industrial sites. Current elemental analysis techniques
require time consuming procedures involving several
steps. Skilled personnel are sent to the sites where
samples are to be picked up. Back to the laboratory,
these are prepared prior to the analysis itself. The LIBS
systems developed at INERIS are intended to be
operated on-site, in automatic mode, without manual
intervention except for maintenance.
Experiments carried out by INERIS (Dutouquet et
al, 2014) have demonstrated the potentialities of the
LIBS technique for in-situ and real time quantitative
detection of heavy metals in particulate form. A
transportable LIBS system was first calibrated in
laboratory using aerosol generators. Particle size
distribution of the generated aerosol was obtained from
an APS (Aerosol Particle Sizer) whereas the mass
concentration of the targeted elements was inferred from
TEOM (Tappered Element Oscillating Microbalance)
measurements. The LIBS analyzer was then put to the

test in a French research and development center
specialized in metal casting (CTIF). Mass concentrations
of copper particles released through an evacuation duct
when melting copper bars in an induction furnace were
monitored in real time.

Figure 1. Simultaneous detection of CN, Al and Fe lines,
spectral signature of a CNT ball
Other experiments aiming at detecting possible
particle emission when handling CNT powders were
performed in a high safety cell at ARKEMA research
center (Dutouquet, 2015). A LIBS system was
implemented along with TEM (Transmission Electron
Microscopy) samplers. TEM sampling allowed differed
analysis of morphologies, sizes and elemental
composition of the emitted particles. Real time particle
elemental composition monitoring was assured by LIBS.
Though the obtained results are qualitative, LIBS spectra
crosschecked with TEM observations of the collected
particles demonstrated LIBS potentialities to identify
carbone nanotubes intertwined in bundles. A spectral
signature based on simultaneous detection of carbon,
iron and aluminum (the latter two being catalyst and
catalyst support respectively) was found to act as a
fingerprint allowing CNT ball identification.
A prototype mounted on wheels and encased in a
19” rack is now operational and available at INERIS for
field measurements.
This work was supported by the French Environment
and Energy Management Agency (ADEME), the French
Agency for Environmental and occupational Health
Safety (ANSES) and the Picardie region.
Dutouquet C. (2015) Spectroscopy Volume 30 number 4
Dutouquet C., Gallou G., Le Bihan O., Sirven J.B.,
Dermigny A., Torralba B. and Frejafon E., (2014)
TALANTA 127, 75-81
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Light absorbing particulate matter has been in bright
spotlight of late years. Atmospheric light absorbing
carbon (LAC) and mineral dust (MD) have well-known
climatic impact. The biggest uncertainties of climatic
model calculations are associated with these
constituents. LAC is considered to have become the
second most important anthropogenic air pollutant
following CO2 considering radiative forcing. In the
atmosphere LAC is present in externally or internally
mixed structures with miscellaneous organic compounds.
However, most climatic models only account for the
external mixing state. If accounted for, internal mixture
is generally assumed as a structure of a spherical
carbonaceous core and a non-absorbing organic shell
(Mie theory core-shell model). Both theoretical models
and laboratory investigations have verified that nonabsorbing coating can enhance light absorption of the
soot core by up to a factor of 2. The phenomenon is
called the lens effect (Liu et al, 2015). Absorption
enhancement also depends on morphology and coating
thickness. Moreover, it has been demonstrated that the
presence of non-absorbing coating enhances Aerosol
Angstrom Exponent (AAE – the wavelength dependency
of the absorption spectrum) of Black Carbon (BC)
particles up to 1.6 from the generally assumed 1.0. It
makes the differentiation between Black Carbon (BC)
and Brown Carbon (BrC) more complicated. It has been
shown in many recent studies that although LAC is
negligible considering its contribution in aerosol mass it
is utterly dominant in respect of human health effects. As
a result of their huge specific area and submicron size,
such particles are able to penetrate and transport various
toxic substances into the lower respiratory system.
Subsequently, they are precursors of severe respiratory
and pulmonary diseases.
One generally accepted tool for the classification
of aerosol constituents with different thermal stability is
the thermodenuder. A thermodenuder consists of two
parts. First is the heating section where the aerosol
compounds with given thermal stability can be
evaporated. The second section is an absorber, where the
previously evaporated species can be separated from the
gas stream. This way the effect of coating on aerosol
absorption enhancement can be studied among both
laboratory and field conditions.
The photoacoustic method has been proved to be
an outstanding candidate for the determination of
absorption enhancement attributed to both absorbing and

non-absorbing aerosol coating (Liu et al, 2015). The PA
method enables the investigation of the optical
absorption spectrum in-situ and in aerosol phase. It is
also devoid of the measurements artifacts associated
with filter-based techniques. The recent availability of
multi-wavelength mobile photoacoustic instrumentation
opens new field in the determination of real time
investigation of absorption enhancement factors of
different types of coatings and its wavelength
dependency as well. This could provide essential input
data in climate fording models.
In this study we are presenting a novel
self-developed mobile dual-wavelength photoacoustic
aerosol analyser (2λ-PAS). Two operational wavelengths
of the instrument (405 and 1064 nm) make the
investigation of the absorption spectrum possible in a
wide and climate relevant spectral range from the nearIR to the UV. The instrument is equipped with dual
measurement channels, one simple, and one equipped
with a thermodenuder, which be operated in a wide
temperature range (25-300°C). This way the differential
absorption response of thermally fragmented aerosol can
be investigated. The instrument and the thermodenuder
has been optimized concerning aerodynamic and
themophoretic particle losses. We are presenting the
gaseous and particle calibration protocol of the
instrument. The particle phase calibration has been
carried out with reference instrument using standard
aerosol generation methods. This instrument is a simple
and useful tool that could open new perspectives in the
investigation of internally mixed aerosol.

Figure 1.: Schematic setup of the mobile dualwavelength photoacoustic aerosol analyser (2λ-PAS)
Liu, S. et al. (2015) Enhanced light absorption by mixed
source black and brown carbon particles in UK
winter.
Nat.
Commun.
6:8435
doi:
10.1038/ncomms9435
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dust mixture was observed at an altitude of 3500 m
(Q.Hu, 2016).
The measurements of both LiDAR system and
ground-based sun-photometer are put into retrieval by
GRASP/GARRLiC (Generalized Aerosol Retrieval from
Radiometer and LiDAR Combined data) (A. Lopatin,
2013). From GRASP/GARRLiC, the size distribution,
complex refractive indices are derived and show good
coincidence with AERONET products. The vertical profile of aerosol concentration also coincides with Raman
retrievals (I. Veselovskii, 2016). Fig 2 is an example of
extinction retrieved from GRASP/GARRLiC.
Data analysis and retrievals are still in process,
and error estimation will also be available in the coming
few months.
7
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Total extinction
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The SHADOW2 (SaHAran Dust Over West Africa) campaign is aimed to study the physical and chemical properties of the Saharan dust, as well as biomass
burning in dry seasons. The site is chosen near the coast
of the Atlantic Ocean, at IRD M’Bour Center, Senegal.
The second phase of SHADOW2 was performed in December 2015 and January 2016. During this period, the
Saharan dust transported from north and biomass burning from south or southeast have been frequently observed.
Multiple instruments from CaPPA laboratory are
involved into this campaign, such as the wind Doppler
LiDAR, the multi-wavelength Raman LiDAR, sunphotometer, Aethalometer, aerosol particle counter, airborne sun-photometer and so on.
The multi-wavelength Raman LiDAR, LILAS,
(LIlle LiDAR AtmosphereS) operated by LOA (Laboratoire d’Optique Atmosphérique) is an important instrument and provides 3β+2α+2δ (β, backscattering coefficient; α, extinction coefficient; δ, particle depolarization ratio). This is the first time that we are able to provide polarization measurements of two channels. Except
for the extinction, backscattering coefficients and depolarization ratio (V. Freudenthaler, 2009), the LiDAR
measurements also permit the acquisition of Angstrom
exponent, LiDAR ratio and water vapour mixing ratio.
This information helps provide a comprehensive understanding for the atmosphere.
Some cases are selected from the two-month
measurements to be analysed and interpreted. For example, on 20, January 2016, a layer of biomass burning and
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Fig 2. Retrieved extinction profile from GARRLiC for
532 channel. (20, January 2016)
Thanks to ESA for supporting this work.

Fig 1. Extinction and depolarization from Raman retrieval for 355 nm and 532 nm channels.

I. Veselovskii et al (2016). Study of African dust with
multi-wavelength Raman lidar during the “SHADOW”
campaign in Senegal. Atmospheric Chemistry and Physics Discussions. 2016: 1-40
A. Lopatin (2013). Enhanced remote sensing of atmospheric aerosol by joint inversion of active and passive
remote sensing observations. Diss. Lille 1
Q. Hu et al (2016). The application of a multiwavelength Raman LiDAR in SHADOW2 campaign.
ACTRIS2 poster session, p2-wp2-9
V. Freudenthaler et al (2009). Depolarization ratio profiling at several wavelengths in pure Saharan dust during SAMUM 2006. Tellus B, 61(1), 165-179.
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For rapid and effective detection, various biological
and chemical techniques have been developed such as
immunoassay, UV-Vis spectroscopy, polymerase chain
reaction (PCR), and biosensors. However, each of them
still suffers from some deficiencies. Non-target particles
and dust are one of these problems that can affect
accuracy of measurements and detection, especially in
the case of PCR and biosensors.
Recent aerosol studies independently showed that
environmental matrix (dust or particulate matter) can
significantly inhibit PCR and cause the complete or
partial failure of the PCR reaction (Hospodsky et al.,
2010). Therefore, an additional step is required to obtain
a target microbe before the quantitative and accurate
identification.
In the following, we introduced a methodology to
separate bacterial and non-bacterial aerosols of the same
mean size due to the difference in their electrical
mobilities. In this sense, 0.8 – 0.9 μm Staphylococcus
epidermidis (S. epidermidis) and polystyrene latex (PSL)
particles were chosen, respectively, as target and nontarget particles. By passing these particles through a
corona region, S. epidermidis and PSL particles gained
different electrical charge values (340 and 165,
respectively) since the number of charges obtained by
aerosol particles depends on their relative permittivity.
The PSL particles and S. epidermidis were separated
from each other when an external electric field was
applied to the direction perpendicular to the flow. For
this purpose, a mobility analyzer developed by Mainelis
et al. (2002) was used.
The schematic of the rectangular-shaped separator is
shown in Fig. 1 where the X-axis denotes the
gravitational direction. The separator consisted of two
parallel plates and had two inlets and two outlets. Air
flow containing charged PSL and S. epidermidis
particles entered through one inlet (0.3 LPM) while
clean sheath air that entered through another inlet (0.9
LPM). Then the external electrical field in the direction
of Y-axis caused the negative charged bacteria to be
deflected toward the anode so that they could exit
through the ‘Outlet 1’. The PSL particles were also
deflected toward the anode. However, their charge
number (165) was much lower than that of S.
epidermidis (340). Therefore, the PSL particles were
supposed to exit through the other outlet, ‘Outlet 2’. A
rectangular pin was embedded at the end of the separator
to increase the separation efficiency.

Figure 1. Schematic of the separator
However, the wall losses for bacteria and PSL were
quite high with the voltage of 300V; 25.5% and 51.2%,
respectively. For PSL particles, about 13.8% of particles
left through ‘Outlet 1’ and around 35% passed through
‘Outlet 2’. For S. epidermidis, about 55.7% of particles
left through ‘Outlet 1’ and around 18.8% passed through
‘Outlet 2’.
The aerosol number concentrations were measured at
the inlet and outlet to determine the separation
performance. The purity is defined as the fraction of
particular species to the total species exiting through an
outlet. The purities for S. epidermidis and PSL particles
are defined as follows,

The purity of the bacteria in ‘Outlet 1’ was 80.1%
and the purity of the PSL in ‘Outlet 2’ was 65%.
The experimental results of separation revealed the
possibility of the real-time separation of between
charged bio and non-bio particles with having different
charge numbers.
This subject is supported by Korea Ministry of
Environment(MOE) as "the Technologies for
Responding to Atmospheric Environment Policies
Program".

Hospodsky, D., Yamamoto, N., & Peccia, J. (2010).
Applied and environmental microbiology, 76(21), 70047012.
Mainelis, G., Willeke, K., Baron, P., Grinshpun, S. A., &
Reponen, T. (2002). Aerosol Science & Technology,
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Comparison Between the Experimental and Theoretical Resolution of a Simple Three
Outlet Differential Mobility Analyzer
S. Bezantakos1,5, M. Giamarelou1 , L. Huang2, K. Barmpounis2, J. Olfert3, and G. Biskos4,5
1
Dept. of Environment, University of the Aegean, Mytilene, 81100, Greece
Faculty of Applied Sciences, Delft University of Technology, Delft 2628-BL, The Netherlands
3
Department of Mechanical Engineering, University of Alberta, Edmonton T6G 2R3, Canada.
4
Faculty of Civil Engineering and Geosciences, Delft University of Technology, Delft 2628-CN, The Netherlands
5
Energy Environment and Water Research Center, The Cyprus Institute, Nicosia 1645, Cyprus
2

Keywords: Aerosol Measurement, Particle Sizer, Instrumentation, MMO-DMA
Presenting author email: bezantakos@env.aegean.gr; g.biskos@tudelft.nl

Measurement of particle size is required to
understand the environmental impacts of aerosol
particles (McMurry, 2000). The most effective and
commonly used technique of measuring the size of
aerosol particles is by employing Differential Mobility
Analyzers (DMAs; Knutson and Whitby, 1975), which
classify them according to their electrical mobility.
DMAs have therefore become a standard component of
aerosol size spectrometers, as well as of tandem systems
(i.e., TDMAs) for determining some of the key
physicochemical properties of aerosols such as
hygroscopicity and volatility.
In TDMA systems, a monodisperse aerosol flow
produced by the first DMA, is exposed to certain
conditions (i.e., fixed relative humidity and/or
temperature) before the size distribution of the particles
is measured by a second DMA coupled with a
Condensation Particle Counter (CPC). Despite the
relative sort time of each size distribution measurement
(ca. 3 min), a downside of these systems appears when
the properties of monodisperse particles of different
sizes from the same aerosol sample need to be
determined. Chen et al. (2007), introduced a DMA with
three outlets (3MO-DMA), having the ability of
classifying three monodisperse particle populations,
simultaneously and consequently increasing the time
resolution. That DMA had the polydisperse aerosol flow
introduced at the circumference of the central rod and
the monodisperse particle outlets located along the outer
electrode. As a result, when used as a first DMA in a
TDMA system, it required three DMAs and an equal
number of CPCs to measure potential changes in particle
size at the 3 monodisperse particle outlets.
In this work we designed a simpler 3MO-DMA
for use as DMA-1 in a TDMA system, without the use of
additional equipement. In contrast to the 3MO-DMA
developed by Chen et al. (2007), our classifier was
constructed by modifying only the inner electrode of an
existing single monodisperse outlet DMA. Its
performance was experimentally evaluated using a
TDMA configuration in which the size distribution of a
monodisperse aerosol population provided by a custommade conventional DMA was measured using the 3MODMA operated at different conditions. A software
routine was employed for fitting lognormal distributions
to the measured size distributions and for obtaining the

geometric mean diameters of the sampled particles. The
theoretical midpoint mobility diameters of particles
classified by each outlet, at the operating flows and
voltages of the 3MO-DMA, were then calculated using
the generalized theoretical transfer function of multiple
outlet DMAs (Giamarelou et al., 2012). Figure 1 shows
scatter plots of the measured versus the predicted
geometrical mean diameters for 4 different sheath and
aerosol flow rates. The solid lines stand for the 1:1 ratio,
while the dashed lines depict a ±2% variation within
which
all
the
points
fall.

Fig. 1. Measured versus predicted (Giamarelou et al., 2012)
GMDs of the particles classified at each 3MO-DMA outlet,
when the latter was operated with sheath and aerosol flows of
(a) 3.0 and 0.3, (b) 6.0 and 0.6, (c) 8 and 0.3, (d) 8 and 1.5
lpm.
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Collection of submicron aerosols by a passive sampler system
using corona-charged resin surfaces
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Collection of outdoor aerosols using passive samplers
has been mostly restricted to particles larger than 1 μm
(Brown et al., 1992; Wagner and Leith, 2001). The main
objective of our study was to design a system for
collecting submicron aerosols on a substrate. A relatively
flat substrate with particles can become a target for
elemental
analysis
(e.g.
X-ray
Fluorescence
Spectroscopy (XRF)) or electron microscope methods.
Comparing with larger particles, transport of submicron
particles can be more influenced by electrostatic force
(Katata et al., 2010). Considering that an electret can be
used as a collector surface of passive sampling (Brown
et al., 1992), and corona-charge can create an electrified
polymer surface (Giacometti et al., 1999), we have
newly designed and fabricated passive samplers based
on corona-charged resin substrates.
Two sampler systems were designed. Numerical
flow simulation using COMSOL Multiphysics and
electrostatic-model were performed to investigate the
wind flow around and inside the sampler and the electric
field around the sampling substrates, respectively. Fine
metallic mesh with 1.0 mm hole size was placed to
"block" the high-speed wind flow. Low-speed wind flow
will allow the electrical field to be the main driving force
of particle deposition. In the first type sampler (Type-1),
a charged surface was faced down to maximize the role
of gravity to “filter” large particles. In the second type
sampler (Type-2), two charged surfaces are facing each
other. As a preliminary sampling experiment using 2 m3
chamber, aerosols from combustions of Mg ribbons were
sampled. Outdoor aerosols were collected from Tokyo
(university experimental forest station, 14 days,
December-January), and northern Borneo (KotaKinabalu (KK) city, 3 days, November). In Tokyo, 30 m
height tower was used to investigate the influence of
tree/forest canopy. Substrates with collected particles
were analyzed using an Energy-Dispersive XRF and
Scanning Electron Microscopy routes (SEM or FE-SEM).
Trajectory of air masses and meteorological data
(METEX, NIES) were monitored to clarify the source of
collected particles.
Based on SEM images (Fig.1), in general, Type-1
collects particles with higher number concentration than
Type-2. Type-1 collects wider size range (from 0.05-3.0
μm), and Type-2 collects “only” submicron (0.1-0.7 μm)
particles. Micron particles will be detected as “stronger”
elements in XRF measurement. Therefore, particle
collection in “only” submicron size (using Type-2) is a
crucial condition.

From the results of Type-2, it is clear that size of
particles (with peaks are around 0.15 μm) in KK were
smaller than those of Tokyo (around 0.5 μm or above).
From the local governmental websites, one can monitor
that PM10 values in KK are higher than that of Tokyo.
XRF data also showed that elements (Zn and others) of
aerosols in Tokyo are more diverse than those of KK. In
the winter period, Tokyo area is affected by the Asian
winter monsoon that developed from northern China and
brought long-range air masses (Wakamatsu et al., 1996).
After comparing the number concentration of particles
collected on charged- and uncharged substrates, there are
more “charged” submicron particles than “uncharged”
ones at Tokyo site. However, at KK site, uncharged
substrates have more particles than charged ones. In KK,
our sampling days were rainy. Relative humidity values
of KK and Tokyo were around 90 % and 50 %,
respectively. Humidity might decrease the collection
efficiency of charged aerosols.
In conclusion, the main finding can be
summarized as follows: (i) the newly developed passive
sampler system can collect “only” submicron outdoor
aerosols, (ii) submicron particles can be detected by
XRF method for multi-elemental analysis, and (iii)
relative humidity influences the collection efficiency.
Type -1

Type-2

Figure 1. SEM images of substrate with particles
collected in Kota Kinabalu (3 days). Bar is 1μm
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The Parallel Particle Impactor (PPI) manufactured by
SKC® (863 Valley View Road, Eighty Four, PA 15330
USA) is designed to sample the respirable or thoracic
health-related aerosol fraction for the assessment of
workers’ personal exposure to airborne particles. The
thoracic fraction is relevant for substances with a local
effect in the conductive respiratory airways, typically
irritation, allergic reactions or other harmful
manifestations including those involving a carcinogenic
risk. Among other substances, this fraction can be
considered in the case of cotton dust (OSHA 1978,
ACGIH 1985), asbestos (Dement 1990, NF X43-050),
sulphuric acid (EU Directive 2009) and white flour.
The PPI operates at the flow rate of 2 L/min,
when sampling thoracic particulates. Four parallel
nozzles draw in the ambient aerosol, causing particles to
impact a pre-oiled porous plastic substrates. Selection of
the thoracic aerosol fraction as conventionally defined
by standards CEN 481 (1993) and ISO 7708 (1995) is
achieved by simultaneously implementing four parallel
impactor stages and a final collection filter.
In this study, the PPI sampler was laboratory
tested along with other thoracic aerosol samplers. A low
velocity wind tunnel (0.15 m/s) with a fluidised-bed
aerosol generator was used to challenge the candidate
sampler with a polydisperse aerosol of glass microspheres. Reference and sampled size-dependent aerosol
concentrations were measured using a TSI Aerodynamic
Particle Sizer (APS 3321). An iso-kinetic iso-axial
reference probe operating at 2 L/min flow rate ensured
100% sampling efficiency within the aerosol size
distribution range up to Dae ≈ 20 µm. (Dae = particle
aerodynamic diameter). Details of the complete
experimental set-up are provided elsewhere (Görner et al
2001). Sampling efficiency E as a function of Dae was
determined from the ratio of number concentration at the
PPI outlet CPPI to the reference aerosol concentration CR

inhalability. The resulting sampling efficiency curve is
compared to the conventional CEN-ISO definition of
thoracic particle penetration.

Figure 1. Thoracic PPI Sampling efficiency
A bias map for thoracic aerosol mass concentration
measurement was then computed for a series of
polydisperse aerosols (Figure 2).

Figure 2. Thoracic PPI sampling performance
The bias map shows that the Bias Performance Criterion
BPC (defined by Görner et al 2001) is 59%, representing
fairly good sampling performance.

E(Dae) = CPPI(Dae) / CR(Dae)
During the efficiency measurements, a Grimm 1.108
optical particle counter was used to check the ambient
aerosol concentration in the wind tunnel working section
before and after each run. The experimental data were
only accepted when the particle number concentration in
each size bin varied within a ± 5% interval.
Figure 1 shows the size-resolved sampling
efficiency points for the PPI along with data provided by
Trakumas and Salter (2009). Both experimental data sets
were fitted together by a cumulative log-normal law
multiplied by the Vincent & Armbruster (1981)
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New developments for fast, high resolution and transmission DMA measurements
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This work reviews new developments for a fast, high
resolution and transmission mobility measurements
using differential mobility analysis, DMA, including: (i)
a low response time, low noise electrometer; (ii) a Static
Dissipative Polyurethane tube for high sample outlet
transmission and (iii) a HEPA filter to avoid the survival
of any charged neutral particles in the recirculating
sheath gas, all tested separately with the supercritical,
high resolution Halfmini DMA available from SEADM
(Fernandez de la Mora, 2013)
Existing supercritical differential mobility
analyzers (DMAs) designed for high resolution
classification of nanoparticles are short and operate at
relatively high gas velocities, resulting in particle
residence times typically below 1 ms. Some existing
operational
amplifier-based
electrometers
with
amplifications of 1012 or 1011 V/A have response times
of ~ 100 and 10 ms (SEADM, 2016), with excellent
noise levels providing sensitivities down to less than one
or a few fA. Combination of these two elements should
accordingly enable the measurement of high resolution
spectra in the 1-10 nm size range in times on the order of
1 s. Based on an amplifier circuit developed by Prof. H.
Burtscher, two such fast electrometers have been
installed in a Faraday cage of small residence time
(volume), and used as detectors for a Halfmini DMA
(Perez-Lorenzo et al. 2016). Selecting a monomobile ion
by setting the DMA voltage at a certain value VDMA, and
grounding it periodically, we challenge the detector with
a pulsed aerosol current. Both electrometers take 20 ms
to provide any response, apparently as a result of dead
volumes between the DMA and the charge-collection
electrode. The current then rises to half the maximum
signal within approximately expected times of about 5
and 25 ms, respectively at 1011 and 1012 Volt/A.
Occasional spikes in the electromenter signal are readily
distinguished from the ordinary noise, and do not
interfere with identification of mobility peaks.
Discounting these spikes, the rms noise level of the 1012
V/A device is 0.12 fA when acquiring data at 1 Hz. No
ion mobility peak distortion is seen when dwelling for
100 ms at each of the discrete DMA voltages included in
a mobility spectrum. The maximal speed of spectral
acquisition is investigated in detail with the 1011 V/A
electrometer by taking mobility spectra of the ions from
electrosprayed tetraheptylammonium bromide clusters.
We sweep VDMA continuously up and down over 600 V
in a saw tooth wave, at a rate of up to 1200 V/s. Very

little peak shape distortion is observed, but a clear shift
in mean voltage VDMA is apparent, which is symmetric
with respect to up or down sweep. The magnitude of this
peak translation is linear with sweep frequency,
corresponding almost exactly to a pure delay t= 25 ms in
the
electrometer
response.
Accordingly,
the
displacement may be simply offset by adding the
correction VDMA= t (dVDMA/dt) to the measured peak
voltage. Undistorted high resolution mobility spectra
may accordingly be taken in times certainly shorter than
0.5 s, probably even in less than 0.1 s. These tests
spanned only a factor of 2 in mobility. Spanning with an
exponential voltage sweep at the same resolution the size
range from 1 to 10 nm would take (ln100)/ln4=6.64
times longer.
We also address the problem of electrophoretic
losses at the outlet of DMAs, which commonly results in
a drastic reduction of transmission. The sample
transmission efficiency of the Halfmini DMA for
mobility-selected ions brought to ground through a Static
Dissipative Polyurethane tube is examined (Attoui et al.
2016). The response is reasonably close to ideal, but
slight geometrical non-idealities are apparent from small
decreases in transmission under accelerating bias
voltages.
Finally, the performance of a compact HEPA
filter capturing charged or neutral particles surviving in
the recirculating sheath gas (operation in close loop) is
briefly discussed.
Attoui, M. and Fernandez de la Mora, J. (2016) Flow
driven transmission of charged particle against an
axial field in antistatic tubes at the sample outlet of a
Differential mobility analyzer, J. Aerosol Sci., in
press, July 2016
Fernandez de la Mora, J., Kozlowski, J. (2013) J.
Aerosol. Sci., 57, 45-53
Perez-Lorenzo, L.J., Arranz, G., Amo-Gonzalez, M.
Burtscher, H. and Fernandez de la Mora, J. (2016)
Fast
high-resolution
mobility
measurement
combining a nanoDMA and an electrometer with 25
ms response time, submitted to J. Aerosol Sci., 2016
SEADM (2016), High performance Electrometer;
http://www.seadm.com/products/technologicalmodules/electrometer/
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Ground-based and balloon-borne cross comparisons with the aerosol counter LOAC
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Determining accurately the spatial and temporal
distribution of atmospheric aerosols in terms of particle
concentration, size and nature represents a serious
instrumental challenge.
LOAC is a small optical particle counter of ~300
grams. The measurements are conducted at two
scattering angles: 12° to determine the aerosol particle
concentration in 19 size classes within a diameter range
of ~0.2 - 100 µm and 60° to discriminate between the
different types of particles dominating size classes called
typology (droplets, mineral dust and carbonaceous
particles). Data are post-processed and can be expressed
in concentration (number, volume or even in mass
concentration with the typology information) or in
extinction in order to be compared to remote-sensing
instruments.

Figure 2. Size distribution comparison between LOAC,
SMPS and FIDAS in case of water droplets and salt
generated in laboratory under controlled conditions

Figure 3. Comparison between LOAC and TEOM for
different dust concentrations in laboratory
Table 1. List of cross comparisons presented with their
respective conditions
Environment of
comparison
Figure 1. LOAC and the principle of measurement
LOAC has been tested in comparison with
different instruments in several conditions. Two
comparisons are presented here: with FIDAS and SMPS
counters operated at Stockholm University in the sea
spray chamber (Fig.2), and with a TEOM data under
controlled environment in laboratory in LPC2E CNRS
Orléans, France (Fig.3). Other outdoor atmosphere
comparisons (Table 1) with different aerosol counters in
peri-urban and urban conditions were also made.
Balloon-borne LOAC vertical profiles from the
ChArMEx campaign over the Mediterranean Sea has
provided further comparisons with LIDAR and
sunphotometer observations. Finally, the Voltaire
campaign in Aire-sur-l’Adour (South of France) allows
long term comparison with OSIRIS/ODIN satellite
products on mid-latitude stratospheric aerosols.

Laboratory
Ground –
peri-urban
Ground – urban
Low
troposphere
Stratosphere

Instrumentation

Parameter

SMPS FIDAS
TEOM
SMPS GRIMM
HHPC6
TEOM Airparif

Size distribution
Total mass

LIDAR WALI
AERONET
OPC
OSIRIS/ODIN

Total number
PM10 PM2.5
Extinction
vertical profile
Size distribution
Size distribution
Extinction

LOAC is in good agreement with direct and
indirect comparison. Uncertainties on total concentration
in number and mass are about ±20 % and ±5 µg/m3,
respectively.
Acknowledgements. This work is support by ANR
(ANR-2009-ECOT), the MISTRALS program and the
Labex VOLTAIRE (ANR-10-LABX-100-01). Figures
after Renard et al., AMTD, 2015.
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The “dustiness” of nanomaterial powders has been tested
using several different quantification methods that all
involve the application of a given mechanical energy
level to a particular amount of powder, whereby nanoobjects and their agglomerates and aggregates (NOAA)
are aerosolized and measured. Besides the different
operation procedures (environmental conditions,
measurement strategy, etc.), the manner in which the
output data are analysed and reported is of importance
and influence on the results. The absence of a
harmonized approach concerning the measurement
strategies and techniques, metrics and size ranges
considered, as well as the procedures of data analysis
and reporting severely limits the comparability of results
stemming from these dustiness methods. This is a critical
issue when such data are used for scaling or quantitative
predicting (airborne) nanomaterial exposure.
In an aim to develop European standards, a
research program (Dustinano) has been launched with
the objective to develop a harmonized approach for
testing dustiness of nanomaterial in powder form, taking
into account four existing test systems used in Europe.
Here we present the work performed for two of them,
which are 1) the small rotating drum, SRD (Schneider
and Jensen, 2008) and 2) the vortex shaker, VS
(Witschger, 2011). Each system has been deployed in
two institutes.
Ten powders produced on an industrial scale were
chosen with the objective to study substances covering a
wide range of parameters, such as their specific surface
area, SSA (Figure 1).

He Pycnometry, water content by TGA, size,
morphology and chemical analysis of the NOAA by
analytical electron microscopy, crystal structure by
powder X-ray diffraction.
The
harmonized
test
procedure
for
intercomparison tests is based on the use of: 1) a
respirable cyclone for gravimetric sampling, 2) a
Condensation Particle Counter as reference instrument
for number concentration measurement, 3) the
MiniParticle Sampler (MPS, Ecomesure, France) for
collection of particles for electron microscopy
observations/analysis, 4) the Electrical Low-Pressure
Impactor (normal or +, Dekati, Finland) for size-resolved
aerosol measurement. Associated with this methodology,
new standard parameters are proposed to qualify the
dustiness of powders, including the number- and massbased dustiness indices, airborne particle emission rate
as well as particle size distribution of the emitted
aerosol.
First results show good reproducibility and strong
influence of the aerosolization method (Figure 2). The
number-based and mass-based dustiness indices of the
investigated powders present a large span over several
orders of magnitude. The size distributions of the
emitted aerosols cover the range from about 50 nm to
about 10 µm in aerodynamic equivalent diameter.

Figure 2. Comparison of number emission rates obtained in the
SRD and VS for the SiO2 (b).

Figure 1. Specific surface areas obtained by N2 adsorption
(BET method) for the 10 tested powders.

A complete characterization of each powder was carried
out, among which: powder particle size distribution by
Laser Diffraction, SSA by N2 adsorption, bulk density by

This work is supported by the European Commission, as
part of mandate M/461 ‘Nanotechnologies’.
Schneider & Jensen (2008) Ann Occup Hyg, 52, 23
Witschger O. Monitoring Nanoaerosols and Occupational
Exposure. Nanoethics and Nanotoxicology. Springer Berlin
Heidelberg; 2011. p. 163-99.
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Ambient organic carbon (OC) to elemental carbon (EC)
ratios are strongly associated with not only the radiative
forcing due to aerosols but also the extent of secondary
organic aerosol (SOA) formation.
An inter-comparison study was conducted based
on PM10 particulate matter samples collected over the
course of a year in an industrial zone characterized by
the presence of a cement plant and quarries in Alicante
(Spain) to investigate the influence of the thermal–
optical temperature protocol on the OC and EC
concentrations. Three temperature protocols were used:
the NIOSH (National Institute for Occupational Safety
and Health), EUSAAR (European Supersites for
Atmospheric Aerosol Research) and IMPROVE (the
Interagency
Monitoring
of
Protected
Visual
Environments network)-A. All the protocols were run by
the Sunset carbon analyser.
The total carbon (TC) agrees well between all the
protocols used (slopes:0.91-0.97; R2:0.92-0.99). OC and
EC values measured by the three protocols will be
referred to as OCIMPROVE-A and ECIMPROVE-A, OCNIOSH and
ECNIOSH,
OCEUSAAR and
ECEUSAAR,
respectively.
Compared with IMPROVE-A, the NIOSH protocol
tended to classify more carbon as OC. OCIMPROVE-A and
OCNIOSH
exhibited
strong
correlation
(slope = 0.83 ± 0.01, intercept was set as zero;
R2 = 0.95). A worse correlation is found between
ECIMPROVE-A and ECNIOSH (slope = 1.31 ± 0.03, intercept
was set as zero; R2 = 0.51). A slope closer to one is
found
between
OCIMPROVE-A
and
OCEUSAAR
(slope = 0.90 ± 0.03, intercept was set as zero;
R2 = 0.95). With respect to the EC values, the correlation
improves but the slope is still higher than one
(slope=1,26± 0.03, R2 = 0.75), suggesting a higher
detection of EC using the IMPROVE-A protocol. In the
case of the comparison between NIOSH and EUSAAR
protocols, a very good correlation between the OC is
found (slope=1,07± 0.02; R2 = 0.98). The EC values do
not correlate better than they do in the other comparisons
but the slope is closer to one (Fig. 1).
The different concentrations obtained depending
on the protocol used are related to the high concentration
of metal oxides and carbonates present in the filters.
These concentrations are so high that the split between
OC and EC occurs in the inert mode (in 80%, 50%, 14%
of the samples for NIOSH, EUSAAR and IMPROVE-A
respectively). A bias in the OC and EC may be produced
as it is not known if the light absorbing carbon evolving
is EC or PC.

Figure 1. Comparison of the IMPROVE-A vs. NIOSH,
IMPROVE-A vs. EUSAAR, NIOSH vs. EUSAAR for
the OC and EC determination.
This work was supported by the Spanish Ministry
MINECO under the CGL2012-39623-C02-2 (PRISMA)
project. We would like to thank the Spanish Defense
Ministry (EVA n. 5) for allowing access to its facilities.
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OECD-WPMN Dossiers from the Sponsorship Programme – Review of the results for
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Toxicological testing of nanomaterials has been a raising
research area for several years now. Nevertheless there is
still a big lack of standard operating procedures (SOPs)
for the testing of nanomaterials. The procedures for other
chemicals cannot be used in the same way, or even
deliver wrong results. This is especially a big problem
for in vivo testing with animals.
To solve this problem or at least have a starting point for
regulation, the Organization for Economic Co-operation
and Development (OECD) established the Working
Party on Manufactured Nanomaterials (WPMN) in 2006.
The OECD-WPMN initiated the "Sponsorship
Programme for the Testing of Manufactured
Nanomaterials", where a defined set of manufactured
nanomaterials is tested for their physical/chemical
properties, their toxicological potential and their
environmental fade. The results of this program have
been declassified in June 2015 and are publicly available
on the OECD-website. Due to the time frame these
results have been published "as submitted", e.g. without
a review or comparison. This work will present a review
of OECD-WPMN dossiers on the important endpoint
“Particle size distribution”.
The most common way of the exposure to nanomaterials
is breathing and lung-cell contamination. Although
breathing is an aerosol-based way of exposure to
nanomaterials, in most cases of toxicological research
the particle characterization is performed within a liquid.
This often results in a wrong characterization. The
second problem is the preparation chain for the
nanoparticles before characterization. There are several
steps like ultrasonication, dilution, transfer to the gas
phase etc. which strongly influence the result and inhibit
a comparison of the results.
In the Sponsorship Programme the OECD paid particular
attention to that the nanomaterials all come from one
producer and from the same batch. They are always the
same with the same properties. Hence differences in the
results are based on the SOPs or on the characterization
setup and we can now calculate this influence. The big
advantage of the datasets from the OECD-WPMN
Sponsorship Programme is, that the testing of each
institute was unique, without knowledge of the other
results. A real blind test.
Horizontal reading of the results from several material
dossiers delivers very interesting informations. First of
all we see a big difference between studies which used a

standardized protocol for dispersion, and those studies
which dispersed the particles as good as possible.
The use of defined protocols resulted in still
agglomerated particles. We see a wide spread of results
starting from around 100 nm up to several µm. The
results show, that this is not due to variances in
measurement parameters. It seems to be dependent on
the laboratory or the specific operator.
.The studies with an optimized dispersion resulted in
measurements of disperged primary particles. We see a
surprisingly good convergence of the measurements. The
variances occur mainly between different measurements
with the same method not between different methods.
This leads to the insight that we need unified protocols
even for already well established methods like TEM and
DMA.
A very remarkable outcome of this comparison is, that
DMA and TEM both deliver the same results and can
substitute each other, if both are operated well.
Another outcome of this review is, that currently we
cannot compare measurements of agglomerates. This
also prohibits the use of DLS as a standard method for
size determination.

European Aerosol Conference 2016

Tours, France

Page 719 of 1211
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Ambient air quality is monitored around the globe and
aerosols are one of the main constituents in the focus.
The EU has set limit values for particulate matter (PM),
which typically are determined by the European
reference method for measuring the PM10 or PM2.5
mass concentration in ambient air.
The reference method relies on the gravimetric
sampling of PM on filters over 24 hours and weighing
them by means of a balance. A variety of techniques
have been qualified as equivalent methods, including the
Tapered Oscillating Element Monitor (TEOM) and the
Beta Attenuation Monitor (BAM). Both technologies are
widely used and can be very precise, given the right
operating conditions, but come at a cost.
In many applications, an indicative measurement
with an instrument that carries a higher measure of
uncertainty will be adequate. This is in particular the
case if lower cost of ownership makes the operation of
multiple units and thus a better spatial resolution
economically sustainable. Examples include unattended
monitoring e.g. of industrial hot spots, construction sites,
wildfires and at roadsides. It is for such measurements as
well as for supplementing routine air networks that the
new Environmental DustTrak (EDT, TSI Inc.,
Shoreview, USA) was developed. The EDT provides
real-time, near-reference ambient aerosol monitoring
using light scattering photometric technology at a
fraction of the cost of other methods.
The core measurement technology inside the EDT
is based on the well-proven DustTrak II and DRX
instruments (TSI Inc.; Wang et al. 2009). The different
EDT versions can measure either PM2.5, PM10 or
simultaneously total PM, PM10, PM2.5 and PM1. The
monitor is installed in an environmental housing that can
be equipped with omnidirectional sampling inlet, heated
inlet, auxiliary metrological sensors, and remote data
transfer online. Data can be robust and secure accessed
via the internet with the ability of auto-alert notifications
when predefined limits are exceeded. The EDT was
designed with a robust pump and a built-in auto-zero
module for reliable outdoor ambient measurements.
Photometers are direct reading, real-time instruments
that provide near-reference measurement of aerosol mass
(PM fractions). The EDT allows custom calibration
factors to be used to allow a close alignment of the
photometric values with the actual gravimetric mass data
in a given location.
A critical factor for outdoor aerosol
measurements is ambient relative humidity (RH) which

can significantly change the particle size and mass,
especially for hygroscopic aerosols due to their wateruptake. Photometric measurements based on light
scattering are also affected by hygroscopic particle
growth at elevated RH due to an increased scattering
signal (e.g. McMurry et al. 1989 and Day et al. 2000).
Therefore conditioning of the aerosol to a lower RH is
recommended. The EDT achieves this through its heated
inlet that lowers the RH by increasing the temperature in
the inlet depending on both ambient RH and
temperature. In Figure 1 we show the EDT performance
with and without heated inlet for an ambient aerosol at a
site in Singapore with predominately high RH. The
differences in measured PM2.5 concentration are ca.
30% or even higher, confirming the need for aerosol
conditioning before PM measurement.

Figure 1. PM 2.5 data measured over 24-hours by the
EDT without (no conditioning) and with heated inlet (HI
30% RH). The black line is their relative difference.
We have tested the EDT in the field side-by-side to
equivalent instruments and other near-reference
instrumentation. The overall correlation is good but
typically slightly better for PM2.5 comparisons than for
PM10. We will present results from laboratory and field
studies conducted with the EDT during the past year.

Day, D.E., Malm, W.C. and Kreidenweis S.M. (2000), J
Air Waste Manag Assoc 50 (5), 710-716.
McMurry, P.H., and Stolzenburg, M.R. (1989),
Atmospheric Environment 23, 497-507.
Wang, X., Chancellor G., Evenstad J. et al. (2009),
Aerosol Science and Technology, 43:9, 939-950.
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Urban air quality measurements in Finland and China using a PPS-M sensor
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Concern regarding the harmful health effect of
airborne particles has increased the demand for
observations and data on the concentrations of
harmful aerosol particles. Current methods for
observations of the number concentration of harmful
particles have yet to become affordable enough to
allow the construction of dense measurement stations
that would provide data on the high spatial resolution
required for effective measures to lower population
exposures. A promising, economically affordable and
operationally robust method for harmful aerosol
measurements are diffusion charging-based aerosol
sensors, such as the Pegasor PPS-M (Lanki et al.,
2011 Rostedt et al., 2014).
We deployed the PPS-M particle sensor in
two Finnish stationary urban air quality measurement
stations, one located in the roadside environment and
the other in residential area, and in a mobile
laboratory (Järvinen et al., 2015). Additionally, two
other sensors were installed in a highly-polluted
megacity setting in Beijing, China, over a longer time
period to evaluate the instruments response in
varying aerosol loadings. Because the response of the
PPS-M depends on the size distribution of the
ambient aerosol, we compared the PPS-M with a
range of other particle instrumentation, including and
ELPI, MSP Wide Range Particle Spectrometer
(WPS), NSAM, CPC, and PM2.5 from TEOM.
In addition to studying the PPS-M data, we
also performed measurements in which the PPS-M
was set up to operate with variable trap voltages
applied. The instrument trap voltage is known to
affect the particle size-dependent response function,
and therefore our aim was to investigate the
differences in the PPS signal with different PPS-M
trap voltages, and explore the possibilities of using
this information to gain insight in on the size
distribution using only the PPS-M instrument.
For Finnish measurements, the PPS-M was
found to correlate very well with both condensation
sink values and lung-deposited surface area, while
less correlation was found for mobile measurements.
The difference in the response can be attributed to
variance of the size distributions between the
observations.

For Beijing, the analysis of the size
distribution data showed that the aerosol size
distribution was highly variable in the Beijing air. kmeans clustering of the normalized size distribution
data showed that at times, the aerosol was loaded
with fresh nanosized particles, while at times the
aerosol was clearly dominated by the accumulation
size. The variability in the size distribution was also
reflected in the PPS-M response, which varied with
the aerosol size distribution.
Using the data with variable trap voltages, we
were able to develop a calibration expression for total
particulate volume and number. Using only the signal
of the PPS-M, using the signal ratio at different trap
voltages, we could significantly improve the
correlation between the PPS-M and WPS number
concentration observations. Overall, the PPS-M was
found to be applicable as a megacity aerosol sensor,
and the variable trap voltage method, while reducing
the time resolution of the instrument, produced
information on the average size of particles. As the
diffusion charging-based sensors such as the PPS-M
are fairly inexpensive when compared to other
instruments, operate well also on very polluted
environments, and require comparatively low
maintenance, this potentially improves their
attractiveness as components of urban air quality
monitoring networks in polluted urban areas.
Acknowledgements: This work was funded by the
Tekes MMEA research program of CLEEN Ltd, and
the Maj and Tor Nessling foundation.
Järvinen, A., Kuuluvainen, H., Niemi, J.V., Saari, S.,
Dal Maso, M., Pirjola, L., Hillamo, R., Janka, K.,
Keskinen, J. and Rönkkö T. (2015) Urban
Climate 14, 441-456.
Lanki, T., Tikkanen, J., Janka, K., Taimisto, P. and
Lehtimäki, M. (2011) J. Phys.: Conf. Ser.,
304:012013.
Rostedt, A., Arffman, A., Janka, K., Yli-Ojanperä, J.
and Keskinen, J., (2014) Aerosol Sci. Tech. 48,
1022-1030.
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use of an Electrospray Source coupled with a Liquid Flow Meter and a Scanning
Mobility Particle Sizer
G. B. Baur, and K. Vasilatou
Laboratory of Particles and Aerosols, Federal Institute of Metrology METAS, Bern-Wabern, CH-3003,
Switzerland
Keywords: Electrospray, Nanoparticles, Colloidal suspensions, Characterization, Concentration.
Presenting author email: konstantina.vasilatou@metas.ch
The use of nanoparticles (NPs) in biology, medicine,
food industry or paintings increased extensively during
the last decade. For all these applications an accurate
characterization of the NPs properties is required.
The determination of the NPs-concentration is of
great importance for the characterization of colloidal
suspensions. Routinely the assessment of the NPs
absolute concentration is carried out using UV/vis
spectroscopy (Haiss et al, 2007). However, accurate
measurements require the particle extinction coefficient
which depends on the particle size and shape. Moreover,
this method does not allow accurate measurement of the
particle size distribution over a large size range.
Several authors have reported on the
measurement of the mobility size distribution of NPs
using an Electrospray (ES) combined with a differential
mobility analyzer (DMA) and a condensation particle
counter (CPC) (see Lenggoro et al, 2002, Li et al., 2013
and references therein). Recently, a similar setup was
used for the determination of the number concentration
of NPs in suspensions (Li et al, 2011). This method
requires the determination of the droplet size generated
by the ES source which is later used for the statistical
analysis of the droplet-induced oligomer formation upon
dispersion of the suspension by the ES.
The objective of the current work is to develop a
simple and accurate method that allows the simultaneous
measurement of the particle size distribution and the
absolute concentration of NPs in suspensions. The
system consists of an ES, a DMA and a CPC as reported
in previous studies, but the ES is coupled here with a
liquid mass flow meter (MFM). The colloidal suspension
is first diluted in an ammonium acetate buffer before
being dispersed in the ES at a flowrate measured by the
MFM. The particle size distribution is determined in the
gas phase with the DMA/CPC, whereas the absolute
particle concentration in the suspension is calculated by
measuring the liquid flow rate through the capillary, the
flowrates of the carrier gases (dry purified air and CO2)
entering the ES and the particle counts per unit volume
measured by the CPC. All the devices used in this study
were calibrated in a traceable manner.
The aerosol formation process was optimized
depending on the size and concentration of the NPs in
the sample. By adjusting the dilution factor, the buffer
concentration and the liquid flow rate, particles with a
mobility diameter ranging from 20 to 700 nm could be
measured.

We will present measurements of monodisperse
spherical gold, silica and polymeric NPs of different
sizes and concentrations which were either commercially
available or synthesized by our project partners
(14IND12 EMPIR-Innanopart project). These samples
were prior characterized with respect to particle size and
number concentration by methods, such as Small Angle
X-ray Scattering (SAXS), single-particle Inductively
Coupled Plasma Mass Spectrometry (spICPMS),
Transmission Electron Microscopy (TEM) and Scanning
Electron Microscopy (SEM).
Hence we will demonstrate the ability of our
method for an accurate characterization of the number
concentration and the size distribution of NPs in
suspensions. The method is very general and can be
applied to NPs of different materials.
This work is part of the 14IND12 Innanopart
project funded by the European Union through the
European Metrology Programme for Innovation and
Research (EMPIR). The EMPIR initiative is co-funded
by the European Union’s Horizon 2020 research and
innovation programme and the EMPIR Participating
States.
Haiss, W., Thanh, N. T. K., Aveyard, J. and Fernig, D.
G. (2007) Anal. Chem. 79, 4215-4221.
Lenggoro, I. W., Xia, B., Okuyama, K. and Fernandez de
la Mora, J (2002) Langmuir 18, 4584-4591.
Li, M., Guha, S., Zangmeister, R., Tarlov, M. J. and
Zachariah M. R. (2011) Langmuir 27, 14732-14739.
Li, M., You, R., Mulholland, G. W. and Zachariah, M.
R. (2013) Aerosol Sci. Tech. 47, 1101-1107.
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Particle-Into-Liquid Samplers (PILS) are used to collect
aerosols into liquid samples for further investigation,
such as, liquid chromatography (Sorooshian et al., 2006).
A PILS uses high supersaturations to activate water
soluble particles to droplets, which are collected at an
impaction plate and rinsed off by a wash flow, which is
subsequently collected in a suitable vial.
In this study, the sampling characteristics of a PILS
(Brechtel, Model 4001) are investigated for soot
particles, which are known to be water-insoluble, but
may be wettable.
A miniCAST burner (Jing Ltd) is used to produce
propane soot with varying C/O ratios, which is sampled
both with a filter sampler and, after a dilution step, the
PILS. The experimental setup is shown in Fig. 1.
An integrating sphere technique is used to determine
black (BC) and brown carbon (BrC) both in the filter and
the liquid PILS samples (Wonaschuetz et al., 2009). The
filter samples are also analyzed for elemental (EC) and
organic carbon (OC) using a thermal-optical technique
(Sunset Analyzer, Sunset Labs, Inc.) with the EUSAAR
2 protocol (Cavalli et al, 2010). So the transfer of soot
into the liquid PILS samples can be investigated both in
terms of BC/BrC and EC/OC; also as a function of the
C/O ratio in the miniCAST, which strongly influences
the composition of the produced soot (Kim et al., 2015).

Figure 2. BC concentrations measured in PILS samples
vs. BC concentrations on filters.
Size selective measurements will be performed to
investigate a possible size dependence of the transfer
efficiency. Further investigations will be performed also
to determine the transfer efficiency of miniCAST soot in
terms of EC and OC using filter samples analyzed with
the thermo-optical method.
Acknowledgement: This work is supported by the FWF
(Austrian Science Fund), grant P26040.
Cavalli, F.; Viana, M.; Yttri, K.E.; Genberg, J.; Putaud,
J.-P. (2010) Atmos. Meas. Tech. 3, 79–89
Kim, J.; Bauer (†), H.; Dobovicnik, T.; Hitzenberger, R.;
Lottin, D.; Ferry, D.; Petzold, A. (2015 Aerosol Sci.
Technol. 49, 340-350
Sorooshian, A.; Brechtel, F. J.; Ma, Y.; Weber, R. J.;
Corless, A.; Flagan, R. C.; Seinfeld, J. H.. (2006)
Aerosol Sci. Technol. 40, 346-409
Wonaschütz, A.; Hitzenberger, R.; Bauer, H.;
Pouresmaeil, P.; Klatzer, B.; Caseiro, A.; Puxbaum,
H. (2009) Environ. Sci. Techn. 43, 1141-1146

Figure 1, Experimental setup
The experiment is performed several times for soot
produced in the miniCAST with varying C/O ratios
First results show that contrary to expectations, soot is
indeed transferred into the liquid samples obtained from
the PILS. Sampling efficiencies for BC range from about
1% to more than 10% (see Figure 2).
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A photochemical chamber was designed and built to
study secondary gas and aerosol formation from ethanol
blends in gasoline. The exhaust from two flex-fueled
vehicles was irradiated in the chamber to simulate
atmospheric aging of the emissions and formation of
secondary organic aerosol. One vehicle and the fuel used
were made in USA and the other was made in Brazil.
Primary emissions of THC, CO, CO2, NOx and NMHC
for both cars decreased as the amount of ethanol in
gasoline increased. However, emissions of HC, CO and
NOx from the Brazilian car were markedly higher than
the American car. Fuel efficiency remained
approximately the same for both vehicles.
Results
The first vehicle was a 2012 flex-fueled Ford
Focus 2.0 GDI. It was manufactured according to U.S.
specifications. Pure gasoline (E0) and three standard
ethanol blends were used: 10% (E10), 85% winter
(E85W) and 85% summer (E85S).
The other vehicle was a Chevrolet Prisma 1.4
flex-fueled vehicle. It was manufactured according to
Brazilian specifications for use with ethanol blends in
gasoline. It was tested with 22% ethanol and 100%
ethanol (E22 and E100, standard blends imported from
Brazil).
The mean concentrations of the gases measured
for urban and highway cycles and for cold and hot start
show that the Chevrolet Prisma has larger emissions than
the Ford Focus. This contrast is most likely due to the
different technology of the cars and the formulation of
the gasoline and ethanol. The Ford Focus was made in
USA and the Chevrolet Prima was made in Brazil, the
ethanol/gasoline mixtures for the two vehicles were
imported from the US and Brazil, respectively. Another
very clear observation for both cars is that as the amount
of ethanol in gasoline increases, the emissions of THC,
CO, CO2, NOx and NMHC decrease. The only gas with
higher emissions with increasing ethanol content is CH4
in the Ford Focus. Fuel efficiency remained the same for
the Ford Focus at 15 km/l and increased slightly in the
Chevrolet Prisma from 13.7 km/l with the E22 blend to
16.6 km/l with the E100.
After filling the chamber, the UV lamps were turned on.
The maximum NO concentration measured inside the
chamber was observed at this moment, because later, NO

reacted rapidly into NO2. For the US vehicle and fuel
blends, the lowest NO concentrations were observed for
the US E85. For the Chevrolet Prisma, NO concentration
at the beginning of the experiment was much higher than
the Ford Focus and this difference is most likely related
to the difference in car technology. Figure 1 shows
clearly the conversion from NO to [NOx–NO] because
as the second increases, the first decreases. However, the
concentration of [NOx–NO] relative to O3 is much
higher in the Ford Focus than in the Chevrolet Prisma.
For the Ford Focus with the E10 blend, the maximum O 3
concentration is about 40% higher than the [NOx – NO]
maximum concentration (for the E0 blend it is 17%
lower, for E85W the maximums are similar, for E85S it
is 40% lower). For the Chevrolet Prisma with the E22
blend, the maximum O3 concentration is 75% lower (for
the E100 blend, O3 is 80% lower).

Figure 1. NO, NOx – NO and O3concentration inside the
chamber for the E85W blend versus irradiation time.
For all fuel blends, secondary particle matter formation
occurs with the initial nucleation of ultrafine particles,
which then coagulate and grow with condensation of
material into particle phase. For all blends, the maximum
of the mass concentration is reached after the maximum
in O3.
This work was supported by The Inter-American
Development Bank; contract No ATN/OC-13243 CH
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samples.
We
therefore
performed
laboratory
measurements of reference rBC materials (CAST soot,
carbon blacks, graphitic nanoparticles) to explore the
discrepancy in ambient measurement with these two
instruments. These results will be discussed in reference
to the High-Sensitivity mode of the AC-LII, in which the
temperature of incandescing rBC is not directly
measured.
5

LII

4
–3

rBC [µg m ]

To date, two commercial approaches to Laser
Induced Incandescence (LII) measurement of refractory
black carbon (rBC) have been developed: the SP2 and
the Auto-Compensating LII (AC-LII; “AC” refers to
online corrections for fluctuations in variables such as
temperature and laser power). The primary difference
between the two instruments is the laser heating method,
or equivalently the physical state of the heated rBC
during measurement.
In the SP2 (Droplet Measurement Technologies,
CO, USA), particles are introduced into a 1064 nm
continuous-wave laser cavity and eventually heated to
incandescence in the presence of rBC (Schwarz et al.,
2006). The peak incandescence point (~4000 K),
occurring before rBC sublimation, is calibrated to singleparticle rBC mass using reference materials. Radiative
particle cooling is not relevant for typical rBC particle
sizes (Moteki and Kondo, 2010). In the AC-LII (Artium
Inc., CA, USA) rBC particles are heated by a pulsed
1064 nm laser to ~3000 K (Artium Inc, 2015). The total
mass of rBC in all particles residing within the optical
cavity can be calculated with the resulting incandescent
radiation at a single wavelength and the corresponding
soot surface temperature, which is determined by twocolor pyrometry. The limit of quantification of the ACLII has recently been pushed down to atmosphericallyrelevant levels. The usefulness of this sensitivity has
been demonstrated by Liggio et al. (2012) for on-road
vehicles.
This study was motivated by the physical
differences between the SP2 and AC-LII measurement
processes, and the possibility of long term sampling by
AC-LII; the goal was to establish the degree of
consistency between the two using well-characterized

SP2
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5 min
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Figure 1: Time series of ambient rBC measurement.
Acknowledgements: This work was supported ERC
Starting Grant “BLACARAT”.
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Precursor influence on the granulometric and optical properties of flame made titania
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influenced by either the combustion enthalpy or the
type of salt. BET exhibits the specific surface and
surface constitution of the TiO2 nanopowders.
Carbon contamination and surface attached species
are determined via TGA and range from 4 wt% to
16 wt%. The optical bandgap measured by diffuse
reflectance spectroscopy is linearly depending on the
mass loss of the powders. Additionally, the
photoluminescence characterizes defect states and
oxygen vacancies, which are influenced by the
solvent nature.
Ti-ethylhexanoate

Ti-ethylhexyloxide

Intensity [a.u]

Nanoparticulate titania is, due to its high refraction
index, mainly used as a nontoxic and economic white
pigment in paintings and lacquers to improve their
coverage and tint reducing power. As a wide band
gap semiconductor and photocatalyst it is, dispersed
in organic solvents and deposited as thin film on e.g.
flexible substrates, also applied in printable
electronic devices, such as DSSCs or catalysts for
self-cleaning. (Chang et al., 2008)
To cover the high demand of this low cost
material an energy efficient and solvent free
synthesis method with high production rates, for
example a flame spray process, is required. Utilizing
this technique particle size, shape, optical band gap
and defect states of the particles can be controlled by
the formulation of the precursor and the synthesis
route. In this work, a systematic study about the
usage of different titanium precursor salts and
various solvents is conducted. The resulting particles
are successively analysed regarding their optical and
morphological properties. Especially, the influence of
solvent boiling point and combustion enthalpy as
well as the molar weight of the salt are taken into
account.
Different liquid precursors, Ti-isopropoxide,
Ti-2-ethoxide, Ti-2-ethylhexyloxide and Ti-2ethylhexanoate dissolved in various solvents, are
dispersed by a nozzle into the spray flame. In the
flame,
pyrolysis
reactions
lead
to
high
supersaturation and therefore to particle nucleation
with subsequent growth, agglomeration and sintering.
The solvent combustion enthalpy and boiling point
are important set screws to tailor TiO2 with desired
properties. The reactor set-up (Siriwong et al., 2009)
allows producing TiO2 with different anatase and
rutile phase composition and particle sizes in the
range of 6 nm up to 60 nm. These particles are then
collected on a membrane filter.
XRD measurements reveal the presence of
two different titania phases, anatase and rutile. The
non-gaussian peak shape, see figure 1, indicates a
crystallite size distribution for anatase particles in a
range of 6 nm to 60 nm. Figure 1 also indicates that
structure equivalent salts lead to similar particle
morphologies by using the same precursor solvent.
The rutile phase shows a crystallite size, depending
on precursor salt and solvent, between 15 nm and
40 nm. The composition of anatase and rutile can be
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Ti-isopropoxide
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Figure 1. Diffragtograms of TiO2 nanoparticles synthesized
with different precursor salts in 2-methoxyethanol

The aerosol synthesis will be reviewed
shortly. The properties of the titanium dioxide
particles will be discussed regarding morphology,
carbon content and opto-electronical properties.
Special emphasis will be placed on the influence of
the solvent boiling point, combustion enthalpy and
molar mass of the precursor salt.
This work was supported by the German
Research Council (DFG) and the Cluster of
Excellence “Engineering of Advanced Materials”
(EAM).
Chang, H., Kim, S., Jang, H. & Choi, J. (2008). in
Colloids and Surfaces A: Physicochemical and
Engineering Aspects, Volumes 313-314, 282-287
Siriwong, C. Wetchakun, K., Wisitoraat, A., &
Phanichpant, S. (2009). in Proc. of IEEE Sensors
2009 Conference, 118-123.
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One-step synthesis of atomically dispersed palladium on titania for NO removal
K. Fujiwara* and S.E. Pratsinis
Particle Technology Laboratory, ETH Zurich, Sonneggstrasse 3, 8092 Zurich, Switzerland
Keywords: Flame spray pyrolysis, atomically dispersed Pd, TiO2 photocatalyst, NOx removal.
Presenting author email: fujiwara@ptl.mavt.ethz.ch

NO removal efficiency as NOx, %

Noble metal catalysts deposited on metal oxide supports
are broadly used as heterogeneous catalysts. Size
reduction of such noble metal particles is a classic way
to enhance their activity with minimizing the use of
expensive noble metals.2 Recently, loading of extremely
small Pd clusters (~ 0.5 nm) on TiO2 by flame spray
pyrolysis (FSP) exhibits superior photocatalytic activity
for NO removal1 and its further size reduction from the
clusters to the isolated atoms have a great potential to
maximize the NOx removal activity.
Here, TiO2 with different Pd loading (0-3%) were
prepared by FSP to attain atomically dispersed Pd atoms
on TiO2. The photocatalytic NO (1 ppm) removal
efficiency of those Pd/TiO2 under solar light (100
mW/cm2) was evaluated based on ISO 22197-1:2007.
The average NOx removal1 (ηNOx) for 5 h is
5h c
c
c
 NOx   NOin NOout NO 2out dt .
0
c NOin
z, wt%
0
0.05
0.1
0.2
0.5
1
3
P25
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Figure 1 Solar NO removal activity as NOx, ηNOx, of
zPd/TiO2 (z = 0-3 wt%) as-prepared and annealed at
different temperatures (400-600 oC) in air for 2 h.
Figure 1 shows the ηNOx of zPd/TiO2 (z = 0-3 wt%) asprepared (25 oC) and annealed at different temperatures
(400-600 oC) in air for 2 hours. Most of the removed
NOx are converted into nitrate ions that remain on the
particles surface.1 Annealing at 400 oC removes most of
incomplete combustion products on the surface, which
improves the ηNOx. By annealing at 400 oC, the ηNOx for z
= 1 and 3% reaches maximum at 50.1% and 34.5%,
respectively and gradually decreases with increasing
annealing temperature. On the other hand, at z = 0.05-0.5,
the ηNOx continuously increases up to 600 oC where the
ηNOx reaches to comparable value for 1Pd/TiO2 annealed
at 400 oC. Interestingly, those optimal annealing
temperatures for zPd/TiO2 are different from that of pure

TiO2 that is 500 oC. Therefore, the different Pd loading
influences the characteristics of Pd that play a significant
role on NOx removal efficiency.
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Figure 2 DRIFTS of zPd/TiO2 (z = 0-1 wt%) annealed in
air at 600 oC for 2 h in NO (1000 ppm) in N2 at 40 oC.

Figure 2 shows DRIFTS of NO adsorption on zPd/TiO2.
For pure TiO2 (Z = 0), there are several broad peaks
(1581, 1554 and 1442 cm-1) corresponding to nitronitrito complexes on TiO2.3 In the presence of Pd
clusters1 at Z = 1, NO adsorption4 on single (1850 cm-1)
and double (1645 cm-1) Pd atoms as well as at the
hollows of 3- and 4-fold coordinated Pd atoms (1510 cm1
and 1420 cm-1) are observed. The peak intensities of
adsorption sites involving multiple Pd atoms become
weaker at lower z and, at z = 0.1 and 0.2, the peaks
disappear. On the other hand, the peak intensity of the
linear NO adsorption on single Pd atom (1850 cm-1) is
independent from z. If Pd atoms are isolated, the
adsorption sites with multiple Pd atoms should not
appear while only the one on single Pd atom does. This
means the dominant presence of isolated Pd atoms at z =
0.1-0.2 while co-existence of the isolated ones and the
clusters at z = 0.5-1. Since the ηNOx of 0.1-1Pd/TiO2
annealed at 600 oC are comparable, the isolated Pd
seems the dominant active site for photocatalytic NO
removal.
1. Fujiwara, K.; Müller, U.; Pratsinis, S. E., ACS
Catalysis 2016, 1887-1893.
2. Flytzani-Stephanopoulos, M.; Gates, B. C.,
Atomically dispersed supported metal catalysts. Annu.
Rev. Chem. Biomol. Eng. 2012, 3, 545-574.
3. Macleod, N.; Cropley, R.; Lambert, R. M., Catal. Lett.
2003, 86, 69-75.
4. Loffreda, D.; Simon, D.; Sautet, P., J. Catal. 2003,
213, 211-225.
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Catalytic conversion of glycerol with reduced Co2AlO4 nanoparticles produced by flame
spray pyrolysis
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Biodiesel is currently one of the most important biofuels
(Martino et al., 2008). However, about 10-wt% of
glycerol is formed as a by-product during the
transesterification process of vegetable oil to biodiesel
(Zhou et al., 2008). Therefore the catalytic conversion of
glycerol to added value chemicals has been intensively
studied.
The catalytic-alumina particles are typically
prepared in a solution followed by thermal treatments in
air (Dumond et al., 2007). However, the thermal
treatments are likely to induce migration of cobalt into
alumina forming an aluminate spinel that cannot be
reduced below 800 ºC. Co3O4 and γ-Al2O3 also have
isotype crystal structures which enables the migration of
ions from cobalt oxide into the underlying support. The
optimization of dispersion and degree of reduction is
therefore demanding.
In the current study Co2AlO4 nanoparticles were
synthesized using flame spray pyrolysis (FSP). In order
to activate Co particles the produced powder was
reduced using a temperature programmed reduction
(TPR) at 850 ºC for 1h. The catalytic activity of the
powder was then tested for glycerol hydrogenolysis
using a quartz fixed bed down flow reactor at 573 K for
6h. The properties of the powder were characterized
before and after the reduction using electron microscopy
and X-ray diffraction. The surface characterization was
carried out using X-ray photoelectron spectroscopy.
According to BET analysis the total surface area
of the as-synthesized Co2AlO4 powder was around 174
m2/g with a mean pore diameter of 10 nm. Figure 1A
show a TEM images of the produced particles. The
particles were spherical with the particle size between 50
nm and 200 nm. The particle surface consists of Co, Al
and O. The atomic ratio of Co/Al on the surface is 0.27
which is lower than ratio of nominal CoAl2O4 (0.5).
A TEM image of the reduced powder is shown in
Figure 1B. The appearance of Co nanoparticles with
sizes between 3 and 8 nm can be observed, as well as the
formation of shell-like. The reduction also caused a
significant decrease in Co/Al atomic ratio down to 0.11.
This indicates the reduction of exposed Co atoms in the
aluminate to metallic Co.
Based on the TPR profile the reduction of
CoAl2O4 is a two stage process. At temperatures between
200 and 250 ºC Co3O4 is first reduced to CoO which is
then further reduced to metallic Co. The second stage of

the reduction takes place at temperatures between 500
and 800 ºC. At this temperature range the oxidized
cobalt species (Co2+ and Co3+) which are strongly
interacting with the support are reduced to metallic Co
(Arnodly and Moulijin, 1985).

(A)

(B)

Figure 1. TEM images of the Co2AlO4 particles (A) assynthesized and (B) after the reduction.
The reduced Co2AlO4 consisting of Co and Al2O3 was
observed to promote dehydration and dehydrogenation
of glycerol. The main products were hydroxyacetone,
lactic acid, and lactide. However, the glycerol
conversion dropped from 80 % to around 35 % after 4 h
of reaction, indicating deactivation of the catalyst. The
deactivation is most likely due to the deposition of
carbon species on the surface of the catalyst powder
during the dehydration reactions.

This work was supported by the strategic funding of the
University of Eastern Finland (Namber).

P. Arnoldy and J.A. Moulijn (1985) J. Catal. 93, 38.
F. Dumond et al. (2007) J. Phys. Chem. C 111, 4780.
D.S. Martino et al. (2008) Energy Fuels 22, 207-217.
C.H. Zhou et al. (2008) Chem. Soc. Rev. 37, 527-549.
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Optimizing nanoparticle production with aerosol instruments for antibacterial and
photocatalytic nanocoatings by Liquid Flame Spray
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Aim of this study is to evaluate antibacterial
and photocatalytic activity of nanocoatings, made by
Liquid Flame Spray (LFS) aerosol synthesis method
(Tikkanen et al.). In LFS method, liquid precursor
solution is injected into turbulent H2/O2-flame. Due
to high temperature of the flame, precursor solution
evaporates and generates solid nanoparticles via
various aerosol processes. Produced nanoparticles are
deposited onto substrate directly from the flame or
indirectly, using specially designed deposition tube.
In both deposition methods, substrate is covered with
nanoparticles from the aerosol. However, when using
metal nitrates as precursors, larger residual particles
are often observed. To minimize the residual particle
formation, process parameters and precursor solvents
can be tuned. Process can be monitored in real-time
with aerosol instruments, such as ELPI+ and
DENSMO (Juuti et al.) and LFS parameters
optimized accordingly.
Microscopic glass slides were chosen as
substrate material, but other (even heat-sensitive)
substrates can be used as well. LFS nanocoating has
been previously applied also in roll-to-roll process
(Haapanen et al.), which would be beneficial for
developing
cost-effective
antibacterial
and
photocatalytic surfaces for various applications.
Liquid precursor solutions for TiO2 and Ag
nanoparticles were prepared by mixing titanium(IV)
isopropoxide (TTIP) into 2-propanol and diluting
AgNO3 into deionized water and ethanol,
respectively. Produced nanoparticles were analyzed
in aerosol phase by SMPS, ELPI+ and DENSMO for
process optimization. Deposited nanoparticles
(primary particle size ~30 nm) were analyzed by
TEM and SEM. Antibacterial activity was tested with
Falcon tube method where o/n growth bacteria (E.
coli / S. aureus) was diluted into phosphate buffer
saline (PBS). Nanocoated samples were put into
Falcon tube containing 1ml PBS and incubated at
room temperature for 24 hours. Antibacterial tests
were done for Ag and TiO2 nanocoatings.
Photocatalytic activity of the samples was tested by
analyzing ability to decompose gaseous acetone in
the closed chamber under UV light. Concentration of
CO2 increases in the chamber as acetone decomposes

to CO2 and H2O via photocatalytis under UV
exposure. CO2 concentration change rate (ppm/min)
was analyzed and compared between different TiO2
coating thicknesses.
Results of the antibacterial and photocatalysis
testing show a clear increase in activity as the amount
of the nanocoating increases (Figure 1). Coating
thickness increases as number of coating sweeps
increase. LFS-made TiO2 nanocoatings are
considerably more effective photocatalytic coatings
than commercially available Pilkington Activ glass.
LFS-made Ag nanocoatings are highly antibacterial
according to preliminary antibacterial tests. Further
study will focus on combining antibacterial and
photocatalytic properties to one nanocoating.

Figure 1: Photocatalytic activity of TiO2 coatings
with different thicknesses (number of sweeps).
Higher value means better photocoatalytic activity.
Tikkanen et al. (1997). Characteristics of the liquid
ﬂame spray process. Surface and Coatings
Technology 90 (3), 210–216
Juuti et al. (2015). Real-time effective density monitor
(DENSMO) for aerosol nanoparticle production.
Aerosol Sci. Technol., Submitted.
Haapanen et al. (2015). Binary TiO2/SiO2 nanoparticle coating for controlling the wetting
properties of paperboard. Mater. Chem. Phys.
149-150, pp. 230-237
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Tuning of Indium Antimony nanoparticles generated with spark discharge
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Introduction
Indium antimonide (InSb) is one of the III-V
semiconductor materials which show great promise for
the future of downscaled electrical and optoelectronic
components. InSb has a small band gap and inherent
high electron mobility which makes it a good candidate
material for infrared detectors and high speed
electronics.
The processing and production of antimonides are
among the most challenging materials systems. This
makes them not as well studied as other material
systems.
Generation
of
nano-sized
semiconductor
compound aerosol particles is a challenging task, but can
provide a good way of continuous production if
successful. Previous work has focused on silicon
particles and some III-V materials . Many of the III-V
compounds are not suitable for generation with spark
discharge due to their toxicity, stability in air, and
stability at elevated temperatures, but InSb combines the
requirement of only being moderately hazardous and
having stable electrodes, in addition to the scientific
interest in the properties of the nanoparticles. Some areas
in particular are the optical properties and how they
change with the particle diameter and generation
parameters, and the use of aerosol generated III-V
nanoparticles as seed particles for nanowires, which
would be possible to study of a stable method of
production was developed.

Figure 1. Sintering of InSb in different atmospheres

Methods
In the process of optimizing the generation, the
sintering behaviour of the produced agglomerates was
investigated. Bulk InSb have a melting temperature of
527ºC which would suggest that the compaction of the
agglomerates would occur around 500º C if the particles
are pure InSb. In Fig 1 the sintering in different carrier
gas is shown. It was clear that no compaction occurred
and the agglomerates were still intact at 525ºC in N 2
which could indicate the formation of oxides, something
that antimonides are known to easily form. With an
addition of 5 vol% H2 to the carrier gas and a sintering
temperature of 500ºC it was possible to generate
compacted spherical particles, example of a 40 nm (d m)
can be seen in Fig. 2.

Conclusions
This method of InSb particle generation could be
an alternative for production of III-V particles as the
initial tests shows full compaction of agglomerates and
the compacted particles show good crystalline quality.

Figure 2. TEM micrograph of a compacted dm=40nm
InSb particle
References
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Thin conductive layers from Cu nanopowders produced by arc discharge
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The production of electrically functional devices can be
done more economically by means of printing
technologies when compared to conventional highvacuum PVD technology. In this field, the synthesis of
copper nanoparticles has attracted much attention
because of its huge potential for replacing expensive
nano-silver inks utilized in conductive printing. The used
copper nanoparticles are traditionally synthesized by wet
chemistry routes, which are difficult to scale-up. In this
work, an arc discharge process was optimized for the
requirements of copper-based nanoinks, and a dispersion
of gas-phase synthesized copper nanoparticle powder
was formulated.This work is aimed at maximizing the
electrical conductivity of thin layers produced from these
dispersions as function of the process and film
preparation conditions.
The arc discharge process (Stein et al., 2013) guarantees
the availability of high-purity metallic nanoparticles with
high-process throughput (guaranteed by the concept of
parallelisation of simple single units), low product costs
and high energy-efficiency, with minimal impact on the
environment. A pilot plant applying 16 single discharge
units was developed to allow sufficient supply of
nanopowder. The most important powder property is the
primary particle size, which can be varied by means of
the carrier gas composition or the arc current.
Nanopowders based on particles of two different primary
particles sizes are investigated here, 86 and 50 nm.
The dispersion with 40 wt% of copper added was
optimized in view of its stability as well as the electrical
conductivity of the produced films. Ethanol is used as
main dispersant for the 50 nm samples, whereas
isobutanol and glycerol were added to the 86 nm
dispersions. The nanodispersion is mill grinded (M400,
Retsch, Haan, Germany) for 3 hrs to break soft
agglomerates. The stabilized dispersion is then printed
on a glass substrate by a spin coater (Spin 150, SPS,
Putten, Netherlands), which allowed to vary the film
thickness by means of the rotating speed. The inks were
then dried at different temperatures to obtain a solid thin
film. Film thicknesses between 500 and 5000 nm were
obtained, which was measured by means of a
profilometer (XP200, Ambios, Santa Barbara, US). The
electrical resistance has been measured in a four-point
probe station, the resistivity can then be calculated by
multiplying with the measured film thickness.
For both particle sizes, a study was made of the sintering
conditions such as sintering pressure and temperature. In
Fig. 1, the effect of sintering can be seen. The electrical

conductivity of the printed layer is also dependent on the
layer thickness, as the thinner layers show better
conductivity.

Figure 1. The effect of sintering of the electrical
conductivity.
The results are compared to nanoinks produced via wet
chemical routes in Table 1.
Table 1. Comparison of electrical conductivity of the
thin Cu films from different preparation routes.
Cu
primary
particle size
50 nm
86 nm
Liquid
phase
processes,
literature data
Bulk copper

Electrical
conductivity
(unsintered)
9·10-4 S/m to
1.1·10-1 S/m
6.7·104 S/m to
2.3·105 S/m

Electrical
conductivity
(sintered)
2.7·106 S/m to
7.7·106 S/m
8.4·104 S/m to
1.8·106 S/m
9.1·105 to
8.7·106 S/m
5.8·107 S/m

The printed copper films maintained their electrical
conductivity after 14 months, with only a small decrease
in conductivity.
This work was supported by the European Union´s
Seventh Framework Program (EU FP7) under Grant
Agreement No. 280765 (BUONAPART-E).
Stein, M., Kiesler, D., Kruis, F.E. (2013) J. Nanopart.
Res. 15:1400.
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At the present time, the aerosol nanoparticles are
coming into use in printed electronics and photonics
(Hoey et al., 2012). In this connection, the development
of various cost-effective methods of synthesis of
nanoparticles in the gas phase is of particular
importance. The spark discharge is one of promising
methods allowing to produce high-purity ultrafine
particles. The main drawback of this method is low
production rate (less than 10 mg/h), which nevertheless
can be overcome through increasing the repetition rate of
discharges (Pfeiffer et al., 2014) or the number of
discharge gaps (Efimov et al., 2013). In this work, both
approaches have been embodied in the new multi-spark
discharge generator (m-SDG) used for high-yield
production of metal oxide nanoparticles.
The scheme of m-SDG is presented in Figure 1a.
It consists of 12 pairs of electrodes connected in series,
which are purged continuously by a clean air at a rate of
15 m/s. To apply high voltage between the electrodes,
the 12-nF capacitor is used; the repetition rate of
discharges is controlled by the pulsed generator. In order
to produce alumina and tin oxide nanoparticles the
following regime was used: 4.5 kV and 2.5 kHz.

primary nanoparticles are combined into agglomerates
with a size of about 50-80 nm that is in good agreement
with the data obtained from aerosol analysis (Figure 2).
The estimated values of production rate of two
types of nanomaterials are presented in the Table 1. The
achieved production rate is found to be at least 100 times
greater than that of conventional aerosol generators
operating in the self-breakdown mode (Bau et al., 2012).
Table 1. The production rate of nanoparticles obtained
by m-SDG by using electrodes made of Al and Sn.
Electrode
material

Production
rate

Al

0.3 g/h

Sn

9 g/h

Composition (XRD)
γ-Al2O3 (46%) and amorphous
Al2O3 (54%)
β-Sn (2%), SnO2 (94%) and
SnO (4%)

The proposed technology of high-yield synthesis
of ultrafine airborne particles opens up fresh
opportunities for their industrial application, for
example, in electronics and precision engineering, by
employing aerosol jet printing.

Figure 2. Size distribution of as-synthesized airborne
Al2O3 and SnO2 nanoparticles.
Figure 1. A scheme of the multi-spark discharge
generator (a) and TEM images of Al2O3 (b) and SnO2 (c)
nanoparticles.

This work was supported by the Russian Science
Foundation (project № 15-19-00190).

The as-synthesized airborne nanoparticles were
characterized by using diffusion aerosol spectrometry
(DAS 2702). The nanoparticles accumulated by a porous
stainless steel implementing the role of aerosol filter
were studied by transmission electron microscopy TEM (JEOL JEM-2100) and X-ray diffraction - XRD
(Bruker D8 DISCOVER).
It was found from the analysis of TEM images
that size of primary Al2O3 and SnO2 nanoparticles is
mostly ranging from 5 to 10 nm (Figure 1b, c). These

Bau, S., Witschger, O., Gensdarmes, F. & Thomas, D.
(2012). J. Nanoparticle Res. 14, 1–17.
Efimov, A. A., Ivanov, V. V., Bagazeev, A. V., Beketov,
I. V., Volkov, I. A. & Shcherbinin, S. V. (2013).
Tech. Phys. Lett. 39, 1053–1056.
Hoey, J. M., Lutfurakhmanov, A., Schulz, D. L. &
Akhatov, I. S. (2012). J. Nanotechnol. 2012,
e324380.
Pfeiffer, T. V., Feng, J. & Schmidt-Ott, A. (2014). Adv.
Powder Technol. 25, 56–70.
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Reactivity and structual change of protectant-substituted Ag nanoplates with DNAs
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Silver nanoparticles and nanocolloids are widely
used in the daily products nowadays due to their specific
antibacterial property. In this regard, study of their
reactivity for biomolecules such as DNAs has attracted
much attention whether they can treat safely or not. In this
study, we have examined the reactivity of Ag nanoplates,
which are known as intrinsic high reactive nanomaterials
due to their specific structure, with DNAs. The nanoplates
were prepared by photoreduction method and protectantsubstituted ones were prepared by using thiolate
molecules. Their reactivity with DNAs were evaluated by
fluorescent spectroscopy using fluorescence intercalator.
Ag trianglular nanoplates protected by PVP
(poly(vinylpyrrolidone)), Ag:PVP, were synthesized by
photoreduction of AgNO3 with PVP molecules reported
previously [1,2]. The obtained nanoplates were mixed and
stirred with D-penicillamine for 24 hours[3]. The obtained
precipitation was rinsed by ethanol, and was dispersed
into water. This dispersion was observed by optical and
IR absorption, and BF-STEM (bright-field scanning
transmission electron microscopy). Additionally, this
dispersion was mixed with a double-stranded DNA from
sperm of salmon, and was mixed with ethidium bromide
(EtBr) as a fluorescent regant. The obtained dispersion
was analyzed by fluorescence spectroscopy.
Two peaks were observed for the obtained
dispersion by optical absorpsion spectra, and these can be
ascribed to quadrupole and dipole of surface plasmon
resonances for Ag nanoplates. In addition, IR spectrum
for the precipitation well resembled that for pristine Dpenicillamine, except of the lack of S-H stretching
vibration. Since triangular-shape nanoplates were
dominantly observed for the obtained precipitation in a
STEM image, the shape of nanoplates was found not to be
affected by the present substitution process. These
findings
suggest
that
D-penicillamine-protected
nanoplates were successfully synthesized, and thiolates
were formed on the surface of nanoplates.
When the EtBr was added to the DNA-mixed
dispersion, characteristic fluorescence was observed.
Figure 1 shows the Ag concentration dependence of the
relative fluorescence intensity, which was adjusted by the
dilution of nanoplates. The fluorescence intensity was
almost constant for the D-pen-substituted nanoplates
while that was drastically decreased for the Ag:PVP
nanoplates.

Relative fluorescence intensity

Presenting author email: quantum.st0402@gmail.com

1.0

Ag:PVP
Ag:D-pen

0.7
0.00001
0.0001
0.01
0.1
1 0
0
10
104 0.001
103
102
101
Relative concentration of Ag nanoplates
Figure1. Ag nanoplate concentrations
dependence of relative fluorescence intensity.

EtBr is known as fluorescence intercalator of DNA, and
the fluorescence intensity is known to be proportional to
the number of base-pair of amino acids of DNA. Namely,
the decrease of the intensity indicates that the double helix
structure of DNA was damaged by the reaction of
nanoplates, and no change for the Ag:D-pen nanoplates
indicates that the intrinsic high reactivity of nanoplates
with DNAs was restricted by protection of D-pen
molecules.
[1] Murayama, H., Hashimoto, N., Tanaka, H. (2009)
Chem. Phys. Lett. 482, 291.
[2] Murayama, H., Hashimoto, N., Tanaka, H. (2009) J.
Phys. 190, 012132.
[3] Nishida, N., Kojima, Y., Tanaka, H. (2014) Chem. Soc.
Lett. 43, 1227.
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Energy depletion and environmental pollution are now
among the top concerns in every region of the world.
Hydrogen has gradually become a research hotspot due
to its several advantages, including high renewability,
high energy conversion and high energy yield (122 kJ g-1)
without creating environmental pollution (Su et al.,
2015).
Various semiconductor materials have been
developed as photocatalysts for water splitting to
generate hydrogen since the first report of water splitting
system based on TiO2 and Pt semiconductor electrodes
under light irradiation in 1972 by Fujishima and Honda
(1972). Among the variety of semiconductor materials,
TiO2 has been the most widely investigated as a
photocatalyst for hydrogen production via water splitting
because of its outstanding properties, including superior
photocatalytic activity, chemical stability, non-toxicity,
cost
effectiveness,
abundant
availability
and
environmental friendliness (Hakamizadeh et al., 2014).
However, there are some factors which affect the
efficiency of hydrogen production. One of these factors
is the wide band gap of TiO2 that results in only
harvesting UV light which accounts for 4% of the solar
spectrum. In addition, the high recombination rate of
electron-hole pairs which may also lead to low hydrogen
production efficiency (Chowdhury et al., 2015). To
improve the activity of TiO2 as photocatalyst for
hydrogen production, considerable efforts have been
exerted to develop different methods, such as the
deposition of noble metals, doping with non-metallic
elements and adding organic matters as sacrificial agents.
All these methods can reduce the electron-hole
recombination rate which is the immediate cause of low
hydrogen production efficiency. The aim of this study is
to investigate the activity of different synthesis methods
of Pt-graphene/TiO2 photocatalysts and influence
parameters toward hydrogen production when exposed
to UV-visible light.
In this study, the Pt-graphene/TiO2 nanoparticles
have been successfully prepared by Hummer’s method,
hydrothermal method and photodeposition of Pt on TiO 2
surface and characterized using XRD, UV-vis, TEM,
FTIR and BET methods. As the results indicated, the
TiO2 nanoparticles (10-20 nm) were dispersed on
graphene and Pt nanoparticles are uniformly deposited
on the surface of partial TiO2.
The hydrogen production under UV-visible light
irradiation in aqueous solution with adding different
alcohols including methanol, ethanol, n-propanol,
ethylene glycol, glycerol has been studied. The
operational parameters including graphene content, Pt
content, catalyst concentration, sacrificial agents initial

concentration, solution pH that affect photocatalytic
hydrogen production efficiency were also investigated.
The rate of hydrogen produced from the various PtGraphene/TiO2 photocatalysts suspended in the 10 vol.%
glycerol solution was found to be the highest using the
0.5 wt.% Pt-10 wt.% graphene/TiO2 photocatalyst, and
the average maximum hydrogen production rate was
4.872 mmol h-1 g-1 with a measured time of 6 h. The
reaction rate depends strongly on the initial glycerol
concentration in solution. The dependence of the
reaction rate on glycerol can be described by saturationtype kinetics according to the Langmuir-Hinselwood
model. It leads to the conclusion that glycerol favors a
high rate of hydrogen production due to the number of
hydroxyl groups (Nomikos et al., 2014).

Figure 1. Comparison of the photocatalytic hydrogen
production over Pt-GN/TiO2 for different organic
scavengers under UV-visible irradiation. Catalyst: 0.08 g;
10 vol.% aqueous solution (800 mL).
Su, E. C., Huang, B. S., Liu, C. C., and Wey, M. Y.
(2015) Renewable Energy, 75, 266-271.
Fujishima, A. and Honda, K. (1972) Nature, 238, 37-38.
Hakamizadeh, M., Afshar, S., Tadjarodi, A., Khajavian,
R., Fadaie, M. R., and Bozorgi, B. (2014)
International Journal of Hydrogen Energy, 39,
7262-7269.
Chowdhury, P., Gomaa, H., and Ray, A. K. (2015)
Chemosphere, 121, 54-61.
Nomikos, G. N., Panagiotopoulou, P., Kondarides, D. I.,
and Verykios, X. E. (2014). Applied Catalysis B:
Environmental, 146, 249-257.
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Abstract
In this work, the use of the Aerosol Assisted Chemical
Vapor Deposition (AACVD) technique to obtain
nanocomposites of zinc and tin oxide is investigated.
The aerosol was produced using two distinct techniques:
an ultrasonic air humidifier and a Collison type atomizer.
These two methods for aerosol generation produce
different size distributions of droplets, which in turn
resulted in very different film characteristics. The
structure and surface morphology of the deposited thin
film have been investigated by scanning electron
microscopy (SEM). The deposition mechanism and the
influence of size droplets on deposition will be
considered.

We highlight the crucial role that the droplet size plays
in the deposition process to control morphology and
physical characteristics of the films as can see in SEM
images (Figure 1) of the film deposited by AACVD with
the two generators at 400ºC. The samples grown with
the atomizer showed a surface formed by spherical
nanoparticles with a typical size of 100 to 500 nm
(Figure 1a). This morphology is indicative of an aerosol
assisted CVD process where the extensive reaction has
occurred in the gas phase. However, the samples grown
by the humidifier had a complex morphology with
different triangular and tetrahedral uniformly distributed
structures. It was also observed the presence of regular
hexagonal crystals and spearheads (Figure 1b). The EDX
analysis confirmed that the first ones correspond to Zn
and the last ones to Sn.

Introduction
AACVD is a deposition technique that allows the growth
of nanomaterials with a low cost, simplification of
processes and the “in situ” growth of highly adherent
films at relatively low temperatures (e.g. ≤500 °C).
Unlike traditional deposition techniques (sputtering, solgel, CVD), the AACVD provides a flexible route to
synthesize a variety of metal oxide semiconductor
(MOX) for their application in gas sensing.
The aerosol droplet size depends largely on the method
used to generate one. The aerosol droplet diameter is
given by Lang’s equation [1]. The average droplet size
produced using a standard humidifier (20 kHz) and
methanol as solvent is 45 m. In contrast, the collision
type atomizer generates an aerosol with a smaller droplet
diameter of 0.3 m.

Experimental and discussion
AACVD consists of an aerosol generator and a reactor.
The substrates (silicon micromachined structures) are
placed, in the latter. It has a heating resistor that allows
reach temperatures up to 400 ºC. The carrier gas (air)
transfers the generated aerosol droplets to the hot
substrates, where the nanocomposite films are deposited.
Two different aerosol generators have been used: the
ultrasonic air humidifier (Artrom HC-130) and the
Collison type atomizer (TSI 3076).
Samples have been sintered with the two aerosol
dispenser types under the same conditions (temperature,
time, solvent, concentration of precursor, carrier gas).
The precursor solution has been obtained using zinc
acetate (10 mmol) and tin (IV) chloride (10 mmol)
dissolved in methanol (50:50 Zn:Sn mol% ratio).

Figure 1. SEM images of SnO2-ZnO nanocomposite asdeposited films from precursor solutions of 50:50 Zn:Sn
mol% with a) atomizer and b) humidifier.
Acknowledgements
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Bimetallic nanoparticles have gained significant
commercial interest because of their superior electronic,
chemical, optical, magnetic and even plasmonic
properties (Sotiriou et al., 2014) compared to the
monometallic counterparts (Sinfelt, 1983) making them
excellent candidates for catalytic and biomedical
applications. Core-monolayer shell bimetallics exhibit
often unique properties that are not an interpolation
between those of their parent metals. This behavior is
attributed to the lattice mismatch (strain effect) and
charge transfer between layers (ligand effect) resulting in
different electronic properties. Such synergetic effects of
multicomponent surface compositions allow to control
the morphology of self-assembling organic molecules or
oligomers that find potential use in biomedicine.
Here, the sintering rate and surface composition
of free-standing, coalescing Ag-Au nano-alloys are
investigated for different particle sizes and temperatures
by atomistic molecular dynamics (MD; Goudeli and
Pratsinis, 2016). The MD method is validated by the
attainment of the melting point of Ag-Au core-shell
nanoparticles that increases with increasing particle size
and follows closely the size-dependent melting
temperature of pure Ag and Au nanoparticles. The
characteristic sintering time of Ag-Au nanoparticles is
determined by tracking the evolution of the surface area
during sintering or coalescence. Upon sintering, Ag
molecules exhibit increased mobility that is quantified
by the mean square displacement. The Ag occupies
gradually the alloyed particle surface in agreement with
experimental data.
Figure 1 shows the evolution of surface Ag
fraction during sintering of two free-standing Ag and Au
nanoparticles (inset) with particle diameter of 3 nm at
600 (squares), 700 (circles) and 800 K (triangles).
Initially (t < 10-3 ns), the Ag surface fraction is ~0.5 but
when sintering starts taking place it increases as Ag
diffuses on the surface of the Au nanoparticle. Increasing
the sintering temperature results in higher Ag surface
fraction for any given time. For example, Ag atoms
occupy about 65% of the final particle surface for t > 30
ns during their sintering at 800 K.
Figure 2 shows cross-sections of unequally-sized
Ag (blue) and Au (orange) nanoparticles with diameters
2 and 4 nm, respectively (left), and 4 and 2 nm,
respectively (right), coalescing at 800 K at t = 0, 0.1, 1
and 10 ns. Initially (t ≤ 0.1 ns), adhesion takes place and
practically the same particle morphology is obtained,
regardless of the Ag and Au particle size ratio. At
sufficiently long times (t > 0.1 ns), however, when the
small Ag nanoparticle coalesces with a bigger Au
nanoparticle, Ag atoms diffuse on the Au surface

forming a thin layer (t = 10 ns: patched nanoparticle). In
contrast, this is not the case when Au is the smallest
particle.

Figure 1: Evolution of the surface Ag fraction of Ag-Au
nano-alloys with dp,o = 3 nm during sintering at 600 (red
line), 700 (green line) and 800 K (blue line).

Figure 2: Cross-sections of Ag-Au nanoparticles
coalescing at 800 K for t = 0, 0.1, 1 and 10 ns.

Goudeli, E., Pratsinis, S. E. AIChE J.2016, 62, 589-598.
Sinfelt, J. H. (1983) Bimetallic Catalysts: Discoveries,
Concepts and Applications, John Wiley & Sons.
Sotiriou,G. A., Etterlin, G. D., Spyrogianni, A.,
Krumeich, F., Leroux, J-C., and Pratsinis, S. E.
(2014) Chem. Commun. 50, 13559-13562.
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In spite of the fact that significant body of literature is
currently available (see for ex. Friedlander, 2000),
developments of new theoretical models describing
nucleation processes still attracting strong scientific and
technological interests. Such interest is justified by the
problem complexity and by the fact that it involves large
number of process parameters, which are, in many
situations, not clearly quantified. In addition, it is well
known that the nucleation is non-equilibrium process,
which is, due to complexity, is usually modeled by
equilibrium thermodynamics and statistical physics with
some approximations. As the result, most of current
theories are rather case specific and are not able to
provide accurate results for general cases. A kinetic
approach is suggested to attack the problem. Following
kinetic equation of coagulation, which takes into account
all particles participating in the process is proposed to
model the process:
∂cg
∂t

= I (g) +

the number of model equations within reasonable limits.
This approach allowed to advance along particle radius
far enough by using very few kinetic equations and take
into account non effective collisions between small
particles. Moreover, this approximation makes possible
to take into account chemical reactions as a sauce of new
particle generation in the gas phase.

∞
1 п
K ( g − n, n)c g −n cn − c g ∑ K ( g , n)cn , (1)
∑
2 т=1
т =1

where cg –concentration of particles containing g
monomers, I(g) – intensity of new particle generation in
the system, K(g,n) – collision frequency of particles
containing g and n numbers of monomers.
It is easy to estimate that 1-micrometer particle contains
1010 – 1012 monomer molecules in vapor phase. It means,
that to obtain accurate solution, one ought to solve the
same number of Equation (1), which is obviously
beyond any realistic time related computer capability.
To decrease the amount of calculations, it was proposed
to use logarithmic scale of particle size (Zagaynov and
Lushnikov, 1988). This procedure allowed to reduce the
number of equations for particle in the radius size range
between 1 nm and 1 micrometer down to 30 equations.
However, a drawback of this approach is related to the
fact that at very early stages of nucleation processes, the
results obtained for ultra fine particulates are not very
accurate, which is a problem, as such particles are
responsible for the entire process. To overcome these
model deficiency, a new approach is proposed. In
particular, for early stages of nucleation when all
particles are small a linear scale could be used to account
for all fine particulates. Then, when particles became
large enough, the scale is changed to logarithmic to keep

Figure 1. Results of estimation of nucleation rate for
permanent sauce of monomers (ci is a concentration of
particle containing i monomers for dimensionless time.
Some further model modifications were related to
calculations of efficiency of collision between small
particles; i.e. identification of a number of collisions
which lead to creation of stable particle agglomerates out
of total collisions' number. For this procedure power and
exponential relationships were used. Exponential relation
was found to be in the best agreement with experimental
data. Finally, it ought to be noticed that the suggested
approach enables taking into account collisions between
dimers, and more complicated particles and to make
nucleation calculations more accurate.
Sheldon K. Friedlander (2000) Smoke, Dust, and Haze
Fundamental of Aerosol Dynamics, Oxford
University Press, 2000
Zagaynov, V.A., Lushnikov, A.A. (1988) Modelling
of coagulating processes in the atmosphere. - Lecture
Notes Physics, Pergamon Press, pp.93-96
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The continuously stirred tank reactor (CSTR) is a
widely used reactor in aerosol science and engineering to
product particles. Such a type of reactor is investigated
by Koch et. al. (2012) in an attempt to develop a
reference generator of submicron particles. The particle
formation consists of several steps. The first step is the
generation of a feed aerosol occurred due to
homogeneous nucleation of particles as a result of the
mixing of hot saturated vapour stream and colder air in
the reactor. Nucleated particles grow up downstream by
condensation and coagulation in the similarity regime of
the free turbulent jet. The next step is the evolution of
the particle size distribution (PSD) under stirring
conditions in the CSTR.
The combined mathematical model that describes
feed aerosol formation and the evolution of the PSD in
the CSTR is developed. The feed aerosol formation in
the free turbulent jet is simulated using the mathematical
model developed by Gilfanov et. al. (2015). Affected by
the vapour saturation temperature T0 and the vapour-gas
mixture flow rate Q, the feed aerosol is characterized by
a mass flux, a mean particle size and a standard
geometric deviation of the PSD. The evolution of the
PSD under stirring conditions is described by the
population balance equation
v
dn(v)
 n0 (v)   (v  v' , v' )n(v  v' )n(v' )dv'
dt
0
(1)

n (v )
 n(v)  (v, v' )n(v' )dv'




0

 res

The first term in RHS describes the number current of
particles of the size v per unit volume. The next two
terms represents population balance due to Brownian
coagulation. The last term accounts particle loss due to
aerosol leaving the reactor and wall deposition. The first
term can be easily evaluated using the size distribution
characteristics obtained from the feed aerosol formation
model. The residence time τres is determined from the
ventilation rate and the removal rate due to deposition.
The final PSD of aerosol in the CSTR is affected by the
quantities T0, Q, and τres that can be accepted as the main
control parameters of the considered system.
The parametric study of the PSD in the CSTR in
the dependence on the main control parameters was
made. Using the feed aerosol characteristics the PSD
was obtained by numerical solution of Eq. (1) by the
nodal method (Prakash et. al., 2003).
Fig.1 shows the feed aerosol PSD obtained from
the first part of the combined mathematical model and
the PSD after 2000 sec. of stirring in the chamber for

two sets of parameters: T0=453K, Q=1 l/min and
T0=453K, Q=2 l/min. The residence time was kept to
452 sec. Both the cases provide the same mass of aerosol
precursor (DEHS vapour), but increasing the flow rate
leads to the increase in the mass flux of feed aerosol. The
PSD becomes wider, and the mode of the PSD shifts to
the left since the mode of feed aerosol PSD decreases
with the increase in the flow rate.

Figure 1. Particle size distribution: feed aerosol
and after 2000 sec. of stirring.
This work was supported by the grant of the
President of the Russian Federation for state support of
young Russian scientists (МК-6235.2015.1) and the
Russian Foundation for Basic Research (grant No. 1501-06135)
Gilfanov, A.K., Koch, W., Zaripov, S.K. (2015) Digit.
Book of Abstracts, EAC-2015, Milan: 2AMO_P021.
Koch, W., Lödding, H., Pohlmann, G. (2012) J. Aerosol
Sci. 49: 1-8.
Prakash, A., Bapat A.P., Zachariah, M.R. (2003) Aerosol
Sci. Technol. 37: 892-898.
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The aggregation of particles in (dense) particulate
systems is well studied. It has been shown that for
certain conditions an aerosol can gel. To understand the
gelation phenomenon it is useful to look at the kinetics
of cluster aggregation which in its simplest form can be
described by using the Smoluchowski Equation

.
Parameters like a CNT diffusion coefficient, a rotational
diffusion coefficient of CNTs and a CNT collision kernel
will be defined. A characteristic CNT rotation time as a
function of CNT length and diameter can be derived as
(also see Figure 3):

.
In this paper we present our results on adopting
existing aggregation and gelation theories and modifying
and changing them to describe the aggregation in CNT
aerosols which eventually leads to an aerogel formed of
CNTs. These findings can then for example be related to
the continuous gas phase process for the bulk production
of CNTs (Figure 1) that we are using in our lab, to
identify important process parameters.
We will describe the aggregation in a CNT aerosol by
assuming that the CNT growth takes longer than the
CNT agglomeration and that agglomeration is therefore

Hydrogen
Hydrocarbon,
e.g. methane
Ferrocene
Thiophene

A characteristic time is defined upon which the CNTs
start to form clusters and the CNT cluster – cluster
aggregation becomes the dominant mechanism of
growth. The cluster – cluster agglomeration is modelled
until aggregation probability within the aerosol
approaches unity, which is defined as the gelation of the
CNT aerosol.

Iron nanoparticle from
decomposed ferrocene Annulus of carbon
nanotubes
and coated with ironsulfide

Figure 1: Characteristic CNT rotation time as a function of
CNT length for A) various temperatures, with
8
nm, in nitrogen; B) nitrogen and hydrogen, with
8
nm,
20°C;

Furnace tube,
e.g. alumina,
mullite

Carbon nanotube with iron
nanoparticle as catalyst for
growth

Figure 2: Very small quantities of ferrocene and
thiophene are dissolved, mixed with hydrogen and
then injected into a tube furnace, in which an aerogel
of nanotubes forms.

the dominant mechanism:

Figure 3: SEM image of a cluster of CNTs sampled from a
CNT aerosol.

C. Hoecker, F. Smail et al. (2015). Catalyst nanoparticle
growth dynamics and their influence on product
morphology in a CVD process for continuous carbon
nanotube synthesis, Carbon 96 (2016), 116-124
R. Dhaubhadel, C.M. Sorensen et al, Aerosol Gelation:
Synthesis of a Novel, Lightweight, High Specific
Surface Area Material, Aerosol Science and
Technology, 41:804-810, 2007
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ABSTRACT

This first attempt study explored characteristics of prepared phosphorene

materials for promising As(III) treatment. The past year has witnessed the fast

growth of investigations on monolayer and few-layer black phosphorous, turned as

‘phosphorene.’ Same as graphene, single-layer phosphorene is ﬂexible and can be
mechanically exfoliated.

In this study, the phosphorene catalysts were prepared by

2 and 4 ppm were tested.

The morphology and elastic strain of the composites were

exfoliation method.

Moreover, four kinds of arsenic concentration, including 0.5, 1,

analyzed by transmission electron microscopy, atomic force microscopy and
UV-Visible spectrum.

Compared to phosphorene materials, the most appropriate

rate of As(III) adsorption rate at 0.0329min-1 was achieved. The apparent values for
Freundlich adsorption capacities were 4.67 mg g-1 for As(III) at pH7.
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In this study, the phosphorene catalysts were prepared by exfoliation method.

200 µL As3+ standard solution was diluted to 500mL and supersonicated for 10
minutes as challenge pollutant.

The solution was poured into 250mL storage bottle.

Then, the pH value was measured and adjusted to pH7 before 2 mL mixed solution
was extracted into test tube as Co.

In addition, phosphorene was uptaked for 40µL

and poured into storage bottle. The contact time was set in 1, 2, 3, 4, 5, 10, 15, 20
and 25minutes.

(Angilent Inc.).

The concentration of extracted solution was analyzed by ICP-AES

In order to assess the performance with 40µL of phosphorene for removing

As(III).

The efficiency could reach 60% when adsorption time reached 20minutes

in Fig 1.

Besides, the reaction rate was 0.0223min-1 under 1ppm with 0.04 g L-1

under 2ppm.

Others, the adsorption efficiency reached 57% under 2ppm, as shown

phosphorene.
in Table 1.

In contrast, the reaction rate was 0.00189 min-1 under 2ppm, as shown

This results showed the reaction rate of phosphorene is more higher than

that of graphene under 0.5ppm of As(III).
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Effect of concentration on As(III) adsorption with graphene and phosphorene.

Table 1. Comparison of arsenic adsorption reaction rate with various adsorbents.

0.5ppm

1.0 ppm
2.0 ppm
4.0 ppm

phosphorene

graphene

0.0329 min-1

0.0146 min-1

0.00189 min-1

0.00442 min-1

0.0223 min-1

0.00161 min-1

0.0170 min-1

0.00359 min-1

In order to assess the effect of concentration on adsorption efficiency, the

concentration was controlled at 0.5, 1.0, 2.0 and 4.0 ppm with pH7 and phosphorene
of 0.04 gL-1.

The adsorption capacity of 0.5, 1.0, 2.0 and 4.0 ppm was 1.26, 1.71,

1.83and 2.03 mg g-1 for As, respectively. The efficiency is decreased with increasing

concentration since the reaction activity sites of materials are easy to be occupied with
larger concentration, as shown in Fig2.
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Figure 2. Effect of concentration on As(III) adsorption with phosphorene.
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Controlled Particle Synthesis in a Hot-Wall Reactor and Controlled Electrostatic
Manipulation of the Aggregation Process
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independent from each other by shielding the corona
wires with a movable glass / steel pipe.

Figure 2. Designed parallel coaxial corona chargers.
The chargers are implemented downstream of
the heat exchanger with opposite polarities. This
offers the possibility to manipulate the aggregation
process hence the final aggregate shape. Experiments
showed that the charger is able to reach a sufficiently
high electrical charge on the particles while the
particle losses are acceptable. Using a different
charger setup could further reduce losses.
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Particle synthesis in a hot-wall reactor is a
reliable process for the production of nanoparticles
due to the fact that all relevant process conditions –
e.g. temperature distribution, pressure, flow field,
residence time distribution – can be controlled in a
wide range of values. A set-up which provides the
required specifications to produce spherical particles
with a relevant mass production rate (i.e. g/h), has
been installed recently. Adjustable air and precursor
flow into the reactor allow for a wide range of possible
synthesis parameters, particularly the concentration of
precursor at the reactor entrance. Due to the adjustable
parameters it is possible to gain a well-defined aerosol.
At the end of the heated zone this well-defined aerosol
mostly consists of spherical particles which is
quenched rapidly with cold air, using a water cooled
probe.

0,0
8000

voltage / V

Figure 3. Number of charges per particle and particle
loss for NaCl particles (100 nm mean diameter)

For different applications it is desired to have
only single particles or at least only small soft
aggregates. To drastically reduce aggregation there is
the possibility to ionize the quench air within the
probe. The effect of ionized quench air on the
stabilization of the aerosol at the end of the reactor will
be demonstrated. A heat exchanger further
downstream was designed to reach a constant
temperature around 200 °C offering the possibility to
further modify the particles in this section. For
example the manipulation of the aggregate structure
downstream of the sintering zone by charging particles
with opposite polarities will be addressed in the near
future. Therefore two parallel coaxial corona chargers
being able to handle high flow rates and
concentrations have been designed. As corona
emitting source a 0.05 mm wolfram wire is used. The
length of the two active corona zones is adjustable

In the focus of interest are particularly chainlike aggregates with an alternating sequence of
different materials. To realize the chain shape, the
coagulation process needs to be faster than the
neutralization by recombination in the contact point,
cf. Fig. 4.
number of primary
particles in the aggregate

Figure 1. Exemplary SEM image of synthesized TiO2
nanoparticles
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1
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Figure 4. Coagulation time of charged 100 nm
particles with cinital = 1014/m³.
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It is well-known that water soluble polymers (WSPs) are
gaining more and more importance in specific fields like
pharmaceutic products and food additives (Finch, 2013),
moreover, due to environmental hazardous issues; waterbased formulations are replacing organic ones in
important areas such as drilling fluids, cosmetics and
paints.
Generally, WSPs particles are synthesized by
conventional liquid phase methods such as emulsions
polymerization where surfactants are used frequently and
decrease product purity (Landfester et al, 1999). These
methods suffer from additional drawbacks such as time
and cost consumption. In fact, after wet polymerization,
the particles should be separated and purified by
downstream processes such as centrifugation or filtration
followed by washing and drying steps. To overcome
these limitations, we have used a facile synthesis method
of continuous aerosol-photopolymerization to produce
nanospherical water soluble polymers and copolymers.
Furthermore, aerosol-photopolymerization can take
place at ambient temperature without any surfactant
required.
The continuous experimental setup for aerosol
based photopolymerization is a combination of three
main components, an atomizer, a flow-through
photoreactor, and a collection filter (Figure 1). Monomer
solution is sprayed with an atomizer in a nitrogen
atmosphere to produce monodisperse droplets. Then
sprayed droplets are passed through the photoreactor,
where the free radicals are generated upon UV
irradiation and subsequently photopolymerization
process was initiated ‘‘in flight’’. Finally, the obtained
polymer particles leaving the photoreactor were
collected in powder form on a filter membrane.

TEM images of the resulting polyacrylamide
(PAM), as an example of WSPs, indicate that PAM
nanoparticles were successfully synthesized by aerosolphotopolymerization (Figure 2). Furthermore, the size
and morphology of the resulting polymer particles could
be controlled by the initial composition and
concentration of monomer solution as well as through
the reaction conditions.

Figure 2. TEM image of PAM particles produced by
aerosol-photopolymerization.
Furthermore, the produced PAM was analyzed by
FT-IR, two important peaks at 3350 cm−1 and 1660 cm−1
attributed to the presence of NH2 and C=O groups
respectively (Figure 3A).
The thermal degradation of resulting PAM under
air conditions show that the main decomposition of the
PAM begins at 150 °C and is complete at 667 °C. The
maximum weight loss occurs at a temperature of 237 °C.

Figure 3. (A) FT-IR and (B) TGA spectra of PAM
particles produced by aerosol-photopolymerization.
This work was supported by German
Foundation (DFG) under grant WE 2331/19-1.
Figure 1. Scheme of experimental setup for aerosolphotopolymerization process.
The resulting polymers were characterized by SEM,
TEM, 1H NMR, FT-IR, TGA and elemental analysis.

Science

Finch, C. A. (2013). Chemistry and technology of watersoluble polymers. Springer Science & Business
Media.
Landfester, K. Bechthold, N. Tiarks, F. and Antonietti,
M. (1999). Macromolecules, 32(8), 2679-2683.
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Recent interest towards effective photon-photon
interaction was ignited by a paper (Firstenberg, 2013),
where attraction of a pair of polarization-entangled
photons was observed. It is well known that photonphoton interaction in the linear media is impossible in
principle. On the other hand, it is not prohibited in
nonlinear media if the field intensity is of sufficient
magnitude. Some attraction of entangled photons was
demonstrated (Firstenberg, 2013), under condition of
excitation of Rydberg's states of atoms when the medium
becomes nonlinear in weak fields.
As was shown later (Maksimenko, 2015), some
alternative process of effective photon interaction could
exist. This interaction does not require any nonlinearity
of a medium and is not related to quantum entanglement.
In addition, a coincidence of photons' frequencies is not
indispensable condition.
It was shown (Maksimenko, 2013) that even in
situation of photon scattering on a pair of resonance
particles, a trajectory of virtual photon becomes
isomorphic to Antoine's chain set (Antoine's necklace)
possessing zero topological dimension. For this reason,
the trajectory acquires specific mechanical rigidity due
to singularity of the energy density along it. Analysis of
Feynman's diagrams shows that the photon mass
operator interlaces rigid sections of the Antoine
necklace. As a result of such interlacing, the photon is
able to localize even in this simplest system. The
localization could also be considered as creation of a
bound state of a pair of virtual photons passing a closed
loop on trajectory along two alternative ways; clockwise
and counterclockwise.
Propagation of a photon in a densely packed
system of small conducting particles at frequencies being
in the vicinity of frequency of a dipole surface plasmon
resonance was considered in (Maksimenko, 2013). The
similar photon localization was predicted. It was shown
that under light localization condition in a system of
small non-absorbing closely packed resonance particles,
the effective photon-photon interaction appears due to
peculiarities of the photon trajectories. Taking into
account this interaction, the scattering cross section of
photon's pairs is calculated. Elastic scattering cross
section taking into account this interaction contains an
extra degree of small Rayleigh's factor  R / c 

4

in

comparison with classic expression (  is the frequency,
R is the particle radius, c is the light velocity in

vacuum). This interaction manifests itself for the
frequency range where imaginary part of the effective
dielectric permeability of the system appears (see Fig.1).
This phenomenon appears as an emission of localized
photons by means of other photons with different
frequency due to interlacing of the rigid Antoine's
trajectories.

Figure 1. Frequency dependence of real (1) and
imaginary
(2)
parts
of
effective
dielectric
permeability, 1 is the frequency of the dipole surface
plasmon in separated particle.
A possibility of effective photon-photon
interaction at small intensity electromagnetic fields
opens a principal possibility to control light with
alternative light fluxes eliminating need for utilization of
complex and slow optoelectronic converters.
This work was supported by RSCF (No 14-03-00507).
Firstenberg, O., Peyronel, T., Liang, Qi-Yu, Gorshkov,
A.V., Lukin, M. D., Vuletic, V. (2013) Nature
502, 71.
Maksimenko, V. V., Zagaynov, V. A., Agranovski, I. E.
(2013) Phys. Rev. A 88, 053823.
Maksimenko, V. V., Zagaynov, V. A., Agranovski, I. E.
(2013) Prog. Theor. Exp. Phys. (2015), 093D02.
Maksimenko, V. V., Zagaynov, V. A., Krylov, S. Yu.,
Agranovski, I. E. (2013) Prog. Theor. Exp. Phys.
013101.
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The development of lithium ion battery (LIB) with high
performance has established it as the leading energy
storage devices for portable electronics, and attractive
candidates for up-scaled applications such as electric
vehicles. The latter applications call for advancements in
energy and power densities of current technologies. The
specific capacities of conventional electrode materials,
such as graphite on the anode side can be increased with
the exploitation of alternative electrode materials such as
tin and tin oxides (Mohri, 2015). Current work discusses
the synthesis of SnO2 particles by aerosol spray pyrolysis
(ASP) (Karadimitra, 2001) and sol-gel routes in order to
study their nanostructure by exploiting their
characteristics towards crystal structure, particle size,
morphology, surface area and pore size distribution,
while three different coating routes, namely dry mixing,
liquid and aerosol route, have also been exploited for the
synthesis of carbon coated SnO2 particles. The above
synthesis and coating technologies have been assessed
by the evaluation of the electrochemical performance of
the respective materials.
The synthesis parameters which have been
exploited, such as precursor solution chemistry and
calcination temperature profiles, target to the synthesis
of SnO2 particles at different size distributions and
morphologies and especially in acquiring a
hollow/porous particle morphology which provides
increased
cyclability
potential
during
the
charge/discharge through its nanostructure in order to
compensate the significant volume change. Figure 1
depicts SnO2 polycrystalline particles which have been
synthesized by ASP.

The various morphology SnO2 nanoparticles have been
carbon coated by three different routes: dry mixing,
liquid (sol-gel) and aerosol synthesis. In the dry mixing
case the synthesized nanoparticles were mixed with
different carbon sources and calcined at 700oC for 5 h in
Ar atmosphere. Figure 2 depicts the XRD diagrams of
SnO2 nanoparticles (~100 nm) with carbon black (~5
nm) nanoparticles under different weight ratios, showing
in each case the reduced Sn metal phase, due to
insufficient coverage of the SnO2 with carbon black
particles. In liquid coating route the SnO2 nanoparticles
are either synthesized separately by sol-gel synthesis and
then carbon coated by hydrothermal treatment or
synthesized and carbon coated in one hydrothermal
synthesis step. The carbon coating of SnO2 particles by
aerosol route is performed in one step by a single tin and
organic precursor solution.

Figure 2. XRD diagram comparison of the carbon coated
SnO2 nanoparticles, under different SnO2:carbon black
ratios.
The electrochemical performance of the
developed active anode materials varied with the
synthesis and coating technique employed.
This work was supported by the Horizon 2020
eCAIMAN project GV-01-2014 under the grand 653331.

Figure 1. TEM image of SnO2 nanoparticles synthesized
by Aerosol Spray Pyrolysis

Karadimitra K., Papaioannou E., Konstandopoulos A.G,
(2001), J. Aerosol Sci. 32, Suppl. 1, S233-234
Mohri, N., Oschmann, B., et al. (2015), J. Materials
Chemistry A,1-8

European Aerosol Conference 2016

Tours, France

Page 748 of 1211
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subsequent growth of CNTs from iron catalytic sites at
the surface of these cores, thereby forming CNTSUs.
We will present new characterisation of the
CNTSUs at different stages of the process, which give a
new insight on the physical mechanisms leading to the
formation of iron catalytic sites at the surface of the
cores. These characterisation methods include X-ray
diffraction (XRD), X-ray photoemission spectroscopy
(XPS), Raman spectroscopy, energy dispersive X-ray
spectroscopy (EDX), transmission electron microscopy
(TEM), scanning electron microscopy (SEM),
thermogravimetric analysis (TGA), scanning mobility
particle sizer (SMPS), and centrifugal particle mass
analyser (CPMA). An example of XPS characterisation
showing the presence of both Fe2+ and Fe3+ at the surface
of the CNTSU cores is given on Figure 2.
Fe2p - Sample 3 - Etch 60 s
Envelope
Fe2p 709.34
Fe2p 723.08
Fe 2+ 2p
Fe2p 714.98 (3/2)
Fe2p 730.29
Fe2p 711.47
Fe2p
718.41
Fe 3+
2p(3/2)
Fe2p 726.81

Fe 3+ 2p(1/2)

Fe 2+ 2p(1/2)

Fe 2+ 2p(1/2) sat

Fe 2+ 2p(3/2) sat

Counts / s (Residuals x 0.5)

The outstanding thermal, electrical, and mechanical
properties of individual carbon nanotubes (CNTs) have
been studied extensively for more than two decades.
However, transferring these individual properties to
macroscopic devices composed of a large number of
CNTs remains a challenge, that many consider a key to
the development of the next generation of nanotech
products.
Carbon nanotube sea urchins (CNTSUs) are
unique nanostructures, whose aerosol synthesis was
pioneered by (Kim, Wang, & Zachariah, 2010). They
consist of a spherical nanoparticulate core, from which
CNTs are grown radially, as shown in Figure 1. As
hundreds of CNTs are linked via this central focus, the
issues associated with poor control of the CNT-CNT
interfaces are mitigated, potentially enabling better
retention of the individual CNT properties at the
macroscale as compared to a bulk disordered CNT
material. Moreover, the CNTSU core can be used to
include additional physical or chemical functionalities in
the resulting material.

Fe 3+ 2p(1/2) sat
8000
735

730

725

720
715
Binding energy (eV)

710

705

700

Figure 2. XPS characterisation of the Fe 2p orbitals at
the surface of the CNTSU cores.

Figure 1. Scanning electron microscope image of a
carbon nanotube sea urchin.
In this research CNTSUs are synthesised via a
continuous, industrially scalable aerosol process. An
aqueous solution of aluminium and iron nitrates is
nebulised in a flow of nitrogen gas. As the aerosolised
droplets evaporate in a diffusion drier, the solute
precipitates, forming bimetallic salt particles. These
particles are then calcinated in a reducing environment a tube furnace with hydrogen addition - so that the
nitrates decompose, producing bimetallic Al-Fe
nanoparticles. The addition of carbon in the form of
acetylene in a second tube furnace enables the

Moreover, films of CNTSUs were deposited onto
various substrates, either by direct thermophoretic
deposition or by filtration followed by blade casting, and
a range of physical and chemical properties of these
films were tested, paving the way for a number of
applications for CNTSUs.
Overall it is hoped that this work will contribute
to the development of aerosol-based processes for the
commercialization of nano-manufactured products.
This work was supported by the Cambridge Trust, the
Schiff Foundation, and EPSRC Nanotechnology
Doctoral Training Centre.
Kim, S. H., Wang, C., & Zachariah, M. R. (2010).
Journal of Nanoparticle Research 13(1). 139–146.

European Aerosol Conference 2016

Tours, France

Page 749 of 1211

Study of ZnO nanoparticle generation for long lasting exposure experiments
P. Moravec1 and J. Kupčík2
1

Laboratory of Aerosol Chemistry and Physics, Institute of Chemical Process Fundamentals of the CAS, v.v.i.,
Prague, 16502, Czech Republic
2
Centre of Instrumental Techniques, Institute of Inorganic Chemistry of the CAS, v.v.i., Husinec-Řež, 25068,
Czech Republic
Keywords: externally heated tube reactor, chemical composition, chemical vapor synthesis, nanoparticle
generation.
Presenting author email: moravec@icpf.cas.cz

Generally, nanoparticles (NPs) exhibit unique chemical,
optical, electrical, and even toxic properties due to their
strong size and shape dependence. Despite increasing
applications of ZnO NPs as UV emitting diodes to gas
sensors, data about potential toxic properties are still
rather rare and contradictory (Heckenberg et al. 2011).
In this work we tested the long term generation of ZnO
NPs for potential use in exposure experiments with
laboratory animals.
Experiments were performed in an externally
heated work tube, made from impervious aluminous
porcelain, with an i.d. of 25 mm and a 1 m-long heated
zone. A boat with zinc shot was inserted into the middle
of the heating section. Nitrogen carrier gas, saturated to
some extent by Zn vapours, was mixed in the outlet part
of the work tube (diluter) with a stream of air, where
oxidation of Zn vapours was carried out and ZnO NPs
formation via gas-to-particle process occurred. Particle
production was monitored using SMPS (TSI model
3936L75). Samples for NPs characterization were
deposited onto TEM grids using a Nanometer Aerosol
Sampler (TSI model 3089) and on cellulose and
Sterlitech Ag filters. NPs characteristics were studied
with high resolution TEM (JEOL 3010), energy
dispersive
spectroscopy
(EDS,
INCA/Oxford),
inductively coupled plasma – optical emission
spectrometry (ICP-OES, IRIS Intrepid II XDL), X-ray
diffraction (XRD, Philips X'Pert PW3020), and X-ray
photoelectron spectrometry (XPS, Axis Supra, Kratos
Analytical Ltd.).
Two experimental campaigns, with total duration
102 hours, were performed. The particle production by
chemical
vapor
synthesis
method
proceeded
satisfactorily and could be controlled by adjusting
experimental conditions: reactor (work tube) temperature
TR=520-530 °C, reactor flow rate QR=600-1000
cm3/min, and flow rate of diluting air QDil=1800-2200
cm3/min.
Morphology of NPs was studied by HRTEM and
an example of a TEM image is shown in Figure 1.
Primary particles are mostly spherical, agglomerated into
clusters of various sizes, and the size of primary particles
varies from 10 to 20 nm. EDS analyses showed an
almost stoichiometric ratio of Zn to O for ZnO. ICP-OES
analyses of the samples deposited on cellulose filters
determined the content of Zn in the samples to be 71 wt.
%, which corresponds to the value 89 wt. % of ZnO.
XPS analysis of the surface layer of NPs determined the

presence of Zn in the bonds Zn-O. XRD analysis of four
samples detected hexagonal ZnO crystalline phase in all
samples, typically ICDD Pdf 89-0510. Mean crystallite
size, calculated from Scherrer equation, varied between
12.5 and 13.7 nm. Results obtained by XRD were
confirmed by selected area electron diffraction method.
In conclusion, the method of evaporation of
metallic zinc and subsequent oxidation of Zn vapours by
a stream of diluting air can generate NPs of a desired
size and number concentration for a sufficiently long
time. The method can be applied for long lasting
exposure experiments with laboratory animals.

Figure 1. TEM image and SAED pattern of the sample
synthesized at TR=530 °C, QR=800 cm3/min and
QDil=1800 cm3/min.
This work was supported by the Czech Science
Foundation under grant P503/12/G147. ICP-OES
analyses were performed by Dr. Šárka Matoušková,
Geological Institute of the CAS, v.v.i., XRD analyses by
Mgr. Anna Kallistová, Geological Institute of the CAS,
v.v.i., and XPS analyses by Dr. Josef Zemek, Institute of
Physics of the CAS, v.v.i.
Hackenberg, S., Scherzed, A., Technau, A., et al. (2011)
Toxicology in vitro. 25, 657-663.
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Rare-earth orthoferrites with the composition of LnFeO3
(Ln-rare earth element) demonstrate unique physical and
chemical properties for various applications, for
instance, gas separators, sensor and magneto-optic
materials, etc. LnFeO3 (Ln = La, Gd, Pr) have distorted
orthorhombic perovskite structure, where FeO6 as a
rotary tilted polyhedron fills the empty space left around
the Ln group. There is a mixed valence state of Fe2+/Fe3+
originated from the 3d iron ions in LnFeO3 resulted from
an anion deficiency, making LnFeO3 material with
prominent electrical and magnetic properties.

time down to 3 seconds. The number concertation of
particles depending on the conditions was varied and
controlled with a water based a TSI SMPS system.
SEM image of nanocrystalline particles (La-Fe-O)
prepared by ASP method is presented in Figure. Particles
are microspheres from 150 to 400 nm in the diameter.

Perovskites could be synthesized by simply heating the
corresponding metal oxides in a stoichiometric ratio. The
main difficulty in obtaining single-phase LnFeO3 is the
presence of undesired phases of Ln3Fe5O12 and Fe3O4.
Moreover, the garnet phase (Ln3Fe5O12) is
thermodynamically more stable than LnFeO3.
One important problem of the perovskite phase synthesis
is related to high processing temperature and therefore to
high energy consumption during the synthesis. For
increasing the chemical reaction rate and decreasing the
temperature of the synthesis, a various routes of softchemistry (for example glycine-nitrate combustion
reaction, sol-gel, co-precipitation method, hydrothermal
treatment, etc.) are usually used.
In the present work, we utilized an ultrasonic aerosol
spray pyrolysis method to prepare micron-sized
granules. This method is an effective technique to
prepare particles with a wide range of compositions of
controllable size from a few hundred nanometers to a
micrometer range. It is worth nothing that the method
allowed us to synthesize a product with homogeneous
composition, easy controllability, and short production
times.
The precursor solutions were prepared by dissolving a
stoichiometric amount of nitrate salts (La(NO3)3/
Fe(NO3)3; Gd(NO3)3/Fe(NO3)3; Pr(NO3)3/Fe(NO3)3) in
distilled water. The nitrate solutions were atomized using
an ultrasonic nebulizer with a resonant frequency of 1.7
MHz.
The aerosol flow was introduced into the quartz reactor
at 650 - 850 oC by nitrogen flow. The obtained particles
were collected downstream of the furnace on a filter. The
flow rate of nitrogen used as a carrier gas was varied
from 1 to 5 l/min, which corresponded to the residence

Figure. Particles produced at 700 oC
Phase transitions in the system Ln-Fe-O (Ln-La, Pr, Gd)
were analyzed in a wide temperature range (400-600 oC)
to obtain single-phase samples.
It was shown that our approach allowed us to obtain
single-phase LnFeO3 with a submicron grain size and
spherical micromorphology. The applications of the
particles for various markers have been tested.
Vinila Bedekar, O.D. Jayakumar, J. Manjanna A.K.
Tyagi (2006) Materials Letters 62 3793–3795.
Jun Yanga, Runsheng Li, Junyi Zhou, Xiaoci Li,
Yuanming Zhang, Yulin Long, Yongwang Li (2010)
Journal of Alloys and Compounds. 508 (2), 301-308.
M Rajendran, A.K Bhattacharya (2004) ECerS. 24 (1),
111-117.
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In addition to much potential for metal clusters within
materials science (Maisser, 2015), there is a need in the
aerosol community for reliable and convenient cluster
sources for calibration purposes. In particular, there is a
need for systems spanning the range from below 1 nm to
several nm (Kangasluoma, 2013).
Spark ablation is a versatile technique for the
production of very small particles, ranging from single
atoms (Maisser, 2015), to about 10 nm (Schmidt-Ott,
1988). Short electric discharges (sparks) ablate the surface of two target electrodes, and the resulting metal
vapor condenses in a flow of gas. Changing spark energy, spark repetition rate and gas flow allows control over
particle size. Geometry also plays a role. Maisser (2015)
found that a wire-to-rod configuration improved performance for cluster generation, compared to a rod-to-rod
configurations. Here, we describe the use of a throughflow configuration with two coaxial hollow electrodes.
The VSParticle Generator 1 (VSP-G1) is a compact, benchtop version of the system developed by
Schmidt-Ott (1988), with additional flow ports and automated gap control (Figure 1). The additional flow ports
allow convenient customization of the flow conditions in
the spark zone. In through flow, the carrier gas enters
and exits through the electrodes (paths marked with asterisk), reducing the residence time to ~10ms.
Hollow electrodes of Ag and Cu were used in a
flow of 13 slm N2 of 5.0 purity. Capacitance was 20 nF,
the mean voltage was 900 V, and the power was less
than 4 W. Clusters were characterized by high resolution
(resolving power 37) mobility measurements (Half-mini
DMA (by SEADM) with an Airmodus A11 CNC), and
an aerosol electrometer as detectors), and by mass spectrometry (API-TOF (Junninen et al. 2010)).

*

*

Figure 1. Top view of VSP-G1. Reactor, hollow electrodes
and possible flow paths are schematically superimposed.

Size distributions for Ag and Cu in both polarities
consist of a peak with a mode round 1.3-1.6 nm, fol-

lowed by a rather flat band in the 2-5nm range. Stability
measurements at fixed mobility show negligible variation in number concentration. Mass spectrometry was
used to identify the composition of the clusters. Figure 2
shows mass defect plotted against m/z for positive Ag
clusters. The mass defect, Δ, allows convenient distinction between metal and organic species (Kangasluoma,
2013). The bands with positive slope correspond to one
or more Ag atoms clustered with several organic ions.
Ag is also present as a single ion (isotopes 107Ag+ and
+
109Ag at m/z=106.91/108.90, Δ=-0.09/-0.10).

Figure 2. Mass defect vs Mass/charge ratio.
Because of the localized heating in the spark,
spark ablation is generally considered a good source of
‘uncontaminated’ particles (Maisser, 2015). However,
the observed abundance of organic species complexed
with the metals confirms that gas purity plays a critical
role in spark ablation. One explanation is that the spark
plasma leads to the formation of reactive species from
otherwise inert molecules in the gas.
Kangasluoma, J., Junninen, H. Lehtipalo, K. Mikkilä, J.
Vanhanen, J. Attoui, M. Sipilä, M., Worsnop, D.
Kulmala, M. and Petäjä,T. (2013) Aerosol Sci Techn.
47, 556–63.
Maisser, A., K. Barmpounis, M. B. Attoui, G. Biskos,
and A. Schmidt-Ott. (2015) Aerosol Sci Techn. 49,
886–94.
Schwyn, S, E Garwin, and A Schmidt-Ott. (1988) J.
Aerosol Sci 19, 639–42.
Junninen, H., Ehn, M., Petäjä, T., Luosujärvi, L.,
Kotiaho, T., Kostiainen, R., Rohner, U., Gonin, M.,
Fuhrer, K, Kulmala, M. and Worsnop, D.R. (2010).
Atmos. Measure. Tech., 3, 1039–1053.
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Bimetallic nanomaterials are of great interest due to their
size, composition and structure-dependent properties. In
recent studies it has been reported that bimetallic
nanoparticles possess outstanding characteristics when
compared to monometallic nanoparticles, especially as
catalysts for certain chemical reactions.
To ensure the use of a suitable catalyst for a given
application, it is necessary to control the bimetallic
particle generation and thus tailor the nanocatalyst
composition. The particles were produced in the gas
phase in a spark discharge generator (SDG). The
advantages of nanoparticle generation via the aerosol
route are the well-defined morphology of the product
particles as well as the purity of their chemical
composition.

investigated via EDX. The nanoparticles exhibited
almost the same composition as the used alloy
feedstock, with a deviation of less than 7
percentage points between the individual particles.
Therefore, no segregation could be detected,
indicating the presence of a true alloy even on the
nanoscale.
This result shows that nanoparticle compositions
can be tailored to the needs of specific catalytic
reactions.

Table 1. Comparison of the calculated and measured
Cu/Ni-ratios
Sample

Cu/Ni
Cu/Ni
Cu/Ni
Cu/Ni

80/20
60/40
40/60
20/80

Feedstock Cu/Ni
ratio, specified
(mass ratio)
4.33
1.624
0.722
0.27

Nanoparticle
Cu/Ni ratio
(mass ratio)
4.83
1.684
0.744
0.28

The generation of copper, nickel and copper-nickel
alloy nanoparticles by spark discharge was
investigated, using different bespoke alloy
feedstock. Roughly spherical particles with a
primary particle Feret diameter of 2 to 10 nm were
produced and collected in agglomerate form. The
copper to nickel ratios determined by ICP-MS, and
therefore averaged over a large number of particles,
matched the nominal copper content quite well.
Further investigations showed that the electrode
compositions influenced the evaporation rate and
the primary particle size. The evaporation rate
decreased with increasing copper content, which
was found to be in good accordance with the
Llewelyn-Jones model.
However, the particle diameter was
increasing with an increasing copper content,
caused by a decrease in melting temperature due to
the lower melting point of copper. Furthermore, the
alloy compositions on the nanoscale were

Figure 1. Measured evaporation rate per spark compared
with the Llewellyn Jones model and the specific thermal
resistance
The authors would like to express their gratitude to Dr.
Gábor Galbács from the University of Szeged/Hungary
for the ICP-MS measurements and to PD Dr. rer. nat.
habil. Reinhard Schneider from the Karlsruhe Institute of
Technology (KIT) for the EDX measurements.
The research leading to these results has received
funding from the European Union’s Seventh Framework
Programme under Grant Agreement No. 280765
(BUONAPART-E).
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For the past couple of decades, the public became
witness of the environmental problems that arised from
regular intervals. It was associated with the fast
advanced urbanization and industrialization. In
particular, the US Agency of Environmental Protection
in 1997, announced National Ambient Air Quality
Standards for Particulate Matter. This Standarts reported
that particles smaller than 2.5 microns are the most
dangerous sources of air pollution, as well they have an
adverse effect on human health, especially on respiratory
tract and extrapulmonary organs. According to estimates
based on statistical data and composition of the
atmosphere air pollution leads to 3.3 million of untimely
deaths worldwide Lelieveld et al (2015).
It was developed porous filter for the aerosol
particles, which is a hybrid material. The porous
structure of the propylene homopolymer, which was
obtained using melt-blown technique, is a bearing
substrate for woven into it nano and microfibers, Figure
1. In this case nonzero velocity on the nanofibers surface
means pressure drop is smaller compared to micrometer
fibers, while since particles trajectories lie closer to the
fiber surface they have more chances to stick to the fiber
surface Hung et al (2011). To create a new filter concept,
fiber Nylon-66 obtained by the electrospinning method,
deposited on a two-dimensional netlike structure of
binding polypropylene micro fibers. The morphology of
the resultant structure is determined equal area circle
equivalent diameter of the fiber cross-section, the
coating speed, wide pores, and packing density of the
layers of nanofibers and microfibers. These
characteristics can be accurately controlled by varying
the physicochemical properties of the working solution
(e.g. polymer concentration in solution), as well as
experimental electrospinning process parameters (e.g.
flow rate).

cycle. Among the unique properties of the material
should be noted the high filtration efficiency for MPPS
is comparable with a HEPA filter pressure drop at the
same rate of filtration, as well as a great resource of
holding capacity for atmospheric dust. Table 1 shows the
parameters obtained nanofibers from solutions of nylon
66. The use of this technology allows you to create
filters, which covering a large range of filtration
efficiencies up to ULPA class.
Abstract review
The nanofibers (NY66) was deposited on the
matrix of microfibers (PP) using the electrospinning
technique and charging target with aero ions of opposite
sign. As a result, porous material with a unique filtration
properties was synthesized. It is shown that changing
electrospinning process parameters the optimal
morphology of the material could be obtained.
The hybrid and composite filter material with a
low-pressure drop and at the same time having a
consistently high filtration efficiency for the most
penetrating particle size (MPPS) was developed. It was
shown that analogue of HEPA filter provides a
comparable or even a higher filtration performance and
benefits at cost.

Table 1. Comparison between some solutions and
diameters of the resulting nanofibers
Solution
concentr
ation
(%)
10
12

Fiber diameter
(nm)

Specific gravity
(g/m2)

79
89

9.410-2
3.410-1

The advantages of nonwoven filter material may
include ease of manufacture frameless filter in one work

Figure 1. SEM image of a single layer of micro and nano
fibers formed with an applied voltage of 50 kV.
Lelieveld, J., Evans, J., Fnais, M., Giannadaki, D. and
Pozzer, A. (2015) Nature 525, 367-371.
Leung, W. W.-F., C.-H. Hung and P.-T. Yuen (2010).
Separat. and Purif. Techn. 71, 30-37.
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The use of nanoparticles in industrial and medical
applications has increased the need for instrumentation
and methods to study their physical properties (size,
shape, concentration, density). Specifically, researchers
are interested in the particle size and density distributions
of nanoparticles prepared in liquid suspensions (colloids).
To utilize high precision aerosol based measurement
methods, these colloidal samples must first be
aerosolized. Several established techniques have been
employed to aerosolize colloidal particles; however, these
methods are sensitive to sample purity, require extensive
method development, are unstable over long periods, or
lack effective data inversion routines to calculate the true
mass and size distributions. This work presents a method
for analysing nanoparticle size and mass distributions
which couples a newly developed colloidal nanoparticle
aerosolization device (Jeon et al 2016) to an existing
aerosol mass analyser and a low-cost, portable aerosol
electrical mobility analyser. Additionally, we present the
application of a recently developed data inversion
algorithm (Rawat et al 2016) to this system.
Colloidal suspensions of nanoparticles will often
contain dissolved non-volatile residue (DNVR) composed
of surfactants and or salts which are required for
stabilization and or are by-products of the manufacturing
process. Upon aerosolization of the colloid, the DNVR
may substantially alter the size and or properties of the
aerosolized colloid particles (by precipitation onto the
particle surface) as well as form aerosol particles
composed entirely of precipitated NVR (which are
indistinguishable from the colloidal particles). Previous
studies have utilized electrospray nebulization (Kaufman
1998) to generate relatively small droplets which reduces
the effect of precipitated residue on the analysis; however,
electrospray nebulization often requires unique operation
parameters for different materials and is often not stable
for extended periods of time. For this work, a recently
developed nanoparticle aerosolizer utilizing pneumatic
nebulization was used to aerosolize colloidal mixtures for
gas phase analysis.
Previous work using a similar pneumatic
nebulization device coupled to a scanning mobility
particle system has shown that pneumatic type engineered
nebulization (which produces a peak droplet diameter
near 100 nm, similar to commercially available
electrospray devices) coupled with online sample dilution
using ultrapure water is capable of aerosolizing samples
with relatively high levels of dissolved NVR (~ 1 ppt)
without altering the aerosolized colloid particle
properties. For samples containing low levels of DNVR
(< ~10 ppm), we are able to accurately aerosolize samples

without using online UPW as a dilutant. In addition to
eliminating online UPW dilution, a low cost particle size
spectrometer replaced the high resolution system used in
the previous studies.
In addition to the size distribution measurements,
we show that this lower cost, simplified system can be
coupled to an Aerosol Particle Mass (APM) analyser to
obtain additional separation based on particle density.
Figure 1 shows the results tandem Aerosolizer-APMSMPS without online dilution and using the low cost,
portable particle mobility size spectrometer. The figure
shows that this system has the ability to separate particles
of similar size and different densities.

(a)

(b)
Figure 1. Diameter and Mass-Diameter distribution of a
mixture of TiO2 and SiO2 colloid solutions. (a) with
APM off and (b) with APM separation
The results show that for colloids with low levels
of dissolved non-volatile residue, a simplified low cost
system is able to effectively measure size and density
values for the colloidal particles.
Jeon et al (2016) Analyst 141(4), 1363-1375.
Rawat et al (2016) Journal of Aerosol Science 92, 70-82.
Kaufman (1998) Journal of Aerosol Science 29(5–6),
537-552.
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than that PVP solutions which pH is 11.98. In addition,
the TEM image shows that the diameter of the captured
nanoparticles was changed between the PVP solution
which pH adjusted 9.00, and 11.98. The mode diameter
of the captured nanoparticles into PVP solution which
the pH adjusted at 9.00 was about 8 nm. In contrast, the
mode diameter of the captured nanoparticles into PVP
solution which the pH adjusted at 11.98 was about 2 nm.
This results suggest that the gas-born Ag nanoparticles
transferred to capture solutions were aggregated at high
pH conditions and were unable to disperse in PVP
solution, suggesting that the pH influences complexation
between PVP and nanoparticles. Therefore, above result
implies that capture efficiency is strongly influenced by
the property of capture solution not only dispersing agent.
We will discuss the proton effect in detail, and
also discuss the efficiency of acid PVP solutions.

0.4

Absorbance

Metal nanoparticles are widely interested in
chemical, physical, and optical properties. Various
methods for nanoparticle production have been reported
such as chemical reduction, laser ablation, and gas
vaporization. In particular, the gas vaporization method,
which enables to synthesize nanoparticles from bulk
metal in the gas phase by heating, has attracted much
interest because of easy operation and low cost.
Our previous report demonstrated that gas-born
nanoparticles are able to be transferred into solution
successfully (Hashimoto et al., 2011). The production of
Ag nanoparticles by heating was carried out in the
furnace equipped with N2 gas-flow path, and then gasborn particles were transferred to the capture solution via
the gas-flow path. When pure water was used as the
capture solution, the gas-born nanoparticles were
aggregated in the water solution. This result shows that
the gas-born nanoparticles were unstable and low
dispersibility in water. When the polyvinylpyrrolidone
(PVP)-dissolved water was employed as capture solution,
the aggregation of gas-born nanoparticles was not
observed. In addition, stable dispersion of nanoparticles
in the capture solution was demonstrated by UV
measurement. The XPS analysis revealed that the Ag
nanoparticles transferred into capture solution interact
with PVP molecules via their oxygen atoms.
However, the capturing efficiency of gas-born Ag
nanoparticles into capture solution were obscure. The
aim of this study is to investigate the efficiency of the
solution pH for capturing the gas-born Ag nanoparticles.
Dependence of proton concentration in capture solution
on capture efficiency was investigated by pH adjustment.
Ag gains loaded in a quartz tube was vaporized at
around 1100 oC in a furnace with an N2 gas flow at a rate
of 2.0 L/min regulated using gas-flow meter under
atmospheric condition. The produced Ag nanoparticles
were blown through an electrically conductive tube into
a Polyvinyl pyrroridone (PVP, average molecular weight
(Mw) = 10,000) solution, concentration of which was
adjusted at 0.125 gL-1. Two kinds of PVP solutions were
prepared which were adjusted at pH = 9.00, and 11.98,
respectively. After 3-hours blown, the obtained solutions
were analysed using a UV-vis spectrophotometer, and
Transmission electron microscope (TEM).
Figure 1 shows the UV-vis spectrum for obtained
PVP solutions. Both spectrum has the same peak
position at about 410 nm. This peak position derived
from the surface plasmon resonance (SPR) for Ag
nanoparticles. This suggest that both solutions were
captured the produced Ag nanoparticles. The intensity at
410 nm of the PVP solutions which pH is 9.00 is higher

0.2

0

400

500

600

Wavelength / nm

Figure 1. UV-vis spectrum. (solid line) the PVP solution
which pH was adjusted 9.00, (dashed line) the PVP
solution which pH was adjusted 11.98.

N. Hashimoto, N. Nishida, H. Murayama, and H. Tanaka.
(2011) Chem. Lett. 40, 144-146.
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In initial studies the influence of the materials on the
separation of nanoparticles were investigated. It was
shown that only one material was able to separate
nanoparticles lower than 500 nm effectively by
nearly 25 % (figure 2). A particle mode in the range
of 300 nm was achieved.
50
M1

45

M2
40

fractional efficiency by number [%]

Modern industrial cutting technologies (e.g. drilling,
sawing, milling) are using cutting fluids. The cutting
fluids are including oils, oil-water emulsions or
mists. The properties of the cutting fluid are the
ability to keep the workpiece at a stable temperature
and to maximize the life of the cutting tool by
lubricating the working edge. Based on the high
temperature during the cutting process fractions of
the cutting fluid are vaporizing and forming particles.
Measurements of cutting fluid concentrations in the
air at the workplace have shown that a description
confined to the general conditions in the working
area concerned is insufficient for deriving action to
ensure compliance with the German air limit value of
10mg/m³ (Stockmann et al., 2004).

M3
35
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5

This paper gives an overview about measurements of
the removal efficiency of nanoparticles of cutting
fluids by using specially manufactured nonwovens.
Measurements took place in the test laboratory of
ILK in Dresden. Particle size distributions were
measured by an SMPS (Model 3936, TSI, USA,
Particle-Range: 0.02–0.8 µm) and APS (Model 3321,
TSI, USA, Particle-Range: 0.5–5 µm).
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Figure 2. separation efficiency particles 0.05-0.3 µm
The separation efficiency of particles between 0.5 to
3 µm has been further investigated (figure 3). It was
shown that now two materials were able to separate
particles lower than 4 µm very effectively by nearly
90 % (figure 2). A particle mode in the range of 2µm
was achieved.
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Figure 3. separation efficiency particles 0.5-3 µm
Figure 1. framework for holding nonwovens
Figure 1 shows the experimental setup for the
measurements with the framework holding the filter
materials. The investigations were carried out on
different filter nonwoven materials with dosage of a
common-used oil aerosol.

As a result of the measurements the nonwovens
materials will be further developed to reach a
separation efficiency greater than 50% for
nanoparticles lower than 1 µm.
Stockmann, R., Böckler, M., Tiegler, A., Wüstefeld,
B., Kleine, H. (2004), Substitution of cooling
lubricants in the machining of metal., St. Augustin,
Germany, BIA-Report 4/2004
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The cabin air filter is an essential component of the
ventilation system of an automobile to remove air
pollutants, especially PM. However, guidelines for
the filter life time under different conditions are still
lacking, because the loading characteristics may
depend on the particle properties and ambient
conditions. This study is focused on testing the
performance of the cabin air filters under different
simulated driving conditions and proposes a
quantitative method to estimate the service life time
of the cabin air filters based on the experimental
results.
The experiments were conducted in a wind
tunnel compatible with EN DIN 779 standard. Two
types of commercial cabin air filters were tested and
compared with each other, which were normal
fibrous filters (NF) and activated carbon coated
filters (CF). Both the Arizona road dust (ARD) and
soot particles were used to load the filters, which
represented the mineral road dust and automobile
exhaust, respectively. The relative humidity inside of
the wind tunnel was set to vary between 30% RH
and 80% RH which were typical values of normal
and rainy weather. The experimental conditions were
listed in Table 1.The pressure drop across the tested
filters and the filtration efficiency of the filters were
monitored continuously during the whole loading
process
Table 1. Summary of the six sets of experimental
conditions.
I

II

III

IV

V

VI

RH(%)

30

30

30

80

80

80

Loaded
dust

ARD

Soot,

ARD

ARD

Soot,

ARD

ARD
Filter
type

NF

NF

ARD
CF

NF

NF

CF

The obtained loading curves of the filters are
shown in Figure 1.

1a

1b

Figure 1. Loading curves under different conditions:
(1a) NF loaded by ARD and ARD with soot
particles, respectively; (1b) comparison between NF
and CF
Equation 1 is utilized to estimate the service life
time of the filters
W=ΔP×Q [1],
where W is the power of the fan for ventilation
system (W); ΔP is the pressure drop caused by the
cabin air filter (Pa); Q is the air flow rate (m3/s).
In practice, the power of the motor should be kept
lower than the rated power, otherwise the motor is
damaged in short time.
If the flow rate (Q) is kept constant to maintain
a stable ventilation condition, the power (W) will be
linearly proportional to the pressure drop (ΔP) and
increase gradually due to the increasing ΔP caused
by continually loaded particles. In practice, when the
rated power of the motor and the average flow rate
are known, based on the loading curves in Figure 1,
the corresponding loaded mass of the filters can be
obtained and the service life time of the filters can be
estimated according to the air quality on the road.
In conclusion, the proposed method provides a
new way for the automobile manufacturers to
improve the design of the ventilation system based
on the quantitative measurements.
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The aim of this study was to evaluate the
performances of incineration fumes treatment, more
especially particle removal efficiency focusing on bag
filters technology. For that purpose the performances of
a bag filter prototype were evaluated during several
clogging/unclogging cycles with a submicron aerosol.
The influence of gas temperature and humidity on
changes in filtration efficiency and pressure drop were
studied for two operating conditions: incineration
conditions i.e. 150°C and 3% of relative humidity (RH)
and ambient conditions i.e. 24°C and 45% RH. For both
operating conditions, filtration velocity was 1.9 cm/s.
The experimental set-up for single bag filter was
described by Tran et al (2014). The aerosol used for
clogging was a condensation aerosol generated from
graphite monoliths (generator DNP 2000, Palas) whose
particle size distribution was characteristic to those
emitted from the incineration of black carbon nanowaste in a lab-scale oven (Tran et al, 2014). Filtration
efficiency was quantified from particle sampling up and
downstream of the bag filter throughout the
clogging/unclogging cycles and counting with SMPS
(Grimm) or ELPI (Dekati). The maximal bag filter
pressure drop was set to 120 Pa and 150 Pa in ambient
and incineration conditions respectively for all filtration
cycles; once it was reached the filter was cleaned by online pulse jet method.

The evolution of bag filter efficiency versus
particle diameter for different levels of clogging (ratios
ΔP/ΔP0 with ΔP0 the initial filter pressure drop of cycle
1) during the first clogging cycle is presented in
Figure 2. The results indicate that the minimum particle
collection efficiency was 91%. The results also reveal, in
accordance with filtration theory, an increase in particle
collection efficiency with the filter clogging. The most
penetrating particle size (MPPS) value is not observable
for the size range studied at ΔP/ΔP0=2.7, but decreases
from 90 nm for ΔP/ΔP0=5.6 to 60 nm for ΔP/ΔP0=7,
suggesting in particular a possible increase of particle
collection by the diffusion mechanism with clogging.
For higher level of clogging (ie from ΔP/ΔP0=9) particle
collection efficiency reaches almost 100% whatever
particle diameter. The results were compared with those
obtained in incineration conditions which revealed in
particular higher filtration efficiency during the first
clogging/unclogging cycle.
140
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Pressure Drop (Pa)

There is no French or European regulation on the
management of manufactured nanomaterials, whatever
manufacturing, use or end of life is concerned. Such
nano-containing products or nano-waste can end up in
incineration plants.
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Figure 1. Pressure drop across bag filter versus time for 10
clogging/unclogging cycles at ambient conditions.
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Figure 1 shows the increase of bag filter pressure
drop as a function of time for 10 clogging/unclogging
cycles at ambient conditions. In accordance with Park et
al (2012), the experimental results confirm that the
clogging time period of the filtration cycles decreases
from the first cycle (1090 min) to the last one (62 min).
In terms of minimum pressure drop, the baseline which
corresponds to the measured pressure drop (ΔP) just
after cleaning increases with filtration cycles. This
increase (from around 20 to 80 Pa) is due to the residual
particulate cake or in-depth particles onto the bag from
previous filtration cycles. Similar results were observed
at
incineration
conditions
but
kinetic
of
clogging/unclogging was different.
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Figure 2. Fractional efficiency as a function of particle
diameter at different values of ΔP/ΔP0 for the first filtration
cycle at ambient conditions.

Park, B.H. et al (2012) Aerosol and Air Quality
Research 12: 1030–1036.
Tran., D.T. et al (2014) Proceedings of the 29th Congrès
Français sur les Aérosols, Paris.
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Because of the global warming, due to the high
greenhouse gases emission, and the limited resources
of fossil fuels, the worldwide concern for the energy
production from biomass combustion, has strongly
enhanced.
However, biomass combustion plant
generates lot of pollutants too (Particle Matter PM2.5 /
PM10, nitrogen and sulfur oxide, heavy metals …).
Soot and NOx (NO and NO2), which from industrial
small-scale boiler, are pollutants focused in this
project. Since Directive 2010/75/EU of January 2014,
the control of soot and NOx emissions is more
stringent, due to theirs harmful effects on the human
health and environment, only for high power plants
(Williams, 2012). However, in a near future, this will
be extended on smaller biomass boiler (< 4 MWh).
Soot are carbonaceous aggregates with a size from
tens to hundreds nanometer in aerodynamic diameter.
They are emitted when the combustion is uncompleted,
which are mainly due to combustion conditions poor in
O2. At the exhaust of combustion room, emitted
particles are generally trapped by two different devices,
inertial filtration (cyclone(s)) for the largest (PM10) and
then, porous filter media for the smallest (PM2.5). There
are several types of filter media, as bag filter, moving
or fixed bed granular filter and rigid filter, which of
various nature in function of their composition
(ceramic, metallic), structure (fibrous, sintered, …) and
geometry (candle, disc, …) (Heidenreich, 2013).
The most widely used technique for removing of
only NOx is the Selective Catalytic Reduction (SCR)
over V2O5-WO3 (MoO3)/TiO2 with NH3, as reducing
agent, and in excess of O2. However, this SCR unit has
to be located at the upstream particles filtration system,
because it’s efficient at a temperature range of 300°C
to 400°C, and this brings such problem, as the
deposition of dust on catalyst (Yang, 2011). Several
studies have been performed over transition metals
oxide from Mn, Fe, Cu, Co and Ni supported on high
specific surface materials in order to reduce NOx at
lower temperature (< 200°C).
Rigid filter can be functionalized by the
impregnation of a catalyst at his surface in order to
remove simultaneously soot and gas pollutants, as NOx.
Several catalysts have been impregnated on various
filters (Yoshida, 1989). However, the soot influence on
NOx reduction is always disputed.
In this work, several metallic functionalized
sintered filters are prepared. Several transition metals
(metallic or oxide) are deposited on the surface and on
bulk of a metallic filters with various porosities. The
main objective is to find an efficient catalytic filter to

remove simultaneously soots and to reduce NOx from
small-scale biomass boiler, which require a compact
and easy to use and maintenance cleaning system, at
low temperature. The study will performed in two step,
first at the pilot-scale and then at the industrial scale.
This work will permit to study the influence of the
nickel deposit on the filtration efficiency and to have a
better understanding of the mechanism taking place at
the interface catalyst-soot-NOx.
The filter media in stainless steel or in bronze are
prepared by Sintertech SAS-PORAL industry and the
impregnation of catalyst is performed by PRODEC
METAL society. Catalytic filters are characterized by
mercury-porosimetry and SEM (Scanning Electronic
Microscopy) in upstream and downstream of
experiment on pilot to observe the influence of tests on
porosity and metal deposit.
The experimental pilot consists of a heated stainless
steel tube (interne diameter of 70 mm and long of 2 m).
This allows working at temperature comprised between
100 and 400°C, which is measured over the tube by
thermocouples. Functionalized filter is placed at the
half length of the tube and the overpressure it induced
is quantified by a pressure sensor. The pilot is feed
with a mixture of gas and soot, whose is the closest of
the real composition of fumes from biomass
combustion. To determine the efficiency of filter, 3
analytical devices are used upstream and downstream
of the filter: Analyzer HORIBA for NOx and other gas
quantification, Electrical Low Pressure Impactor
(ELPI) for soot size distribution and a Tapered Element
Oscillating Microbalance (TEOM) to have the weight
concentration of soot emitted.
Two experiments are performed on each filter: with
and without soot. The experimental tests are conducted
at a temperature of 200°C, with a gas composition of
7% in O2, 13.5% in CO2, 2.5% in H2O, 0.05% in NOx
(500 ppm), the remain in N2 and about 4E+08 part/cm3
with a mode around 0.1µm.
This work is supported by L’Agence de
l'environnement et de la maîtrise de l'énergie
(ADEME).
1 Williams. A, Jones. J.M, Ma. L, Pourkashanian. M,
(2012), Prog Energ Combust, 113-137.
2 Heidenreich. S, (2013), Fuel, 104, 83-94.
3 Yang. S, Wang, Li. J, Yan.N, Ma. L, Chang. M,
(2011), Appl Catal B : Environ. 110 71-80.
4 Yoshida. K, Makino. S, Sumiya. S, Muramatsu. G,
Helferich. R, (1989) SAE Paper. 892046.
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The assessment of efficiency of flow through type room air cleaners
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The creation of appropriate conditions in premises with
high purity requirements is impossible without special
preparation of air medium. For many productions, it is
most critical to ensure aseptic conditions. Therefore,
bioaerosol removal from indoor air is an urgent task.
Currently, the market offers a wide variety of flow through
type air cleaners and disinfectors, which are tested for
filtration efficiency according to the available standards
(see AHAM, 2002), based on the CADR (Clear Air
Delivery Rate) value. However, the CADR value does not
say anything about the inactivation of microorganisms that
have passed through disinfectors, which results in the
reduction of the concentration of viable microorganisms at
the device outlet not only due to the retention of particles
in the device.
A natural measure of the efficiency of aerosol
disinfection by the test device, E is the ratio of the
concentrations of viable microorganisms at the device
output (Сout) and inlet (Сin):
E = 100*(1 - Сin / Сout), %.
While the proportion of the total number of aerosol
particles that passed through the device only weakly
depends on indoor temperature and relative humidity
(except for their extreme values), for viable
microorganisms such dependencies can be very sharp. In
addition, even at fixed temperature and relative humidity,
various microorganisms differently respond to inactivating
factors inside the device such as ozone and air ions
concentrations, UV-radiation, the gas phase composition,
the composition of aerosol containing microorganisms,
etc.
The available literature data (see e.g. Jensen, 1964;
Harper, 1963; Akers, et al., 1966) and our own
investigations illustrate the above. For example, influenza
A viruses and vaccinia virus are almost completely
inactivated by UV-radiation under the experimental
conditions described in Jensen (1964), whereas adenovirus
survives under the same conditions up to approximately 10
%. Generally, all microorganisms in an aerosol state are
inactivated faster at higher temperatures under otherwise
identical conditions. Some viruses are slowly inactivated
at high or low relative humidity, while they are quickly
inactivated at average relative humidity (Harper, 1963;
Akers, et al., 1966).
The authors have investigated the inactivation of
various microorganisms both in the passage through the
“Tion B” disinfecting air cleaners and inside particles
deposited on output filters of the electrostatic unit of the
working device. It is shown that at similar temperature and
relative humidity under the action of inactivating factors

inside the “Tion B” disinfecting air cleaners, 99 %
inactivation of microorganisms on the output filters of the
electrostatic unit of the working device is achieved:
- for Staphylococcus aureus bacteria within 2 hours;
- for Mycobacterium smegmatis (GK strain)
bacteria within 1 hour;

- for Ebola virus (Zaire strain) within
approximately 1.5 hours;
- for influenza virus A/Aichi/2/68 (H3N2) –
within less than 10 minutes.
When passing through the device inside aerosol
particles (i.e. particles not deposited on the walls and the
filters), a little more than 1 % of Mycobacterium
smegmatis bacteria and influenza virus A/Aichi/2/68
(H3N2) but more than 20 % of Staphylococcus aureus
bacteria remain viable under the test conditions of working
device “Tion B”.
Obviously, it is correct to compare the efficiencies
of air disinfection by different devices only on condition
of identical microorganisms aerosolized from the same
material (liquid or dry) under identical microclimatic
conditions. In all other cases, the comparison of the
efficiencies of air disinfection by various devices will be
incorrect.
Based on the foregoing, it has become necessary to
develop a normative document (at the national or
international level) regulating the assessment of efficiency
of room air cleaners under standard temperature and
relative humidity using only certain microorganisms such
as bacteria, viruses and fungi.
Akers, T.G., Bond, S., and Goldberg, L.J. (1966) Appl.
Microbiol. 14, 361-364.
Association of Home Appliance Manufacturers (AHAM):
Standard Test Procedure ANSI/AHAM AC-1 (2002)
AHAM.
Harper, G.J. (1963) Arch. Virol. 13, 64-71.
Jensen, M.M. (1964) Appl. Microbiol. 12, 418-420.
Webb, S.J., Bather, R., Hodges, R.W. (1963) Canad. J.
Microbiol. 9, 87-92.
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Simulation of the inertial deposition of the aerosol particles in the fibrous filters
considering particle rebounding
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Researchers have studied the particle movement
characteristic through the fibrous filters (Hosseini et al,
2012; Wang et al, 2013; Qian et al, 2014). The particle
trajectory and filtration efficiency of various fibrous
structures were investigated in our previous work (Li et
al, 2016). In the current work, we further studied the
interaction between particle and fibrous surface using a
self-developed Fortran code, and proposed an adhesion
criterion to determine whether the particle will rebound
from or adhere to the fibrous surface. The behavior of
aerosol particles collision, adhesion and rebound on
surface of collectors (fiber or deposited particle) are
analysed. Effects of particles rebound characteristics in
near field of collectors, on the morphology of particle
deposit and the filtration efficiency of filter will be
presented in the later work.
Fig. 1 shows a schematic of particle impact and
rebound on fibrous surface. The critical incident velocity
along the vertical direction V * can be written as

V * =  2 E (1 − e 2 ) ( me 2 )  ,
where m is the mass of the particle, e is the coefficient of
restitution (Dahneke, 1971; 1975), E is the adhesion
energy (depth of the attractive potential well) which is
defined as Hd/12z0, H is the Hamaker constant for the
interaction of two bodies 1 and 2 in a medium 3
(Hamaker, 1937; Israelachvili, 2011), z0 is the
equilibrium separation of the two touching surfaces.

movement. Fig. 2 (d) shows the temporary morphology
of particles deposition. The adhesion and rebound on
surface of fiber or deposited particles are all considered.

(a)

(b)

(c)

(d)

12
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Vi
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Fibrous surface

Figure 1. Schematic of particle impact and rebound on
fibrous surface
Fig. 2 (a) shows that the critical incident velocity
increases as the particle size decreases. Fig. 2 (b) shows
that the rebounding velocity of soft particles (e = 0.95) is
always larger than that of the hard particles (e = 0.98) at
given diameters (Dahneke, 1971; Zhang and Nakajima,
2003). Fig. 2 (c) shows some particles with a larger
vertical incident velocity (Vin) will rebound, while the
others will adhere to the surface. It is assumed that the
adhered particle will stay static and have no secondary

Figure 2. (a) The critical incident velocity as a function
of particle diameter, (b) Velocity ratio (Vrn/Vin) of soft or
hard particles as a function of incident velocity, (c)
Particle trajectory considering particle rebounding, (d)
Particle deposition considering particle rebounding.
This work was supported by Hubei Provincial Natural
Science Foundation of China under grant 2015CFB307,
and the Fundamental Research Funds for the Central
Universities of China under grant 2042014kf0034.
Dahneke B. (1971) J. Colloid Interface Sci. 37, 342-353.
Dahneke B. (1975) J. Colloid Interface Sci. 51, 58-65.
Hamaker H.C. (1937) Physica 4, 1058.
Hosseini S.A. and Vahedi Tafreshi H. (2012) Comput.
Fluids 66, 157-166.
Israelachvili J.N. (2011) Intermolecular and surface
forces: revised third edition, Academic press.
Li W., Shen S.N. and Li H. (2016) Adv. Powder Technol.
http://dx.doi.org/10.1016/j.apt.2016.02.018
Qian F.P., Huang N.J., Lu J.L. and Han Y.L. (2014)
Comput. Chem. Eng. 71, 478-488.
Wang H.M., Zhao H.B., Wang K., He Y.X. and Zheng
C.G. (2013) J. Aerosol Sci. 66, 164-178.
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Modeling of submicron particles motion in planar dielectric barrier discharge type
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Figure 1. The effect of the frequency on the particles
motion. Conditions: V0=5 kV, dp=0.305 µm
Fig. 1 shows the effect of the frequency on the
particles motion. The amplitude of oscillations decreases
with the frequency. For this reason, higher frequencies

are more appropriate for particles charging applications.
At low frequencies, the amplitude is big but there is no
enough time for the particles to oscillate, that cause a
diminution of the particles collection efficiency.
Fig. 2 shows modeling and experimental results
of the frequency effect on the collection efficiency. We
can see that the modeling and the experimental results
are similar which confirm our assumptions. The
collection efficiency decreases at low frequency. By
analyzing modeling results, the diminution is due to the
low charge of aerosol particles. In fact, between two
successive half-cycles, the discharge turns off during a
time-interval, that is longer than the residence time of the
particles inside the plasma reactor. At high frequency,
the decrease of efficiency is caused by the fast
oscillation of the particles between the electrodes.
100

80

Efficiency (%)

Two major actors are responsible for air pollution: toxic
gases and airborne particles. The suspended particles in
the air have a harmful effect on nature and human health.
One of the most effective methods for airborne particles
removal is electrostatic precipitators (ESP) (Chang et al,
1995). Even though the high total particle collection
efficiency of conventional ESPs which can reach 99.9 %
and their low energy cost, there is still a problem with
the collection efficiency of submicron particles in the
range from 0.2 to 2 µm (Chang et al, 1995).
Furthermore, the use of dc corona discharge to charge a
particle presents some risks due to arc transition.
Recently, many research works have been carried out on
dielectric barrier discharge (DBD) to produce ions and
charge particles inside the ESP rather than the
conventional corona discharge (Zouzou et al, 2011).
In this paper, a theoretical model is presented to
assess the trajectory, and the collection efficiency of
submicron particles with different diameters (ranging
from 0.18 to 1 µm) in a plane-to-plane DBD electrostatic
precipitator (air gap = 1 mm, dielectric thickness = 180
µm).
The model is based on particles field-diffusion
charging theory, classical movement equations and
simplifying assumptions. In order to evaluate the charge,
the velocity, the trajectory, and the collection efficiency
of particles, two kind of forces are taken into account:
the first one is the electric force applied by the electric
field on charged particles and the second one is the drag
force which represent the resistance of the air to particle
movement.
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Figure 2. Collection efficiency versus the frequency.
Conditions: V0=5 kV, dp=0.305 µm.
As a conclusion, filamentary DBD can be
considered as an efficient way to charge particles inside
the ESP. The particles have an oscillating motion which
highly affects their collection. The amplitude of particle
trajectory oscillations depends on electrical parameters
such as the applied voltage and the frequency, and
particles characteristics such as their size.
Chang, J. S., Kelly, A. J. and Crowley, J. M. (1995)
Handbook of Electrostatic Processes, New York:
Marcel Dekker.
Zouzou, N., Dramane, B., Moreau, E., and Touchard, G.
(2011) IEEE Transactions on Industry Applications,
vol. 47, no.1, pp. 3 - 11.
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Visualization of nanoparticles deposits onto spherical collectors
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In order to develop predictive models dealing with the
granular beds clogging by nanoparticles, i.e. to forecast
both the collection efficiency and pressure drop
evolutions, the deposit morphology on the collectors is a
key information.
Some studies concerning the deposition on
spherical collectors of micron-sized particles suspended
in a liquid solution were carried out (Payatakes et al.,
1981, Chang et al., 2010). In the case of airborne
particles deposits, one of the main studies was conducted
by Kasper et al. (2010). They investigated the structure
and the density of deposits formed by micron-sized
particles on a single fiber. Nevertheless, there is no study
concerning the case of the deposition of nanostructured
particles onto spherical collectors.
Therefore, we decided to observe this type of
deposit both on a magnetic beads line and a magnetic
beads layer mounted on a rotating frame. The use of
magnetic beads ensures that the collectors are kept
rigidly connected in both cases without using any
support that would disrupt the flow and thus the deposit
structure. The deposit observations were performed by a
set of digital microscopes (X 25, X 250, X470)
permitting to follow the growth of the deposit thickness
on the collectors line and the closure of the pores of the
collectors layer. For this last case, the pressure drop
increase during the clogging was also monitored to be
correlated with the observed pores closure state. Three
types of nanoparticles were used: graphite (line and
layer), iron (layer) and titanium (layer). Furthermore, the
experiments were conducted at two different superficial
velocities: 20 cm/s (line and layer) and 5 cm/s (layer).
The results of the beads line experiments
permitted to show, thanks to the rotating frame, that the
deposit is homogenous all over the collector surface in
the case of Brownian particles deposition. Nonetheless,
the deposit layer appeared to be ellipsoidal and almost
non-existent at the contact points between two beads.
This ellipsoidal shape was attributed to a higher air flow
resistance at the contact points inducing a lower particle
mass flow rate in these zones.
The tests conducted on the beads layer revealed
the same ellipsoidal shape of the deposit between the
four contact points of a pore. From the microscope
viewings, a pore closure degree could also be measured
using a Matlab® code based on the binarization of the
pictures. Thus, the pressure drop as a function of the
pore closure degree was plotted for all the performed
experiments (cf. figure1). On the figure 1, some
binarized viewings of the clogged pores are also
presented.

Figure 1. Pressure drop evolution as a function of pore
closure degree.
All the pressure drop evolutions appeared very
close whatever the operating conditions and in spite of
visually different porosities for each kind of
agglomerates and of location differences of the deposit
in the pores. Indeed, in the case of the iron particles, the
deposit was highly affected by the magnetic field created
by the collectors. These observations seem to indicate
that the whole air flow passes through the unblocked
area of the pores. A theoretical approach was conducted
in order to confirm this assumption. The pressure drop of
a pore of the layer considered as a discretized constricted
tube was calculated using the Poiseuille’s law. This
calculation was repeated for all the pore closure degrees
assuming a uniform deposit thickness on the pore wall
(cf. figure 1). A good agreement was observed whatever
the superficial velocity, the agglomerates size and
consequently the deposit porosity. This result tends to
prove that the fluid do not flow through the deposit until
reaching very high pore closure degrees.
These results, obtained on the beads line and the
beads layer, permit to better understand the clogging
process and will be useful for the development of
predictive deep bed filtration models.
Payatakes, A., Park, H.Y., Petrie, J. (1981).
Chemical Engineering Science, 36, 1319-1335.
Chang, Y.-I., Rong-Shin, L., Wei-You, C. (2006).
Separation and Purification Technology, 52, 126135.
Kasper, G., Schollmeier, S., Meyer, J. (2010).
Journal of Aerosol Science, 41, 1167-1182.
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The fiber media or fibrous media are widely used in
filtration: respiratory mask, dust extractor… Even if the
fiber media technologies are efficient: high productivity,
low cost, flexibility, the processes create heterogeneity
more or less important such as nonuniform packing
density, thickness or fiber size distribution. The local
variations in the media alter the air flow and the particle
collection and therefore modify the filtration properties.
Several theoretical approaches have been done (Yeh et
al., 1974, Shapiro, 1996, Dhaniyala et al., 2001) to
model the heterogeneity, meanwhile few studies
compare theoretical results and experimental data.
The aim of this present work is to characterise
and evaluate the heterogeneity of fiber media on
filtration pressure drop and efficiency. In order to
compare theoretical models of pressure drop and
efficiency to heterogeneous fibrous media, artificial
media have been created. Two layers of the same media
obtained by the same operating conditions are
superimposed and holes are created in the first layer in
order to create a non-uniform thickness. Therefore,
artificial media with 0, 10, 20, 30 and 100% of nonuniform fraction have been created. A pressure
transducer records the pressure drop of the filter. The
collection efficiency of NaCl particles, (Particle size
range from 0.2 to 0.5 µm) is measured with an optical
counter device (Palas Welas 2100) at a face velocity of
5.3 cm/s.

Figure 1. Model for an homogeneous media

From the pressure drop of an homogeneous media
(∆Phomogeneous) with a uniform thickness (Zhomo) as in
figure 1, the pressure drop of the heterogeneous media
(∆Pheterogeneous) as in figure 2 is predicted knowing the
thickness of the heterogeneous surface (Zhete), the
fraction of non-uniformity F, ratio between
heterogeneous surface (Ωhete) and total surface (Ωtotal), as
in equation 1.
∆

=

∆
1+(

(1)

− 1)

Then, to predict the efficiency of the
heterogeneous media, a model with a β correction factor
using the pressure drop ratio is applied to the fiber unit
efficiency (Yeh et al., 1974), as in equation 2.
= 1− 1−

(

)

(2)

The study has shown that the pressure drop model
and the β correction factor of efficiency are correlated
with the experimental results. For example, the figure 2
illustrates the comparison between theoretical prediction
and experimental data on pressure drop.

Figure 2. comparison of pressure drop prediction and
experimental data
This work is supported by BPI France for the 14th FUI
and takes place within the frame of the FILAIRCO
collaborative research project.

Figure 2. Model for an heterogeneous media

Dhaniyala, S., & Liu, B. Y. H. (2001). Aerosol Science
and Technology, 34(2), 170–178.
Shapiro, M. (1996). Journal of Aerosol Science, 27(2),
263–280.
Yeh, H.-C., Liu, B. Y. (1974) Journal of Aerosol
Science, 5, 205-217.
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For a long time, steel industry is responsible for high
emissions of CO2. With a view to reduce these
emissions, the VALORCO project proposes to reduce at
source the quantity of CO2 and to value that emitted. The
valorization solutions require a gas free from particles or
at least with a very low dust content and consequently
the adding of a new step in the treatment chain in order
to decrease particle concentration. With that objective in
mind, a trickle bed filter is developed to treat high flow
rates with a good collection efficiency and a limited and
constant pressure drop. This technology is a combination
between a granular bed and an absorption column, in
which the particles trapped on collectors are
continuously re-entrained thanks to a water film flow.
However, the main difficulty in the design of the
separator is the selection of the operating parameters and
the characteristics which permit to obtain a good
efficiency (as close as possible to a filter media
efficiency) while maintaining a constant and limited
pressure drop. As there is no correlation for determining
the theoretical collection efficiency and pressure drop of
a trickle bed, the performances of this separator have
been compared with those of a traditional granular bed.
The experiments have been carried out in a cocurrent configuration on a 2.5 m-high glass column with
a diameter of 0.2 m. The bed is 0.5m high and different
collectors have been used (glass beads and Raschig
rings). An aerosol composed of Al2O3 micronic particles
is generated and collected through the granular bed.
Water is pumped from a tank and a distributor is used to
homogeneously wet the collectors. To evaluate the
performances of the filter, a pressure transducer records
the pressure drop into the column and an aerodynamic
particle sizer allows measuring the upstream and
downstream airborne particle concentrations in order to
calculate the filtration efficiency.
The pressure drop was measured for different air
and water flows. The gas and the liquid flow rates varied
from 10 to 22 m3.h-1 and from 4 to 20 L.min-1,
respectively. This hydrodynamic study highlights that
the pressure drop increases when the collector diameter
decreases. This is in accordance with the literature (Kuo
et al 2010). Moreover, for given collector size and air
flow rate, the pressure drop increases with the water
flow. This is due to the presence of water through the
column which decreases the bed porosity. However,
even if it is higher than for a dry granular bed, the
pressure drop remains acceptable.
Initial collection efficiencies of this trickle bed
were determined for various beads diameters and liquid
flow rates and a constant air flow rate, set at 20 m3.h-1.

The results show that the initial collection efficiency
increases if the collector diameter decreases. This is in
accordance with the results obtained by Kuo et al (2010)
and Saxena et al (1985) on dry granular beds. It could
also be noted that the initial collection efficiency
increases with the water flow. This phenomenon reveals
that the addition of a water film flow improves the filter
performances. Finally, filter clogging experiments have
been performed. While the collection efficiency of the
separator was almost constant in presence of water, the
pressure drop was clearly higher at the beginning of the
experiment, but it tended to stabilize over time, around
values well below to those observed for a dry granular
bed (see Figure 1).

Figure 1. Pressure drop in clogging experiment for a
granular bed and a trickle bed (glass beads collectors
with a diameter of 5 mm)
To conclude, this study aims to develop a trickle
bed in order to treat high flow rates with a good
collection efficiency and a limited and constant pressure
drop. The first experimental results validate our
approach of using a trickle bed, revealing a good initial
collection efficiency and a constant and low pressure
drop in comparison to a dry granular bed.
The authors are grateful to the French Environment and
Energy Management Agency (ADEME) for financial
support for VALORCO Project (agreement no.
1382C0246).
Kuo, Y.-M., Huang, S.-H., Lin, W.-Y., Hsiao, M.-F. and
Chen, C.-C. (2010) J. Aerosol Sci. 41, 223–229.
Saxena, S.C., Henry, R.F. and Podolski, W.F. (1985)
Prog. Energy Combust. Sci. 11, 193–251.
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Multichannel-PDMS-Denuders as a tool for SVOC aerosol sampling
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The use of denuders is a promising approach towards
collection of semi-volatile vapours at workplaces
(Kohlmeier et al., 2015). Aerosols from semi-volatile
organic compounds (SVOC) are very dynamic and can
simultaneously be found as a particulate and gas phase.
Therefore, vaporisation of droplets or condensation of
vapours during sampling has to be taken into account
in order to avoid sampling artefacts and toxicological
misinterpretation. This can be achieved through
differentiation and separate sampling of both phases.
Previous studies (Forbes et al., 2012) have shown that
Multichannel-PDMS-Denuders (MCD) in combination
with a filter, an adsorber cartridge and small portable
personal sampling pump are well suitable as a
sampling instrument for the measurement of SVOC.
The goal of the study was to characterize the
annular MCD with regard to the size dependent particle
transmission and vapour collection efficiencies. The
experimental vapour collection efficiency was also
compared with the theoretical collection efficiency
calculated according to Possanzini et al., 1983.
The denuders used in this study consisted of 22
parallel polydimethyl siloxane tubes (PDMS) (length
55 mm, ID 0.3 mm, OD 0.64 mm) housed in a glass
liner (length 9 cm, ID 4 mm). The experimental setup
used for analysing the vapour collection efficiency
consisted of a vapour generating unit, a dilution and
mixing unit, a denuder attached to a 150 cm long flow
tube and a flame ionisation detector (FID). All
experiments were performed with a flow rate of
0.5 l/min and n-hexadecane (C16), dimethyl phthalate
(DMP) and diethylene glycol (DEG) as the test
substances.
Figure 1 shows the vapour collection efficiency
of one denuder over 135 min using the three
substances. If C16 was applied, no change in the
sorption capacity (96 %) was observed during 135 min.
A similar behaviour was shown for DMP (99 %). In
contrast, DEG showed a decrease of the sorption
capacity from 94 % to 49 % over time. Because PDMS
is a nonpolar polymer; C16 can be trapped with a better
efficiency than polar DEG molecules.

Figure 1. Time dependent vapour collection efficiency
of one denuder using n-hexadecane (C16), diethylene
glycol (DEG) and dimethyl phthalate (DMP) as test
substances at a flow rate of 0.5 l/min.
The experimental sorption efficiency results of
the nonpolar substances are in a good agreement with
the theoretical ones (deviations ≤ 3 %). Moreover, the
calculations showed a strong dependence on the
denuder length and sampling flow rate. For example,
the collection efficiency was 83 % for one MCD, DEG
and a flow rate of 1.5 l/min, while two denuders in
series would yield 97 %.
Besides the high sorption capacity for nonpolar
substances, the denuders showed transmission
efficiencies from 93.3-86.7 % for polystyrene latex
(PSL)-particles with diameters from 0.3-1.93 µm.
Thus, MCD are well suitable for sampling aerosols of
nonpolar substances with particle diameters < 2 µm
and flow rates of 0.5-1 l/min.
This work is supported by the German Social Accident
Insurance (DGUV), research contract FP371.
Kohlmeier, V., Dragan, G. C., Karg, E., SchnelleKreis, J., Breuer, D., Forbes, P. B. C., Rohwer, E.
R. and Zimmermann, R. (2015) Gefahrstoffe –
Reinhalt. Luft 75, 383-389.
Forbes, P. B., Karg, E. W., Zimmermann, R. and
Rohwer, E. R. (2012) Anal. Chim. Acta 730, 71-79.
Possanzini, M., Febo, A. and Liberti, A. (1983) Atmos.
Environ. 17, 2605-2610.
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Novel application of particulate filters: coupling with a biogas steam reformer reactor
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The removal of particulate matter from gaseous
streams in several different processes can be efficiently
achieved with the use of particulate filters similar to
those applied at the exhaust of Diesel vehicles for
particles emission control. The most common
characteristic of Diesel Particulate Filters (DPFs) is the
honeycomb monolithic structure with channels
alternately closed, that allows the efficient filtration of
soot particles entrained in the exhaust gases through the
channel walls.
A process with potential formation of
carbonaceous particles as by-products that may cause
adverse effects and need to be removed from the product
gases is the reforming of biogas (e.g. autothermal steam
reforming (ATR) of 60%CH 4 and 40%CO2). Adaptation
of a wall-flow filter close coupled to the ATR reactor,
could entail effective filtration and conversion of any
carbonaceous particles eventually generated by heterohomogeneous reactions in the inlet part of the ATR
reactor during normal operation or oxygen rich cleaning
phases induced by air pulses. Main role of the filter
would be to protect the downstream equipment from any
generated carbon particles while at the same time to
promote the conversion of the collected “soot”, with the
aid of an appropriate catalyst deposited on the filter, by
either the Boudouard reaction or the gasification with
water vapor present in the ATR outlet.
The first step in the filter development was to
characterize the carbonaceous particles derived from
such a process, especially in terms of their size and
morphology. In parallel to this, digital representations of
candidate filter materials were reconstructed, taking into
account the several structural characteristics (pore or
grain size, porosity, wall thickness) that are available, to
predetermine suitable material parameters on the basis of
permeability and filtration efficiency. Given the
availability of commercial samples of the candidate
materials, the computations with digital reconstructions
of the filter materials were complimented by flow
resistance, filtration efficiency and loading experiments
on laboratory scale uncoated and catalyst coated filter
samples. For the coating of the filters, a carbon
gasification catalyst (LiFeO2) was in-situ synthesized
and deposited on small scale filters via an aerosol route
(Aerosol Based Deposition, ABD) (Karadimitra et al.,
2001, Lorentzou et al., 2009). In the ABD method a
solution of the appropriate precursors is atomized into
micron-sized droplets that pass through a heated tube
reactor. The particles that are formed deposit on the filter
which is placed within the flow of the particles. The aim
was to appropriately deposit the catalyst on the filter so

that it would limit the effect of the catalytic layer on the
development of unacceptably high pressure drop.

Figure 1. LiFeO2 catalyst layer on filter channel wall
Additionally, Computational Fluid Dynamics
(CFD) models were set-up using material properties
derived from the preceding work to investigate the
geometrical characteristics and the positioning of the
filter within the ATR system. The aim was to identify
the critical parameters that would impact on the flow
distribution in the reactor and adjust appropriately the
filter-reformer integration. Having identified all the
parameters the next step was to prepare the full scale
catalytic filter.

Figure 2. CFD analysis of the full-scale filter coupled to
an ATR reactor: pressure drop
A specially designed pilot-scale unit equipped
with an in-house made atomizer, for the production of
aerosol droplets, was employed for the catalyst
deposition on the full-scale filter that was further
characterized by flow resistance measurements on a
dedicated test rig and developed pressure drop at
acceptable levels for the process (<80 mbar). The fullscale catalytic filter was coupled to the ATR system and
the overall performance of the integrated system was
assessed.
This work was partially funded by the EC and the FCHJU through the BIOROBUR project (GA 325383).
Karadimitra K., Macheridou G., Papaioannou E. &
Konstandopoulos
A.G.
(2001).
PARTEC
proceedings, 135, 27-29 March, Nuremberg.
Lorentzou S., Pagkoura C., Zygogianni A., Kastrinaki G.
& Konstandopoulos A.G. (2009). SAE International
Journal of Materials and Manufacturing, 1, 181-198.
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Nuclear aerosols agglomeration under the effect of intense acoustic fields
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Accidents like Fukushima highlighted the importance of
relying on efficient mitigation systems capable of
reducing any particle release to the environment in case
of a nuclear power plant severe accident. Many reactors
worldwide had installed Filtered Containment Venting
Systems (FCVS) aimed at filtering the particle release.
Nevertheless, the interest in FCVS and even other
mitigation systems has become of outstanding
importance in nuclear safety. As a matter of fact, particle
agglomeration processes via the propagation of acoustic
vibrations through a gas could be applied as a precondition of the particles load reaching the FCVS for a
better decontamination. High-intensity acoustic fields
applied to an aerosol induce interaction among particles
giving rise to their agglomeration. It results in larger
particles that can be more easily removed.
The
Aerosol
Acoustic
Agglomeration
experimental campaign (AAA) has been developed in
the Plant for Experimental Characterization of Aerosols
(PECA) in which the Mitigative System Acoustic
Agglomerator (MSAA), built-up especially for this
study, has been tested. The AAA is aimed at estimating
the particle growth within the MSAA. It is a 1 m high
chamber with a 0.5 x 0.45 m2 cross section. Inside, two
high intensity ultrasonic transducers generated a standing
field at 21 kHz. The particle size and particle
concentration boundaries were based on the conditions
postulated during the containment venting (Herranz et
al., 2014), i.e. the particle diameter is ranged between
0.1 µm and 2.5 µm and the particle concentration is
lower than 10-4 kg/m3. The experiments were performed
under atmospheric conditions with air as a carrier gas.
Two types of particles, compact and spherical SiO2 of
three sizes, 0.3 µm, 1 µm and 2.5 µm in aerodynamic
diameter; and poly-dispersed TiO2 made of primary
nanoparticles, were used. The gas mass flow rate was
ranged between 12 kg/h and 100 kg/h.
The measurement procedure consisted in six
phases: i) stabilization phase: of the thermal-hydraulic
variables and particle concentration; ii) reference phase
(RP): particle characterization without ultrasonic field;
iii) flush phase (FP): characterization of the particles
that could be retained on the MSAA whom were flush by
gas flows over 200 kg/h; iv) stabilization phase (same
than (i); v) acoustic phase (AP): particle characterization
under the ultrasonic field effect; vi) flush phase (FP):
characterization of the particles that could be retained on
the MSAA. The aerosol mass distribution and
concentration were characterized with an electrical low
pressure impactor (DEKATI) and an aerodynamic

particle sizer (TSI APS 321), at the entrance and exit of
the MSAA respectively, and with membrane filters.
Figure 1 shows the particle size distributions for the
reference and acoustic phases of a SiO2 mixture. A shift
of the mean particle size to bigger values is observed.

Figure 1. Aerosol size distribution at the exit of MSAA
The parameter called Acoustic Growth Factor
(AGF) has been defined for the assessment of the overall
MSAA effect. It evaluates the growth of particles within
the acoustic chamber. It is a dimensionless parameter
that estimates the net particle growth by the evaluation
of the Aerodynamic Count Median Diameter (ACMD)
relative to a reference value (ACMDRP), of the mass
fraction of particles (X) leaving the MSAA:
AGF=(XAP·ACMDout-AP + XFP·ACMDout-FP)/ACMDout-RP.
Figure 2 shows the cumulative distribution for the
ACMD calculus. It illustrates the shift of the particle size
to larger values, which is in accordance with Figure 1.

Figure 2. Cumulative number fraction distribution
The AGF results point out the small acousticagglomeration effect with SiO2 particles under the
explored conditions; and as collateral consequence, the
key effect of the former particles aggregation state on the
agglomeration process.
This work has been supported by the European
Comission within EU-PASSAM project.
Herranz et al., (2014). Tech. Bases for Exp. on
Source Term Mitigation: EU-PASSAM. NUTHOS-10.
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Free nanoparticle studies using synchrotron radiation
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The advent of lasers has undoubtedly had an enormous
impact on the study of aerosol nanoparticles. Visible and
even near ultra-violet light however, has its limitations
as an in-situ characterising tool, as the wavelength is
perhaps much greater than the species being studied,
there is always a question of the index of refraction of
the target, particularly if it is hot and it is not applicable
to optically dense targets such as electrical arcs. X-rays
offer a unique complementary tool for nanoparticle
characterisation as the wavelength (typically 1 Å) is
smaller than the target particle size, the index of
refaction is fixed at Unity and they can penetrate even
opaque solid matter. To be able to benefit from the
special properties of x-rays, one must turn to the use of a
high intensity source, such as a synchrotron radiation
facility. Fortunately, there are now, more than 100
hundred such machines, in the World today and being
user facilities, one can have relatively easy access to
them, free of charge and indeed in many cases, with
financing from the centres themselves or (under special
circumstances) via European Support.
To be able to perform experiments at centres such as the
European Synchrotron Radiation Facility, (ESRF)
(France), Synchrotron Soleil (France), MAX I to IV
(Sweden), ASTRID I and II (Denmark), BESSY II
(Germany), to name a few, one must have (a) a
reasonably compact, self-contained apparatus, able to be
SAFELY operated by remote control (this feature
generally being handled by the facility), (b) a good idea
which can only be exploited using synchrotron radiation
(i.e. requiring high x-ray flux), (c) perserverence to try
again if your proposal is not accepted the first time and
(d) a hardworking team as the experiments are generally
run 24 hours per day over a period of at most up to 4 or 5
days.
In this talk, I shall mention a few techniques which have
been used for nanoparticle characterisation. The first is
Small Angle X-Ray Scattering (SAXS) in which a fine
beam of intense x-rays is passed through a target and the
nanostructure of the target (in our case nanoparticles) is
investigated by measuring the angular scattering of the
x-rays. The information collected allows the particle
size, state of aggregation, surface character and particle
number density to be determined as a function of particle
formation conditions such as for example, residence time
in a flame, the chemical origin and modification of the
particles (flame additives [1], surface material for
ablated particles [2], parent material for condensing
particles [3,4]).
Another technique which is begun to be used is X-Ray
Photoelectron spectroscopy of free nanoparticles in
which a gas driven jet of prepared particles, focused by

an aerodynamic lens, is crossed with soft-x-rays to
generate electrons whose kinetic energy spectra are then
measured. This provides direct information on the
particle’s chemical composition (e.g. state of oxidation)
[5].
Molecular processes concerned with nanoparticle
formation in flames are studied using Threshold
Ionisation Mass Spectrometry [6,7].
My earliest studies involved x-ray induced ionisation for
nanoparticle mapping in a flame and this is a technique
which turned out to be surprisingly easy to perform due
to an intense ionisation process which occurs during
aggregated nanoparticle–x-ray interaction which is still
not really explained [8].
The applications of synchrotron radiation to aerosol
physics and chemistry have already been demonstrated
therefore, and the future will depend upon the
imagination of the researchers who have questions to
answer which only synchrotron radiation can provide.
Indeed the future is very exciting with the development
of free electron laser sources (FELs) such as the LCLS in
the US, X-FEL and FLASH in Germany, FERMI in
Italy, and SACLA in Japan. These machines offer a
billion times more X-Ray intensity that a 3rd Generation
synchrotron (such as the ESRF or Soleil) and so one can
imagine doing in-situ, single particle imaging with these
apparatus. At the moment, access to FEL’s is very
limited but this should become easier in the future as the
number of machines increases. Again what it will take, is
a good idea !
References :
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4891
[2] G.D Forster et al. Phys. Rev. Lett. (2015) In press
[3] E. Carvou, J.L. Le Garrec, J. Pérez, J. Praquin, M.
Djeddi and J.B.A. Mitchell, AIP Advances 3 (2013)
032139
[4] S. Popescu, E. Jerby, Y. Meir, Z. Barkay, D.
Ashkenazi, J.B.A. Mitchell, J.L. LeGarrec and T.
Narayanan, J. Appl. Phys. 118 (2015) 023302
[5] O. Sublemontier, et al. J. Phys. Chem. Lett. 5 (2014)
3399
[6] Y. Li, F. Qi, Acc. Chem. Res. 43 (2010) 68

[7] N. Hansen et al. J. Vis Exp 87, (2014) 51369
[8] J. B. A. Mitchell et al. Combustion and Flame 131
(2002) 308
[9] Aquila et al. Structural Dynamics, 2 (2015) 041701
[10] N. D. Loh, C. Y. Hampton, A. V. Martin, D.
Starodub, R. G. Sierra, A. Barty, A. Aquila, J. Schulz, L.
Lomb, J. Steinbrener, et al., Nature 486, (2012) 513

European Aerosol Conference 2016

Tours, France

Page 772 of 1211

Session 21-AAS-AAP9:

ATMOSPHERIC AEROSOL STUDIES:

SOA – highly oxidized molecules (HOM) and their role
in SOA formation

European Aerosol Conference 2016

Tours, France

Page 773 of 1211

Molecular Analysis of Aerosol Compositions in CLOUD-Chamber Experiments using
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Various Oxidation products of monoterpenes and
isoprene have an important influence on nucleation, the
formation of Secondary Organic Aerosol (SOA) particles
and cloud condensation nuclei (CCN), which affect global
climate and human health. A detailed knowledge of the
SOA molecular composition is crucial for its
characterization and elucidation of formation
mechanisms. Here we present the first ultrahigh
performance liquid chromatography coupled to
electrospray ionization ultrahigh resolution (Orbitrap)
mass spectrometry (UHPLC/ESI-UHRMS) data based on
filter sampling for precisely controlled particle formation
experiments performed at the CLOUD (Cosmics Leaving
Outdoor Droplets) chamber at CERN (European
Organisation for Nuclear Research).
The experiments were focussed on pure biogenic
nucleation events with oxidation products of alphapinene, delta-3-carene, isoprene as well as mixed runs
with sulfuric acid vapour, NOx and ammonia. The data
were obtained during the CLOUD 10 campaign between
September and December 2015.
UHRMS offers new possibilities to characterize
the complexity of atmospheric organic samples due to its
ability to assign molecular formulas to the majority of the
peaks measured in the sample. The measurements were
performed in the mass range m/z 80-800 with a mass
resolution of R=70.000 at m/z 200 and a mass tolerance of
2 ppm. However, even at higher molecular masses the
high accuracy coupled with high resolution allows to
determine unambiguous elemental formulas for each ion
peak due to further data processing.
The soft ionization technique results in the
formation of ions with very little or no fragmentation and
offers the advantage to perform MS2-experiments for
structural elucidation. The coupling to UHPLC enables
chromatographic separation of isobaric organic
compounds, which generates additional information to
other mass spectrometric techniques used at the chamber.
In this case the retention time of the compounds act as a
third dimension in addition to the intensity and the exact
molecular mass.
Several data filtering approaches, e.g. restrictions
for the number of possible elements assumed to be present
in the molecule (C, H, O, N and S), analysis of isotopic
patterns, double bond equivalent checks, reasonable
oxygen to hydrogen and oxygen to carbon ratios, etc.
reduce the number of matching formulas, which increase
exponentially with the mass.

Additional insights into the sources and
compositions of SOA are provided by various
visualization methods for the large UHRMS data sets.
Mass defect plots, van Krevelen Diagrams and plots
describing the carbon oxidation state are given here as an
example.
A special focus lies on the detection and molecular
composition of highly oxidized compounds, often
referred to as extremely low-volatile organic compounds
(ELVOCs) (Ehn et al., 2014), highly oxidized
Organosulfates (HOOS) (Mutzel et al., 2015) and nitrated
organic species in the particle phase. For this reason the
data sets were compared to the complementary Filter Inlet
for Gases and Aerosols (FIGAERO) (Lopez-Hilfiker et
al., 2014) coupled to a chemical ionization time of flight
mass spectrometer to resolve the organic species related
to particle growth.
Ehn, M. et al. (2014) Nature. 506, 476-479.
Mutzel, A., Poulain, L., Berndt, T., Iinuma, Y., Rodigast,
M., Böge, O., Richters, S., Spindler, G., Sipilä, M.,
Jokinen, T., Kulmala, M., and Herrmann, H. (2015)
Environ. Sci. Technol. 49, 7754-7761.
Lopez-Hilfiker, F.D., Mohr, C., Ehn, M., Rubach, F.,
Kleist, E., Wildt, J., Mentel, T.F., Lutz, A., Hallquist,
M., Worsnop, D.R. and Thornton, J.A. (2014) Atmos.
Meas. Tech. 7, 983-1001.
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Reactive oxygen species from secondary organic aerosol decomposition in water
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Secondary organic aerosols (SOA) account for a major
fraction of fine air particulate matter and have a strong
influence on climate and public health (Jimenez et al.,
2009; Huang et al., 2014). Evolution of SOA is one of the
largest uncertainties in the current understanding of air
quality, climate and public health (Kanakidou et al.,
2005). With regard to SOA health effects, substantial
amounts of reactive oxygen species (ROS) including
organic radicals are detected in ambient and laboratorygenerated SOA (Venkatachari and Hopke, 2008; Fuller et
al., 2014; Kramer et al., 2016; Anglada et al., 2015).
Despite intensive research, multiphase chemical reactions
of SOA in the atmosphere and upon interaction with the
human respiratory tract are not well understood (Pöschl
and Shiraiwa, 2015).
In this study, we used a continuous wave electron
paramagnetic resonance (CW-EPR) spectrometer and
spin-counting technique for measuring ROS formed by
laboratory-generated SOA and field-collected fine
particles (180-320 nm in diameter). We found that OH
and organic radicals were formed by decomposition of
laboratory-generated SOA and field-collected fine
particles upon interactions with water and iron ions under
dark conditions (Tong et al., 2016). The production
efficiency of OH and organic radicals by SOA from
different precursors can be explained by the
decomposition of organic hydroperoxides, which account
for the predominant fraction of terpene SOA (Docherty et
al., 2005; Ehn et al., 2014). The molar OH yield from
SOA formed by ozonolysis of terpenes (α-pinene, βpinene, and limonene) is ~0.1% upon extraction with pure
water and increases to ~1.5% in the presence of Fe 2+ ions
due to Fenton-like reactions. Upon extraction of SOA
samples from OH photooxidation of isoprene, we also
detected OH yield around ~0.1%, increasing upon
addition of Fe2+. The possibility of ROS formation from
organic hydroperoxide in water was confirmed by
experiments using tert-butyl hydroperoxide.
In addition to ROS formation in water, we also
quantified the production efficiency of ROS (H2O2, OH,
superoxide) by laboratory-generated SOA in phosphate
buffered saline solutions, surrogate lung lining fluid, and
human alveolar basal epithelial cells culturing media. We
found that ROS production efficiency of SOA depends on
both the SOA composition and extracting solution (pH
and components etc.), which can lead different cell
responses finally.
Our findings imply that the chemical reactivity and
aging of SOA particles is strongly enhanced upon
interaction with water and iron. In cloud droplets under
dark conditions, SOA decomposition can compete with

the classical H2O2 Fenton reaction as the source of OH
radicals. Also in the human respiratory tract, the
inhalation and deposition of SOA particles may lead to a
substantial release of ROS, which may contribute to
oxidative stress and play an important role in the adverse
health effects of atmospheric aerosols (Fig. 1).

Fig. 1. Implications of OH formation by SOA. Formation
of OH radicals upon decomposition of organic
hydroperoxides (ROOH) in secondary organic aerosol
leads to rapid chemical aging of SOA particles upon
deliquescence and cloud or fog processing in the
atmosphere as well as oxidative stress upon inhalation and
deposition in the human respiratory tract. Fenton-like
reactions of iron with ROOH from SOA can occur both in
atmospheric particles and in the lung lining fluid.
This work was funded by the Max Planck Society. C. J.
Kampf acknowledges financial support by the German
Research Foundation (DFG project KA 4008/1-1).
Anglada, J. M. et al., (2015). Acc. Chem. Res., 48, 575583.
Docherty, K. S. et al. (2005) Environ. Sci. Technol., 39,
4049-4059.
Ehn, M. et al., (2014). Nature 506, 476-479.
Fuller, S. et al., (2014) Atmos. Environ., 92, 97-103.
Huang, R.-J. et al., (2014) Nature 514, 218-222.
Jimenez, J. L. et al., (2009) Science 326, 1525-1529.
Kanakidou, M. et al., (2005) Atmos. Chem. Phys., 5, 10531123.
Kramer, A. J. et al., (2016) Atmos. Environ., 130, 211218.
Pöschl, U., and Shiraiwa, M. (2015) Chem. Rev., 115,
4440–4475.
Tong, H. et al., (2016) Atmos. Chem. Phys. 16, 1761-1771.
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39, 168-174.
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Molecular Characterization of Biogenic SOA using online Extractive Electrospray
Ionization Mass Spectrometry: On the fate of condensed phase ELVOC
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Recent measurements of the oxidation products from
such experiment during the oxidation of a-pinene by
biogenic precursors by chemical ionization mass
ozone, during which 15 μg m-3 of SOA was formed. The
spectrometry (CIMS) have revealed a large source of
figure shows an example of the level of molecular detail
extremely low volatility organic molecules (ELVOC)
and high time resolution provided by the EESI-TOF,
formed at high yield (Ehn et al. 2014). These molecules
illustrated by the particle phase evolution of a series of
can contribute to new particle formation and subsequent
individual molecular species. Figure 1b shows a mass
particle growth despite their low gas phase abundance.
defect plot, which shows the distribution of monomers
Semi-continuous measurements of aerosol composition
and some dimers, colored by number of carbon atoms
and volatility measured by FIGAERO-CIMS from both
and sized by the log of the signal during the early part of
chambers as well as temperate and boreal forests show
the experiment.
that >50% of the total organic aerosol from biogenic
Our measurements utilizing the EESI-TOF and a
sources has low or extremely low volatility. This finding
variety of biogenic precursor molecules provide a new
is largely consistent with a significant source of
level of molecular insight that allows the direct
secondary organic aerosol (SOA) formed from the
assessment of particle phase oligomerization,
condensation of initially low volatility organic vapors;
fragmentation and intra-particle ageing reactions. We
however, the tendency of these molecules to undergo
discuss these individual and combined effects on SOA
ionization-induced fragmentation and/or thermal
formation, lifetime and response to atmospheric changes
decomposition has to date prevented their direct
as well as the implications of these findings for
measurement.
measurements of gas-particle partitioning and validation
As such, the fate of highly oxidized organics
of SOA formation models.
formed in the gas phase in the condensed phase remains
+
[C10H14O3]Na
an open question. If highly oxidized organic molecules
1500
[C H O ]Na+
10 14 4
undergo net fragmentation during particle phase
[C10H14O5]Na+
1000
processing the overall efficiency which low volatility gas
[C10H14O6]Na+
phase organics form aerosol is significantly diminished.
[C H O ]Na+
500
10 14 7
Alternatively, if intra-particle reactions lead to the
[C H O ]Na+
10 14 8
0
efficient formation of dimers and higher order accretion
SMPS µg m−3x100
10:00
11:00
12:00
13:00
14:00
products then the effective yield and persistence of
[C7HxOy]Na+
0.3
ELVOC based SOA formation is greatly enhanced.
[C8HxOy]Na+
Here, we present the first direct online
Monomers
0.2
[C9HxOy]Na+
measurements of individual organic aerosol components
0.1
[C10HxOy]Na+
at atmospherically relevant particle mass loadings
Dimers
+
[C17−20HxOy]Na
0
without thermal decomposition or ionization-induced
150
200
250
300
350
400
450
500
fragmentation, using an extractive electrospray
m/Q
ionization time-of-flight mass spectrometer (EESI-TOF)
Figure 1. Top. Timeseries of an example chamber
recently developed at PSI. We focus on the measurement
experiment during which a suite of highly oxidized
of highly oxidized, low volatility organic molecules and
organic molecules were detected online in the particle
oligomers, which are formed rapidly and in high yield
phase by EESI-TOF mass spectrometry. Bottom. Mass
from a variety of biogenic precursors (monoterpenes,
defect plot showing the different classes of compounds
sesquiterpenes, isoprene). We investigate the fate of
detected in real time during the experiment.
highly oxidized gas phase organics in the particle phase
and assess the degree that fragmentation and/or accretion
This work was supported by the Swiss National Science
reactions occur during particle ageing. To investigate
Foundation starting grant BSSGI0_155846.
these particle-phase formation and ageing mechanisms
the EESI-TOF was deployed at the PSI atmospheric
Ehn, M. et al. 2014. A large source of low-volatility secondary
simulation chamber where biogenic precursor
organic aerosol. Nature 506(7489): 476–479.
compounds were oxidized under a variety of conditions.
We operate the chamber in both batch mode and
Jokinen, T et al. 2012. Atmospheric sulphuric acid and neutral
continuous flow modes. Gas phase composition is
cluster measurements using CI-APi-TOF Atmospheric
Chemistry and Physics 12(9): 4117–4125.
measured online by CIMS (Jokinen et al. 2012) and
particle phase composition is monitored by the EESITOF and SMPS. Figure 1a presents an example of one
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Highly-oxidized multifunctional compounds (HOM) from oxidation of aromatics
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Oxidation of volatile organic compounds (VOCs) is an
important source of atmospheric secondary organic
aerosol (SOA). Aromatics are among the most abundant
VOCs produced by anthropogenic activities (e.g.
combustion and petroleum industry), with also
significant natural emissions, and are a known source of
SOA especially at urban atmospheres (Ziemann and
Atkinson 2012).
Recently, a process called autoxidation (Crounse
et al. 2013, Rissanen et al. 2014) has received
considerable attention as a potential gas-phase pathway
to very low-volatile condensable material (Ehn et al.
2014), which is needed in the first-steps of ambient SOA
formation. This process requires only a single-oxidant
attack and leads to highly-oxidized product species in
second time-scales with a high-efficiency. This process
is autocatalytic and after the initiation relies only on the
specific molecular structures which facilitate internal
isomerization reactions, progressing the pseudounimolecular
oxidation
sequence.
Preliminary
experiments have shown that highly-oxidized species
form also during aromatic oxidation. However,
aromatics are exceptionally stabile VOCs and thereby
the autoxidation mechanisms generated for simpler
cyclic alkenes (Mentel, et al. 2015, Rissanen, et al. 2015)
are not directly applicable to the aromatic oxidation
system.
Flow reactor investigations were performed in
University of Helsinki and environmental chamber
experiments were conducted in Forschungszentrum
Jülich. In Helsinki, a suite of aromatic oxidation
experiments (toluene, anthracene, naphthalene) were
done in order to characterize the autocatalytic oxidation
pathways, which potentially involve bicyclic peroxy
radicals (Birdsall, et al. 2010) as radical chain carriers.
In Jülich, benzene (and deuterated benzene) oxidation
experiments were performed in closer to atmospheric
conditions in order to inspect the yield of highlyoxidized species from OH initiated autoxidation, but also
to investigate the oxidation mechanism. In both places,
Chemical ionization mass spectrometry (CIMS) with
nitrate (NO3-) ionization was used to detect the highlyoxidized product species. In addition, a suite of other
gas-phase analysis methods was applied to monitor the
experimental conditions and the evolution of the reacting
gas-mixture.
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Investigation of the Role of Bicyclic Peroxy Radicals

in the Oxidation Mechanism of Toluene (2010) J.
Phys. Chem. A 114, 10655–10663.
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Real-time detection of highly oxidized organosulfates and
SOA marker compounds during the F–BEACh 2014 field study
M. Brüggemann1,†, L. Poulain2, A. Held3, T. Stelzer1, C. Zuth1, S. Richters2, A. Mutzel2,
D. van Pinxteren2, Y. Iinuma2, S. Katkevica3, R. Rabe2, H. Herrmann2, and T. Hoffmann1
1

Institute of Inorganic & Analytical Chemistry, Johannes Gutenberg University Mainz,
Duesbergweg 10–14, 55128 Mainz, Germany
2
Leibniz Institute for Tropospheric Research (TROPOS), Permoserstr. 15, 04318 Leipzig, Germany
3
University of Bayreuth, Atmospheric Chemistry, Dr.-Hans-Frisch-Straße 1-3, 95448 Bayreuth, Germany
†
now at: CNRS, UMR5256, IRCELYON, Institut de Recherches sur la Catalyse et l’Environnement de Lyon,
Villeurbanne F-69626, France
Keywords: AeroFAPA-MS, SOA, ultra-high resolution MS, non-target analysis.
Presenting author email: brueggemann@uni-mainz.de; t.hoffmann@uni-mainz.de
The chemical composition of organic aerosols was
analyzed using complementary mass spectrometric
techniques during a field study in Central Europe in July
2014 (Fichtelgebirge – Biogenic Emission and Aerosol
Chemistry, F–BEACh 2014). Aerosols were analyzed in
real-time by techniques such as Aerosol Flowing
Atmospheric-Pressure Afterglow Mass Spectrometry
(AeroFAPA–MS) (Brüggemann et al., 2015), Aerosol
Mass Spectrometry (AMS), and Chemical Ionization
Atmospheric-Pressure interface Time-of-Flight Mass
Spectrometry (CI–APiToF–MS). In addition, offline
detection of acidic organic compounds was conducted by
non-target screening of filter samples using Ultra-High
Resolution Mass Spectrometry (UHRMS).

Figure 1. Number and ratio of identified compounds by
LC–UHRMS analysis of filter sample extracts for each
compound class.
In total, 93 acidic organic compounds were
identified as major contributors to the organic aerosol
mass at the site. Among the CHO-containing compounds
several common biogenic secondary organic aerosol
(BSOA) marker compounds were detected. High
concentrations were found for the monoterpene
photooxidation
products
3-methyl-1,2,3butanetricarboxlyic
acid
(MBTCA)
and
3-carboxyheptanedioic acid, suggesting that -/ -pinene
and d-limonene oxidation products were dominating the
organic aerosol fraction. In agreement, volatile organic
compound (VOC) measurements showed high mixing

ratios for these monoterpenes in and above canopy level.
Moreover, the high abundance of MBTCA and 3carboxyheptanedioic acid and their concentration ratios
to earlier-generation oxidation products, such as pinic
acid, indicate that relatively aged aerosol masses were
present during the campaign period. HYSPLIT trajectory
calculations revealed that most of the arriving air masses
traveled long distances (>1,500 km) over land under
cloud-free conditions, further supporting this hypothesis.
Around 47% of the detected compounds from the
filter sample analysis were sulfur-containing, suggesting
a high anthropogenic impact on biogenic emissions and
their oxidation processes. Among the sulfur-containing
compounds,
several
organosulfates,
nitrooxy
organosulfates, and highly oxidized organosulfates
(HOOS) were unambiguously identified. In addition,
correlations among HOOS classes, sulfate and highly
oxidized multifunctional organic compounds (HOMs)
were investigated. The results support the hypothesis of
previous studies that HOOS are formed by reactions of
gas-phase HOMs with particulate sulfate (Mutzel et al.,
2015). Furthermore, a good agreement was observed
between HOOS formation and gas-phase peroxyradical
(RO2•) concentrations, suggesting RO2• to be either a
direct or indirect precursor for HOOS. In addition,
periods with high relative humidity revealed that
aqueous-phase chemistry might play a major role in
HOOS production.
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Highly oxidized molecule formation and role in new particles formation and growth
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Introduction
Recent field and laboratory experiments have
identified large and rapid formation of extremely
low-volatility organic compounds (ELVOC) (Ehn et
al., 2014).

% during the night. This may indicate that there
exists other important ELVOC dimer gas-phase
formation mechanism that the model does not take
into account.

Methods
We have evaluated and constrained the
proposed ELVOC formation mechanism from Ehn et
al. (2014) using the Aerosol Dynamics, gas- and
particle-phase chemistry kinetic multilayer model for
laboratory CHAMber studies (ADCHAM) (Roldin et
al., 2014). The mechanism has been implemented
into the process-based chemistry transport models
ADCHEM (Roldin et al., 2011). We use different
datasets to evaluate: (i) the ELVOC formation
mechanism, (ii) the role of ELVOC for nano-CN
formation (Roldin et al., 2015), (iii) their
contribution to particle growth, and (iv) how
ELVOCs influence the phase-state and the masstransfer limited evaporation of SOA particles.
ADCHEM was operated as a 1D (vertical column)
trajectory model along air mass trajectories reaching
the measurement stations Pallas (67.97° N, 24.12° E)
and Hyytiälä (61.85° N, 24.28° E). The model results
are evaluated using measured particle properties and
ELVOC gas-phase concentrations.

Results and conclusions
With the developed ELVOC mechanism ADCHEM
captures the main features of the observed particle
number size distribution evolution during new
particle formation events at Pallas field station in
northern Finland (Fig. 1a-c). According to the model
about 70 % of the nucleation model particle volume
is SOA formed from ELVOCs, 20 % from SVOCs
and 10 % from ammonium sulphate (Fig. 1d). The
modelled ELVOC mass-spectrum is dominated by
C10-monomers with between 8 and 11 O-atoms. The
concentrations of ELVOC-dimers are very low
during the day (< 1 %). During the night typically
about 10 % of the ELVOCs are C20-dimers with 12
to 16 O-atoms (Fig. 1e). A similar diurnal patter is
also present in the measured ELVOC spectrum at
Hyytiälä. However, in the observations the dimer
contribution is about 10 % during the day and 20-30

Figure 1. Modelled nano-CN growth at Pallas field
station14th of April 2010. Figure a and b shows the
modelled and measured particle number size
distribution evolution, Fig. c compares the modelled
and measured particle number size distributions at
14:00 and 23:00 local wintertime. Figure d shows the
modelled and measured particle volume size
distribution at 23:00 local wintertime. Figure e shows
the modelled ELVOC gas-phase mass spectrum at
08:00, 14:00 and 23:00 local wintertime
This work was supported by the Cryosphereatmosphere interactions in a changing Arctic climate
– CRAICC and the Swedish Research Council
Formas.
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Representation of SOA formation in air quality models: a new parameterization
developed on explicit simulations
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Gaseous oxidation of organic compounds emitted into
the atmosphere leads to the formation of thousands of
oxygenated and nitrogenous organic compounds called
secondary organic compounds (SOCs). A fraction of
these SOCs have a volatility low enough to partition
between the gas and the particulate phases, leading to the
formation of secondary organic aerosols (SOAs). These
SOAs represent a large fraction of fine particulate matter
and contribute therefore to the impact of aerosols on air
quality and climate.
In chemistry transport models (CTMs), the
formation of SOA is represented with empirical
parameterizations. However, comparisons with field
observations show that models are not able to reproduce
correctly the spatial and temporal variations of SOA
mass concentrations (e.g. Solazzo et al., 2012). Current
SOA parameterizations are developed on the basis of
smog chamber results. A direct assimilation of these
results in CTM is however questionable as smog
chamber experiments are usually performed during only
a few hours, under conditions that differ from the
atmosphere (level of oxidants and precursors, light
spectrum and intensity, humidity, etc.) and with a
potential artifact from wall surfaces.
The purpose of this study is to develop a SOA
parameterization on the basis of deterministic
simulations. A deterministic representation of processes
describes the influence on SOA formation of the various
environmental conditions encountered in the atmosphere.
This representation is however limited by our knowledge
of processes implemented in the models.
The GECKO-A model (Generator for Explicit
Chemistry and Kinetics of Organics in the Atmosphere)
(Aumont et al., 2005, Camredon et al., 2007) is used to
represent SOA formation explicitly. GECKO-A is a
modeling tool allowing the automatic generation of
explicit chemical schemes from elementary data taken
from laboratory studies and structure/property
relationships to estimate unknown data. GECKO-A is
used here to describe the explicit formation and
properties of the SOCs. The gas/particle partitioning of
each SOC is described by an absorption process
following Raoult’s law and considering a homogeneous,
ideal and inert condensed phase. The GECKO-A model
has been evaluated for the purpose of SOA formation by
comparison with chamber experiments (e.g. Valorso et
al., 2011, La et al., 2016) and in situ measurements (e.g.
Lee-Taylor et al., 2011).

Different simulations were performed under
various environmental conditions (NOX, organic aerosol
seeds, and temperature) using GECKO-A in a boxmodel. The simulations were used to (i) explore the
distributions of the physico-chemical properties
(volatility, enthalpy of vaporization, molar mass, etc.) of
species produced during organic compound oxidation;
and (ii) to build and optimize a parameterization for
SOA formation. The gas/particle partitioning of a given
SOC depends mainly on its volatility. The SOC
distribution was therefore parameterized according to
volatility bins, as previously done in the volatility basis
set parameterization (Donahue et al., 2006). The gasphase oxidation of SOC has a large impact on the
evolution of each volatility bin. The oxidation of the
gaseous fraction of each bin was thus included in the
parameterization. Seven bins are considered in the
parameterization (called VBS-GECKO). VBS-GECKO
includes SOA formation from various precursors
(alkanes, alkenes, terpenes) and the impact of organic
aerosol seeds, temperature and NOX levels. The relative
errors between the VBS-GECKO parameterization and
explicit GECKO-A simulations do not exceed 15% on
the simulated SOA mass.
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Formation of nitrogen-containing low volatile compounds from biogenic carbonyl
compounds-amine reactions: A laboratory and field study
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Atmospheric aerosols play an important role in regional
air quality, have adverse health impacts and can affect
directly or indirectly regional and global climate.
Secondary organic aerosols (SOAs) represent the major
part of aerosol in the atmosphere, and are formed
through atmospheric oxidation and processing of volatile
organic compounds (VOCs) via gas-to-particle
partitioning. Among the atmospherically relevant
compounds, amines have been demonstrated to play an
important role in atmospheric new particle formation
events (Yu et al., 2012; Almeida et al., 2013). Indeed,
despite the high vapor pressures of low-molecular
weight amines, these compounds can affect the
chemistry and lifecycle of atmospheric aerosols,
especially due to their unique acid-neutralizing capacity.
Amines are emitted to the atmosphere from industry,
combustion, biomass burning, animal husbandry and the
oceans (Ge et al., 2011). In addition, soil and vegetation
act as important sources too, especially during periods
with high biological activity (Ge et al., 2011). The
reactions between amines and carbonyl compounds may
contribute to nanoparticle growth (Qiu and Zhang,
2013), and more knowledge is needed to estimate their
role in the chemistry of atmospheric aerosols. In this
context, the objective of this study was to provide
mechanistic data describing amine reactivity with
relevant biogenic carbonyl compounds in the
atmosphere.
In this work, the reactivity between amine and
carbonyl compounds from biogenic sources were
investigated by flow tube reactor and Teflon bags. The
approach proposed here is based on the chemical
analysis at the molecular level of both volatile and
condensable products. The gaseous phase was
characterized on-line by mass spectrometry and the
structures of gaseous products were determined using
gas chromatography coupled to high resolution tandem
mass spectrometry (GC-HRMS). Structures of
condensable products were determined by ultra-highperformance liquid chromatography coupled to
electrospray ionization Orbitrap mass spectrometry
(UHPLC-HRMS). To support the results of laboratory
experiments, ambient aerosol samples were collected
from SMEAR II boreal forest site at Hyytiälä, Finland,

during August 2015 and analysed by the same analytical
techniques.

Figure 1: Formation of N-containing low-volatile
compounds from pinonaldehyde-dimethylamine reaction
(Duporté et al., 2016)
New evidence was achieved on the nitrogen-containing
compounds originating from the reactions between
amines and carbonyl compounds (Figure 1) in both
laboratory experiments and ambient air sampled in the
boreal forest at Hyytiälä, Finland. These nitrogen
compounds identified in this work could be important for
the formation and growth of SOAs in the atmosphere. In
addition, the presence of brown carbon, confirmed by
liquid chromatography-UV-Vis mass spectrometry, was
also observed in this study.
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PM trends in Europe: multi-model and monitoring assessment
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2010 (bottom right) according to the EURODELTA 6model ensemble.
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We look at the geographical differences in
modelled and observed trends in PM levels (Fig. 2) and
PM chemical composition in the period 2001-2010. On
average for the sites with observations, the measured
trends are -47% for PM2.5 and -42% for PM10, while the
model calculated trends are somewhat smaller (-29 and 34% respectively), but the differences between the sites
are considerable. The effect of meteorological variability
is shown to be significant for such short study period,
especially for PM2.5 (only at 7 out of 18 sites significant
trend are observed).
AT0002R

PM trends in Europe during the last decades have
been assessed using a multi-model approach in the
framework of Eurodelta-TRENDS exercise initiated by
the European Monitoring and Evaluation Program Task
Force on Measurements and Modeling (EMEP-TFMM).
Seven regional models (EMEP/MSC-W, CHIMERE,
CMAQ, LOTOS-EUROS, MINNI, Polair3D and WRFChem, participated in the EURODELTA-Trends
exercise, which builds upon previous iterations of the
CITYDELTA and EURODELTA projects (Thunis et al.,
2007; Cuvelier et al., 2007; Bessagnet et al., 2014).
Three of the models performed a 21-year hindcast
over Europe for the 1990-2010 period, while all the
models made calculations for the years 1990, 2000 and
2010. In addition, a series of sensitivity tests have been
performed with the purpose of studying the role of
meteorological variability, emission changes and
boundary conditions.
For the period of 2001-2010, for which enough of
PM monitoring data is available, the trends in PM10 and
PM2.5 have been studied based on both modelling results
and measurement data. The Mann-Kendall test are
applied to calculated and measured annual mean
concentrations to detect significant (90% probability)
trends, whereas the Sen’s slopes are calculated to
estimate the absolute and relative declines in PM (Fig. 1)

slope_emep
slope_chim
slope_obs

Figure 2. Model calculated and measured Sen’s slopes
for PM2.5 at EMEP sites in the period 2001-2010 (the
sites with significant observed trends are marked blue).
Further, 21-year PM trends are assessed based on the
results from the three models, and the contribution due to
emission reduction is estimated. In addition, PM changes
between 1990, 2000 and 2010 from the seven models are
presented.

Fig. 1. Sen’s slopes for PM2.5 (g/m3) for 2001-2010
from EMEP, CHIMERE and LOTOS models (grey
means insignificant) and from measurements (circles);
and the relative change (%) in PM10 between 1990 and

Bessagnet et al. (2014). The EURODELTA III exercise
– Model evaluation with observations issued from the
2009 EMEP intensive period and standard measurements
in Feb/Mar 2009, CLRTAP, Geneva.
Cuvelier et al. (2007). Atmos. Environ., 41, 189-207.
Thunis et al. (2007). Atmos. Environ., 41, 208-220.
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Impact of emissions and boundary conditions on PM levels over Europe as simulated by
a multi-model ensemble in frame of AQMEII3
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AQMEII (Air Quality Model Evaluation International
Initiative) promotes research on regional air quality
model evaluation across the European and North
American
atmospheric
modelling
communities,
providing the ideal platform for advancing the evaluation
of air quality models at the regional scale (Solazzo et al.,
2012; Im et al., 2015).
In frame of AQMEII3, eleven regional chemistry
and transport modelling groups are simulating the air
pollutant levels over Europe for the year 2010, along
with a number of sensitivity simulations of reductions in
anthropogenic emissions and boundary conditions.
All participating groups have performed a
sensitivity simulation with 20% reductions in global
(GLO) anthropogenic emissions (Table 1). In addition,
various groups simulated sensitivity scenarios of 20%
reductions in anthropogenic emissions in different
HTAP-defined regions such as North America (NAM)
and Europe (EUR). The boundary conditions for the base
case and the perturbation scenarios were derived from
the C-IFS global chemical model. The anthropogenic
emissions used in the models were either the European
TNO-MACCII emissions or the global EDGAR-HTAP
emissions.

Table 2. Response (in %) of models to the perturbation
scenario GLO and EUR (in parenthesis) for surface PM10
and PM2.5.
Models
M1
M2
M3
M4
M5

PM10
-2.7
-7.1 (-6.9)
-7.2 (-4.8)
-6.8
-9.1

PM2.5
-1.6
-8.7 (-8.4)
-12.6 (-9.1)
-18.0
-14.9

Figure 1 presents the spatial changes in the
annual-mean surface PM2.5 concentrations as simulated
by five of the modelling groups for the GLO scenario
together with their multi-model mean.
M1

M2

M3

M4

M5

MEAN

Table 1. Changes in the emissions and boundary
condition (BC) inputs at each perturbation scenario.
Emissions
BC (C-IFS)

GLO
-20%
-20%

NAM
-20%

EUR
-20%
-

The present study will evaluate the impact of the
GLO and EUR emission perturbation scenarios on
European surface PM levels. Detailed analyses will be
conducted to explore the impact on the levels over
individual surface measurement stations over both
continents and vertical profiles over AERONET stations.
Preliminary results
The preliminary results show that a 20% decrease
of the global anthropogenic emissions (GLO) leads to a
6.6±2.3% and 11.2±6.3% decrease in the domain-mean
surface PM10 and PM2.5 levels over Europe, respectively
Table 2). The EUR scenario leads to relatively smaller
decreases in surface PM10 and PM2.5 levels (5.8±1.4%
and 8.7±0.5%, respectively).

Figure 1. Changes in the annual-mean PM2.5 surface
concentrations as simulated by the different modelling
groups and the multi-model mean.
We gratefully acknowledge the contribution of various
groups to the third air Quality Model Evaluation
international Initiative (AQMEII) activity. Partly funded
by NordForsk under the Nordic Programme on Health
and Welfare. Project #75007: Understanding the link
between air pollution and distribution of related health
impacts and welfare in the Nordic countries
(NordicWelfAir).
Im, U. et al. (2015) Atmos. Environ. 115, 421-441.
Solazzo, E. et al., (2012) Atmos. Environ. 53, 75-92.
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Top-down aircraft-based measurements of emissions of particles from surface mining
facilities in the Alberta oil sands region, Canada
S.-M. Li1, P.S.K. Liu1, K. Hayden1, J. Liggio1, R. Staebler1, A. Darlington1, M. Gordon1,2, P. Makar1, C. Stroud1,
A. Leithead1, S. Mousa1, R. Mittermeier1, R. McLaren2, J. O’Brien1, S.G. Cober1
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Surface mining in the oil sands regions represents
a large source of fugitive dust. Quantification of fugitive
dust particle emissions into the atmosphere is difficult
due to technical challenges, especially for major
industrial facilities that cover large geographic areas.
Accurate assessments of emissions from large scale
industrial developments are required both for regulatory
reporting and for scientific studies of the impact of
emissions on ecosystems. The Alberta oil sands region
has the third largest fossil fuel deposit in the world. Half
of the current oil production from the oil sands is from
open surface mining facilities. Each facility covers an
area of up to 400 km2, and contains complex operations
related to mining, transportation, separation, upgrading
and waste tailing storage, many of which have associated
particle emissions. Particulate matter (PM) emissions
are required to be reported to emissions inventories, and
real-world measurements of PM emissions can serve as
an important validation of inventory estimates. An
aircraft-based measurement study in summer 2013 that
was designed to measure air pollutants emitted from the
oil sands surface mining facilities, determine how far
they are transported, and understand how they are
chemically converted in the atmosphere was carried out
in support of The Joint Canada-Alberta Implementation
Plan for Oil Sands Monitoring (JOSM, 2012).
Measurements of particles from 0.06 to 20 m diameters
were made at 1 second time resolution using two particle
sizing instruments including the Ultra-High Sensitivity
Aerosol Spectrometer (UHSAS) and the Forward
Scattering Spectrometer Probe (FSSP-300).
The particle number size distributions from both
the UHSAS and FSSP300 instruments allowed
integrated particle volumes to be determined at a 1-s
resolution. To derive the mass size distribution, a
varying density was applied to different particle sizes,
from 1.5 g/cm3 for particles <1 m diameter (based on
concurrent aerosol mass spectrometer measurements), to
2.5 g/cm3 for particles >m (using the known
mineral dust composition for the region). To quantify
particle mass emission rates from surface mining
facilities, a top-down approach was used, with
specifically designed flight patterns that created virtual
boxes of vertically stacked flight tracks around the
facilities. Integrated mass fluxes across the box walls
and ceilings were determined from the measurement
results, from which the emission rates of the measured
pollutant species could be derived. This approach forms
the basis of the Top-down Emission Rate Retrieval

Algorithm (TERRA) that was developed to determine
mass fluxes into and out of the virtual box (Gordon et
al., 2015).
For the virtual box around a surface mining
facility, TERRA calculates the individual terms in the
following equation to derive the emission rate:
E  E H  E HT  EV  EVT  EVD  EM

where E is the emission rate, EH is the horizontal
advection flux term, EHT is the horizontal turbulent flux
term, EV is the vertical advection flux term, EVT is the
vertical turbulent flux term, EVD is the dry deposition, EM
is the mass change with time. Each term can be
determined from air mass density, pollutant mixing ratio,
wind speed, estimated diffusion coefficients, and dry
deposition velocity (Gordon et al., 2015). Using the
airborne measurements, the emission rates for a pollutant
can be derived within uncertainties of 20% for both stack
plume and surface emissions (Gordon et al., 2015).
For the 6 major surface mining operations in the
Alberta oil sands region, the emission rates for PM1,
PM2.5, and PM10 were obtained by applying the TERRA
algorithm to the integrated mass using the UHSAS and
FSSP300 instruments. For each facility, the observed
atmospheric PM1 mass concentrations were clearly
associated with plumes from the stacks, whereas PM10
mass concentrations were clearly associated with mining
and transportation activities. The derived emission rates
of PM2.5 and PM10 will be compared with facility
reported emission rates. The measurement-based topdown emission rates from the present study for oil sands
facilities serves as an example of how airborne
measurements can be used as an independent source of
emission estimates.
This work was supported by Environment and Climate
Change Canada and by the Joint Canada-Alberta
Implementation Plan for Oil Sands Monitoring.
Gordon, M. et al., 2015. Determining air pollutant
emission rates based on mass balance using airborne
measurement data over the Alberta oil sands
operations, Atmospheric Measurement Techniques,
8, 3745-3765, 2015, doi:10.5194/amt-8-3745-2015.
JOSM (2012) Joint Canada-Alberta Implementation Plan
for Oil Sands Monitoring,
http://www.jointoilsandsmonitoring.ca/default.asp?lang=En&n=5F
73C7C9-1.
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PM2.5 source apportionment and transport cluster analysis in Gothenburg, Sweden
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1

Department of Occupational and Environmental Medicine, institute of Medicine, Sahlgrenska Academy,
University of Gothenburg, Gothenburg, Sweden
2
IVL Swedish Environmental Research Institute, P.O. Box 53021, SE-40014 Gothenburg, Sweden
3
School of Health Systems and Public Health, University of Pretoria, Pretoria, South Africa
Keywords: PMF, PM2.5, Trajectories
Presenting author email: peter.molnar@amm.gu.se

PM2.5 (µg/m3)

10
8

LRT-Pb
Combustion
Marine

Ship Emissions
LRT
Resuspension

6
4
2

0

Figure 1. Mean source contribution to PM2.5 from the six
transport clusters.

The transport cluster associated with the highest
PM2.5 concentrations was E-Eur followed by S-Scandic,
UK-NorthS-DK, and BalticS (Figure 1). After
considering the frequency of the transport clusters during
the study period, the transport clusters associated with
the highest PM2.5 concentrations were UK-NorthS-DK,
S-Scandic and N-Atlantic, while E-Eur only contributed
9 % towards PM2.5 concentrations (Figure 2).

Mean daily PM2.5 contribution (µg/m3)

Background: Source apportionment studies of PM are
common and have either been performed as source
region analyses (where the pollution originates from) or
by source type (e.g. combustion, wood burning, sea salt,
etc.). The first type use air mass back trajectories and the
latter one uses source apportionment techniques such as
PCA, CMD or PMF. However, by combining the two
approaches it is possible to estimate the relative
importance of emitters in different regions.
Methods: In this study we have collected one
year of daily PM2.5 samples in Gothenburg, Sweden and
made elemental analysis of the samples using EDXRF.
Source apportionment was carried out using Positive
matrix factorisation (PMF) with the US EPA PMF5.0
software. The sources LRT, LRT-Pb (lead containing
LRT), ship emissions, sombustion, marine, and
resuspension were identified. We also calculated air
mass trajectories using the HYSPLIT (version 4.9)
model (Draxler, 1999). Six transport clusters were
identified, South Scandinavia (S-Scandic), North
Scandinavia (N-Scandic), Baltic Sea (BalticS), eastern
Europe (E-Eur), UK/North Sea/Denmark (UK-NorthSDK) and North Atlantic Ocean (N-Atlantic), as described
in Tang et al. (2014). The frequency of occurrence was
28, 21, 107, 38, 76, and 91 days respectively.
Results and Discussion: From the PMF analysis
we found that LRT is the dominating contributor to the
PM2.5 in Gothenburg, and across all transport clusters
(Figure 1). LRT contributes 48 % of the total PM2.5 in
Gothenburg followed by ship emissions (20%) and
combustion (19%).
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Figure 2. Mean daily source contribution to PM2.5 from
the six transport clusters. Number of days from each
transport cluster were (from left to right) 28, 21, 107, 38,
76, and 91 days.
Draxler, R.R., 1999. HYSPLIT4 User’s Guide. NOAA
Tech. Memo. ERL ARL-230. NOAA Air Resources
Laboratory, Silver Spring, MD.
Tang, L, Haeger-Eugensson, M, Sjöberg, K, Wichmann,
J, Molnár, P, Sallsten, G, 2014. Estimation of the
long-range transport contribution from secondary
inorganic components to urban background PM10
concentrations in south-western Sweden during
1986–2010. Atmos. Environ. 89, 93-101.
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Vertical measurements of aerosol number concentrations and optical properties and the
relation to remote sensing during “Melpitz Column 2015”
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Lampert3, H. Siebert1 and Melpitz Team
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The Campaign ‚Melpitz Column 2015‘ was performed
from May 4 until July 10, 2015. During this time a
complex and complementary setup of aerosol and
boundary layer measurements was installed at the
TROPOS measurement site Melpitz. Besides a detailed
aerosol characterization on ground and ground-based
remote sensing, several platforms performing airborne
measurements were applied to investigate the aerosol
distribution in the whole column. The combination of
several unmanned aerial systems (UAS), the helicopterborne platform ACTOS (Airborne Cloud and Turbulence
Observation System), research aircraft, and a tethered
balloon within one campaign is unique and provides a
dataset that is subject to ongoing investigations.
This work will focus mainly on vertical
measurements or aerosol parameters such as particle
number concentration and absorption. A special focus of
this study is the vertical distribution of absorbing aerosol
as well as the comparison between airborne in-situ and
ground-based remote sensing measurements.

N increases slightly as well as the optical parameters σabs,
σsca, and σext up to approximately 1800 m indicating a
lofted, aged aerosol layer. This is also clearly visible in
the profiles of the lidar backscatter βbsc showing a much
stronger increase in height. The lidar profiles are
measured under ambient conditions, thus βbsc increases
also with rH which needs to be considered when
comparing both results.

Measurements
The helicopter-borne platform ACTOS (Siebert et
al, 2013) performed 13 2-hour flights between June 15
and 28, 2015 around Melpitz, the measurement site of
TROPOS (40 km NE of Leipzig). During these flights
measurements of the total particle number concentration
N, number size distributions as well as particle
absorption (450, 535, and 624 nm, STAP, Single
Channel Absorption Photometer, Brechtel) and
scattering/extinction (630 nm, CAPS-PMssa, Aerodyne
Inc.) under dry conditions (< 40% rH) were performed.
In addition, the unmanned aerial system ALADINA
(Altstädter et al., 2015) was operated between June 16
and July 1 2016 at the same site measuring aerosol
number concentrations in different size ranges as well as
particle absorption using the microAeth AE 51
(AethLabs). ALADINA performed approximately 50
flights of usually 30 min during this period. Parallel to
the flights the Raman lidar PollyXT performed continuous
measurements over the whole campaign.

Outlook
A detailed analysis of ACTOS and UAS
measurements focussed mainly on the vertical
distribution of absorbing aerosol is currently done. The
combination of results from the different platforms will
provide a highly complex picture about the vertical
distribution of aerosol particles and its optical properties.
The next step will be a comparison between
aerosol microphysical measurements and remote sensing
measurements using Mie-theory.
This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 654109.

Results
A case study is shown in figure 1 presenting
vertical profiles of selected parameters measured on June
26 at 8:30 UTC. A well-mixed layer exists below 500 m
capped by an inversion and followed by a decrease in the
particle number concentration N. With increasing height

Altstädter, B., et al., ALADINA – an unmanned research aircraft for
observing vertical and horizontal distributions of ultrafine particles
within the atmospheric boundary layer, Atmos. Meas. Tech., 8,
1627–1639, doi:10.5194/amt-8-1627-2015, 2015.
Siebert, H. et al., The fine-scale structure of the trade wind regime over
Barbados - An introduction to the CARRIBA project, Atmos.
Chem. Phys., 13, 10061– 10077, 2013.

Figure 1: Vertical profiles of potential temperature Θ, absolute
humidity a, particle number concentration > 7 nm N, relative
humidity rH, particle extinction and scattering at 630 nm σsca,ext
as well as absorption σabs measured using ACTOS on June 26,
2015 at 08:30 UTC over Melpitz and vertical profiles of
aerosol backscatter coefficients βbsc from PollyXT.
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Driving factors for aerosol decadal variability at a background station of 2180m altitude
R.K. Hooda1,2, A.-P. Hyvärinen1, N. Kivekäs1, J.-P. Pietikäinen1, J. Backman1, M. Komppula3, H. Lihavainen1
1
Finnish Meteorological Institute, P.O. Box 503, FIN-00101 Helsinki, Finland
2
The Energy and Resources Institute, IHC, Lodhi Road, New Delhi -110003, India
3
Finnish Meteorological Institute, Yliopistonranta 1F, P.O. Box 1627, FI-70211 Kuopio, Finland
Keywords: Aerosol properties, meteorology, emissions, model.
Presenting author email: rakesh.hooda@fmi.fi

Atmospheric aerosols still pertain larger uncertainty than
the greenhouse gases in the estimation of total radiative
forcing (IPCC, 2013). In the past decades research work
on this point has been carried out to minimize this
uncertainty. One amongst top emitters is India, and
having long-time series data of aerosol properties and
their variability in this region is very important. In India,
Himalayan region observatory stations represent suitable
locations to study tropospheric baseline conditions, and
are also appropriate sites to perform observations of
aerosol parameters. Nonetheless, the impact of climate
imbalance has been observed repeatedly during the last
few years in the region through disturbances in monsoon
circulation and extreme weather events etc.
Continuous measurements of atmospheric
aerosols have had been carried out at the regional
background observatory in Mukteshwar, Uttarakhand.
This aerosol measurements station has the longest timeseries data of about ten years (2005-2014) in the
proximity to the central Himalayas in India. The
measured parameters include the particle mass
concentration (PM10, PM2.5), total particle number
concentration (TNC), aerosol number size distribution
and optical properties (absorption and scattering
coefficients). The surface meteorological observations
were also done. The planetary boundary layer height
using ECMWF data and 5-day back trajectories using
HAYSPLIT model were calculated. Moreover, the BC
concentration, absorption Ångström exponent (α) and
single-scattering albedo (SSA) were also estimated.

observations. The simulated concentrations of BC, OC
and SO4 are depicted here (Figure 3). Further, work is in
progress to examine the driving factors for the interannual variability and the trend.

Figure 2. Monthly-mean variability of aerosol properties
in the period of 2005-2014.

Figure 1. Trajectories for the months of March to May
(Spring season) in the period of 2005-2014.
In general at this site the trajectories were of
north-westerly origin (Figure 1), but during monsoon
season the trajectories were from south-east and southwest. It appears that the topography, boundary layer
dynamics and long-range transport of aerosols have a
dominating role to aerosol loading in this region (Figure
2). The computational simulations with aerosol-climate
model ECHAM6-HAM2 using ECLIPSE emission
inventory were also carried out and compared to the

Figure 3. Model simulations for the period of 2005-2014
(dotted line for elevation at par to station).
This work was supported by the Ministry of Foreign
Affairs of Finland and Academy of Finland #264242.
IPCC, 2013. Summary for Policymakers. Climate
Change 2013: WG I, Fifth AR, Cambridge
University Press, Cambridge, United Kingdom
and New York, NY, USA.
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On the role of topography on the planetary boundary layer influence at high altitude sites
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The long-term characterization of free troposphere (FT)
aerosols is often performed using measurements from
high altitude stations. The analysis of high altitude station
data is however complicated by the difficulty in
determining the planetary boundary layer (PBL) influence
at the measuring site. The methods usually applied to sort
out FT from PBL influenced periods are based on the
diurnal and/or seasonal pattern of aerosol parameters,
wind direction selection, and/or analysis of the
concentration of other pollutants (for example CO2).
Depending on observatory location, topography and
meteorology, several mechanisms can cause the upward
movement of lower elevation air resulting in PBLinfluenced sampling conditions. Thermally–driven valley
wind is the most frequently cited phenomenon bringing
low elevation polluted air masses to mountain summits.
However, transport mechanisms occurring on larger
spatial scales are also common enough to contribute to the
aerosol load at high altitude. For example, the convective
boundary layer was measured by an airborne lidar up to
4000 m over the Jungfraujoch (JFJ) massif during a fair
weather day in summer (Nyeki et al., 2000). Depending
on the various possible sources of the PBL residuals
layers at high altitude, the FT aerosol should then be
considered as local or regional rather than global in
nature.
In this study, the effect of the topography on the influence
of the PBL on 19 high elevation sites (BEO, CHC, CMN,
ESP, IZA, JFJ, LLN, MBO, MSC MLO, PIC, PDD, PYR,
SPL, SUM, TLL, WHI, WLG, ZUG) with aerosol
measurements is evaluated. Most of these sites are GAW
stations located between 1500 and 5300 m a.s.l., and have
several years of scattering, absorption and/or particle
number concentration measurements (Andrews et al,
2011). The topography information is taken from
GTOPO30 (https://lta.cr.usgs.gov/GTOPO30), a global
digital elevation model covering the whole earth with a
horizontal grid spacing of 30 arc seconds (~ 1 kilometer).
Each analysis was performed on a 3° (~330 km) square
domain around the site.
To estimate if convective processes are enhanced or
impeded by the topographical environment of the station,
seven parameters were calculated, some of them
originating from hydrology. The thermally-driven PBL
influence is considered to be minimized if (a) the station
elevation is at the highest point, (b) the slopes around the
summit are sharp and (c) the drainage basin applied to
thermal convection is large. Explicitly, we evaluate the
topographic wetness index (a measure of the extent of
flow accumulation), the cumulative height frequency
curve, the mean altitude difference as a function of the

distance, the mean gradient in elevation in eight directions
and the drainage basin of the inverse topography (with
elevation= - real elevation). The PBL topographic index is
given by the geometrical mean of the defined parameters
and it allows ranking of the 19 high altitude sites as a
function of the PBL influence due to the regional
topography.
The effect of the modification of the topography by
adding the PBL over the low elevation regions was also
investigated. For example, a PBL of 700-1000 m overlaid
on low elevation terrain around the JFJ induced new flow
paths (cyan) from the N-E and S-E, the S-E path
explaining the frequently measured pollution from the Po
Basin. This newly defined PBL topographic index was
then evaluated in the context of the seasonal and diurnal
cycles of the aerosol parameters measured at the high
elevation stations.

Figure 1. Topography around the JFJ with the mean flow
paths (magenta) and the flow paths found if a PBL is
added to the topography (cyan).

Andrews, E. et al., Climatology of aerosol radiative
properties in the free troposphere, Atmos. Res. 102,
365–393, 2011
Nyeki, S., et al., Convective boundary layer evolution to 4
km asl over high-alpine terrain: Airborne lidar
observations in the AlpsGeophys. Res. Lett., 27, 689–
692, 2000.
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I/O aerosol characterization in a kindergarten
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In recent decades, people spend more and more time in
the indoor environment. When indoor sources are
present, they usually dominate the chemical
composition, number/mass concentration and determine
the pattern of size distribution. Without the presence of
indoor sources, the indoor concentrations and shape of
size distribution usually follow the outdoor concentration
with certain time delay given by penetration
characteristics (Hussein et al., 2005).
Numerous epidemiological studies show direct
links between adverse health effects and dose/exposure
to fine and ultrafine particles (Dockery et al., 1993). Not
only adults are exposed to aerosol particles of various
sizes, chemical composition and toxicity. Children are
also exposed to the same aerosol and in their case the
negative effect can be even more pronounced. Children
spend relatively long time indoors since their very young
age - e.g. nursery, kindergarten, school. Therefore it is
very important to monitor, evaluate and understand the
behaviour of indoor aerosol in such educational
environment (Fromme et al., 2007). Not only the indoor
aerosol is of concern here, but also the influence of
corresponding outdoor environment with its sources and
daily pattern is important for complete understanding.
Based on the above mentioned facts, we designed
an I/O measurement campaign in a kindergarten in a
small town with moderate industry (e.g. plastic tubing
production, iron-casting), located close to Prague. The
measurement was performed during a two week period
in January 2015. The set of instruments used within this
campaign included SMPS, two OPS and six low volume
samplers (PM2.5 and PM10). The SMPS was equipped
with a switching valve allowing for alternate sampling
indoors and outdoors. The sampling pattern was two 5
minute scans outdoors followed by two 5 minute scans
indoors. The low volume samplers were split into two
sets (both including PM2.5 and PM10 quartz fibre filters
and PM2.5 with Teflon filter) for indoor and outdoor
sampling. The indoor instruments were located in the
small room next to the cloak room close to one of the
classrooms. Placement of the instruments inside a
classroom was not possible due to presence of the small
kids and noise produced by the instruments during kids
sleeping pause. The outdoor instrumentation was placed
on a small yard, where the kids played during nice
weather periods. The gravimetric analysis of filters from
low volume samplers was followed by chemical analysis
(IC and PIXE).
The data obtained from SMPS monitoring the
number size distribution indoors/outdoors were
separated according to the sampling place and
kindergarten working hours (7 A.M. - 5 P.M.). The

results show clear differences in patterns between
working/non-working hours and indoor/outdoor aerosol
(Fig. 1). The unimodal shape (accumulation mode only)
with lowest concentration and lowest inter-quartile span
is represented by non-working hours in indoor
environment. It is evident that the shape of the indoor
size distribution in this case (without indoor sources)
follows corresponding outdoor size distribution with
smallest particles lost during penetration and by
deposition indoors. The highest concentrations were
observed for working hours and outdoor sampling point.
This size distribution is multi-modal with clear
contribution of nanoparticles coming most probably
from combination of traffic, domestic heating and
industrial processes.

Figure 1. I/O number size distribution during working
and non-working hours (shaded 25th-75th percentile).
In regard to concentration of coarse particles,
represented in this case by measurements of PM2.5 and
PM10, the indoor concentration was in some cases
slightly higher compared to those measured outdoors
during working days. On the contrary, the concentration
measured outdoors was higher during weekends. This
points towards kids and especially their movement as a
main source of coarse particles indoors substantially
increasing the indoor mass concentrations.
This work was supported by the European Union 7 th
framework program HEXACOMM FP7/2007-2013
under grant agreement No 315760.
Dockery et al. (1993) The New England Journal of
Medicine, 329(24), 1753–1759.
Fromme et al. (2007) Atmos. Environ., 41(4), 854-866.
Hussein et al. (2005) Atmos. Environ., 39(20), 3697–
3709.
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Quantifying trace elements in the emitted particulate matter during cooking using an
electric stove
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Cooking is one of the main sources of indoor particulate
matter (PM). Cooking even with cleaner sources of
energy (gas, electricity) may also pose risks to human
health. PM emissions from cooking contain trace
elements, some of them being toxic and/or carcinogenic
(As, Cd, Ni, Cr). Food, utensils, meat and cooking oil
were suspected to contribute trace elements in PM. The
main objective of this study is to report size segregated
mass concentration and emission rate and flux of 25
trace elements emitted during heating corn oil, corn oil
with table salt and grilling beef meat.
A controlled study was conducted to understand
the contribution of each cooking component including
corn oil and beef meat on trace elements in PM
emissions. No mechanical ventilation and natural
ventilation existed on the sampling site. In each
experiment, corn oil, corn oil with table salt and beef
meet were heated using an electric stove. Each set of
experiments lasted 20 minutes (14 minutes heating and 6
minutes cooling for corn oil experiments, 18 minutes
grilling and 2 minutes cooling for beef experiments).
An Eight-Stage, Non-Viable Andersen Impactor
was employed to collect the generated particles ranging
from 0<0.43 μm to 3.3 μm (six cut sizes) on 81 mm
quartz fiber filters including a backup filter for collecting
PM0.43. Metal analyses were performed using an
Inductive Coupled Plasma-Mass Spectrometry (ICPMS).
The average mass emission rates over the
sampling period were calculated using a mass balance
approach assuming instantaneous mixing throughout an
effective volume.
S= (a+k) V Cin
Where “S” represents emission rate, “a” is air
exchange rate, “k” is a deposition rate, “V” is an
effective volume, “Cin” is indoor particle concentration.
The effective volume was determined using PM2.5
emission flux obtained by Amouei Torkmahalleh et al
(2012) and “(a+k)” values reported by Wallace et al
(2004).
The highest mass concentrations of trace elements
were found during heating oil (1.29 mg.m-3), followed by
meat grilling (0.83 mg.m-3) and heating of oil with table

salt (0.18 mg m-3). With oil cooking, Fe, Ti, Sr are the
most abundant elements with mass concentration of
0.65, 0.46 and 0.04 mg.m3. Comparing with WHO
average annual recommended limit, it shows that mass
concentrations of V, Mn, Ni, Cd, Pb in heating oil and
meat exceeded the recommended levels.
The results indicated bimodal size distribution of
trace elements for the oil and beef experiments with
mode diameter values of 1.1-2.1 µm and less than 0.43
µm for oil and 3.3-4.7 µm and less than 0.43 µm for
meat. For corn oil with salt, there is a unimodal
distribution with mode diameter of 0.43-0.65 µm.

Figure 1. Emission flux of total trace elements, µg min-1
m-2
The health risk estimates suggest that for
carcinogenic (As, Cd, Cr, Ni) and non-carcinogenic
elements (Cr, Mn, Co, Ba) the risk is much higher than
acceptable level (for oil experiment, assuming 2 hours
cooking per day, ELCR 5.97×10-3, HQ 52.2) exceeding
the acceptable level by 3 orders of magnitude for
carcinogenic and 52 times for non-carcinogenic.
The authors acknowledge Middle East Technical
University Northern Cyprus Campus for providing the
financial support to this project through BAP project No
FEN-14-YG-2.
Amouei Torkmahalleh, M. et al (2012) Indoor Air, 22,
483–491.
Wallace, L., et al. (2004) Atmospheric Environment, 38,
405–413.
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Cooking with condiments an important source of terpenes in indoor environments
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Cooking processes are one of the main sources of nonmethane organic gases (NMOG) and particulate matter
(PM) in non-smoking households and restaurants, with
obvious implications for public health. There are
indications that cooking with condiments generates
considerable terpene emissions (Klein et al., 2016),
which could act as a source of secondary organic aerosol
(SOA) in indoor environments. So far terpene emissions
in indoor environments and the SOA produced from it
were mostly attributed to cleaning detergents or scented
candles use (Kephalopoulos, 2007).
In this work we used a highly sensitive
measurement setup involving a high-resolution time-of
flight aerosol mass spectrometer (HR-ToF-AMS) for
particle measurements, a high resolution proton transfer
time-of-flight mass spectrometer (PTR-ToF-MS) for
gas-phase measurements and a two-dimensional gas
chromatography time-of-flight mass spectrometer
(GC×GC-ToF-MS) for compound identification. We
fried beef with different amounts of condiments and
introduced the emissions into a Teflon smog chamber.
The emissions were aged and their SOA production
potential was assessed.
Our measurements show that cooking with
condiments releases significant amounts of terpenes
(Fig. 1). Depending on the condiments used (Herbs de
Provence or black pepper) different amounts of
monoterpenes (e.g. a-pinene, p-cymene, d-limonene),
sesquiterpenes (e.g. b-caryophyllene, a-cubene) and
diterpenes (e.g. cembrene, rimuene) as well as terpenoids
(e.g. camphor, thymol, phytol) are emitted. The amount
of terpenes emitted is clearly correlated with the amount
of herbs added to the meat.
In this study we present PM and NMOG emission
factors of frying food with condiments. We identify the
emitted terpenes and show the relationship between the
amount of condiments added and the terpene emissions.
We describe the SOA production potential of these
specific cooking emissions and evaluate the impact of
terpene emissions and their subsequent SOA production
on indoor air quality.

Figure 1. Two-dimensional GC×GC-ToF-MS traces of
heated herbs de Provence or black pepper (upper panels)
and PTR-ToF-MS mass spectra of frying beef with herbs
de Provence or black pepper (lower panels).

This work was supported by the Swiss National Science
Foundation as well as the Swiss Federal Office for the
Environment.

Kephalopoulos, S. Impact Of Ozone-Initiated Terpene
Chemistry On Indoor Air Quality And Human Health.
European Commission, 2007. Web. 1 Mar. 2016.
Klein, F. et al. (2016) Env. Sci. Tech. 50, 1243–1250.
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Excluding Non-Occupancy Data Improves Exposure Assessment in Indoor
Environments
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For the assessment of personal exposure in indoor
environments, information about the concentration of
pollutants when people are in given indoor environments
(occupancy time) are of prime importance. However,
this kind of data frequently is not reported (Morawska et
al., 2013).
The aim of the study was to assess the differences
in particle characteristics between occupancy and the
total monitoring period, with the latter being the most
frequently used averaging time in published studies on
particle characteristics in indoor environments. Assessed
particle characteristics comprise: number and mass
concentrations as well as number size distributions.
Five indoor environments were selected in
Sweden and Finland: an apartment, two houses and two
schools. They were assessed for particle number and
mass concentrations and number size distributions. The
measurements using a Scanning Mobility Particle Sizer
and two photometers were conducted for seven
consecutive days during winter in each location.
Particle concentrations in residences and schools
were, as expected, the highest during occupancy time. In
the apartment median PM2.5 mass concentration during
the occupancy time was 17% higher compared to total
monitoring period. In both schools, the median values of
the PM2.5 mass concentration was on average 32%
higher during teaching hours compared to the total
monitoring period. When it comes to particle number
concentration (PNC), in the apartment during occupancy,
the median value was 58% higher than in the total
monitoring period. In both houses and schools the
median PNC was similar for the occupancy and total
monitoring periods.
The major differences, in number and mass
concentrations, observed between occupancy and total
monitoring periods in residences were due to indoor
sources, which can greatly elevate indoor particle levels
for prolonged periods (up to 12.5h after activity ceased),
especially in residences with low AER.
In both schools PNC during teaching hours were
very similar to values during total measurement periods
and were mainly influenced by outdoor concentrations.

In summary, to improve exposure assessment to
particles, crucial for studying health effects, only data
from occupancy periods should be used. Non-occupancy
periods, while useful for studying influence of outdoor
particles and establishing a baseline, should not be
included in the exposure assessment. Data from total
monitoring, as it includes non-occupancy periods, may
underestimate the concentrations for exposure
assessment.
General conclusions on the basis of
measurements in the limited number of indoor
environments cannot be drawn. However, the results
confirm a strong dependence on type and frequency of
indoor activities that generate particles and site
specificity. The results also indicate that the exclusion of
data series during non-occupancy periods can improve
the estimates of particle concentrations and
characteristics suitable for exposure assessment, which is
crucial for estimating health effects in epidemiological
and toxicological studies.
This work was supported by Vinnova through project
2010-01004, the Swedish Research Council, FORMAS,
and the Development Fund of the Swedish Construction
Industry, SBUF. The Environment Department of
Malmö Municipality are acknowledged for providing the
PM2.5 data from the roof top of the town hall in Malmö
city centre.
Wierzbicka, A., Bohgard, M., Pagels, J. H., Dahl, A.,
Löndahl, J., Hussein, T., Swietlicki E., Gudmundsson
A., 2014. Quantification of differences between
occupancy and total monitoring periods for better
assessment of exposure to particles in indoor
environments, Atmospheric Environment, 106, 419428
Morawska L, Afshari A, Bae G, Buonanno G, Chao C,
Hänninen O, Hofmann W, Isaxon C, Jayaratne E,
Pasanen P, Salthammer T, Waring M, Wierzbicka A,
2013. Indoor aerosols: From personal exposure to
risk assessment. Indoor Air 23, 6, 462-487.
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Nearly Zero Energy Buildings and Indoor Exposures to Ambient PM
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Nearly zero-energy buildings have very high energy
performance. The low amount of energy that these
buildings require comes mostly from renewable sources.
The Energy Performance of Buildings Directive requires
all new buildings to be nearly zero-energy by the end of
2020. All new public buildings must be nearly zeroenergy by 2018 (EC 2016). It is estimated that buildings
have the potential to reach a 90 % reduction in their
greenhouse gas emissions by 2050 (JRC 2016, EC
2014). To reach this high level reduction in Northern
European countries, the insulation thickness and air
tightness of the building envelope has to increase
substantially and heat exchanging techniques are needed
for heat recovery. In practice in Nordic countries these
imply use of mechanical ventilation systems.
PM2.5 is the most significant environmental
exposure threatening human health in developed
countries (Hänninen et al., 2014). Harmful suspended
particulate matter consists of aerosol particles ranging
from nanometers to micrometers in diameter, leading to
particle size dependency of both filtration efficiency as
well as deposition rate in indoor air.
The objective of this paper is to estimate the
indoor-outdoor relationship of ambient particulate matter
in nearly zero energy buildings (NZEB) using minimal
demand controlled ventilation. As an option we account
also for a possibility of using various levels of air
exchange.
Methods. Using international and EU Directive
definitions of NZEB buildings and health based
ventilation guidelines developed in the HEALTHVENT
project (Hänninen & Asikainen 2013, ECA 2016) we
investigate the potential infiltration of particulate matter
as function of particle size and ventilation using
previously developed and evaluated model (Hänninen et
al., 2013). For the building leakage we use values
proposed in the energy efficiency of buildings proposals
for Nordic countries and for ventilation system FP7 level
filter efficiencies.
Further we consider the impact on respiratory trac
uptake of particles using ICRP (1994) model evaluated
recently elsewhere (Hofmann 2011).
Results. Increasing building tightness reduces
substantially air infiltration through the building
envelope. Assuming that a mechanical ventilation
system is equipped with FP7 class filters, properly sealed
and maintained, and that the ventilation rates are
adjusted using health based demand control, the indoor
exposures are expected to be substantially reduced. The
reduction especially affects ultrafine and coarse (super
micron) particles, leaving mostly accumulation mode
particles suspended in the fresh air supply.

The relative impact on respiratory tract uptakes is
less dramatic due to the dominating role of accumulation
mode particles. Nevertheless, it is likely that the
exposures of population living in NZEB will be less than
50% of the average current building stock values. This
will potentially contribute to the reduction of health
impacts of ambient air pollution in Nordic countries.
Concerns have been expressed related to moisture and
humidity behavior and mold and dampness related
problems. Thus further investigations of environmental
health risks in the future building stocks are necessary.
This work has been supported by Academy of Finland Contract 285672
(BATMAN); Nordic Programme on Health and Welfare project
#75007 (Nordic WelfAir); Finnish Ministries of Environment and
Health (ISTE) and intramural funding by THL.
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Feasibility of combining airborne pollutant measurements with spatially resolved
infrared thermography to develop a novel tool for indoor air quality investigations
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People in industrialized societies tend to spend up
to 90% of their time indoors. Thus, residential exposures
to various airborne pollutants may substantially
contribute to overall exposures. Indoor air quality (IAQ)
and the resultant exposures might be heavily impacted
by occupant behavior as well as the properties and
operation of the buildings themselves. Therefore, in
indoor air quality investigations, it is important not only
to quantify the presence of various pollutants but also to
relate the findings to the type and operation of the
buildings. Typical air quality measurements, as well as
traditional building assessment strategies, are wellknown and established tools. However, they are typically
time and effort consuming. In this study, we investigated
the feasibility of combining integrated laser scanning
and thermal imaging with traditional IAQ measurements
and questionnaires to develop a comprehensive and
time-effective tool to determine housing-related health
and safety hazards. This methodology was applied in
two multi-apartment affordable housing residential
buildings located in a Northeastern US urban community
owned and operated by a non-profit organization.
In each building as well outdoors, viable bacterial
and fungal aerosols, total fungal spores, carbon dioxide,
carbon monoxide, formaldehyde, PM2.5, ultrafine
airborne particles, endotoxins, allergens, air velocity at
return vents, temperature and humidity were measured.
Terrestrial laser scanning in conjunction with infrared
thermography was used to examine potential deficiencies
in building structure, insulation and moisture on
surfaces. Interviews helped to understand the residents’
behavior and find out their concerns about housing
conditions.
The bioaerosol concentrations in the apartments
were below 1,000 CFU/m3; total fungi from 65 to ~2,500
count/m3. CO2 and CO levels were generally less than
1,500 ppm and 1 ppm, respectively. 24-hour gravimetric
measurements of PM2.5 concentrations were below 100
µg/m3 while one hour total PM mass concentrations
ranged from 11 to 687 µg/m3. Formaldehyde results
varied from non-detected to 115 ppb. Endotoxins up to
2,300,000 EU/g and mouse and cockroach allergens
were detected. These data were then correlated with
building defects identified in laser scan and infrared data
for each apartment and entire buildings.
It was found that the amount of missing insulation
as determined by infrared scans in individual apartments

was correlated highly and significantly (p<0.001) with
the total airborne particle number; the amount of missing
insulation was also correlated highly and significantly
(p<0.0001) with the presence of airborne culturable
mold. Both observations were indicative of outdoor
pollutant penetration indoors thus contributing to indoor
exposures. The questionnaire data indicated that
residents’ behavior is one of the main factors
contributing to IAQ variability between apartments.
Overall, the combination of traditional IAQ
measurements, questionnaire data and spatially resolved
infrared thermography shows a promise of being a
comprehensive and time-efficient tool to investigate
housing-related health and IAQ issues.
This work was supported by the US Department of
Housing and Urban Development (HUD) grant
“Development and Evaluation of Cost-Effective
Methods and Protocols for Identification and Assessment
of Housing-Related Hazards,” NJHHU0019-13.
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Forecasting particulate matter concentrations in an indoor environment
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This study focuses on the statistical forecasting of
particulate matter concentrations in a real indoor
environment.
The monitoring campaign was performed in an
open-plan office, during 6 months (from February to
June 2012). The indoor air particulate matter was
sampled hourly using an optical particle counter (Dust
Monitor 1.108, Grimm), which provided the number of
particles per liter, for fifteen size bins within a range of
0.3-20 µm. Due to some measurement problems and
given that time series corresponding to some size bins
were strongly correlated, only five size bins were
selected in this study: 0.3-0.4 µm, 0.8-1 µm, 1.6-2 µm,
4-5 µm, 7.5-10 µm.
The five time series corresponding to the selected
size bins were not second order stationary.
Consequently, data was transformed by ln(1+N), with N
number of particles for each size bin. A hybrid STLARIMA model was applied to the transformed data for
forecasting purposes.
The STL-ARIMA model is based on a 2-step
procedure. Firstly, each time series is decomposed into
trend, seasonal and remainder using a Seasonal-Trend
Decomposition procedure based on Loess smoothing
(Cleveland et al., 1990)-STL. After filtering the seasonal
component, an autoregressive ARIMA model is fitted to
the (trend+remainder) component and used for
forecasting. Assuming that the seasonal component
doesn't change (or changes extremely slowly), its
forecast is obtained by taking the highest frequency of
the time series spectrum. The final forecast is obtained
by adding to the ARIMA forecast the seasonal
component forecast.
Data was splitted in two subsets, for training and
test. The forecasting performance of the model was
assessed for a 72-hour horizon and compared to the test
set. The resulting forecasts of the log-transformed data
with the prediction intervals are shown in Figure 1.
In order to calculate the forecast accuracy, the
results were transformed in original units by the
exponential function and then compared to the raw test
sample. The Mean Absolute Percentage Error (MAPE)
was calculated for the whole forecast horizon. The
MAPE obtained for a 72-hour horizon for PM0.3-0.4 was
32.5% and for PM7.5-10, 36.4%.
Graphical representations and MAPE indices
show that the STL-ARIMA model performs well in
forecasting throughout the entire test period, reproducing
the overall mean fluctuation and capturing the most

important feature of the time variability, with a MAPE
index about 35%.

Figure 1. Forecasting PM time series using STL-ARIMA
model. Example for PM0.3-0.4 and PM7.5-10 concentrations
in number by liter, represented on a logarithmic scale.
Forecasting (dashed black curve) follows after the
dashed red vertical line.
This work was supported by ADEME and MEDDE
within the frame of the PRIMEQUAL-PREDIT
program, TRIBU project, under grant 12-MRESPRIMEQUAL-4-CVS-09).
Box, G.; Jenkins, G. (1970). Time Series Analysis:
Forecasting and Control. San Francisco: HoldenDay.
Cleveland, R.B., Cleveland, W.S., McRae J.E. and
Terpenning, I. (1990) Journal of Official Statistics 6,
3-73.
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Indoor air quality in the operating rooms of hospitals is
important for the engineers of air conditioning and
ventilation (HVAC) system due to the health and live of
patients. Microclimate operating rooms consist of not
only the right conditions for thermal comfort, but above
all the creation and preservation zones controlled purity.
The most important parameters of the
microclimate, which determine thermal comfort are air
temperature, relative humidity and velocity. The
influence of humidity, as compared to the temperature
and velocity on the human sense of comfort is low
because people feel well in a wide range of values. They
are permissible fluctuations of humidity in the range of
30 - 70%. The specificity of the operating rooms,
however, requires a narrow range of relative humidity.
HVAC system should ensure values of air humidity
close to 50% at internal air temperature of 20 0C.
The paper presents some aspects of application of
the adsorber in the HVAC system to stabilize the air
quality parameters in operating rooms. Measurements
were taken with the use of Testo 435-4 Transducers.
On the basis of conducted tests without adsorber
it may be stated that cyclic operation of the HVAC
system does not influence the fluctuations in the value of
air velocity and temperature at the measuring points. The
fluctuations of air humidity are present in all points.
When switching the unit followed by a decrease
humidity, but when it turns off was observed increase in
its value. The further away from the air supply diffuser,
the smaller the fluctuation range of humidity: from
25.67% to 79.41% (supply diffuser) and from 33.67% to
40.24% (breathing zone). When using absorber was
found stability and does not exceed the value of 50%
relative humidity during operation of the HVAC system.

Figure 1. Changes of air velocity at operating room using
various ventilation settings.

Figure 2. Changes in the relative air humidity at different
distances from air supply ventilation without adsorber.

Figure 3. Changes in air humidity, temperature and
velocity at operating room using air conditioning system
with application the tubular adsorber.
This paper has been prepared on the basis of the results
of research task II.P.03 carried out within the National
Programme “Improvement of safety and working
conditions” partly supported in 2014-2016 within the
scope of research and development by the Ministry of
Science and Higher Education. Central Institute for
Labour Protection - National Research Institute has been
the Programme main coordinator.
Uścinowicz, P., Chludzińska M. and Bogdan, A. (2015)
Building and Environment 94, 296-304.
ASHRAE Standard 170-2013, Ventilation of Health
Care Facilities.
DIN 1946-4:2008, Ventilation and air conditioning Part 4: VAC systems in buildings and rooms used in
the health care sector.
FprCEN TR 16244:2011(E) Ventilation for hospitals.
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Compact low-cost sensors for measuring PM
concentrations are becoming popular in recent times
(Wang et al, 2015). In this work, we used a Sharp
GP2Y1010AU0F (Sharp GP2Y), an Arduino Nano, and
an XBee module, as shown Figure 1, to set up an efficient
wireless system which potentially broadens its application
in multipoint field measurements that provide local and
real-time PM concentrations.
(b)

Coordinator

(c)

Xbee

Sharp Sensor

Router/End Device

(d)

Arduino

Figure 1. Major components of the wireless sensor
system, (a) Assembled wireless sensor system, (b) Sharp
GP2Y1010AU0F (Sharp GP2Y) sensor, (c) Arduino
Nano ATmega328P Microcontroller, (d) XBee Series 2
wireless module.
One question that remains for the low-cost particle
sensors is whether the signal is proportional to mass
concentration or to other properties of the aerosol. We
combined theoretical and experimental results to answer
this question and then determined the reason for the
system’s dependence on material and size distribution.
Theoretical calculations were based on the scattering
calculation in the Mie regime. Experiments were based on
aerosolized sodium chloride particles, produced by a TSI
constant output atomizer 3076 and a Sonaer 2.4 MHz
ultrasonic nebulizer. Reference instruments were a TSI
scanning mobility particle sizer (SMPS) and a TSI
aerodynamic particle sizer (APS). Figure 2 demonstrates
good overall linearity between the calculated scattered
light intensity and the signal output for particles in a wide
size range. Hence the sensor output should indicate the
calculated scattered light intensity rather than the particle
mass concentration. With further analysis, we presented
an equation to evaluate the linearity as a function of
refractive index and size distribution parameters only.
Further improvements of the sensor structure was
expected to eventually eliminate the size distribution
dependent disadvantage.
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Figure 2. Relationship of the calculated scattered light
intensity and the mass concentration as a function of the
sensor output for small particles from 14.6 to 661.2 nm.
Concentration in the atomizer: (a) 12 μg/cc NaCl (b) 18
μg/cc NaCl (c) 32 μg/cc NaCl (d) Combined results of
three sets of tests. In each figure, solid and hollow
symbols represent the calculated scattered light intensity
and the mass concentration, respectively.
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The characteristics of the low-cost wireless end
devices described here, such as sampling interval,
sampling node density, calibration parameters, and others,
are conveniently adjusted according to the demand. Their
portable size and self-contained power system make them
applicable to mobile source sampling. It is also feasible to
apply the wireless system in a confined space, such as in
a reactor or chimney. In this work, we have deployed the
sensor network for air quality monitoring in various
indoor and outdoor locations, for example, garages,
kitchens, construction sites, and so on. The personal
exposure to particles in these scenarios is further
calculated.
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Comparison of three miniaturized aerosol-absorption instruments, under ambient and
controlled conditions.
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An intensive field campaign hosted by the
National Observatory of Athens, aiming at
characterizing the vertical distribution of absorbing
aerosol, was held at Lofos Nymfon at the centre of
Greece’s capital, Athens, between 14-21 January 2016.
Athens is an urban area, located in the southeast
Mediterranean, having more than 4 million inhabitants.
The vertical profile of BC was measured under
dry conditions using one commercial (AE51) and two
prototype miniaturized instruments (Brechtel Inc. - 3wavelength Model 9400 STAP; custom made DualWavelength Prototype - DWP) using a multicopter (DJI
Model S1000+) with a 2 kg payload. A total of 26 flights
were performed reaching as high as 1 km above sea
level. During 19th January 2016, flights were conducted
almost every hour. The resulting profiles were compared
against concurrent LIDAR and sun-photometer vertical
absorption coefficient (βabs) measurements using the
GARRLiC algorithm (Lopatin et al., 2013). Even though
the shapes of the measured and calculated profiles were
in agreement, they differed by a factor of 3-5.
During each flight, the absorption instruments not
involved in vertical profiling, measured the aerosol
absorption at ground level in parallel with two
commercially available instruments (Magee Scientific
AE33; Thermo MAAP) allowing a comparison among
them. STAP and DWP, exhibited excellent correlation
against AE33 (R2>0.90) shown in Fig. 1, while the
commercially available AE51 performed poorer
(R2>0.75) because it operated at a face velocity of 0.5 m
s-1, lower by a factor of 3-9 compared to the other
miniature absorption monitors. However, all monitors
measured BC concentrations lower by 20-25% compared
to the AE33 but within 5% to those measured by the
MAAP. Additionally, all the miniature instruments
agree, on average, within 4% with each other with
respect to βabs, but not with AE33 that measured βabs
values higher by a factor of 5 (Fig. 1).
Due to weight restrictions, STAP and DWP could
not fly simultaneously. However, the AE51’s low weight
enabled the comparison under realistic conditions during
8 flights. Similarly to the ground measurements, all
instruments agreed within 10% with respect to βabs and

BC mass, even though the correlation was poor
(R2>0.68). It should be noted that ground measurement
comparison was conducted using the AE33 sampling
resolution (1 min), while onboard simulations under
higher (1 s) resolution.
Because ambient conditions did not allow the
instrument comparison at concentrations exceeding 15
μg m-3, several experiments with BC measurements
ranging between 20-300 μg m-3, were conducted under
controlled (chamber) conditions using an AE33 as a
reference and a kerosene burner that produced particles
dominated by BC. Care was taken so that measurements
corresponding to attenuation exceeding 0.1 were omitted
from analysis. Similar to the ambient measurements, the
correlation among all instruments was excellent
(R2>0.90) but all miniature instruments underestimated
both the BC concentration and βabs with respect to the
reference (AE33). STAP, AE51, DWP βabs reported
values lower by 13%, 28% and 43% respectively,
compared to the AE33. These results suggest that, under
these extreme concentrations, the loading effect cannot
be neglected even at low filter attenuation. DWP which
incorporates the highest flow concentrated to the
smallest spot area (face velocity equal to 4.7 m s-1)
exhibited the highest deviation.

Figure 1. Comparison between aethalometer model
AE33 and three miniaturized absorption instruments
suitable for airborne measurements with respect to BC
mass (left) and absorption coefficient at 880 nm (right)
of ambient particles.
Lopatin, A., Dubovik, O., Chaikovsky, A., Goloub, P.,
Lapyonok, T., Tanré, D., and Litvinov, P. (2013),
Atmos. Meas. Tech., 6, 2065-2088.
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Airborne aerosols impact climate directly though the
interaction with incident solar light by scattering,
generating a cooling effect, or by absorbing it and
reemitting infrared radiation, having a heating effect.
According to Haywood and Shine (1995), the effect of
aerosols on the global radiation budget depends on the
aerosols optical depth, the single scattering albedo
(SSA), and the backscattered fraction. Measuring the
SSA involves necessarily measuring two parameters
separately since, by definition, the SSA is the relationship between the scattering and extinction coefficients
(where extinction is the sum of the scattering and
absorption). Therefore, two separate instruments with
different principles and uncertainties are commonly
used, leading to potential sources of significant errors
and biases.
A novel instrument based on cavity attenuated
phase-shift technology and incorporating an integrating
sphere was recently developed by Aerodyne Research,
Inc. The Cavity Attenuated Phase Shift Single Scattering
Albedo Monitor (CAPS PMssa) is capable of
simultaneously measuring both the extinction and
scattering coefficients, reducing the potential errors of
applying two separate instruments (Onasch et al., 2015).
In a previous study (Petzold et al., 2015), the
CAPS PMssa system was assessed in an optical closure
study, by comparison with the proven technologies listed
in Table 1. A good agreement was found for the
extinction channel both with absorbing and scattering
aerosols samples. In the case of the scattering channels,
the NEPH and the CAPS PMssa agreed well with
scattering aerosol samples (high SSA values), but some
inconsistencies when measuring absorbing aerosols (low
SSA values) were observed.
In order to better understand these previous
results, a new optical closure study has been done with
extended instrumentation, utilizing 2 or 3 methods for
each aerosol optical property (see Table 1). We have also
done a theoretical comparison by calculating the
expected extinction coefficient by applying Mie theory
using the size distribution of the aerosol measured by an
optical particle counter (OPC). The study was carried out
in the laboratory with controlled particle generation
systems. We used both light absorbing aerosols (Regal
400R pigment black from Cabot Corp. and colloidal
graphite – Aquadag – from Agar Scientific) and purely
scattering aerosols (ammonium sulphate and polystyrene
latex spheres), covering SSA values from approximately
0.4 to 1.0. Figure 1 shows a preliminary result of the
intercomparison between the extinction channel of the
CAPS PMex and CAPS PMssa. We will report on our

final results, focusing specifically on the scattering
measurements.

Figure 1 Intercomparison of CAPS PMex and CAPS
PMssa extinction channels for different aerosol types.
Table 1 List of instruments used for the optical closure
study in laboratory
Instrument
CAPS PMex1,2
CAPS PMSSA1,2

Manufacturer
Aerodyne
Aerodyne

Measured Property
Ext. Coef.
Ext. + Scat. Coef.

Aurora 40002

EcoTech

Scat. Coef.

TSI

Scat. Coef.

TSI 3563

1,2

PSAP1,2
2

MAAP

OPC2
1
First Campaign
2
Second Campaign

Radiance
Research
Thermo
Scientific
GRIMM

Abs. Coef.

λ (nm)
630
630
635, 525
and 450
700, 550
and 450
660, 530
and 467

Abs. Coef.

670

Particle Size Dist.

655

As the next step, a long-term optical closure study
using ambient air has been designed. During this
campaign all instruments that have been used in the
laboratory study will also be deployed in the field plus a
blue wavelength CAPS PMex and a second automatic
PSAP to continuously evaluate the optical closure. With
this final configuration we will be able to study the
aerosol optical characteristics at the three most optically
relevant wavelengths.
The laboratory studies, together with the longterm optical closure campaign and the remote sense
techniques (JOYCE (Löhnert et al., 2015)) will, in the
long run, give us all necessary parameter to also estimate
the local aerosol radiative forcing efficiency.
Haywood, J. and Shine K. (1995) Geophysical Research
Letters, 22:5, 603-606.
Löhnert, U., et al. (2015) Bulletin of the American
Meteorological Society, 96:10, 1765-1787.
Onasch, T., et al. (2015) Aerosol Sci. Technol., 49:4,
267-279.
Petzold, A., et al. (2015) 2015 European Aerosol Conf..
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Understanding the occurrence and composition of
ions in the atmosphere is of high interest since ions
regulate the electrical properties of the atmospheric
medium, participate in ion-catalyzed and ion-molecule
reactions
and
contribute
to
physico-chemical
interactions, including ion-induced nucleation (Schulte
and Arnold, 1990). In the last decade, the interest in
atmospheric ions increased because of a potential
implication of ion-aerosol-cloud interaction on climate
(Hirsikko et al., 2011).
High altitude sites, often in the free troposphere,
represent an interesting region with low condensational
sink and low temperatures, conditions that could favor
the process of new particle formation. Although some
studies did investigate ions in the free troposphere and
their link with nucleation (Boulon et al., 2010; Rose et
al., 2015), these ion measurements were only in terms of
total concentration but did not resolve the ion chemical
composition.
From August 2013 to March 2014 we measured the
composition of atmospheric ions and small particles in
the lower free troposphere at Jungfraujoch (JFJ, 3580 m
asl; 46.55ºN, 7.98ºE) in the Swiss Alps. The instruments
employed were an Atmospheric Pressure Interface Timeof-Flight Mass Spectrometer (APi-TOF), for ion
characterization in positive and negative mode
(alternately), and a TSI condensation particle counter
(CPC) 3776 for aerosol concentration with a cut-off of 3
nm for detecting nucleation events. Additional
meteorological measurements enabled us to compare
different conditions like solar radiation, presence or
absence of clouds and wind direction which is linked to
air mass origin with the chemical composition of air ions
and nucleation events.
The negative ions were dominated by sulfuric acid,
nitric acid, malonic acid, SO5- and methanesulfonic acid
(MSA) (see Figure 1). Sulfuric acid followed clearly the
global radiation but showed under certain conditions also
enhanced levels during nighttime. Positive ions were
dominated by amines. We often observed a remarkably
strong correlation between SO5- and MSA, which
indicates a common source. Halogenated species were
measured regularly, especially Br- and IO3-. Back
trajectories suggest an origin over the Atlantic and

Mediterranean Sea. Two different types of new particle
formation events will be discussed.

Figure 1. Average diurnal variation of the main ions at
JFJ over 15 days of clear sky normalized to the total ion
counts.
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Analysis of particulate matter collected on quartz-filters using laser-desorption/ionizationtime-of-flight mass spectrometry
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Aerosol effects on climate and health are
strongly influenced by the chemical composition of the
organic aerosol (OA) and hence by the contributing
emission sources and formation processes (Cassée et al,
2009). Secondary organic aerosol (SOA) formed via the
oxidation of gaseous precursors contributes a large
fraction of the total OA (Jimenez et al, 2009).

in differentiating the different organic aerosol sources is
assessed. First results, show the successful separation of
wood-burning emissions (LDI-BBOA, Fig. 1) which is
comparable to primary wood-burning contributions
estimated by offline AMS analysis (BBOA oAMS)

Mass spectrometers equipped with electron
ionization (EI) like the aerosol mass spectrometer
(AMS) or the aerosol chemical speciation monitor
(ACSM, both Aerodyne Research, Inc.) have been
widely used to provide quantitative measurements of the
organic aerosol. Source apportionment of AMS and
ACSM data has allowed the separation of different
primary OA sources as traffic, cooking, and wood
burning as well as oxygenated OA typically associated
with SOA. While SOA has been separated in two classes
with a different degree of oxygenation and volatility,
source apportionment of SOA is limited by (i) significant
molecular fragmentation due to the EI process, and (ii)
convergence of the molecular composition of organic
matter due to aging. To address (i), softer ionization
techniques
such
as
low-energy
laserdesorption/ionization (LDI) may provide additional
molecular information, which might be promising for the
distinction of SOA contributing precursors (Kalberer et
al, 2004; Samburova et al, 2005).
In this work, we evaluate the use of an LDI-MS
(Shimadzu, Axima Confidence) for the direct
measurements of particulate matter (PM10) collected on
filter samples without the addition of an ionization
matrix. This involves the introduction of novel
procedures of the mass to charge ratio m/z calibration
and the measurements of source reference samples
(traffic and wood burning) and more than 600 ambient
samples. The latter include filters from the full year of
2013 at 9 sites in Switzerland with different emission
conditions (strongly wood burning influenced alpine
valleys vs urban region). Additionally, fossil-fuel
emission influenced samples from Pasadena, (Calnex
2010) were analyzed. Data are treated using positive
matrix factorization and the ability of LDI measurements
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Figure 1: Wood-burning factor profile (upper panel) and
comparison of PMF results on biomass burning organic
aerosol (BBOA) obtained from 24-hour filter samples
with LDI and offline AMS (lower panel).
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absorption bands according to calibration models built
for urban and rural sites (second and third rows in Fig.1).
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Organic carbon (OC) is a major component of
atmospheric particulate matter (PM), which has been
associated with increased morbidity and mortality,
climate change and reduced visibility. Typically OC
concentrations are measured using thermal methods such
as thermal-optical reflectance (TOR, Chow et al., 2007)
from samples collected on quartz filters. However, TOR
measurements are destructive and relatively expensive.
We aim at reducing the operating costs of large
air quality monitoring networks by estimating TOR OC
concentrations using Fourier transform infrared (FT-IR)
of ambient samples collected on Teflon (PTFE) filters.
This analysis technique is inexpensive, non-destructive
and fast. It uses PTFE filters, which are commonly used
in PM monitoring networks for gravimetric mass and
elemental analysis. Moreover, many quantities of interest
such as functional group composition can be quantified
from the same FT-IR spectra (Ruthenburg et al., 2014;
Takahama et al., 2013).
We present a statistical approach to identify the
most relevant infrared absorption bands that allow us to
make quantitative predictions of TOR OC using FT-IR
spectra. For this purpose, we estimate TOR OC
concentrations using a sparse calibration model that
combines elastic net regularization and partial least
square regression (ElnetPLS). This calibration model
excludes unnecessary wavenumbers from infrared
spectra during the model building process, permitting
identification and evaluation of the most relevant
vibrational modes of molecules in complex aerosol
mixtures associated with reported TOR OC
concentrations.
In this work, we have used the FT-IR absorbance
spectra, and TOR OC concentrations collected in the
Interagency
Monitoring
of
PROtected
Visual
Environment (IMPROVE) network (USA) in 2011 at
seven sites (six rural and one urban). Dillner and
Takahama (2015) used this dataset to predict TOR OC
concentrations using the full spectra (2784
wavenumbers).
The ElnetPLS model that uses samples collected
in all the sites (first row in Fig. 1) has similar model
performance (bias = -0.01 µgm-3, error = 0.12 µgm-3,
norm. error = 16% and R2 = 0.95) of the full
wavenumber model (Dillner and Takahama, 2015) while
requiring only 13 wavenumbers associated with carbonyl
groups (1740-1735 cm-1 and 1707-1702 cm-1), and with
primary amines and benzene rings (1598-1595 cm-1,
Shurvell, 2002). We further discuss variations in selected

0.00

1

Bias = −0.00 μg m3
Error = 0.06 μg m3
Norm. Error = 15 %
R2 = 0.89

0 100

300
500
TOR OC (μg)

Figure 1. Left column: mean spectra (grey area
represents the 95% confidence intervals), and
wavenumbers selected (red lines). Right column: scatter
plots and performance metrics between FT-IR OC and
TOR OC. Concentration units of µgm-3 for bias and error
are based on the IMPROVE nominal volume of 32.8 m3.
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Urban air quality measurements in Finland and China using a PPS-M sensor
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Concern regarding the harmful health effect of
airborne particles has increased the demand for
observations and data on the concentrations of
harmful aerosol particles. Current methods for
observations of the number concentration of harmful
particles have yet to become affordable enough to
allow the construction of dense measurement stations
that would provide data on the high spatial resolution
required for effective measures to lower population
exposures. A promising, economically affordable and
operationally robust method for harmful aerosol
measurements are diffusion charging-based aerosol
sensors, such as the Pegasor PPS-M (Lanki et al.,
2011 Rostedt et al., 2014).
We deployed the PPS-M particle sensor in
two Finnish stationary urban air quality measurement
stations, one located in the roadside environment and
the other in residential area, and in a mobile
laboratory (Järvinen et al., 2015). Additionally, two
other sensors were installed in a highly-polluted
megacity setting in Beijing, China, over a longer time
period to evaluate the instruments response in
varying aerosol loadings. Because the response of the
PPS-M depends on the size distribution of the
ambient aerosol, we compared the PPS-M with a
range of other particle instrumentation, including and
ELPI, MSP Wide Range Particle Spectrometer
(WPS), NSAM, CPC, and PM2.5 from TEOM.
In addition to studying the PPS-M data, we
also performed measurements in which the PPS-M
was set up to operate with variable trap voltages
applied. The instrument trap voltage is known to
affect the particle size-dependent response function,
and therefore our aim was to investigate the
differences in the PPS signal with different PPS-M
trap voltages, and explore the possibilities of using
this information to gain insight in on the size
distribution using only the PPS-M instrument.
For Finnish measurements, the PPS-M was
found to correlate very well with both condensation
sink values and lung-deposited surface area, while
less correlation was found for mobile measurements.
The difference in the response can be attributed to
variance of the size distributions between the
observations.

For Beijing, the analysis of the size
distribution data showed that the aerosol size
distribution was highly variable in the Beijing air. kmeans clustering of the normalized size distribution
data showed that at times, the aerosol was loaded
with fresh nanosized particles, while at times the
aerosol was clearly dominated by the accumulation
size. The variability in the size distribution was also
reflected in the PPS-M response, which varied with
the aerosol size distribution.
Using the data with variable trap voltages, we
were able to develop a calibration expression for total
particulate volume and number. Using only the signal
of the PPS-M, using the signal ratio at different trap
voltages, we could significantly improve the
correlation between the PPS-M and WPS number
concentration observations. Overall, the PPS-M was
found to be applicable as a megacity aerosol sensor,
and the variable trap voltage method, while reducing
the time resolution of the instrument, produced
information on the average size of particles. As the
diffusion charging-based sensors such as the PPS-M
are fairly inexpensive when compared to other
instruments, operate well also on very polluted
environments, and require comparatively low
maintenance, this potentially improves their
attractiveness as components of urban air quality
monitoring networks in polluted urban areas.
Acknowledgements: This work was funded by the
Tekes MMEA research program of CLEEN Ltd, and
the Maj and Tor Nessling foundation.
Järvinen, A., Kuuluvainen, H., Niemi, J.V., Saari, S.,
Dal Maso, M., Pirjola, L., Hillamo, R., Janka, K.,
Keskinen, J. and Rönkkö T. (2015) Urban
Climate 14, 441-456.
Lanki, T., Tikkanen, J., Janka, K., Taimisto, P. and
Lehtimäki, M. (2011) J. Phys.: Conf. Ser.,
304:012013.
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Size-segregated long-term chemical analysis and source apportionment of the organic aerosol in the
Northern hemisphere using offline aerosol mass spectrometry
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The development and field deployment of the Aerodyne
aerosol mass spectrometer (AMS, Canagaratna et al.,
2007) have greatly improved the air quality monitoring
by providing real time measurements of the nonrefractory (NR) submicron aerosol (PM1) components.
The application of factor analysis on the collected
organic aerosol (OA) mass spectra enabled the efficient
disentanglement of aerosol factors, which could be
subsequently related to specific aerosol sources and
processes. However, the cost and complex maintenance
requirements of the AMS make its deployment at
sufficient sites to determine regional characteristics
impractical. Such limited amount of long-term source
apportionment datasets represents a severe limitation in
particular for model validation and for the development
of appropriate mitigation strategies. Furthermore, the
negligible transmission efficiency of the AMS inlet for
supermicron particles prevents the characterization of
their chemical nature and contributing sources.
To broaden the spatial and temporal coverage and size
segregation capability of the AMS, we have adapted this
instrument for the analysis of water extract of filter
samples, which are routinely collected at many air
quality sites. The method was applied to more than 2000
samples of particulate matter with aerodynamic
diameters smaller than 1, 2.5, and 10 μm, collected at
more than 20 urban and rural locations in the northern
hemisphere (Figure 1), during summer and winter.
We show that at all sites OA is highly oxygenated,
indicating that the secondary production of this fraction
is very rapid, even during severe winter haze events
such as those recurrent in China (Huang et al., 2014).
By analyzing long-term data, we show that this
secondary organic fraction exhibit a strong seasonality,
and hence can be separated into a winter dominating
fraction most-probably from anthropogenic precursors
and a summer dominating fraction strongly affected by
biogenic emissions. Such seasonality has not been
previously observed as online AMS datasets are
typically limited to weeks of measurements. Primary
emissions, especially from residential heating (e.g.
biomass and coal burning), may be a significant fraction
of the total OA mass, mostly during winter but only at
certain locations. By examining the spectral patterns of
coarse particles, we could identify new factors related to
primary biological emissions, which are dominated by
carbohydrates and mostly associated with plant debris
(Figure 2).

Figure 1: Location of the measurement sites. The number of
sites per country is indicated in red.

Source apportionment data from the different locations
and during different seasons will be presented and
compared with additional measurements including
radiocarbon data and molecular markers.
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Figure 2: Size segregated sources of the organic aerosol in
summer and winter at a rural site in Switzerland. These
sources include hydrocarbon like OA (HOA), biomass burning
OA (BBOA), water soluble primary biological OA
(WSPBOA), winter oxygenated OA (W-OOA), summer
oxygenated OA (S-OOA), and cellulose from biological
emissions.
This work was supported by the Swiss Federal Office of
Environment and the Lithuanian-Swiss Cooperation
Programme “Research and Development” project AEROLIT
(Nr. CH-3-ŠMM-01/08).
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A comprehensive source apportionment data analysis for ACSM data
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Long-term online monitoring with the aerosol chemical
speciation monitor (ACSM, Aerodyne Research, Inc.)
and subsequent source apportionment analysis (Paatero
1994) reveals major aerosol sources. This information is
relevant e.g. for selective political abatement strategies.
During the past decade the positive matrix
factorization algorithm (PMF, Paatero 1994), which
represents multivariate time series as a linear
combination of static factor profiles (source profiles)
and their time-dependent contributions, has been
extensively used for the source apportionment of
organic aerosol particles (Zhang et al 2011). PMF results
suffer from rotational ambiguity (Paatero et al 2002),
i.e. multiple PMF results possess the same goodness of
fit. Therefore, the PMF solution space requires
systematic investigation to retrieve environmentally
reasonable solutions (Canonaco et al 2013). Past
studies, e.g. Lanz et al 2008, Canonaco et al 2013,
Crippa et al 2014 constraining factor profiles of known
sources within the a-value technique (scalar value of the
factor profile), performed only a limited exploration of
the rotational ambiguity of PMF solutions.
Moreover, for long-term ambient aerosol studies the
sources and their evolution vary as a function of the
seasons (Canonaco et al. 2015). This change needs to be
addressed when performing long-term source
apportionment (SA) studies.
In this study we present a comprehensive SA
analysis of ACSM data measured over more than one
year in Zurich downtown with SoFi. The following crucial
aspects were considered:
A. time-dependent source profiles to capture the
variability of the sources over the year
B. thorough exploration of the rotational ambiguity
and assessment of the rotational uncertainty
C. propagation of the statistical uncertainty of the
measured data to the PMF result
Previous investigation of this dataset (Canonaco et al
2015) demonstrated three primary organic factors
(POA) (traffic, cooking and biomass burning) and two
secondary organic factors (semi-volatile oxygenated
organic aerosol and a low volatility oxygenated organic
aerosol) (OOA) throughout the year with small
variations for the POA profiles and significant variations
for OOA.
A) is addressed by performing PMF on small moving
windows and allowing the algorithm to best adapt to
the current data.

For point B) independent variation of the constrained
primary factor profiles (traffic, cooking and biomass
burning) are performed that create PMF results
represented by a large three dimensional a-value
matrix. The solutions are ranked based on user-defined
criteria, e.g. the correlation between time series of the
traffic factor and traffic markers (NOx, black carbon),
etc. and the best solution (set of solutions) are
considered (see Fig. 1).
A small overlap of the moving windows leads to repeats,
which are further used to address the statistical
uncertainty of the measured data to the total
uncertainty of the PMF result (point C).

Fig. 1.

PMF solutions reordered based on one
hypothetical traffic criterion.

This work is supported by the Swiss Federal Office for
the Environment (FOEN).
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Source attribution of particulate sulfate concentrations at chosen measurement stations
in Europe by the use of the CMAQ chemistry transport model
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In Europe, anthropogenic activities lead to considerable
air pollution. The inhalation of fine particulate sulfate,
which is one major air pollutant, may induce respiratory
and cardiovascular diseases (Brunekreef and Holgate,
2002). Even though sulfur emissions have been reduced
in the last decades (EMEP, 2015), atmospheric
particulate sulfate concentrations are still too height.
Long term measurements of air pollutants, such as
performed within the European Monitoring and
Evaluation Programme (EMEP), are relevant to observe
trends – e.g. induced by legislative acts. However, they
lack the possibility of identifying dominant source
sectors which is important for defining further actions
for improving air quality. At this point, chemistry
transport models (CTMs) support the evaluation of
measurements by providing information for the source
apportionment of air pollutants.
In the presented study, the Community Multiscale
Air Quality (CMAQ) model v5.0.1 with cb05tump and
Aero6 mechanisms (Binkowski and Roselle, 2003) was
employed to identify the contribution of two
anthropogenic source sectors and of sea salt emissions to
the atmospheric sulfate PM10 and PM2.5 concentrations.
The model domain (24 x 24 km2) covers Northwestern
Europe and is nested into a coarser resolved domain
covering whole Europe. Meteorological input data was
generated by COSMO-CLM. Emissions were calculated
according to Bieser et al. (2011) and Kelly et al. (2010).
Additionally, an alternative sea salt emission
parameterization was tested. Simulations were
performed for two month in winter and two month in
summer of the year 2013.
The model results were validated by comparing
modeled sulfate PM10 and PM2.5 concentrations with
measurements performed at 21 and 4 EMEP stations,
respectively, via the Pearsons’s correlation coefficient
(R) and the mean normalized bias (MNB). The
correlation coefficients to the PM10 concentrations were
between 0.48 and 0.75 during winter and between 0.3
and 0.6 during summer. The MNBs were positive during
winter
indicating
overestimations
of
sulfate
concentrations. During summer, the MNBs were
considerably lower and indicated underestimations at
Danish and German stations and overestimations at
Norwegian and Swedish stations. The correlation
coefficients of the PM2.5 concentrations (available at four
stations only) were quite similar to those of the PM10
concentrations. The MNBs showed that fine sulfate
particles were slightly underestimated while coarse
sulfate particles (PM10 – PM2.5) are overestimated.

Although the alternative sea salt emissions lead to
considerably lower sea salt sulfate PM10 and PM2.5
concentrations, its impact on the modeled sulfate
concentrations is low because anthropogenic sources are
the major contributors to particulate sulfate. This leads to
the evaluation of the source sectors which will be
presented at the EAC2016. The two plots in Fig. 1 may
be an outlook for the talk.

Figure 1. Modeled and measured sulfate PM10 at the two
EMEP stations Anholt (island) and Waldhof (200 km
inland). Modeled concentrations are split into source
sectors. Vertical lines are for better optical comparison.
Binkowski, F.S. and Roselle, S.J. (2003) Models-3
Community Multiscale Air Quality (CMAQ) model
aerosol component 1. Model description. J. Geophys.
Res. Atmos. 108.
Bieser, J., Aulinger, A., Matthias, V., Quante, M. and
Builtjes, P. (2011) SMOKE for Europe - adaptation,
modification and evaluation of a comprehensive
emission model for Europe. Geosci. Model Dev.
Discuss. 3, 949–1007.
EMEP (2015) EMEP Status Report 1/2015
“Transboundary particulate matter, photo-oxidants,
acidifying and eutrophying components.”.
Kelly, J.T., Bhave, P. V, Nolte, C.G., Shankar, U. and
Foley, K.M. (2010) Simulating emission and
chemical evolution of coarse sea-salt particles in the
Community Multiscale Air Quality (CMAQ) model.
Geosci. Model Dev. 3, 257–273.
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Local and external sources of sulfate, primary and secondary organic aerosol and
submicron particles at urban sites in New York City and Long Island
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In spite of attaining the National Ambient Air Quality
Standards, it was estimated that ambient levels of PM2.5
in New York City still contribute to more than 3000
deaths every year, 2000 hospital admissions for lung and
heart conditions, and approximately 6000 emergency
department visits for asthma in children and adults (NYC
Department of Health and Mental Hygiene, 2013). Thus
air pollution still remains a serious concern for policymakers and the scientific community in NYC as well as
the whole metropolitan area.
This study investigates air pollution at two urban
background sites in Queens (NYC metropolitan area)
and on Long Island. Particle size distributions were
collected over 1 year (2009-2010) at 1 h intervals using a
TSI 3031 UFP monitor. Data were processed along with
other key air pollutants, including nitrogen oxides (NO,
NO2, NOx), sulfur dioxide (SO2), ozone (O3), carbon
monoxide (CO), methane (CH4), non-methane
hydrocarbons (NMHC), total hydrocarbons (THC) as
well as PM2.5 mass and the PM2.5-bound species sulfate
(SO42-), organic (OC), elemental (EC) and total (TC)
carbon.
Primary and secondary OC were estimated using
the EC tracer method. A series of tools were thus applied
to: (i) study the seasonal, weekly, diurnal cycles of
pollutants (Figure 1); (ii) investigate the relationships
amongst pollutants through correlation and lagged
correlation analyses; (iii) depict the role of atmospheric
photochemical processes; (iv) examine the location of
the potential sources by mean of conditional bivariate
probability function (CBPF) analysis and (v) investigate
the role of air mass transport in raising the
concentrations of analyzed species using the potential
source contribution function (PSCF).
This study has provided direct information on the
concentrations and trends of key air pollutants over the
highly urbanized areas of NYC and Long Island. Results
enable some general considerations that can be
summarized as follows:
The seasonal, weekly and diurnal cycles of
pollutants primarily emitted by anthropogenic sources
(NO, SO2, CO, NMHCs, EC and 30-100 nm particles)
are strongly driven by emission patterns, photochemical
processes and meteorology. No significant effects of
regional transport of primary species were observed
from PSCF analysis. Results of CBPF indicate different
potential local sources: road traffic is the most probable
source of nitrogen oxides, CO, NMHCs, OCpri, EC and
30-100 nm particles, while building heating burning fuel
oil and shipping for SO2.

Figure 1. Monthly and daily patterns for some variables.

PM2.5 and submicron particle numbers were
strongly related to secondary processes. They show
comparable seasonal and diurnal profiles, high
correlations, and high lagged correlations over long
periods (+/- 12 h). CBPF analysis shows that the
advection of air masses has a potential effect in raising
their levels, while PSCF pointed to the eastern
continental U.S. (Ohio River Valley) as most probable
source area.
Both local and external sources can be found for
UFPs in the nucleation range (<30 nm). Results indicate
that LaGuardia airport is a potential local source at the
Queens College site, while PSCF analysis does not
reveal any dominant remote source area.

Figure 2. PSCF analysis of PM2.5 and OCsec.
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Day-night differences in the sources of carbonaceous aerosol
determined by 14C measurements at a regional background site
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The origin of carbonaceous aerosol differs during
day- and night-time, because emissions from major
sources such as traffic, biomass combustion, and
secondary organic aerosol formation show a distinct
diurnal pattern. Source apportionment of aerosol carbon
can give interesting insights into these varying source
contributions. Moreover, assessing day-night differences
can give an indication of the importance of local/regional
carbon sources, since day-night differences should be
averaged out during long-range transport. If local
sources dominate, one could expect a strong diurnal
variation in the source profile, but if long-range transport
dominates the diurnal variation would be much weaker.
In this work we use radiocarbon (14C)
measurements on PM2.5 samples to estimate three main
aerosol sources of organic and elemental carbon (OC and
EC): Fossil fuel combustion (ff), biomass combustion
(bb), and biogenic sources (bio). High volume filter
samples of PM2.5 were collected at a regional
background site in a polluted region of the Netherlands
over several days. During this period, the aerosol was
collected on separate filters, either during day (07:00 –
19:00) and night time periods (19:00-07:00), or during
four 6-hour time periods: morning (04:00 – 10:00),
midday (10:00 – 16:00), evening (16:00 – 22:00), and
night (22:00 – 04:00). Day-night samples were collected
for 3-4 days and the samples with higher time resolution
for at least 6 days. The samples were only collected
during time periods with similar air mass origin for the
whole sampling period. Two sets of samples were
analyzed for each season during 2012/13.
First results show that the contribution of fossil
fuel combustion to EC and OC is higher during day-time
then during night-time. This is valid for all seasons.
During night-time biomass combustion plays a bigger
role as a source of carbonaceous aerosol. Even in the
summer, when biomass combustion is a small source, its
contribution increases between 19:00 and 07:00. Figure
1 shows an example of source contributions during
winter midday (10:00 – 16:00) compared to night-time
(22:00 – 04:00). A smaller contribution of carbon from
fossil sources during the night can be explained by the
decrease in traffic, which is the major source of fossil
carbon in the Netherlands. It is however not entirely
clear, if the relative increase in biomass burning carbon
during the night is due to the absence of fossil emissions,
or if biomass combustion sources increase significantly
during night-time. This question will be addressed with

the help of radon data, which can serve as a proxy for
change in boundary layer height and will allow to
compare aerosol burdens during day and night.

Figure 1. Comparison of source contribution to the
carbonaceous aerosol during day- and night-time.
For a few sets of samples we conducted detailed case
studies, where we measured the chemical composition of
the organic carbon at different desorption temperatures.
In all samples the concentration of less refractory
organic carbon (desorption temperature up to 200 °C)
increases at night-time much more strongly than the
concentration of the more refractory carbon. Similarly,
the concentration of small organic compounds with m/z
< 100 also increases more strongly than heavier
compounds. This indicates partitioning of semi-volatile
OC as a possible additional night-time source. Overall,
day night variations are clearly present, but not very
strong, highlighting the importance of long-range
transport of carbonaceous aerosol.
This study was funded by the Dutch Science Foundation
(NWO grant Nr. 820.01.001).
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Influence of source specific black carbon production and meteorology on spatio-temporal distribution of
black carbon concentration in Central-European basin
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the ground sources. While the contribution of traffic
emissions does not have seasonal pattern, biomass
burning in the heating season increases the BC
concentrations in winter.
Mixing within the PBL causes dilution of
aerosols, which is more effective in unstable atmospheric
conditions and when the source of emission is not too
close to the measurement station (Figure 1 - BCBB).
There is no correlation between traffic generated black
carbon and PBL height due to the proximity of the
highway (Figure 1 - BCTR).
Taking into account the meteorological data –
including changes in PBL height, we assessed daily
production of BC in the Ljubljana basin separately for
traffic and biomass burning sources.
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Black carbon (BC) is a product of incomplete
combustion of carbonaceous fuels, with major
contributions from fossil fuel and biomass combustion.
Black carbon is a good indicator of primary emissions.
Inhalation of BC particles is related to undesirable health
outcomes (WHO, 2012) and is the second most
important climate change agent (Bond et al., 2013).
Atmospheric conditions play an important role in the
magnitude and time evolution of atmospheric pollution.
Anthropogenic air pollutants are generally
emitted from the surface and constrained in the lowest
part of the troposphere - the so called planetary boundary
layer (PBL), and their concentrations are significantly
higher in the PBL than elsewhere (McGrath-Spangler et
al., 2015; Quan et al., 2013).
Several measurement campaigns have been
carried out between 2012-2016 in the Ljubljana basin
(Slovenia) in order to evaluate spatio-temporal
heterogeneity of air pollution within the city and its
surroundings, depending on contributions from main
pollution sources and the meteorology. BC was
measured using the Aethalometer model AE33. The
Sandradewi (2008) model was used to apportion
measured BC to traffic (BCTR) and biomass burning
(BCBB).
The highest BC concentrations were found in
urban traffic zones in the city center and near highways.
Urban background stations are characterized by lower
BC concentrations. Source apportionment of black
carbon revealed different spatial and temporal patterns
for the two sources. BC from traffic emissions prevails
within the city, not only at traffic stations, but also at
urban background sites. The contribution of traffic to BC
diminishes very quickly with the distance from the road
and is reduced to the background level already at a
distance of 150 m. On the other hand, homogeneous
distribution of BC from biomass burning was observed
within the whole city. Slightly higher contributions and
greater dynamics of BCBB were observed only at
suburban stations, indicating the local impact of biomass
burning from domestic heating. This has also been
confirmed by dependence of BC on wind direction and
speed.
Seasonal BC fluctuation, with higher winter and
lower summer values, is governed partly by the
seasonality of atmospheric stability, with planetary
boundary layer height usually higher during the summer
period, causing better dilution of aerosols emitted from

D
C

4000

E
F

3000

B
B

D
C

G
G

2000

F E
1000

D

C

G

B

0
0

200

400

600

800

1000

zi (m)

Figure 1. Correlation between black carbon (BC) and its
biomass burning (BCBB) and traffic (BCTR) fractions with
planetary boundary layer depth (zi) for location close to the
highway. Data has been grouped by PSQ stability classes;
points F, G were excluded from linear fit.

This work was supported by JR-KROP grant 3211-11000519 and JR-RK grant 3330-14-509063. We thank
ARSO, Municipality of Ljubljana and Ames d.o.o for the
use of their measurement sites.
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Sources of the PM10 aerosol in Flanders, Belgium, and re-evaluation of the contribution
from wood burning
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(2008), which are derived from burning hard and soft
woods in Austrian wood stoves, may not be applicable to
wood burning in Flanders. From scatter plots of the
PMF-derived wood smoke OC and PM versus levoglucosan, we arrive at conversion factors of 9.7 and 22.6,
respectively (see Figure 1). We therefore suggest these
new conversion factors for deriving the contribution
from wood smoke when using levoglucosan as single
marker in future studies in Flanders. It is estimated that
the percentage uncertainty, which is associated with
these conversion factors is smaller than 20%.
30

3

25
OC_woodburning (μg/m3)

From 30 June 2011 to 2 July 2012 PM10 aerosol samples were simultaneously taken every 4th day at four
urban background sites in Flanders, Belgium. The sites
were in Antwerpen, Gent, Brugge, and Oostende. Sampling was done for 24 h and 47-mm diameter Pallflex®
Tissuquartz™ 2500 QAT-UP filters were used.
After sampling the PM10 mass concentration was
determined by weighing; organic and elemental carbon
(OC and EC) were measured by thermal-optical transmission analysis (Birch and Cary, 1996), the wood
burning tracers levoglucosan, mannosan and galactosan
were determined by gas chromatography/mass spectrometry (Maenhaut et al., 2012), 8 water-soluble ions were
measured by ion chromatography, and 15 elements were
determined by a combination of inductively coupled
plasma atomic emission spectrometry and mass spectrometry.
The multi-species dataset was subjected to receptor modeling by positive matrix factorization (PMF).
Use was made of EPA PMF 5 (Norris et al., 2014) and of
its capability of handling multiple site data. A 10-factor
solution was retained as final solution. The 10 factors
(with their overall average percentage contributions to
the experimentally measured PM10 mass) were wood
burning (9.5%), secondary nitrate (24%), secondary
sulfate (12.6%), sea salt (10.0%), aged sea salt (19.2%),
crustal matter (9.7%), non-ferrous metals (1.81%), traffic
(10.3%), non-exhaust traffic (0.52%), and heavy oil
burning (3.0%). The wood burning factor explained, on
average, 29% of the PM10 OC and its contributions to
both the PM10 mass and OC showed for each of the four
sites a clear seasonal variation, with highest levels in
winter, followed by fall, spring, and summer. The average percentage contributions of wood smoke for the four
sites were quite substantial in winter and ranged from
12.5 to 20% for the PM10 mass (from 3.5 to 6.1 µg/m3)
and from 47 to 64% for PM10 OC. Wood burning
appeared to be also a notable source of As, Cd, and Pb.
The contribution from wood burning to the PM10
mass and OC was also assessed by making use of levoglucosan as single marker compound and the levoglucosan to wood smoke PM10 mass and wood smoke OC
conversion factors of Schmidl et al. (2008). Using this
approach, very similar apportionments were found as in
our 2010-2011 one-year study on the impact of wood
burning in Flanders (Maenhaut et al., 2012) where we
used the same approach. However, the apportionments
were much lower than those deduced from PMF. It
seems that the conversion factors of Schmidl et al.
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Figure 1. Scatter plots of PMF-derived wood smoke PM
(brown squares) and OC (red diamonds) versus levoglucosan and regression lines, forced through the origin.
It is concluded that the impact from wood burning
on the PM10 mass and OC levels in Flanders is substantially larger than previously thought, and that the potential for PM10 reductions by targeting wood burning has
been underestimated.
This study received financial support from the Life+
Project ATMOSYS of the European Commission. The
authors thank Franco Lucarelli and Silvia Nava from the
I.N.F.N.-Florence for advice on the use of EPA PMF 5.
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Comparison of Rochester aerosol sources at two periods of time using combined size
distribution and air pollutant data
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Sources contributing to the submicron particles (11–500
nm) measured between January 2008 and December
2013 at the New York State Department of
Environmental Conservation (NYS DEC) site in
Rochester, NY were identified and apportioned using
positive matrix factorization (PMF). To examine
changes in the sources over time, two time periods,
2008-2010 and 2011-2013, were analyzed. These periods
were divided into three seasons (i.e. winter [December,
January, and February], summer [June, July, and
August), and transition [March, April, May, September,
October, and November] given the seasonal differences
in atmospheric chemistry. Therefore, the seasons were
analysed independently for possible sources. Further,
each season’s data was analysed with different sets of
variables to determine if our results were robust.
The new version of EPA's positive matrix
factorization (EPA PMF) software, 5.0, includes
displacement (DISP) of factor elements as an error
estimation method for analyzing factor analytic
solutions. This method captures the uncertainty of PMF
analyses due to rotational ambiguity. DISP diagnostics
are consistently robust, indicating its use for
understanding rotational uncertainty and as a first step in
assessing a solution's viability [1]. To demonstrate the
utility of the DISP method, results are presented for the
submicron particles. The particle number size
distribution (PNSD) of airborne particles not only
provides information about sources and atmospheric
processing of particles, but also plays an important role
in determining regional lung depositon and dose [2].
Besides the PNSD, some gaseous species and black
carbon (2 wavelenghts) were measured in this study. The
resolved sources were identified using information from
number and mass contributions from each source (source
profiles), as well as meteorological data. The profiles of
winter season for both periods along with their DISP
bands (red error bars) are shown in Figure 1.
PMF was successfully employed in comparing
the sources contributing to the concentrations of the
measured submicron particles and species at two
different periods in Rochester, NY.
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Figure 1. Profiles of the resolved sources for the winter
season; (Top) the period 2008-2010 (Bottom) the period
2010-2013
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On theory, modelling and data analysis of atmospheric aerosol formation and growth
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New atmospheric aerosol particle formation and
subsequent growth have been observed frequently at
various locations all over the world. Kulmala et al.
(2012) presented a protocol of methods how the
atmospheric particle formation rate, nucleation rate and
growth rate can be determined from measurements of
particle size distribution evolution.
In this plenary presentation, I will revisit this
‘protocol’ as well as some more recent developments on
the topic (e.g. Vuollekoski et al., 2012; Leppä et al.,
2013; Korhonen et al., 2014; Olenius et al., 2015;
Kontkanen et al., 2015). I will also discuss some
limitations in applying the first nucleation theorem
(Kupiainen-Määttä et al, 2014; Malila et al., 2015) and
differences in the implications when using continuous or
discrete size distribution dynamics (Olenius et al., 2015).
Many of the studies have focused on atmospheric
nucleation events, where particle formation starts
typically before noon and competition between growth
and scavenging onto background particles determines if
the particles grow to sizes at which they are climatically
of significance. Then the dynamics is essentially the
formation of a nucleation mode and its growth by
condensation. Very different type of size distribution
dynamics can be observed in chamber experiments
where nucleation, growth, scavenging and wall
deposition start in either an empty chamber or with
seeds, sometimes producing a nearly steady-state size
distribution (Lehtipalo et al., 2014; Olenius et al., 2014).
Our method of analysis has been to use synthetic
experiments, i.e. generate either field-experiment or
chamber experiment type data by using aerosol dynamic
simulations, and, analyse the data by the same methods
as have been used for the real experiments. As the
‘answers’ are now known, we can directly evaluate how
well our methods work. This approach has already
resulted in several improvements in the methodology
how new particle formation data is analysed.
Not only measurement techniques (e.g. Zhao et
al., 2011; Jokinen et al., 2012) and data analysis methods
but also detailed modelling techniques (McGrath et al.,
2012) now extend to the smallest clusters. Look-up
tables of particle formation rates calculated by a detailed
multicomponent cluster dynamics model (ACDC), with
evaporation rates from quantum chemistry computations,
have now been implemented also to large-scale
atmospheric models with promising results (Baranizadeh
et al., 2016). Without any artificial fudge factors we
were able to obtain correct order of magnitude vertical
profile number concentrations in the atmosphere above
Europe. This is a huge improvement compared to several

previous studies in which only empirical nucleation rates
or classical theories with correction factors of the order
106 have had to be used in order to reach similar
performance.
With respect to continuous vs. discrete size
distribution representation, our main focus is the
condensation term in the GDE. The continuous GDE is
typically applied in a form where the condensation
‘diffusion term’ is missing (Seinfeld and Pandis, 2006).
This may result in inaccuracies when relating e.g. growth
rate with apparent formation rate (particle flux in size
space; Olenius et al, 2015).
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Characterization of organic low-, semi-, intermediate- and volatile organic compounds
from four-stroke ship engine emissions: implications for atmospheric processing.
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The shift towards a molecular composition with lower
vapor pressure for HFO is also reflected in our results
from the GC-MS analysis of lower volatility material. A
higher proportion of material is found in the bins -4 to 3
compared to 4-7 for HFO vs. MGO emissions (Fig. 1c).
The implementation of representative volatility
distributions of shipping emissions in chemical transport
models is crucial when assessing the burden of ship
emissions to the atmosphere. Therefore, we will compare
the derived distributions to the current implementations
for shipping emissions in chemical transport models, and
assess on the implications for SOA formation.
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Ship engines typically combust low-grade fuels and emit
significant amounts of harmful particulate matter (PM)
as well as reactive gases, such as NOx, SO2 and
hydrocarbons (HC). Recently measures to reduce SO2
emissions have been implemented, by limiting the fuel
sulfur content in vulnerable environments. Reduction of
primary PM and NOx emissions are being targeted as
well. Little attention has been payed to the assessment of
the gaseous HC fraction instead, such as the speciation
of low-, semi-, intermediate- and volatile organic
compounds (L-/S-/I-/VOCs). Neither has the potential of
those emissions to form secondary organic aerosols
(SOA) been addressed.
SOA is formed when organic gaseous material is
reacted in the atmosphere into lower volatility
compounds that condenses on preexisting particles or
forms new particles. In order to implement efficient
emissions reduction strategy, the SOA contribution to
the total PM burden needs to be assessed.
We operated a 4-stroke ship diesel engine with
heavy fuel oil (2.3% S) and marine gas oil (0.08% S).
Both fuels are globally used in maritime transport.
Characterization of gaseous organic compounds was
performed using online HR-ToF-PTR-MS. This was
complemented by analysis of gas and particle-phase
samples on quartz fiber filters and Tenax sorbents, using
a gas chromatography-mass spectrometry (GC-MS)
approach by Zhao et al. The retrieved fractional
contribution of organic mass attributed to alkane bins is
converted into volatility distributions (logC* bins) using
SIMPOL.1 (Pankow et Asher, 2008). The response of
the organic PM to heat was further studied using a
thermodenuder, coupled with an HR-ToF-AMS, SMPS
for size-distribution, a DMA-APM for effective density
measurements, and an SP2 for black carbon mass to
derive additional information on the partitioning
behavior between gas- and particle phase of the primary
emissions.
The gaseous pollutants emitted by HFO
combustion contain a significant fraction of aromatic HC
(Fig. 1a). Those have a distinct profile from other
emission sources, such as modern gasoline and diesel
vehicles. The HFO composition is shifted towards multiring aromatics. MGO, a distillate fuel, is comparatively
similar to diesel emissions, containing lighter aromatic
HC and relatively more oxygenated species (Fig. 1b).
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Secondary organic aerosol (SOA) constitutes a
significant proportion of ambient particulate matter and
exhibits substantial chemical complexity. Volatile
organic compounds (VOCs) emitted into the atmosphere
from biogenic/anthropogenic sources, undergo oxidation
forming a variety of products of differing chemical
compositions and volatilities. Compounds of sufficiently
low volatility can form SOA through new particle
formation, or by partitioning onto pre-existing aerosol
mass. Gas-particle equilibrium partitioning is a
fundamental concept governing the growth and loss of
SOA. However, recent literature has suggested that
equilibrium partitioning may be kinetically limited,
preventing volatilization from the aerosol phase as a
result of the physical state of the aerosol (e.g. glassy,
viscous) (Vaden et al (2011)). Experimental
measurements of diffusion constants within viscous
aerosol are limited and do not represent the complex
chemical composition observed in SOA (i.e.
multicomponent
mixtures).
These
experimental
measurements along with detailed SOA chemical
speciation are required in order to investigate the effect
of viscosity and diffusion on equilibrium partitioning. To
understand the dynamic mechanisms occurring during
SOA growth and evolution, the equilibrium state of the
aerosol must be known.
This work combines a number of key components
required to investigate the effect of viscosity and
diffusion on equilibrium partitioning. A new medium
scale continuous flow reactor (CFR) has been built to
generate large quantities of SOA for offline chemical
characterization and viscosity/diffusion measurements.
The CFR consists of a 300L polyvinylidene difluoride
(PVDF) gas sampling bag with an Hg Pen-Ray lamp
(254 nm). VOCs and oxidants can be continuously
introduced into the CFR at a controlled relative
humidity. A range of instruments are used to monitor
temperature, humidity, NOx, O3, gas-phase product
formation/degradation (proton-transfer reaction mass
spectrometry) and SOA mass, number and diameter
(electrical low pressure impactor, ELPI). The use of the
ELPI allows SOA mass to be collected without substrate,
removing any potential artefacts associated with solvent
extractions. The SOA mass from a variety of VOCs with
differing functionalities (i.e. aromatics, alkenes) will be
investigated, under a range of atmospheric conditions
(e.g. oxidants, concentrations and relative humidities).
The detailed chemical and structural composition of the

SOA mass will be investigated using 1H and 13C nuclear
magnetic resonance spectroscopy and ultra performance
liquid chromatography coupled to ultra-high resolution
mass spectrometry. In addition to the detailed chemical
speciation, bulk compositional techniques such as
Fourier transform infra-red spectroscopy and an
elemental analyzer (provides the total mass of elements
CHNS) will also be used to provide an overview of the
chemical speciation. The viscosity and diffusion
constants of water in the SOA will be determined using
an electrical dynamic balance and optical tweezers. The
detailed chemical composition and diffusion/viscosity
measurements of the SOA obtained from these
experiments will be used to refine predictive tools for
viscosity and multicomponent mixtures using a
combination of the pure component method of Nanoolal
et al (2009) and relevant mixture methods, driven by the
UManSysProp informatics suite (Topping et al (2016)).
The work presented here has the potential to lead
to considerable advances in our understanding of the
dynamic mechanisms occurring during SOA growth and
evolution. To our knowledge, this is the first account
where detailed chemical speciation and multicomponent
viscosity and diffusion measurements have been
combined to investigate the effect of the physical state of
SOA on equilibrium partitioning.

Figure 1. Schematic of the continuous flow reactor
This work was supported by the Natural Environment
Research Council under grant NE/M002411/1 & 4600/1.
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Topping, D., Barley, M., Bane, M. K., Higham, N.,
Aumont, B., Dingle, N., and McFiggans, G. (2016)
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Investigating Organic Nitrogen Chemistry in Atmospheric Particles using High Resolution
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Organic nitrogen (ON) compounds are
a ubiquitous component of atmospheric
particles and cloud and fog waters and usually
account for a significant fraction of the total
nitrogen content in atmospheric condensed
phases (Cape et al., 2011). Understanding the
properties and lifecycle processes of
atmospheric ON is therefore important for
addressing critical environmental issues such
as global nitrogen cycling and aerosol’s
impacts on climate change, human health, and
air quality. However, the chemistry of
atmospheric ON has so far remained poorly
studied, mainly due to the chemical complexity
of ON compounds and a lack of highly timeresolved measurement techniques. In this work,
we optimize the method of using high
resolution
time-of-flight
aerosol
mass
spectrometry (HR-ToF-AMS) to analyze ON
components in atmospheric particles and water
drops. A large number of different types of ON
compounds, including amines, amino acids,
amides, organic nitrates, nitriles, and nitrogencontaining heterocylics, were analyzed using
an HR-ToF-AMS and their mass spectra
thoroughly analyzed. As expected, Ncontaining ions such as CxHyNp+ and
CxHyOzNp+ are commonly observed in the HRToF-AMS spectra of ON compounds. In
addition, ions that are commonly attributed to
inorganic species such as ammonium and
nitrate, i.e., NHx+ and NOx+ ions, in the ON
spectra, are frequently detected too. In addition,
CH2N+ (m/z = 28) is also found to present in
the HR-ToF-AMS spectra of various ON
compounds. However, this ion is hard to
quantify in ambient aerosols due to interference
from the N2+ ion signal of air. Overall, we
estimate that the average nitrogen-to-carbon

(N/C) ratio in atmospheric organic aerosols is
underestimated by ~ 20% using the standard
calibration factor reported in Aiken et al.
(2008). In addition, we characterize the mass
spectral features of various types of ON species
and use this information to interpret ON
composition in ambient aerosols and fog and
cloud waters. The temporal variation profiles and
+
+
diurnal cycles of major CxHyNp and CxHyOzNp
ions are studied, as well their correlations with
common AMS tracer ions, such as C4H9+ (m/z = 57)
for hydrocarbon-like organic aerosol (HOA,
representing urban primary OA), CO2+ (m/z = 44)
for oxygenated OA (OOA, representing secondary
OA), and C2H4O2+ (m/z = 60) for biomass burning
OA (BBOA). Our findings provide valuable
insights into the chemical composition, sources,
and processes of ON species in atmospheric
condensed phases.
This work was supported by the by the Electric Power
Research Institute (EP-P41521/C18264) and the
California Agricultural Experiment Station (Projects
CA-D-ETX-2102-H.
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Glass forming aerosol systems – precursors, processes and glassy products
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Amorphous liquid, semi-solid and glassy aerosol
particles in the atmosphere are composed of many
different substances and arise through various pathways
(Hallquist et al., 2009; Jimenez et al., 2009; Marcolli et
al., 2004). Here we focus on some exemplary systems
for different pathways that lead to highly viscous aerosol
particles, see Fig.1. We describe their glass-forming
process as well as the first measurement of their
corresponding glass transition temperatures T g.
One way to semi-solid or glassy aerosol particles,
at least under dry conditions, is the oxidation of volatile
organic compounds (VOC) leading to secondary organic
aerosols (SOA) (Hallquist et al., 2009; Jimenez et al.,
2009). The particles’ glass transition temperatures
depend on their chemical nature and, hence, on the VOC
precursors. Here we highlight two important SOA
marker compounds, 3-methylbutane-1,2,3-tricarboxylic
acid (3-MBTCA) and 2-methylbutane-1,2,3,4-tetrol,
representing oxidation products of two major VOC
species: α-pinene and isoprene. We synthesized both
compounds and measured their respective glass
transition temperatures. 3-MBTCA exhibits a Tg well
above room temperature (Dette et al., 2014) and
2-methylbutane-1,2,3,4-tetrol shows a Tg of several ten
degrees below 0 °C. These data agree well with recent
in-situ studies over boreal forests showing that SOA
particles composed of α-pinene oxidation products are in
a semi-solid state (Virtanen et al., 2010) whereas SOA
particles over tropical forests, which derive primarily
from isoprene, exist more readily in a liquid state
(Bateman et al., 2015).
Other VOC can form semi-solid or glassy aerosol
particles via different pathways without being oxidized
first. For example, glyoxal and methylglyoxal can be
taken up by atmospheric water droplets and then form
viscous aerosol particles upon drying by self-reactions in
the aqueous phase which lead to the formation of
oligomers (de Haan et al., 2009). Our measurements
indicate that these particles have Tg values well within
the atmospheric temperature range.
A third pathway to glassy aerosol particles are
aqueous phase reactions between different compounds.
Aldehydes such as glyoxal and methylglyoxal react with
abundant inorganic species such as ammonium sulfate or
ammonium bisulfate thereby forming mixtures of
different oligomeric products (e.g. Galloway et al.,
2014). These mixtures form amorphous particles under
dry conditions with Tg values covering a wide
temperature range from -50 °C up to room temperature

and above, depending upon the aerosols’ starting
composition, the reaction conditions and the reaction
time. Some of these mixtures form a one-phase mixture
when dried directly after mixing but undergo liquidliquid phase separation when dried some time after
mixing. These two-phase mixtures accordingly show two
glass transitions at different temperatures.
Finally, other non-reactive mixtures of organic
and inorganic compounds can also form glasses under
dry conditions just through the mixing process itself. We
show that sodium nitrate and ammonium bisulfate form
glasses with different organic compounds, with Tg values
depending on the inorganic mass fraction (Dette and
Koop, 2015). In some cases, e.g. in a mixture of 3MBTCA and ammonium bisulfate, also liquid-liquid
phase separation is observed resulting in two glassy
phases upon cooling.
All these different processes lead to highly
viscous or amorphous glassy aerosol particles, which
may influence significantly the aerosol particles’
chemical reactivity as well as their physical properties,
thereby affecting their atmospheric behavior.

Figure 1: Glass forming systems, processes and products
described in this work.
Bateman, A. P. et al., Nat. Geosci., 9(1), 2015.
Dette, H. P. and Koop, T., J. Phys. Chem. A, 119(19),
2015.
Dette, H. P.et al., J. Phys. Chem. A, 118(34), 2014.
Galloway, M. M. et al., Environ. Sci. Technol., 48(24),
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2009.
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Quantification of stable radicals and reactive oxygen species in atmospheric
aerosols by Electron Paramagnetic Resonance spectroscopy
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Ambient particulate matter can cause adverse
health effects upon inhalation in the respiratory tract and
reactive oxygen species (ROS) and other radicals play a
key role in oxidative stress. The chemical mechanism
that triggers oxidative stress is still not fully elucidated.
Several studies have found that atmospheric aerosol
particles contain redox-active components, such as
transition metals, which catalyse production of OH
radicals by Fenton reactions and interaction with
antioxidants in the epithelial lung lining fluid1.
Moreover, aerosol particles contain stable radicals such
as semiquinone radicals. Heterogeneous reaction of O3
with aerosol particles including polycyclic aromatic
hydrocarbons can lead to the formation of long-live
reactive oxygen intermediates (ROI)4. Upon deposition
in the lung lining fluid, such radicals may react with
oxygen forming superoxide radical (.O2-)5 followed by
formation of hydrogen peroxide.
At a semi-urban site in Mainz, Germany, ambient
particles were collected using a cascade impactor,
(MOUDI-II, 122R, MSP), followed by detection and
quantification of particle-associated stable radicals and
reactive oxygen species using an Electron Paramagnetic
Resonance (EPR) spectroscopy. We focus on particles
with a diameter smaller than 1 μm, as they can penetrate
deeply in the lung efficiently. Organic particles in this
size range can be emitted primary upon combustion and
formed secondary via oxidation of anthropogenic or
biogenic volatile organic compounds followed by
condensation of semi- and low volatile oxidation
products.
Non-destructive analysis with EPR spectroscopy
allowed us to detect stable organic radicals contained in
ambient aerosol particles by inserting directly the filter
in a high sensitivity cavity. Concentrations of stable
radicals in the particle phase were found to be (1 – 7) ×
1011 spin µg-1 for particles in accumulation mode with
diameter of 50 – 500 nm, whereas course particles did
not contain substantial amounts of stable radicals. Figure
2 shows the temporal evolution of radical concentration
in particles within diameters of 100 - 180 nm and 180 –
320 nm collected between 28-05 and 09-06-2015.
Maximum values of ~7 × 1011 spin µg-1 were reached
during sunny days and concentrations as low as 6.3 ×
1011 spin µg-1 were recorded during rain events, most
likely due to particle removal by wet deposition.
Particles were also extracted in ultra-pure water.
A variety of radicals formed upon water dissolution were
trapped by means of a spin-trapping agent such as 5-tertButoxycarbonyl-5-methyl-1-pyrroline-N-oxide
(BMPO ). The total concentration of radicals trapped is

in the range of 0.1 – 3 × 1011 spin µg-1, with relative
amount of OH, carbon-centred and oxygen-centred
organic radicals of 25 - 33%, 33 - 65 %, and 10 - 33 %,
respectively. We suggest that the formation of such
radicals were caused by decomposition of organic
hydroperoxides and peroxides (by interacting with
quinones) contained in atmospheric organic aerosols.

Figure 1. Daily radical concentrations in solid phase
particles with diameter of 100 nm (red) and 180 nm
(blue), monitored for 13 days.
(1)
Charrier, J. G.; Richards-Henderson, N.
K.; Bein, K. J.; McFall, A. S.; Wexler, A. S.; Anastasio,
C. Atmospheric Chemistry and Physics 2015, 15, 2327.
(2)
Herring, P.; Khachatryan, L.; Lomnicki,
S.; Dellinger, B. Combustion and flame 2013, 160, 2996.
(3)
Kiruri, L. W.; Khachatryan, L.; Dellinger,
B.; Lomnicki, S. Environmental science & technology
2014, 48, 2212.
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Shiraiwa, M.; Sosedova, Y.; Rouviere, A.;
Yang, H.; Zhang, Y.; Abbatt, J. P.; Ammann, M.; Poschl,
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Characteristics and formation mechanism of severe autumn hazes in Beijing
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In recent years, severe hazes with high PM2.5
concentrations in China due to rapid economic growth
and urbanization have been a serious problem, especially
in the North China Plain since they may cause adverse
impacts on environment and health. Although ample of
previous studies about winter and summer hazes have
been conducted, little work has been done for the autumn
hazes. Previous studies suggested that specific
meteorological conditions and heavy emissions from
biomass burning are major factors. To better understand
the autumn extreme hazes in Beijing, a suite of
strengthened observations was conducted in Tsinghua
University from September 27 to October 18, 2015 with
hourly-based continuous gas and particle measurements
including a single particle mass spectrometer
(ATOFMS).
As shown in Figure 1, there were two extreme
haze episodes during October 4-7 and 14-17. During the
first episode, PM2.5 concentration increased sharply at
the beginning of the episode and remained high (~ 300
μg/m3) until being cleaned up by the blow of strong
north wind. While during the second episode, PM2.5
concentration increased gradually at the beginning and
then increased sharply to higher concentration (~ 300 μg
/m3) on October 16. The high PM2.5 episodes appeared
under the condition of low wind speed mainly from
south and high humidity. The increased PM2.5
concentration
corresponded
to
the
increased
concentrations of sulfate, nitrate, ammonium, organics,
black carbon, water and gaseous precursors. These
observation results suggest that stable synoptic
conditions, formation of secondary species and
hygroscopic growth contributed to the formation of the
severe hazes. Moreover, satellite map of fire points and
the backward trajectories of the air masses indicated that
biomass burning and regional transport were also
important for the formation of this autumn hazes.
Temporal variation information of different
particle type counts obtained by ATOFMS (Figure 2)
showed that the number of potassium-containing
particles increased a lot during haze episodes, especially
the K_OC type, indicating the enhanced contribution of
biomass burning to the autumn hazes.
In conclusion, stable synoptic conditions,
formation of secondary species, hygroscopic growth,
biomass burning and regional transportation contributed
to the formation of haze in autumn.

Figure 1. Time series of PM2.5, and its major components,
and gaseous precursors, and meteorological data.

Figure 2. Temporal variation of different particle type
counts with 30 min time resolution by ATOFMS.
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Formation of secondary organic aerosols from biogenic precursors: A case study over an
Isoprene emitting forest.
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Abstract
As part of the Chemistry-Aerosol Mediterranean Experiment (CHARMEX) experiment in July 2014, a
series of aerosol and gas phase measurements were deployed aboard ATR-42 research aircraft. Research
flights were performed over the Mediterranean Sea as well as over a number of forested regions in the
south of France. A compact time of flight aerosol mass spectrometer (C-ToF-AMS) and a proton transfer
mass spectrometer was used to characterise aerosol and gas-phase chemical properties. Gas-phase
concentrations of O3, NOX, and CO were additionally measured. Complementary to chemical
characterization of the air mass, several physical properties were measured including aerosol size
distributions using a scanning mobility particle sizer (SMPS) and off line filter analysis. The nonrefractory species measured by the C-ToF-AMS instrument were dominated by organic species (72%)
followed by ammonia and sulphate aerosols (25%), the contribution from nitrate species were on
average < 5%. Measurements of non-refractory species from off-line transmission electron microscopy
(TEM) were coherent with the C-ToF-AMS instrument, and showed that 35% of the organic aerosol
was externally mixed and 15% of the sulphate particles were externally mixed. Only about 10% of the
measured aerosols were internally mixed. Measurements of refractory species from TEM analysis
showed a significant contribution of sea salt species and dust particles depending on the air mass
trajectory. Positive matrix factorization analysis of the organic mass spectra measured by the C-ToFAMS identified two different types of oxidised organic aerosol (MOOA, LOOA). MOOA is associated
with inorganics species and is more oxidised than LOOA. LOOA, not associated with inorganic species,
correlates better with biogenic volatile organic species. Using the combination of both aerosol and gasphase measurements, the formation of SOA from biogenic precursors is observed. We observe increases
in the organic aerosol as a function of the photochemical age of the air mass (provided by the measured
VOC species). These results provide a suitable case study that can be used to validate numerical models
and to understand the formation of SOA far from source regions and over forested regions.
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Chemical and stable carbon isotope composition, sources and chemical processing of
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The chemical and isotopic composition of organic
aerosol collected on PM1 filters samples was determined
as a function of desorption temperature from the filter to
investigate the main sources of organic carbon and the
effects of photochemical processing on atmospheric
aerosol. The filter samples were collected at an urban, a
coastal and a forest site in Lithuania (Europe) in March
2013, which due to very low temperatures throughout
the whole month, can be interpreted as winter-time
samples.
The detailed chemical composition of organic
compounds was analysed by a thermal desorption PTRMS. The mass concentration of organic aerosol at the
forest site was roughly a factor of 30 lower than at the
urban and coastal site, indicating that in this cold month
biogenic SOA formation was still very low. Moreover,
the organic aerosol collected at the forest site was more
refractory and contained a larger fraction of heavy
molecules with m/z > 200.
The isotopic composition of the aerosol was used to
gain information on the main sources of organic carbon.
This is possible because the main winter-time sources of
organic aerosol in Lithuania are biomass burning
(Garbaras et al., 2015) and fossil fuel combustion and
organic aerosol from biomass burning is enriched in 13C
compared to organic carbon from fossil fuel emissions
(Masalaite et al., 2015). δ13C values of the organic
aerosol samples showed a positive correlation with the
mass fraction of several individual organic compounds
(tentatively identified as biomass burning tracers). Most
of these organic compounds contained nitrogen,
indicating that nitrogen compounds may serve as tracers
for biomass burning (Fig. 1). Other compounds that
showed negative correlations with δ13COC were identified
as possible fossil fuel tracers. These compounds include
heavy hydrocarbons and were on average less oxidized
than the bulk organic carbon.
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Figure 1. PTR–MS analysed organic mass fraction via
δ13COC values for CHN ions
The correlation of the δ13COC via O/C ratio was
positive at low but negative at high desorption
temperatures at the forest site. We propose that this
might be due to photochemical processing in the
atmosphere, which could lead to accumulation of
isotopically depleted carbon to the more refractory and
more oxidized organic fraction. Detailed laboratory
experiments are necessary to further investigate the
photochemical processing of aerosol particles, before
firm conclusion can be drawn.
This study was funded by the Dutch Science Foundation
(NWO grants Nr. 820.01.001, and 834.08.002).
Garbaras, A., Masalaite, A., Garbariene, I., Ceburnis, D.,
Krugly, E., Remeikis, V., Puida, E., Kvietkus, K.,
Martuzevicius, D. (2015) J. Aerosol Science 79, 8696.
Masalaite, A., Remeikis, V., Garbaras, A., Dudoitis, V.,
Ulevicius, V., Ceburnis, D. (2015) Atmos. Res. 158–
159, 1-12.
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Multi-year long investigation of atmospheric nucleation in urban environments
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Ultrafine aerosol particles (UF, d<100 nm) have a
significant contribution to the global aerosol budget.
Atmospheric nucleation is one of the main sources of
these particles. Their health related aspects have been
increasingly recognized even in large cities as well.
Multi-year measurement of particle number size
distributions was performed by a Differential Mobility
Particle Sizer (DMPS) in the diameter range of 6–
1000 nm with a time resolution of ~10 min. The
measurements were carried out for 3 years in the city
centre of Budapest. The 1-year long measurement
campaign was realized in the near-city background. The
classification and dynamic parameters of the nucleation
were determined according to Dal Maso et al. (2005) and
Németh and Salma (2014).
The total particle number concentrations showed
slightly decreasing tendency during the years in the city
centre (Table 1.). The UF ratio had a similar pattern,
resulted by the new particle formation frequency and the
fluctuation of other anthropogenic sources. Some
ordinary and substantial emission sources, such as boat
traffic on rivers in cities or diesel-driven single heavyduty tracks or buses, cause sudden and considerable
changes in the concentration in an irregular or occasional
manner. Number concentrations can be also modified
very much or sometimes even in a determinative way by
local meteorology and mixing as well.
Table 1. Yearly median total number concentration and
median UF ratio to the total number concentration.
Year
2008–2009
2013–2014
2014–2015

N6–1000 ×10-3
[cm-3]
11.8
9.7
9.3

UF/N6–1000
0.80
0.77
0.76

The annual nucleation frequencies were 24%,
20% and 24% for the 3 years in the city centre,
respectively (Figure 1.). The median monthly nucleation
frequency had seasonal variability with a minimum in
winter and two local maxima, one in spring and the other
in autumn caused by favourable meteorological
conditions or biogenic cycling through emissions of
volatile organic compounds (VOCs) from vegetation
(Riipinen et al., 2011).

Figure 1. Median monthly nucleation frequency for
3 years in the city centre environment.
The mean earliest (t1) and the latest (t2) estimated time of
the beginning of the nucleation were 10:39 and 13:37.
The individual concentration of the nucleation mode
particles between t1 and t2 varied from 1.1×103 cm-3 to
63×103 cm-3 and from 0.2×103 cm-3 to 49×103 cm-3 on
nucleation and on non-nucleation days, respectively.
Meteorological parameters assigned to the N6–25 values
showed that nucleation occurred at slightly higher wind
speed and temperature values. Relative humidity were
36% and 53% at 25 and 75 percentiles on nucleation
days, while 51% and 80% on non-nucleation days.
In the near-city background, the median total
particle number concentration was 3.9×103 cm-3, and the
UF contribution to the total concentration was 66% due
to the lower traffic and local emission sources. The
nucleation frequency was 28% which showed higher
contribution of new particle formation to the UF
particles.
Financial support of the Hungarian Scientific Research
Fund (contract K116788) is appreciated.
Dal Maso, M., Kulmala, M., Riipinen, I., Wagner, R.,
Hussein, T., Aalto, P. P., Lehtinen, K. E. J.:
Formation and growth of fresh atmospheric aerosols:
eight years of aerosol size distribution data from
SMEAR II, Hyytiälä, Finland, Boreal Environ. Res.,
10, 323–336, 2005.
Németh, Z., Salma, I.: Spatial extension of nucleating air
masses in the Carpathian Basin, Atmos. Chem. Phys.
14, 8841–8848, 2014.
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Measurements of vertical turbulent fluxes of particles in
urban areas are a powerful tool to characterise road
traffic pollution and the dynamics of particles in the
urban surface layer (Deventer et al., 2015). This
information allow characterising the exchange of
particles between a city and the atmosphere. In this
work, size-segregated fluxes of particles (size range
0.009-3 µm) and CO2 were investigated in the urban area
of Lecce (South Italy) together with fluxes of sensible
and latent heat. Measurements were taken at 14 m above
the ground on the roof of a building in using the eddy
covariance (EC) approach (Contini et al, 2012).
Measurements were carried out from 10th March
th
to 24 April 2015 during the experimental campaign
AFIRE (Aerosol Fluxes in uRban Environment) using an
optimized setup that comprised a Condensation Particle
Counter (CPC, Grimm 5.403) and an Optical Particle
Counter (OPC, Grimm 1.109), coupled with an
ultrasonic anemometer and an IR gas analyzer (Licor LI7500) for CO2 and H2O vapour concentration
measurements. The synchronized application of CPC
and OPC allowed the direct calculation of particle
number concentration and fluxes, for diameters from
0.009 to 0.25 µm by the CPC and from 0.25 to 3 µm in
the 16 individual size bins provided by the OPC.
The data sets needed an accurate verification and
a consistent post processing (de-spiking of time series,
detrending, removal of non-stationary periods) to reduce
the effects of meteorological parameters on the
calculations of fluxes. Furthermore, because the
measurement site was located near various buildings, the
subset of data corresponding to wind direction from SW
to NNE were selected (leaving 59% of the data) to
minimize flow distortions. Fluxes were corrected for
high frequency losses due to the limited time response of
the CPC (1.3s) and of the OPC (0.5s) and for the effect
of density fluctuations.
The aim of this work was to characterize the
dynamics of atmospheric aerosol and CO2 through an
analysis of number concentrations and fluxes patterns
and their correlation with energy fluxes, meteorological
parameters, and vehicular traffic rate. Concentrations
and fluxes footprints were also evaluated and analyzed to
interpret concentration and fluxes daily patters and their
correlation with the local micrometeorology.
The average particle daily concentration patterns
show that the major contribution (~104 #/cm3) comes
from particles corresponding to smaller diameters and
during weekdays. During daytime, the data show two
large concentration peaks in morning and evening and a

midday peaks indicating a correlation with intense
vehicular traffic but also a possible influence of
nucleation events. A similar analysis was done for
CO2/H2O concentration showing that the average CO2
concentration had a different behavior, with a decrease
in diurnal hours, due to the influence of background
transport and of the biogenic cycle.
The correlation analysis of the concentration time
series associated with particle of different diameter Dp
suggested a division into three groups. The first are
particles with Dp<0.25 µm, not correlated with OPC
concentrations. A second group (i.e. the first 8 classes,
up to Dp=0.6 µm) and a third group 0.6 µm<Dp<3 µm
that showed a good temporal correlation (r xy> 0.4). The
fluxes for the three size classes are shown in Figure 1.
Fluxes were dominated by particles in the ultrafine range
(Dp<0.25 µm). They were almost zero before 07:00 and
became on average positive afterwards, indicating
average upward fluxes in all size ranges (i.e. the urban
area is a source of particles). This result is compatible
with a significant contribution of ground level sources
such as road traffic. The lower concentration and fluxes
observed during weekend with respect to working days
is correlated with the decrease in measured traffic rate.
Negative fluxes are sporadically present and their
frequency increases for large particles.

Figure 1. Averaged daily patterns of number particle
fluxes for CPC (violet) and OPC (red and black). Error
bars represent the standard error.
Contini, D., Donateo, A., Elefante, C., Grasso, F.M.
(2012). Atmos. Environ. 46, 25-35.
Deventer, M.J., El-Madani, T., Griessbaum, F., Klemm,
O. (2015). Tellus B, 67, 1-16.
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dN/dLog(Dp)

1.6E+04
1.2E+04

with diameters of 30, 50, 80 and 120 nm, and
temperatures of 25, 110, 200 and 300 °C. The mean
number and volume fractions remaining after heating are
shown in Figure 2. Despite losing most of their volume,
particle number remains mostly unchanged, indicating
the existence of a solid core coated with volatile and
semi-volatile material, or fully refractory particles.
Particle shrinking to sizes lower than the detection limit
may explain the particle loss for 30- and 50-nm particles.
Larger particles have consistently larger refractory
fractions. Aerosol volatilization rate was higher between
110 and 200 °C, which is expected since the major urban
particles components volatilize within this temperature.
a ) Pa rti cle number
Fra ction remaining

More than half of world’s population lives in urban
areas, which are greatly affected by air pollution. Among
the air pollutants, particulate matter poses one of the
greatest risks to human health. The ultrafine fraction of
particulate matter (UFP) represents most of particle
number, and has been associated with adverse health
effects (Pope and Dockery, 2006). Furthermore, UFP
may affect the climate of the Earth directly by absorbing
and scattering radiation, or indirectly by acting as cloud
condensation nuclei (Lohmann and Feichter, 2004).
Probing the properties of UFP in the atmosphere can be
challenging due to their typical low mass concentration
in ambient aerosol. For this reason, Tandem Differential
Mobility Analysers (TDMAs) have been used to infer
UFP properties like volatility, hygroscopicity and
organic content. Volatility is increasingly considered one
important property to assess, since it can provide
valuable real-time information on particle mixing state,
chemical composition and morphology.
The present study aims to analyze the size distribution
and volatility of urban atmospheric aerosol particles
observed in the city of Athens. A Scanning Mobility
Particle Sizer (SMPS, TSI Inc.) and a Volatility TDMA
(Mendes et al., 2016) were used. Measurements were
carried out during three weeks at the DEM GAW urban
background station, located at the N.C.S.R.
“Demokritos”. The average particle size distribution is
shown in Figure 1.
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Figure 2. Particle number (a) and volume (b) fractions
remaining upon heating.

Further measurements will be carried out and daily
trends associated with meteorology and anthropogenic
factors will be explored.
This work was funded by the FP7 Marie Curie – ITN
project HEXACOMM (grant agreement nº 315760).
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Figure 1. Average particle size distribution (solid black line)
and calculated modes (dashed lines). The sizes analyzed by the
VTDMA are indicated by solid vertical lines.

Upon heating, particles may be sorted in 3 classes:
volatile, semi-volatile, and non-volatile, depending on
whether they disappear, shrink, or stay unaffected. The
VTDMA was used to evaluate the volatility of particles

References:
Lohmann, U., Feichter, J., 2004. Global indirect aerosol
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Mendes, L., Eleftheriadis, K., Biskos, G., 2016.
Performance comparison of two thermodenuders
in Volatility Tandem DMA measurements. J.
Aerosol Sci. 92, 38–52.
Pope, C.A., Dockery, D.W., 2006. Health Effects of Fine
Particulate Air Pollution: Lines that Connect. J.
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Spatially and temporally detailed indoor and outdoor woodsmoke detection
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Particulate matter (PM) has been linked to adverse
effects on respiratory and cardiovascular health (e.g.
Pope et al. 2009). In urban settings, human exposure to
PM is often connected to sources emitting black carbon
(Naeher et al 2007), both outdoors and indoors (Smith et
al. 2010). The current regulatory measurement network
is not able to cover large spatial and temporal variability
in source impacts, nor indoor exposures.
This study involves extended measurements in
Rochester, NY (ca 210,000 inhabitants) using 52 low
cost PM monitors, Speck (Airviz Inc., Carnegie Mellon
University, Pittsburgh, PA, USA), located at 26
sampling sites with wood burning appliances or in areas
with noticeable wood smoke (Fig. 1). The study
participants, mostly employees of the University of
Rochester, also completed a survey on house type and
age, heating fuel and frequency, and other activities
influencing indoor air quality data.

Figure 1. Measurement location across Monroe County.
The DEC site position is highlighted by yellow marker.
Map downloaded from https://www.google.com/maps.
At each location, one indoor and one outdoor
monitor in a weatherproof housing were installed, and
are concurrently measuring 1-minute particle number
concentrations, estimated particle mass concentrations of
indoor and outdoor PM between 0.5 and 3 µm, and
temperature. Additionally, a CO monitor has been placed
inside each household to help distinguish between
combustion and non-combustion sources of indoor PM.

Two additional outdoor Speck instruments were
placed at the New York Department of Environmental
Conservation (DEC) site in Rochester with continuous
PM measurement (Thermo Scientific TEOM, model
1405-DF [FEM]), and a 2-wavelegth Aethalometer
Model AE-22.
At three locations (one is the DEC site), three
pairs of recently developed TSI AirAssure PM2.5 air
quality monitors that are not yet available for sale in the
U.S. and Europe, have been located for a first real data
comparison.
All instrumentation was installed during
November and December 2015 to record the entire
2015/2016 heating season. Some additional 48-hours
measurements were made at the homes in January, in the
middle of the heating season, using PM2.5 filter samples,
an aethalometer and an optical particle spectrometer.
Preliminary results show differences in indoor
and outdoor PM concentrations at the homes, during
periods when wood smoke is expected to be present
(e.g., during high PM concentration events during the
holidays). Comparing the Speck monitors with the FEM
at the DEC site, the regional outdoor pollution events
have been observed by the Speck monitors outside the
homes with reasonable precision. The limit of detection
of the Speck monitors was determined to be ~9 g/m3 by
comparing several days of data from collocated monitors
using the method described in Wallace et al. (2011).
Several additional results will be available after the
heating season:
- the indoor/outdoor ratio will be calculated and
compared to house type, ventilation etc.,
- the spatial variability of outdoor PM concentrations in
the county will be described,
- the proportion of wood smoke in the outdoor and
indoor PM concentrations will be estimated, and
- the AirAssure, Speck, and FEM/Grimm instruments
will be compared.
This work was supported by the New York State
Research and Development Authority (NYSERDA)
under contract 63040.
Pope III, C. Arden, M. Ezzati, and D. W. Dockery.
(2009) New Engl J Med 360.4: 376-386.
Naeher, L. P., et al. (2007) InhalToxicol 19.1: 67-106.
Smith, K. R., et al. (2010) J Expo Sci Env Epid 20.5:
406-416.
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Community Observation Networks for Woodsmoke: Rangiora 2015 Pilot Study
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Use of solid fuel, mostly wood but also coal, particularly
in some South Island towns, is a major source of nighttime airborne pollution in many places in New Zealand
(Coulson et al 1213). The problems of woodburning in
NZ are similar to those in Alpine valleys across Europe
and North America where woodsmoke collects, leading
to high concentrations of particles in particular.
NIWA’s Rangiora 2015 winter air quality field
study was a pilot study for a concept called ‘Community
Observation Networks for Air’ (CONA). The study
included the first deployment in the field of NIWA’s
Outdoor Dust Information Nodes (ODIN) (Olivares et al
2014) as a smoke-monitoring network. We also trialled
the online recruitment of local residents as participants to
collect indoor data on wood-burning (using temperature
sensors) and indoor air quality (using PACMAN)
(Olivares et al 2012), as well as an online survey. Our
secondary purpose was to improve our understanding of
local emissions and dispersion and test whether these
new approaches could successfully add new information.
Rangiora (population ≈12,000) was chosen to
observe the phenomenon of “flow reversal” (changes in
wind direction of > 90° during winter evenings).
Analysis of historic records showed flow reversal to be
the dominant airflow characteristic of Rangiora with a
possible link to high PM10 levels, presenting a good test
case for the abilities and value of the ODIN network.
Two existing meteorological sites (ECan in the
town centre and NIWA EWS to the south east) were
supplemented by three additional sites at the town’s
periphery for the duration of the campaign along with
helikite-suspended radiosonde and ceilometer. The
location of all instruments is shown in the figure below.

Results
Overall we found a strong association of flow reversal
with high PM10 (doubling on average relative to nonreversed modes). Flow reversals followed a very
consistent pattern, usually beginning between 17:30 and
18:00 and lasting 2 – 3 hours before opposing winds
became fully re-established across the town. PM10
peaked ~90 minutes after a minimum in wind speed was
observed. Secondary and quite variable PM10 peaks were
observed on some nights after 9pm. Understanding the
cause of the secondary peaks is limited by our small
dataset but could be the subject of future CONA studies.
Community Engagement
The online process created for the recruitment of local
participants was efficient and successful at the small
scale at which it was deployed. The existence of the
portal and study was advertised using local media, and
limited local contacts, supported by the NIWA website.
17 people registered, considered sufficient for the pilot
study. The ongoing level of participation was very high
with sustained use of our daily survey and most
participants agreeing to host instruments in their homes.
The data collected though our participants was crucial
and indicates the value of this approach.

Coulson, G., Wilton, E., Somervell, E., Longley, I.D.
(2013) Proceedings of 16th IUAPPA World Clean
Air Congress, Cape Town, October 2013
Olivares, G, Edwards, S, Coulson, G, 2014. The Outdoor
Dust Information Node – ODIN. 10th Australian and
New Zealand Aerosol Workshop. Wellington, New
Zealand. July 2014.
Olivares, G, Longley, I, Coulson, G, 2012. Development
of a low-cost device for observing indoor particle
levels associated with source activities in the home.
Healthy Buildings 2012, Brisbane, July 2012.

This work was supported by NIWA under the
Atmosphere Programme 4 Impacts of Air Pollutants. We
acknowledge the assistance of Environment Canterbury
for PM10 and meteorological data. We would like to
extend thanks to all of our Rangiora participants, to St
Joseph’s School for use of their school field for
launching the helikite, to the landowners who allowed us
to erect the temporary meteorological stations.
Figure 1. Location of PM and meteorology sites.
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Biomass burning influence in the urban environment of southern Spain
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responsible. Other factors affecting this difference will
be investigated.
The PM1 average concentration during the
campaign (calculated as ACSM + BC concentrations)
was 24 µg m-3. It was dominated by OA, accounting for
50% of the PM1, followed by the contribution of BC
(17%), nitrate (16%), sulphate (9%) and ammonium
(6%). This distribution did not change significantly
between weekdays and weekends.
The OA and BC concentrations correlated
relatively strongly (R2=0.55), which points to common
sources, either road traffic emissions or biomass burning
emissions. The relative amount of the biomass burning
tracer at m/z 60 reaches values up to 0.9% of the total
OA, which is well above the threshold determined by
Cubison et al (2011), so the influence of wood burning is
clear. The source apportionment to the OA fraction will
further confirm the existence of these sources and will
quantify their different contributions.
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The presence of ambient aerosols has adverse effects on
human health and affect climate. Fine particulate matter
(PM1, particles with an aerodynamic diameter <1 µm)
may have its origin in several sources and is mainly
comprised of secondary inorganic compounds and
carbonaceous aerosols, the latter reaching up to 90% of
the mass.
The city of Granada is a medium-sized city
located in the southeast of Spain and surrounded by
mountains. Large seasonal temperature differences
throughout the year are registered due to the near
continental conditions. The carbonaceous aerosol in
Granada accounts for 40% of the bulk PM1 concentration
in winter, and it has been attributed to traffic exhaust and
regional recirculation (Titos et al, 2014), hence the
necessity to investigate its sources with state-of-the-art
instrumentation to better identify the sources becomes
evident. Therefore, the present study aims at assessing
the submicron aerosol chemical composition and organic
sources in Granada during an intensive 2-months
campaign by using on-line measurements.
An aerosol chemical speciation monitor (ACSM,
Aerodyne Research Inc.) was deployed at an urban
background site (37.18°N, 3.58°W, 680 ma.s.l) from 16
December 2015 to 15 February 2016 to measure realtime submicron inorganic (nitrate, sulphate, ammonium
and chloride) and organic aerosol (OA) concentrations.
Real-time black carbon (BC) concentrations were
calculated from the absorption measurements carried out
by a multi-angle absorption photometer (MAAP). The
particle number size distribution was measured using a
Scanning Mobility Particle Sizer (SMPS, TSI), set to
sample between 12 nm and 600 nm. 24-h PM10 and PM1
samples were collected on filters every third day and
subsequently chemically analyzed. The organic mass
spectral data matrix from the ACSM will be used to
carry out the source apportionment of OA applying
Positive Matrix Factorization (PMF) using the
Multilinear Engine (ME-2) with the toolkit SoFi
(Canonaco et al, 2013).
The ACSM + BC concentrations agreed
reasonably well with the estimated mass concentration
from the SMPS measurements, with a squared Pearson
correlation coefficient R2=0.88 and a slope of 1.69. The
70% difference may be due to the different upper cut
sizes of the two instruments, i.e. whereas the ACSM
samples up to 800-1000 nm, the SMPS was set to sample
up to 600 nm, so the mass in this size range could be the
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Figure 1. Time series of BC, OA (Org), sulphate, nitrate,
ammonium and chloride concentrations.
This work was supported by the Andalusia Regional
Government (project P12-RNM-2409); the Spanish
Ministry of Economy and Competitiveness and FEDER
funds under the projects CGL2013-45410-R and
CGL2012-39623-C02-1; the Spanish Ministry of
Agriculture, Food and the Environment; the H2020
project ACTRIS-2 (grant agreement 654109); and the
Generalitat de Catalunya (AGAUR 2014 SGR33).
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U., Prévôt, A. S. H. (2013) Atmos. Meas. Tech. 6,
3649-3661.
Cubison, M. J., Ortega, A. M., Hayes, P. L., et al (2011)
Atmos. Chem. Phys. 11, 12049-12064.
Titos, G., Lyamani, H., Pandolfi, M., Alastuey, A.,
Alados-Arboledas, L. (2014) Atmos. Environ. 89,
593-602.

European Aerosol Conference 2016

Tours, France

Page 834 of 1211

Large-scale intensive study of light absorption by urban aerosol in the Athens
Metropolitan Area
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Figure 1. Time Series of absorption, extinction and
scattering coefficients measured by CAPS PMssa at 780
nm at NOA and Demokritos stations
As illustrated in Figure 2, the diurnal variability
of equivalent BC concentrations led to a bimodal pattern,
with higher levels early in the morning and just after
sunset. This behaviour is explained by the combination
of enhanced emissions and a shallow boundary layer
during these hours of the day. Preliminary results
showed that biomass burning contributed to the eBC
levels at around 40% during nighttime at the suburban
site.
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Air pollution is a very important environmental concern
in Athens. Because of its high population and the
concentration of urban activities in a relatively small
area, as well as its complex topography with its
surroundings mountains acting as physical barriers,
severe environmental degradation are taking place
characterized by high loadings of atmospheric pollutants.
In the last decade, a growing use of biomass for
domestic heating has been observed, resulting in an
increase in the emission of soot particles.
In that context, the aim of this study was the
characterization of anthropogenic aerosol pollution in the
urban environment of Athens, focusing on the “smog”
phenomenon caused by wood-burning for heating
purposes.
For that purpose, the intensive measurement
campaign “ACTRIS JRA1” took place during winter
2016 at the Thissio urban background sampling site in
the premises of the National Observatory of Athens in
the centre of Athens. Simultaneous measurements were
performed at the “Demokritos” monitoring station,
located in a vegetated area, and representative of the
atmospheric suburban background of Athens. At both
sites, surface in-situ measurements of absorption and
scattering coefficients were continuously performed
using multi-wavelength aethalometers, CAPS PMssa,
MAAP and nephelometers.
Intercomparisons
between
the
different
instrumental techniques were performed in order to
reduce the uncertainties in the determination of the
aerosol light absorption and scattering measurements.
Ambient measurements of the absorption,
scattering and extinction coefficients are presented in
Figure 1. Absorption coefficients exhibited values up to
100 Mm-1 and up to 20 Mm-1 at the central and the
suburban stations of Athens respectively, revealing a
highly polluted atmosphere in Athens during wintertime.
Overall, the atmospheric load of absorbing aerosols was
3 to 6 times lower in the suburban monitoring site
compared to the centre of Athens.
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Figure 2. Diurnal cycle of equivalent BC concentrations
measured by AE33 aethalometers at 880 nm at NOA and
Demokritos stations
Support by the ACTRIS JRA1, the EnTeC FP7
Capacities (REGPOT-2012-2013-1, FP7, ID:316173)
and ERC-CoG 615922-BLACARAT programmes is
acknowledged.
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Residential heating as main cause of urban air pollution;
case study from the Czech Republic
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Household heating can be a major source of air pollution
by emitting particulate matter (PM) and gaseous
pollutants, especially when solid fuels (wood and coal)
are used to provide energy (Hovorka et al., 2015). The
localities prone to large-scale solid fuel combustion are
typically suburban agglomerations with single family
houses. Such type of agglomeration is Svermov, a
district of Kladno town, situated in a shallow valley in
the Central Bohemian Region, about 20 km NW from
Prague. The district is considered as an air-pollution hotspot for long time exceedances of PM10 and
benzo[a]pyrene - B[a]P mainly in the winter (CHMI).
To reveal the causes of both PM and B[a]P
exceedances at the district, a measurement campaign was
conducted from the 2nd of Feb. to the 3rd of March 2016
using an isothermal mobile station. The station was
placed at the football field, still within the urbanized area
of the district, but not in close proximity to single house
chimneys. At the station were recorded the following
parameters with five-minute integration time: particle
number concentration – PNC and size distribution within
the size ranges 14-730 nm and 0.523-10 μm (SMPS3936L25, and APS-3321, TSI Inc.), CO, NOx, SO2, O3,
CH4, NMC by automatic monitors (Horiba-360 series),
wind speed/direction - WS/WD (Windsonic),
temperature - T (Comet), relative humidity - RH
(Rotronic), precipitation by laser disdrometer (Thies).
Also, the vertical profile of T and RH (Vaisala) within
the atmospheric boundary layer up to 300 m was
measured several times a day using a helium-filled
balloon. Additionally, 24h samples of ultrafine particles
(da<150 nm) were collected on backup filter of a Davis
Rotating-drum Uniform-size-cut Monitor - 8DRUM
(DELTA Group, UC-Davis).
The air pollution in the Kladno district strictly
depends on the WS (Figure 1). The median PM10 was 11
μgm-3, but as soon as the WS dropped below 1 ms-1, the
PM10 increased up to 6 times, with a maximum of 132
μgm-3. The same applies to the PNC: while the average
PNC was 6∙103 #cm-3, within calm air conditions it raised
to 2∙104 #cm-3, with a maximum of 4∙104 #cm-3. The size
distribution during the pollution events showed a peak in
the ultrafine size range, around 100 nm. The peaks of
PM10 and ultrafine particles occurred simultaneously
with peaks of CO and SO2 (Figure 1). During the
pollution periods, the CO/SO2 concentrations increased
up to 2/30 μgm-3.
Moreover, a daily pattern was observed during
the campaign: higher concentrations of all the pollutant
were always registered during the evenings (6 – 11 PM),
indicating the home heating habits of the population. The

PM10 concentration was always higher during the
weekends (average 30 μgm-3) than during the weekdays
(average 15 μgm-3).
Lastly, the measurements of the mixing layer
height revealed frequent formation of temperature
inversion layer near the ground up to the height of 50m.
Such a low mixing layer height contributes to the fast
pollutants accumulation within the urban airshed.
In conclusion, the Kladno district, situated in a
shallow valley, can be considered as a typical urban site
experiencing air pollution problems as result of limited
urban airshed ventilation, low emission height, and high
emissions of pollutants. The next step will be the
analysis of the PAHs concentration in the ultrafine
particles samples collected with the 8DRUM impactor.
The aim of the analysis is to investigate the importance
of the UFP-bond PAHs contribution to PAHs burden at
the site

Figure 1. Temporal variation of fine particles, PM10, CO
and SO2 with wind speed and temperature.
The project is supported by the Czech Grant
Agency (P503/12/G147).
Hovorka J., Pokorná P., Hopke P.K, Křůmal K,
Mikuška P., Píšová M. (2015), Atmos. Environ., 113 98107.
Czech Hydro-meteorological Institute (CHMI)
http://portal.chmi.cz/files/portal/docs/uoco/isko/tab_roc/t
ab_roc_EN.html
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PM pollution: taking into account of bioaccessibility into acellular assays for health impact
assessment.
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In vitro studies have shown that effects of airborne
particles (aerosols) on human health can be mainly
attributed to their inflammatory potential due to the
oxidative species they carry (Kelly, 2013). Particulate
matter (PM) can transport or induce the production of
reactive oxygen species in the airways and, if these
exceed the available defenses, oxidative stress ensues
(Kelly, 2013).
To predict aerosol toxicity, a key parameter to
investigate is the oxidative potential of PM. In this
respect several, non–invasive screening assays (in vitro)
have recently been developed (Cho, 2005; Uzu, 2011;
Kelly, 2011; Janssen, 2014).
However, in those tests, whether in studies
concerning ambient particles or chemicals species,
particles are mostly extracted in methanol, in Milli-Q
water (Yang, 2014), or sometimes in a mixture of lung
antioxidant (RTLF model) (Kelly, 2011). Those
extractions don’t seem to be representative of
physiological conditions. We propose, here, an
improvement of OP assays using solutions of extraction
mimicking more closely the lung fluid composition so
as, to take into account the bioaccessibility in the OP
assays. Regarding the simulated lung fluids (SLF)
solutions, three solutions have been tested; the
Gamble’s solution, the ALF’s solution and Gamble’s
solution
which
is
added
the
dipalmitoylphosphatidylcholine (DPPC) i.e. the main
phospholipid of the lung surfactant.
Hereby, three acellular methodologies for OP are
compared after physiological extraction: two of them
are based on the consumption of a reductant agent
which mimic lung antioxidant: OPDTT using
Dithiothreitol as reductant, was developed to simulate
the in vivo generation of superoxide radicals, and OPAA
using ascorbic acid and are based on spectrophotometric
measurements. The third one is OPESR using Electron
spin Resonance to evaluate a specific reactive oxygen
species, hydroxyl radical (OH°), generated by the PM.
Each of these assays present specificities and no
consensuses have been made for the more appropriate
assays (Janssen, 2014).
Is OP assays and the extraction of aerosols in
SLF’s solutions compatible? Are there differences in
OP results between the three solutions of extraction? Is
there a linear response between concentration of
atmospheric compounds and oxidative stress response?
(Fig 1). Here, we propose to answer to these few
questions by studying OP on isolated compounds of

aerosols (reference material) and PM environmental
samples.

Figure 1: DTT depletion vs molar concentration of CuCl2.2H2O.

This work was supported by the INSU LEFE-CHAT
programme (2015-2017). LTHE is part of Labex
OSUG@2020 (ANR 10 LABX56).
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different assays measurement.
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In vitro studies have shown that effects of airborne
particles (aerosols) on human health can be mainly
attributed to their inflammatory potential due to the
oxidative species they carry (Kelly, 2003). Particulate
matter (PM) induces the production of reactive oxygen
species in the airways and, if these exceed the available
antioxidant defenses oxidative stress ensues (Kelly,
2003).
To predict aerosol toxicity, a key parameter to
investigate is the oxidative potential of PM. In this
respect several, non–invasive screening assays (in vitro)
have recently been developed (Cho, 2005. Uzu, 2011,
Kelly, 2011. Janssen, 2014).
Arve Valley (Auvergne-Rhône Alpes, France),
as other alpine valleys, frequently experiences high PM
concentrations. As a consequence this French area
frequently exceeds limit and quality values from the
European Union air quality directive 2008/50/EC for
PM10 and PM2.5 mass concentration (Golly, 2015).
These exceedances are due, in part, to the particular
topography,
specific
weather
conditions
and
anthropogenic activities. To address this issue, a
national program has been deployed to reduce the
contributions of biomass burning to PM10 by changing
wood stoves in three townships. Into this framework,
the DECOMBIO scientific project aim is, amongst
others, to observe if there is modification of PM10
chemistry and reduction of PM10 mass concentration
following replacement of these wood stoves. Three
sites, Chamonix, Marnaz and Passy, offer three different
areas of the valley where studies were undertaken to
establish the contribution of biomass burning over 3
years. Furthermore, an extensive study of the
composition of PM10 was undertaken. To extend this
work, we next investigated the oxidative potential of
these PM10 samples. This was achieved by using two in
vitro assays - the respiratory tract lining fluid (RTLF)
model (Mudway, 2005) and the DTT assay (Cho, 2005)
The RTLF exposure model involves following
the depletion of three antioxidants commonly found on
the surface of the lung - ascorbate, reduced glutathione
and uric acid. The DTT assay was developed to simulate
the in vivo generation of superoxide radicals. DTT is
used as a surrogate of the biological reducing agents
(NADH and NADPH) and is, therefore, considered as
an antioxidant.
Here, we report, a comparison of the oxidative
potential measurements undertaken across one year
sampling (one sample every three days on three sites),
with the RTLF exposure model, at the king’s College

(London, UK) and DTT assay, at the LTHE-LGGE
(Grenoble, France) on a long series of PM
environmental samples (DECOMBIO filters).
Moreover, because bioaccessibility is also a key
parameter to investigate, to predict PM toxicity
(Caboche, 2010), we also propose an improvement of
DTT assay. We settled solutions of extraction
mimicking more closely the lung fluid composition, and
thereby taking into account the bioaccessibility in the
OP assays.
Finally, these oxidative potential measurements
will be compared and correlated with extensive
chemistry data: EC, OC, ions, PM10, PAH and
derivatives, HULIS, biomass tracers, hopanes, metals,
sugars and polyols.
This work was supported by the INSU LEFE-CHAT
2015-2018 program and by ADEME (Primequal
Decombio project 2014-2018). LTGE is part of Labex
OSUG@2020 (ANR LABX56).
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Evaluating the toxicity of airborne particulate by measuring oxidative potential with
spectrophotometric a-cellular assays
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An emerging hypothesis of the mechanism of adverse
effects of PM exposure to humans health is that it is
mediated by inflammatory responses originating from
PM-induced oxidative activity, leading to the generation
of reactive oxygen species (ROS). For assessment of the
capacity of a PM sample to generate ROS, the oxidative
potential (OP) has been proposed, as a biologically more
relevant metric than PM mass.
Given the different assays developed for measuring OP,
the primary goal of this study was to compare two
common a-cellular assays in order to highlight their
sensitivity to the ROS generating compounds. One assay
measures the consumption of dithiothreitol (DTT) based
on the ability of redox active compounds to transfer
electrons from DTT to oxygen, OPDDT (Charrier and
Anastasio, 2012). The other common assay is based on
the ability of PM to deplete antioxidants such as ascorbic
acid, OPAA (Zielinski et al., 1999).
The performances of the two assays were investigated
with standard solutions of individual redox-active
species that are common in ambient PM, such as
quinones and transition metals. Quinones – mainly
phenanthrenequinone and 1,2-naphthoquinone – were
found more efficient at oxidizing DTT compared to the
less reactive transition metals, i.e., copper, manganese,
nickel, chromium, iron. On the contrary, the AA assay is
more sensitive to transition metals – mainly copper,
chromium, iron and nickel – in comparison to quinones.
Both methods were applied to real-world urban PM2.5
samples collected in the Bologna area (Northern Italy) in
winter and summer. The obtained data are not correlated,
as revealed by comparing the values of each assay,
using Pearson correlation coefficient (r~0.1).
To give insight into the contribution of PM chemical
composition on OP, the assay responses have been
expressed on mass basis per μg, OPDTTμg-1 and OPAAμg-1
(Figure1). For both the assays, the computed values are
significantly lower (significance t test at p<0.05) for the
two filters collected during wintertime (more loaded
PM2.5 filters). This may be explained by the larger
contribution of photochemical aging and secondary
processing during the warmer seasons, that enhance
redox activity of the ambient aerosols (Saffari, et al.,
2015).
The relationship between the oxidative potential and
PM2.5 mass show largely different behaviour of the two
assays. In fact, OPDTT response shows an
high
correlation with PM2.5 mass (Pearson's R>0.97),
indicating linear increase of oxidative activity with PM2.5
mass, while the OPAA values were not correlated with
PM2.5 (Pearson's R<0.05), suggesting that this metric

may be considered an intensive property of PM related
to its composition more than to its amount.
A

B

Figure 1. Response of DTT (A) and AA assays (B)
expressed on PM2.5 mass basis measured on real samples.
Green and purple bars: filters collected in summertime;
blue and orange bars: filters collected in wintertime.
In order to highlight the role of the species that mostly
contribute to OP, some of the studied samples were
submitted to atomic absorption spectroscopy analysis for
determining the concentrations of water-soluble
transition metals commonly present in ambient PM, i.e.,
Cu, Zn, Cr, Fe, Mn and Ni. The highest correlations with
metals concentrations were observed for the OPAA
values, excellent with Fe and moderate with Cu.
These findings are in line with the general notion of the
different sensitivity of the two OP methods to transition
metals. Consequently, the combination of the two
approaches can strengthen each other in giving
information to assess the role of organic and inorganic
species towards ROS generation from ambient particles.
Charrier, J.G., Anastasio, C. (2012) Atmos. Chem. Phys.
Discuss., 12, 11317–11350.
Zielinski, H., Mudway, I.S., Bérubé, K.A., Murphy, S.,
Richards, R., Kelly, F.J. (1999) Am. J. Physiol., 277,
L719-L726.
Saffari, A., Hasheminassab, S., Wang, D., Shafer, M.M.,
Schauer, J.J., Sioutas, C. (2015) Atmos. Environ., 120,
286-296.
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Reactive oxygen species: links between particle chemical composition, emission sources
and oxidation reactivity
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Air pollution, particularly due to particulate matter

chemical composition and ROS content at two

(PM), has adverse effects on human health. An

locations, Beijing (China) and Bern (Switzerland),

important

is

were measured. Aging substantially increased the ROS

externally induced oxidative stress (e.g., by generation

content of the secondary organic aerosol (SOA), as

of reactive oxygen species), initiated by the interaction

indicated in Figure 1. Links between the ROS

of PM with the human lung (Donaldson et al., 2002).

concentration and the different emitting sources and

Understanding the oxidative reactivity of nanoparticles

formation processes will be discussed.

pathway

underlying

these

effects

could substantially contribute to explain their toxicity.
A modified reactive oxygen species (ROS) online
analyzer was employed to quantify particle phase ROS
in real time, using a 2’,7’-dichlorofluorescin (DCFH)
based assay and calibrated by injecting known amounts
of H2O2 (Fuller et al., 2014). Concomitantly, the
aerosol chemical composition was quantified using an
aerosol mass spectrometer (AMS).
We compared ROS concentrations measured by
the same state of the art instrumentation in-situ with

Figure 1. ROS content as a function of organic

samples measured offline. This comparison indicates

aerosol oxidation during biomass burning smog

that, except the potential loss of sampling, 25-75% of

chamber experiments indicated by ROS/Org [nmol/g]

the ROS material decayed during filter storage and

vs. f44 measured by AMS.

manipulation, highlighting the importance of on-line
methodologies.
Using the on-line setup, we compared the ROS
content of particles from different sources including

This work was supported by the Swiss National
Science Foundation (NRP 70 “Energy Turnaround”)
and the China Scholarship Council (CSC).

secondary organic aerosol from -pinene ozonolysis,
and primary and secondary particles from residential

Donaldson K., Brown D., Clouter A., Duffin R.,

fuel combustion emissions. These emissions were

MacNee W., Renwick L., Tran L. and Stone V.

generated under different conditions and aged using

(2002) J. Aerosol Med., 15, 213-220.

different photochemical reactors (including flow tubes
and smog chambers). Additionally, the particle

Fuller S.J., Wragg F.P.H., Nutter J. and Kalberer M.
(2014) Atmos. Environ., 92, 97-103.
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Comparative analysis of the toxic responses of organic extracts from diesel/biodiesel engine
emissions in human lung BEAS-2B cells
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Background
Alternative engine fuels made from renewable sources are
currently of great interest and importance due to their
growing production and use. Despite their undisputable
benefits such as sustainability or energy security and
balance, recent findings on the toxicity of their
combustion-related emissions are contradictive and give
rise to several concerns related to environmental and
health risks.

modest changes and distinct molecular response
comparing to others (conventional fossil diesel fuel, 30%
blend with bio-component and 100% biodiesel fuel).

Experimental
In the present study, we compared toxicity of organic
compounds extracted from emissions of four different
diesel/biodiesel fuels and their blend, respectively (DEPs):
conventional diesel (B0), diesel with 30% of biodiesel
(B30), pure biodiesel (B100), and alternative fuel of
second generation (NEXBTL100). Human bronchial
epithelial cells (BEAS-2B) were incubated 4 and 24 hours
with subtoxic dose of 50g/ml of each DEP extract. To
detect transcriptional changes and generate gene
expression profiles, we used whole-genome microarrays
(Illumina). Detailed chemical analysis of DEP extracts
was performed to assess the chemical composition
possibly associated with the toxicity.

Acknowledgements

Results
Our results suggest distinct qualitative and quantitative
molecular response upon 4h treatment comparing to 24h
treatment. After 4h incubation, we observed modulation of
many biological processes and pathways mostly related to
oxidative stress response, DNA damage response or
apoptosis while 24h incubation resulted in deregulation of
genes involved in metabolic activation of polycyclic
aromatic hydrocarbons, cell cycle, lipid and steroid
hormone metabolisms and many others. We also found
differences among individual DEP extracts. NEXBTL100,
a low carbon biofuel, exhibited after 4h and 24 incubation

Conclusions
We used microarray analysis as a robust and high-throuput
method to describe a complex molecular response on
transcriptional level and to reveal a „fingerprint“ of
genome-wide expression changes characteristic for each
diesel/biodiesel engine emissions extract.

This work was supported by the Czech Science
Foundation, project CENATOX – Centre of toxicity
studies of nanoparticles (P503/12/G147).
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Studying the biological effects of combustion aerosols on air/liquid-interface exposed
human and murine lung cells within the HICE-project: Composition and molecular
biological effects of emissions from wood combustion, ship emissions and car engines
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Aerosol emissions from combustion processes are important
for human health. It is known that the initial response of
lung tissue-cells onto combustion aerosols include oxidative
stress, inflammation and apoptosis, but only few molecular
links to the chemical composition of the particulate and
gaseous part of the combustion emissions have yet been
established. The Virtual Helmholtz Institute-HICE studies
physical and chemical properties of anthropogenic
combustion emissions as well as their biological effects on
lung cells. On the one hand the chemical composition and
physical parameters (size, morphology etc.) of relevant
emissions are thoroughly characterized, including the
application of innovative on- and off-line analytical
technologies (e.g. SMPS, ELPI, AMS, ultra high resolution
chromatography: GCxGC-MS, ICP-MS, ultra high
resolution mass spectrometry: FT-ICRMS, TEM-XRF, online photoionisation-MS). On the other hand, human lung
cells are exposed to the diluted combustion exhaust fumes
at the air-liquid interface (ALI). A special ALI-exposure
technology has been developed, allowing a realistic lungcell exposure by simulation the situation in the lung at-site
of the combustion facility. After 4h exposure the biological
response of the exposed lung cells are analysed by a
comprehensive multi-omics molecular biological effect
characterisation on the transcriptomic, proteomic and
metabolomic level. Emissions of wood combustion, (ship-)
diesel engines and (car-) gasoline engines are addressed in
this study: Wood burning is made responsible for adverse
health effects in many cities and rural regions while
shipping emission have influence on human health in
coastal regions worldwide. The new fuel injection gasoline
engines (operated with ethanol or gasoline) are of concern
albeit the gaseous emissions are heavily controlled by 3way catalyst systems. For wood combustion experiments
emissions from a masonry heater (log wood), a pellet burner
(soft wood pellets) were used. Shipping emission were
generated on a test-bed ship diesel engine, running either on
common heavy fuel oil (HFO) or cleaner-burning diesel
fuel (DF). Finally a modern car engine operated with
gasoline (E10) and ethanol (E85) was investigated. Two
special field deployable ALI-exposition systems and a
mobile S2-biological laboratory were set up and applied for
this study. Human alveolar basal epithelial cells (A549,

BEAS2B and primary cells) were ALI-exposed to freshly
diluted combustion aerosols. The cellular effects were then
comprehensively characterized (viability, cytotoxicology,
multi-omics molecular-biological effects monitoring) and
put in context with the chemical and physical aerosol data.
The HICE concept is summarized in the literature [1]. The
overall cellular response of the combustion aerosols (i.e. the
regulation strength on the different ‘omics levels) is
compared at a similar aerosol dilution (~ 1:40), which was
selected to guarantee a particle and gas deposition dose. The
dilution/dose was selected to be below a measurable direct
cytotoxicity after the 4 h exposure, as we intend to acquire
the sub-toxic reaction of the lung cells to the stressor. The
following order of overall cellular response-strength was
observed: A surprisingly weak cellular effect regulation was
observed for the diluted wood combustion emissions.
However, interestingly the biological effects-strength for
the log-wood and pellet burner emissions are very similar,
although the PM concentration, OC and EC content was
much higher for the log-wood heater. A slightly higher
biological effect-strength is observed for the gasoline car
emissions (with ethanol fuel emission being slightly more
reactive than gasoline). The ship diesel engine emissions,
however, induced the most intense biological responses.
The most surprising result in this context was that HFO
emissions showed lower biological effect strengths than the
supposedly cleaner DF, which was unexpected as the HFOemission contained high concentrations of known toxic
compounds (transition metals, organic toxicants). This
result was recently confirmed by experiments with murine
RAW macrophages. Detailed analyses of the activated
cellular response pathways, such as pro-inflammatory
responses, xenobiotic metabolism, phagocytosis and
oxidative stress were performed. The obtained holistic
molecular biological results show the complexity of PMinduced biological effects as the activation pattern and
strength differed considerably for the aerosol sources,
suggesting a large difference in relative toxicity of different
combustion sources. In addition to organic PM-composition
also the content of elemental carbon (EC) and the elemental
composition play a role. Surprisingly strong effects were
observed for the gaseous aerosol fraction as well.
[1] Oeder et al., PLoS one, 2015, DOI: 10.1371/journal.pone.0126536
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Correlations between the toxicity and optical properties of atmospheric aerosol
measured by self-developed photoacoustic and supplementary instrumentation
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Light absorbing carbon (LAC) is in the focus of
scientific interest both regarding its climatic and human
health effects. Despite of its importance it is griddled
with huge uncertainty. On one hand, based on radiative
forcing, LAC is thought to be the second most important
anthropogenic atmospheric pollutant following carbon
dioxide, however according to other studies the climatic
impact of LAC might be overestimated in most climate
models (Liu et al., 2015). There are several reasons for
that. LAC particulates have very complex characteristics
with significant regional fluctuations. They go through
considerable physical and chemical aging even during
their relatively short residence time in the ambience. On
top of it there is still no standardized and reliable
instrumentation capable of determining the complex
optical properties of LAC in the whole climate relevant
wavelength range.
LAC is the most dominant constituent in the
ultrafine particle size range that is assigned with the
most severe health concerns. Particles with a
characteristic size under 1 µm are to deposit in the lower
respiratory system causing severe respiratory and
pulmonary diseases. Nowadays, human health aspects of
particulate matter are determined by various toxicity
tests carried out on filter samples. These methods can be
time consuming and expensive. What is more, they are
usually carried out with relatively low time resolution so
they supply data on particulate toxicity with a great time
lag. Also they do not carry information about the daily
variation of ambient toxicity that could be indicator of
contribution emitting sources.
Recently many studies have verified that there is
a strong relationship between the wavelength
dependency of aerosol optical absorption (Aerosol
Angström Exponent, AAE) and the chemical
composition of particulate matter. As particulate toxicity
also strongly depends on chemical composition, realtime measurement of the AAE could open up novel
possibilities in real time air quality monitoring. Although
one of the best candidates for the measurement of the
wavelength dependency of aerosol optical absorption is
photoacoustic spectroscopy (PAS), multi-wavelength
instrumentation is still not widespread.
In this study we are presenting results of a field
measurement campaign focusing on determining

correlations between the real-time measured optical
properties and the offline measured eco-, geno- and
cytotoxicity of atmospheric aerosol based on filter
sampling in uquely high time resolution. Optical
absorption was measured by our recently developed 4λPhotoacoustic Spectrometer. Toxicity test were carried
out on filter samples that were collected with a 6-hour
time resolution throughout the measurement campaign.
Ecotoxicity was determined by a method based on Vibrio
fischeri
bioluminescence
inhibition
bioassay.
Cytotoxicity was determined by the Pseudomonas putida
growth inhibition test (ISO 10712:1995). Finally,
mutagenity was investigated by the Ames test, using
Salmonella typhimurium TA98 and TA1535 histidine
auxotrophic mutant strains. Additionally, other
characteristics were monitored parallel during the
campaign like size distribution (SMPS), organic to
elemental carbon ratio (OC/EC Analyzer) and organic
compounds like polycyclic aromatic hydrocarbons
(PAH) and BTEX. The filters were also analyzed for
levoglucosan, total carbon and ions.
We found correlation between the different
toxicity parameters, absorption response and OC/EC
measured during the campaign. These results are to
propose the possibility of the real time characterization
of aerosol toxicity by the measurement of AAE.
AAE@1064OC/EC
355nm
AAE@10640,443
355nm
Mutagenity
0,735
0,740
(TA98)
Mutagenity
0,741
0,842
(TA1535)
Ecotoxicity
0,246
0,443
(1/EC50)
OC/EC
0,443
Correlation coefficients (R) between the measured AAE,
organic to elemental carbon ratio and toxicity values
measured by different methods.
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Liu, S. et al. (2015) Enhanced light absorption by mixed
source black and brown carbon particles in UK
winter.
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Effect of airborne particulate matter on oxidative stress, pro-inflammatory response and
intracellular calcium signaling in pulmonary artery endothelial cells
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Introduction
Many epidemiological studies have revealed the
involvement of airborne particulate matter (PM) in
increasing of respiratory and cardiovascular mortality
and morbidity. It has been shown in humans, a
correlation between exposure to particles and an increase
in pulmonary arterial pressure. The pulmonary
circulation could be one of the primary targets of inhaled
particles and people with pulmonary hypertension (PH)
could be a population at risk. Despite the main role of
calcium signaling and oxidative stress in the
pathogenesis of this disease, the effect of particulate
pollution on these cellular targets is poorly described.
In this context, the objectives of this study are to
evaluate, on pulmonary vascular cells, under no stretch
or cyclic mechanical stretch that mimic wall pressure
found in PH, the effects of particles (particulate MatterPM2.5 and nanoparticles-NP) on the biological responses
such as calcium signaling, oxidative stress and proinflammatory response.
Methods
Human Pulmonary Artery Endothelial Cells (HPAEC)
are cultured in physiological (0% to 5% stretching and
normoxia: 21% O2) and pathological conditions that
mimic the PH (stretch system: 30 cycles/min and 15%
stretching and hypoxia: 1% O2), using STREX®, Bbridge International:system. HPAEC cells are exposed
for 4h or 24h to PM2.5 or NP (carbon black-FW2) from 5
to 20 µg/cm². Different endpoints are studied (i)
production of reactive oxygen species by a fluorescent
probe (H2DCF-DA) or electronic paramagnetic
resonance, (ii) calcium signaling using the fluorescent
indicator dye Fluo-4 and confocal microscopy analysis,
(iii) pro-inflammatory response by measuring the release
of various cytokines (IL-6, IL-8) by ELISA.
Results
In HPAEC, a 4h-exposure to both nanoparticle (FW2)
and PM2.5 (5 - 20 µg.cm2) induced a concentrationdependent increase of intracellular ROS levels. PM2.5
and FW2 NP induced also, after 24h exposure, a proinflammatory response characterized by an IL-8 and IL6 secretion. In addition, after a 24h-exposure to HPAEC,
FW2 attenuated, in a concentration-dependent manner,
the ATP (10-5M)-induced increase in intracellular
calcium ion level ([Ca2+]i,) (Figure 1).

Figure 1: Intracellular [Ca2+] (ATP response)
in normal and pathological conditions.
A 24h-exposure to FW2 NP (10 µg/cm²), induced a modification of the
intracellular Ca2+ level. These modifications appear to be more
significant in pathological condition. Indeed, there is a significantly
decrease for the ATP response: 28% p<0.05 (*) in normoxia condition,
against a very significantly decrease in stretch and hypoxia condition
37.2% p<0.001 (***). T means control.

When cells are treated with both FW2 NP and
thapsigargin (known to deplete endoplasmic reticulum
Ca2+ stores), we show a significant decrease of the
calcium response as compared to control cells
suggesting an effect of these particles on the
intracellular calcium release from the endoplasmic
reticulum.
A 1h-pretreatment with polyethylene glycol (PEG)superoxide dismutase (300 U/ml) and polyethylene
glycol (PEG)-catalase (600 U/ml), significantly
decreases the modifications of intracellular Ca2+ level
induced by FW2 NP. Thus, the perturbation of
intracellular calcium homeostasis induced by particles
seems also to be correlated to oxidative stress.
Conclusion
In conclusion, the present study shows that, in HPAEC,
particulate pollution (i) produces reactive oxygen
species, (ii) induces a pro-inflammatory response
characterized by an IL-8 and IL-6 secretion and (iii)
impairs calcium homeostasis. In conditions that mimic
PH, the perturbation of intracellular calcium homeostasis
induced by particles could be correlated to a
deterioration of the endoplasmic reticulum stocks and to
oxidative stress.
This work was supported by the ADEME (n°12 62 c 0037 and
ANSES (2012-2-013).
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Time resolved measurement of the size distribution of pharmaceutical aerosols under
realistic respiratory conditions
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The most frequently used medications commonly
applied during the therapy of human airway diseases are
the inhalation medicines and systems that can introduce
the active substances directly into the respiratory system.
Determination of the deposition properties of aerosol
medications is of particularly great importance during
their development and approval, where the delivery of
the proper dose to the targeted area and the overdose has
to be controlled precisely. The size distribution and the
delivered dose of pharmaceutical aerosols are commonly
determined by cascade impactors, however optical
particle spectrometry were also introduced recently as an
alternative method (Kuhli et al., 2010). Optical particle
counters determine optical or aerodynamic size
distribution of aerosols based on elastic light scattering
from individual particles passing their sensing volume.
The advantage of this method compared to the
gravimetrical measurements is its temporal resolution.

The optical particle counter (OPC) isokinetically
samples particles from the main flow providing the
necessary dilution to avoid coincidence of particles in
the measurement volume caused by the high
concentration.
We performed measurements to determine the
temporal variation of the size distribution of the aerosols
generated by pMDI devices and also studied the effects
of the synchronization problems commonly raise during
the usage of these devices. Figure 2. shows measurement
results for a pMDI device where the mass median
aerodynamic diameter were determined with optical
particle conter.

We built a measurement setup (fig.1.) to study the
temporal development of the size distribution of the
generated mist of pressurized metered dose inhalers
(pMDI) which influence the spatial deposition
distribution of the particles in the human airways. While
the pump with the flow controller generate constant flow
rate in a closed loop, the breath simulator (Kerekes A., et
al. 2011) and the mixing inlet (Copley Sci) ensures
realistic breathing patterns at the pMDI device.
Figure 2. Determination of the mass median
aerodynamic diameter from the data of the OPC.
This work was supported by the Hungarian National
Research, Development and Innovation Office under
grant KTIA_AIK_12-1-2012-0019.
M. Kuhli, M., Weiss M., Steckel H., Characterisation of
solution-based pressurised metered-dose inhaler
aerosols with an optical particle counter, (2010)
European
Journal
of
Pharmaceutics
and
Biopharmaceutics 75, 393–398.
Kerekes A., Nagy A., Oszetzky D., Czitrovszky A.,
(2011) Development of a pulmonary waveform
generator for study the aerosol propagation and
deposition in transparent hollow airway models. In:
Ian Ford, Hugh Coe, European Aerosol Conference,
Manchester, The Aerosol Society, p. 1115.

Figure 1. Schematic figure of the measurement setup.
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Effect of exhaust oxygen concentration on the performance of a catalytic stripper
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Diesel, locomotive, and gas turbine exhaust contains a
complex mixture of solid particles and semi-volatile
material that is found in both the particle and the vapor
phase. Physical and chemical characterization of these
exhaust aerosols in the environment enables a better
understanding of potential health effects, effectiveness of
alternative combustion technologies and emission control
devices, as well as the impact of new fuel and lubricant
formulations on emissions. To reflect the growing
consensus that solid (mostly elemental) carbon is a
relevant metric and to force the use of diesel particulate
filters, Euro 5b regulations introduced a protocol for
measuring the solid particle number concentration for
particles larger than 23 nm.
The methodologies for determining the solid
fraction of an aerosol by separating solid and semivolatile material include the standard heated tube
approach (“evaporation tube” or “thermal denuder”) and
an alternative referred to as a “catalytic stripper” (CS)1-3.
In some cases the standard methods do not fully remove
all semi-volatile material, which can lead to renucleation.
A catalytic stripper is a heated catalytic element used to
remove the semi-volatile fraction by oxidation, leaving
the solid fraction to be further quantified1-3. Because the
CS relies on a robust oxidation process, the result is more
reliable and thus this technology has the potential to
improve solid particle measurements or allow an
extension of solid particle methods to a lower size range
in the absence of artifacts. Fig. 1 shows an example of a
commercially available CS instrument.

of oxygen but it has not been shown that combustion
stoichiometry is the only factor that limits CS
performance for very low oxygen concentrations. Exhaust
oxygen concentration at the point of CS measurement is
influenced by dilution ratio, dilution gas composition (air
or nitrogen), and combustion source (diesel or gasoline).
The goal of this proposed research is to better
understand the effect of oxygen concentration and
hydrocarbon gas composition on the oxidation
performance of a catalytic stripper. Tests were conducted
with a specific catalyst formulation and typical prevailing
conditions (e.g. temperature, flowrate, etc). Test
hydrocarbon gases were propane, butane, and butanol.
The oxygen concentration was varied from 0.01% to 10%
in factor of 10 increments. For each oxygen concentration,
hydrocarbon concentration was varied from lean to
stoichiometric to rich with respect to the oxygen
available. The test apparatus used to conduct these
experiments is shown in Fig. 2.
Gas analyzer
CS015

CS outlet

3-way valves

Oxygen

Nitrogen

Hydrocarbon gas

Figure 2. Test schematic showing the CS015 challenged
with simulated exhaust with varying concentrations of
oxygen and hydrocarbons.
1

Figure 1. Catalytic stripper in a stand-alone enclosure.
While efforts in optimizing CS geometry and
composition for oxidation and solid particle penetration
have been successful, some issues remain. Previous work
has shown that CS performance is nearly unaffected by
gas composition up to nearly 100,000 ppm, for low
molecular weight gases4. This concentration is much
higher than what would ever be expected in combustion
engine exhaust. However, it is less understood how
oxygen concentration effects the CS performance.
Combustion stoichiometry limits the amount of
hydrocarbon that can be combusted given some amount

Abdul-Khalek, I.S.; Kittelson, D.B. (1995). Real time
measurement of volatile and solid exhaust particles
using a catalytic stripper. Society of Automotive
Engineers, 950236.
2
Swanson, J., Kittelson, D., Giechaskiel, B., Bergmann,
A. et al., (2013). A Miniature Catalytic Stripper for
Particles Less Than 23 Nanometers." SAE Int. J.
Fuels Lubr. 6 (2), doi:10.4271/2013-01-1570.
3
Swanson, J.; Kittelson, D. (2010). Evaluation of Thermal
Denuder and Catalytic Stripper Methods for Solid
Particle Measurements. J. Aerosol Science, 41:12,
1113 – 1122.
4
Amanatidis, S., Ntziachristos, L., Giechaskiel, B.,
Katsaounis, D., Samaras, Z., & Bergmann, A. (2013).
Evaluation of an oxidation catalyst (“catalytic
stripper”) in eliminating volatile material from
combustion aerosol. J. Aerosol Science, 57, 144–155.
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Reliable detection of volcanic ash with dual-wavelength light scattering
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Background

Results

A volcanic eruption emits a significant amount of
hazardous ash particles into the air. If the eruption is
strong enough, the volcanic ash plume can reach high
altitudes and can be a serious security risk for airplanes.
We have developed a new prototype aerosol
sensor for the reliable detection of volcanic ash. The
envisaged application is the employment of this new
technique on-board of passenger aircraft. It allows in-situ
monitoring of the airplane’s exposure to volcanic ash.
The challenge of this development is that the
sensor has to be able to distinguish cloud droplets (or ice
crystals) from the hazardous refractory ash particles. At
aviation altitudes, water droplets and ice crystals are
often present in the particle size range of the ash (1–20
micrometer) and their concentrations can reach the same
concentrations that are considered as the limits of the
different volcanic ash contamination zones. Therefore, it
is crucial that the sensor can differentiate between
volcanic ash and water or ice particles.

The envisaged discrimination was successfully
tested in the laboratory with various test aerosols: water
droplets, cement dust, ISO test dust and ash collected at
the Etna volcano (Jurányi et al. 2015).
In December 2015, we installed the DUWAS at
the high alpine research station Jungfraujoch (3580 m
asl) and made ambient tests. The instrument was placed
outdoors on the terrace of the research facility, where it
was fully exposed to the harsh weather conditions
prevailing at this site. The station is often engulfed in
clouds (supercooled, mixed-phase and ice clouds) and
during the campaign the ambient temperatures were
often below -20°C with extraordinary high wind speeds
(up to 100 km/h).
Figure 2 presents the measured R-value
distributions during the outdoor operation at the high
alpine site. Dust and ash particles were injected into the
DUWAS sampling line during normal operation at
ambient temperatures. The analysis shows that the
DUWAS can clearly differentiate dust or ash particles
from ambient cloud droplets and ice particles.

Experimental method
The setup of the new instrument, called DUWAS
(DUal Wavelength Ash Sensor) is shown in Figure 1. It
detects volcanic ash particles by measuring the
backscattered light of individual aerosol particles, flying
through the detection volume, simultaneously at two
different wavelengths, i.e. at  = 660 nm (Vis) and
2750 nm (IR). Calculations have shown (Jurányi et al.
2015) that the unique behavior of the refractive index of
water at the specific IR wavelength allows distinguishing
water droplets (and ice crystals) from other aerosol
particles (such as volcanic ash) by evaluating the ratio R
of detected light scattering intensities (Vis to IR) form
individual particles at the two wavelength.

Figure 2. Measured R-value frequency distributions
measured at the high alpine site Jungfraujoch. Ambient
hydrometeors (droplets and ice crystals) are
characterized by fairly high R-values, in contrast to
Arizona test dust and ash particles collected at the
Eyjafjallajökull volcano.
Outlook
We will continue to optimize the sensor. As a university,
we are also looking for future collaborations with
companies that are interested in commercializing this
new technique.
Figure 1. Schematic setup of the DUWAS

Jurányi et al., Atmos. Meas. Tech., 8, 5213–5222, 2015.
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Volcanic ash remains a continuing problem for
commercial aircraft operations, sometimes leading to
significant flight delays, airport closures, course
deviations and damage to airframes and gas turbine
engines. The brute force solution when ash encounters
are expected is to either delay or cancel a flight or to
drastically reroute the aircraft if the ash layers can be
accurately forecast, something that is a challenge for
operational forecast models.
Commercial aircraft currently do not carry
standard sensors to detect the presence of any type of
airborne aerosol particles. Larger aircraft with weather
radar will be able to detect clouds with hydrometeors
larger than 100 µm, but ash or dust layers generally
contain finer particles and are undetectable using these
sensors. In addition, given that these layers are generally
less than several hundred meters thick once they are
more than several hours from their source region, they
are visually undetectable by flight crews as they are
challenging to discriminate from water clouds by eye.
The next generation backscatter cloud probe with
polarization detection (BCPD, is now undergoing
performance testing and can differentiate atmospheric
particle types as shown by laboratory tests (Fig. 1). The
BCPD is a single particle detectors, permitting high
sensitivity to the smallest quantities and rapid detection
(within seconds) to alert flight crews.

In the summer of 2015 the BCPD was flown on a light
aircraft multiple times through the plume of the
Sakurajima volcano (Fig. 2).

BCPD

Figure 2 BCPD mounted on aircraft and view of the
volcano plume prior to sampling.
The measurements were analyzed and plotted
along with the laboratory results (Fig. 3), showing that
the volcano plume, as expected so close to its source,
was a mixture of ash particles and water droplets

Ambient
Laboratory

Less
Spherical
< 8 um droplets

More
Spherical

Figure 1. Laboratory results showing response of BCPD
to different particle types.
The polarization ratio measured by the BCPD is
used to discriminate spherical particles from aspherical
particles and water droplets have ratios clearly less than
frozen droplets, dust (ATD) or volcanic ash.

Figure 3. The measurements made in the ambient air,
during volcano plume penetrations, are compared
with the laboratory results.
These results, although very preliminary,
demonstrate that the BCPD is capable of rapidly
discriminating ash and dust particles that may be
embedded in clouds and would be a useful tool for
commercial aviation to avoid even low concentrations of
ash or dust that might be hazardous to flight safety.
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The coalescence of airborne droplets is relevant to a
wide range of processes including aerosol mixing state
and lifetime, cloud dynamics, spray drying, and
intranasal drug delivery. The time-dependent changes in
composite droplet shape during the coalescence event
are governed by composite droplet size, surface tension
and viscosity. Aerosol surface tension impacts the ability
to describe particle activation as cloud condensation
nuclei via the Köhler equation. Aerosol viscosity impacts
semivolatile partitioning from the aerosol phase,
molecular diffusion in the bulk of the particle, and
reaction kinetics. However, direct, quantitative
measurements of both properties are challenging and
thereby hinder accurate modelling of aerosol physical
state and atmospheric impacts. In this contribution, we
discuss precise measurement of the surface tension and
viscosity of airborne picolitre droplets in both sub- and
super-saturated solute states using holographic optical
tweezers. Additionally, coalescence sampling of flowing
aerosol into an optically trapped droplet will be
discussed.
Aerosol is nebulized and captured into two
optical traps formed from 532 nm light. The relative
position of the two traps is varied so as to induce
coalescence. Elastic and inelastic backscattered light are
directed to a photodiode connected to an oscilloscope
and to a Raman spectrometer, respectively. Blue light
illuminates the droplets from above and is directed to a
camera to image the droplets. Scattered Raman intensity
is amplified at wavelengths commensurate with the
whispering gallery modes and, through comparison with
Mie scattering calculations, the radius and refractive
index of the trapped droplet is accurately determined
with precisions of ±2 nm and 0.001, respectively.
Coalescence excites shape oscillations which decay as
the droplet relaxes to a sphere. In the limit of low
viscosity, the time-dependent elastic backscattered light
intensity takes the form of a damped oscillator and
permits quantification of the shape relaxation timescale
and oscillation frequency. These parameters permit
precise, simultaneous determination of the droplet
viscosity (from the relaxation timescale) and surface
tension (from the oscillation frequency).
Figure 1 provides an example of measurements
from picolitre droplets of aqueous glutaric acid solution.
This illustrates that surface tension and viscosity can be
measured with precisions of the order 1 mN·m-1 and <1
mPa·s, with measured values agree well with bulk
measurements and parametrizations under subs-saturated
conditions. Additionally, trapped droplets can be
equilibrated to a relative humidity below their

deliquescence point but above their efflorescence
humidity, thereby enabling the determination of the
surface tension and viscosity of droplets containing
supersaturated solute states.
The surface tensions and viscosities of
subsaturated and supersaturated droplets of a wide range
of atmospherically relevant model organic compounds
including mixtures of both organic and inorganic
components will be presented and compared with model
predictions.

Figure 1. Simultaneous measurements of the
surface tension and viscosity of picolitre glutaric acid
droplets (Bzdek et al., 2016). Surface tension
measurements are compared to a parametrization of bulk
measurements (Gaman et al., 2004).
The authors acknowledge the Engineering and Physical
Sciences Research Council, UK (grant EP/L010569/1).
Bzdek, B. R., Power, R. M., Simpson, S. H., Reid, J. P.,
and Royall, C. P. (2016) Chem. Sci. 7, 274-285.
Gaman, A. I., Kulmala, M., Vehkamaki, H., Napari, I.,
Mircea, M., Facchini, M. C., and Laaksonen, A.
(2004) J. Chem. Phys. 120, 282–291.
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The shape, size and refractive index are key properties
governing the interaction of aerosol particles with light
(Ghan et al, 2007). Single particle studies are important
for the understanding of how the shape, size and
refractive index of aerosol particles are altered by
atmospheric processes, such as evaporation, hygroscopic
growth and aging. Broadband light scattering
experiments (BLS) of single particles are useful to study
such processes in the laboratory because they
simultaneously measure the particle size and the
wavelength-dependent refractive index (Jones et al,
2013). Nevertheless, to date, refractive index data from
BLS measurements have been restricted to the visible
spectral range. Furthermore, despite the relevance of
submicron particles in atmospheric processes
(Pruppacher et al, 1997), particles smaller than 940 nm
in radius have never been characterized with BLS (Jones
et al, 2015).
In this presentation, we report the combination of
a new BLS experiment with either a quadruple Bessel
beam optical trap (QBB) or a counter-propagating
optical tweezers (CPT) to study single submicron
particles isolated in air. The QBB trap and CPT both
allow stable trapping of single submicron aerosol
particles with a very tight spatial confinement (better
than 100 nm) (David et al, 2015). Our new BLS setup
provides data in the UV and visible spectral ranges (320
- 700 nm). The inclusion of the UV spectral range is
crucial for the sizing of submicron particles and allows
for the retrieval of refractive indices in a range where
such data are rare but urgently needed. Particles as small
as 300 nm can be characterizes with this UV BLS setup.
The factors that determine the absolute uncertainties of
the retrieved particle size and refractive index will be
addressed in the presentation. Finally, the presentation
will highlight the broad applicability of the UV BLS
experiment through four examples: 1) the sizing of
calibrated submicron polystyrene latex sphere (PSL),
2) the evaporation of binary glycerol water droplets,
3) the hydration/dehydration cycling of aqueous
potassium carbonate droplets, and 4) photochemical
reactions of oleic acid droplets (David et al, 2016).

Figure 1. The best fit using Mie calculations providing
size and wavelength dependent refractive index for NIST
calibrated PSL beads of R = 509.5±7.5 nm radius.

This work was supported by the Swiss National Science
Foundation (SNSF grant no. 200020_159205) and ETH
Zurich.
David, G., Esat, K., Hartweg, S., Cremer, J.,
Chasovskikh E. and Signorell, R. (2015) J. Chem.
Phys., 142, 154506.
David, G., Esat, K., Ritsch, I. and Signorell R. (2016)
Phys. Chem. Chem. Phys., 18, 5477-5485.
Ghan, S. J. and Schwartz, S. E. (2007) Bull. Am.
Meteorol. Soc., 88, 1059-1083.
Jones, S. H., King, M. D. and Ward, A. D. (2013) Phys.
Chem. Chem. Phys., 15, 20735-20741.
Jones, S. H., King, M. D. and Ward, A. D. (2015) Chem.
Commun., 51, 4914-4917.
Pruppacher, H. R. and Klett, J. D. (1997) Microphysics
of clouds and precipitation, Wiley Online Library.
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This photobleaching obviously depends on the light
intensity inside the droplet, which again depends on
nanofocussing inside the droplet. Theoretical predictions
on the size and power dependency showed a very
satisfying agreement with our experimental findings.

PA signal / µV

Here we present a photoacoustic (PA) system suitable
for the direct measurement of the optical absorption of a
single, optically trapped nanodroplet. The system
described here is able to reveal PA absorption signals
from single attoliter droplets with diamters below 1 µm
diameter. Beyond principle feasibility of this new single
particle characterization method, we were able to
demonstrated nanofocusing in such particles based on
the time-resolved monitoring of photokinetics (Cremer et
al 2016).
The trap, which was described earlier by David et
al in 2015, employs two counter propagating laser beams
(λ = 660 nm, ~ 200 mW), The trap is suitable to hold
particles below 100 nm diameter in a tight and stable
confinement. The photoacoustic sensing device consists
of a longitudinal acoustic resonator with a length of 40
mm and a diameter of 2 mm (Haisch and Niessner,
2012). Optical access is possible from along two axis,
one along the acoustic resonator tube, which serves for
the PA excitation laser, another one, orthogonal to this
axis, is used for the optical trap. The PA signal is excited
by a λ = 445 nm excitation laser (Nichia laser diode
NDB7112E) of variable power (0.3 – 40 mW)
modulated at the resonance frequency of the PAresonator of 3.97 kHz. The PA signal is collected by an
electret microphone, which is positioned orthogonal to
both, the excitation beam and the trapping beam. A
commercial lockin amplifier detects the modulated
signal with integration times of 30 ms and 200 ms. The
droplet size inside the trap can be determined based on
optical interference.
Alternative to this PA cell, a small chamber
equipped with a quartz tuning fork for PA signal
detection was tested. The so-called Quartz-enhanced PA
measurement is published to be highly sensitive for gasphase measurements (Kosterev et al 2002). As defined
by the tuning fork, this system operated by a
significantly higher resonance frequency of ~32 kHz.
For test purpose we used a photoactive dye
(VIS441), dissolved in tetraethylene glycol. While for
gas-phase measurements the tuning fork detection is
reported to be much more sensitive than microphone
systems, we found only a difference in sensitivity of a
factor 3 between the two techniques. The advantage of
the tuning fork setup for our application is the better
optical access of the system.
As it can be appreciated in Fig. 1, a strong PA
signal is detected when a droplet is trapped and excited
by the PA laser. In this figure, also the photobleaching of
the dye becomes visible by the decay of the PA signal.
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Figure 1. PA signal (microphone detection) of a single
optically trapped aerosol droplet.
Cremer, J., Thaler, K., Haisch, C., and Signorell, R.
Photoacoustics of single laser-trapped nanodroplets
for the direct observation of nanofocusing in aerosol
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Both types of substrates are well-suited for
scanning electron microscopy (SEM), which provides a
comprehensive investigation of the size distribution,
morphology and chemical properties of individual
particles. Using computational fluid dynamics (CFD),
the collection efficiencies of the impactor as well as of
the membrane filter have been studied in detail. Based
on the results, a detailed data evaluation strategy has
been developed to deduce the airborne particle number
and mass size distributions from counting the collected
particles in SEM images.
5.0
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Although the particulate phase in the boilers of waste
incineration plants has for a long time been under
suspicion to essentially drive the corrosion of the
superheater tubes, it has not been comprehensively
characterized to the present. In former works, the aerosol
was usually exhausted from the boiler and subsequently
diluted and cooled, in order to make it available for
conventional
aerosol
measurement
techniques
(Deuerling, 2010). However, at high temperatures this
method involves tremendous artefacts such as
condensation of salt vapours during cool-down.
Furthermore, sticky chlorine-containing micron particles,
which are assumed to be most crucial for the corrosion,
deposit in the goose-neck bend of conventional probe
inlets and cannot be analysed as single particles.
Therefore, we developed within the frame of the
project VOKos a novel sampling probe, which allows
the collection of particles in the interesting size range
and largely suppresses condensation artefacts.
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Figure 2: Evolution of the airborne particle mass size
distribution in the course of the boiler.

Figure 1: Cross section of the sampling probe.
The probe consists of two stages: Firstly, larger
particles are sampled on an impaction plate. Secondly,
the remaining smaller particles are collected on a nickel
membrane filter with well-defined pore size and pattern.
Together, a broad particle size range from a few 10
nanometres up to several 100 µm is covered. Before and
after sampling, the probe is flushed with an excess of
clean nitrogen heated to the sampling temperature, which
on the one hand avoids condensation of salts and postreactions and on the other hand facilitates well-defined
sampling times.

The probe has been successfully employed for
measurements in the combustion chamber (1250°C) and
the four passes (250 - 950°C) of the waste incineration
plant Schweinfurt (GKS) to characterize the evolution of
the aerosol on its way through the boiler. As shown in
Fig. 2, the concentration of particles with sizes between
0.1 and 1 µm grows by condensation of salt vapours
during cooling, whereas the mass concentration of larger
particles decreases due to deposition losses. We show
that especially particles with sizes of several
micrometers, which were difficultly to measure up to
now, contain high chlorine fractions.
This work has been supported by the Federal Ministry of
Education and Research (BMBF) within the project
VOKos (Grant No 03X3589).
Deuerling, C.F. et al. (2010): Aerosol Sci. Technol. 44, 1.
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The Development and Application of Kinetic Models for the Resuspension of Small Particles in Turbulent
Boundary Layers
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This presentation is about the way submicron size
particles attached to a solid substrate are resuspended by
a turbulent flow. Fundamentally it is a study of the
adhesive forces that hold a particle onto a surface and the
aerodynamic removal forces. Our particular concern
here is how this process can be quantified by a rate
constant for the removal of particles from a surface that
reflects its statistical nature. The particles are small
enough that only the intermolecular van der Walls forces
and elastic restoring forces are responsible for the
particle surface adhesion (gravity plays no part). The
aerodynamic forces are generated in the turbulent
boundary layer close to the surface and have both drag
and lift components. Both component forces have a
fluctuating as well as a steady mean components due to
the turbulence in the near substrate region.
The traditional force balance view supposes that
particles are removed from a surface when the lift force
exceeds the force of adhesion. However particles are not
removed instantaneously: whilst some particles are
removed on timescales which are very short (on the
timescale of the turbulence itself) there are some
remaining that are removed on much longer timescales;
there is a distinction between short and long term
resuspension and this in principle is due to the scale of
the turbulent fluctuations and the distribution of adhesive
forces. What we describe here is an attempt to quantify
these processes in a variety of situations from monolayer
to multilayer coverages particles.
Our focus is on kinetic models1 which encapsulate the
resuspension by a primary rate constant that is similar to
the rate constant p for the desorption of molecules from a
surface and given by
p  n exp Q / 2 PE
,where Q is the height of the surfaces adhesive potential
well over which the adhering particles must overcome
through the rotational energy they receive from the
turbulent fluctuations in the aerodynamic removal force.
The rate constant formula is precisely analogous to the
rate at which molecules are desorbed from a surface, Q
being the activation energy and <PE> the equivalent
thermal energy. There is an important difference here
reflected in the frequency n, typical of the motion of the
particle-surface deformation- namely the process of
resonant energy transfer when n is typical of the natural
frequency of the particle surface deformation and the
forcing frequency when n is off resonance driven by
external aerodynamic removal forces. We show how
when particles attached to a rough surface where there
is a distribution of a adhesive forces caused by particle

surface asperities how this greatly reduces particle–
surface contact/adhesion and increases resuspension
and leads to two types of resuspension: short term
resuspension typical of the timescale of particle motion
in the surface adhesive potential well, and a much longer
term resuspension in which the rate of decay of particles
on the surface varies almost inversely as the time. We
show how some important early experiments indicated
that resuspension by resonant energy transfer is
negligible and that the most likely motion occurs quasistatically where the adhesion is balance by the removal
force at each instant of time. Furthermore removal was
caused by particles rolling before they were lifted off.
This lead to a new kinetic model for resuspension
referred to as the rock 'n' roll model in which a particle
in contact with a surface rocks about surface asperities,
In this way the drag force plays a much more important
role in initiating rolling and eventual removal than that
of the lift force.
We show how this simple model assuming a lognormal distribution of adhesive forces was used
to analyse the resuspension measurements of a series of
experiments reported in the literature and derive
empirical correlations for the geometric mean and spread
of the adhesive force as a function of particle size,
indicating that adhesion is much less than that for
smooth contact.
We describe how significant improvements have been
made to the rock 'n' roll model by extending its
applicability to non-Gaussian removal forces taking into
account the contribution of the highly intermittent non
Gaussian sweeping and bursting events in the boundary
layer, based on measurements of the streamwise fluid
velocity and acceleration close to the wall obtained from
a DNS of turbulent channel flow.2
We conclude with a brief description of how this basic
kinetic model for particle resuspension of less than a
monolayer coverage of particles has been extended to
deal with the resuspension from multilayers coverages of
particles3
1

Reeks, M.W., & Hall, D. (2001). Kinetic models for
particle resuspension in turbulent flows J. Aerosol Sci.,
32, 1–31.
2
Zhang, F., Reeks, M., Kissane, M. (2013). Particle
resuspension in turbulent boundary layers and the
influence of non-Gaussian removal forces. J.
Aerosol Sci., 58, 103–128
3
Zhang, F. Reeks, M. Kissane, M (2013) Resuspension
from Multilayer Deposits J Aerosol Sci. 66, 31-61

European Aerosol Conference 2016

Tours, France

Page 856 of 1211
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Introduction. Particle resuspension corresponds to the
detachment of particles from surfaces (for instance, sand
resuspension from dunes or colloidal resuspension from
deposits as in Henry and Minier (2014b)). The present
study aims at presenting the various mechanisms at play
in particle resuspension and, through the description of a
stochastic approach for particle resuspension, at
highlighting how unified multi-scale approaches can be
developed.
Monolayer resuspension. First, resuspension from
mono-layered systems is described considering the case of
colloidal particles, where resuspension occurs mostly
through rolling motion. In that case, the stochastic model
is based on a three-stage scenario (as depicted in Fig. 1):
particles are set into motion when the balance between
adhesion forces (between particles and surfaces) and
hydrodynamic forces is ruptured; particles then roll on the
rough surface; particles can then detach upon rocking on a
large-scale asperity if their kinetic energy is higher than
the adhesion potential energy.

Figure 1: 2D sketch of the three-stage scenario for the
monolayer resuspension model. Reprinted from (Henry et
al., 2012a). Copyright 2012 with permission from
American Chemical Society.
This stochastic model for monolayer resuspension has
been compared and validated with various experimental
data (Henry et al., 2012a). Fig. 2 shows that the
resuspension of colloidal particles from rough surfaces in
turbulent flows is well-captured by the approach (Henry
and Minier, 2014b).

Figure 2: Fraction of particle remaining on the surface
after exposure to an airflow with varying friction velocity:
numerical (lines) and experimental results for 10 μm (a)
and 20 μm (b) alumina. Reprinted from Henry and Minier.
(2014b). Copyright 2014 with permission from Elsevier.

Multilayer
resuspension.
Second,
multilayer
resuspension is modelled using an extension of the
previous model for monolayer resuspension, i.e. a threestage scenario where: large clusters exposed to the flow
can roll on deposited particles and are re-suspended upon
hitting other protruding clusters (see Fig. 3). To that
extent, we consider the balance between hydrodynamic
drag forces and cohesion forces (i.e. particle-particle
adhesion forces in the cluster) only.

Figure 3: 2D sketch of the scenario retained for the
multilayer resuspension model (three-stage scenario).
This new model naturally captures the fact that multilayer
resuspension occurs either through single particle
resuspension or cluster being detached (or a combination
of both) since the balance between cohesion forces and
hydrodynamic forces is properly accounted for. The effect
of deposit ageing (i.e. consolidation of the cluster) on
multilayer resuspension is also analysed by coupling this
approach with a model for deposit consolidation.
Conclusion. The present study thus illustrates that a
single modelling approach (here in the framework of
stochastic Lagrangian approaches) can be developed to
model the whole resuspension process provided that the
coupling between particle-fluid, particle-surface and
particle-particle interactions is properly accounted for.
The present study also highlights the limitations in the
current understanding of particle resuspension (especially
for multi-layered structures) and brings out suggestions
for further experimental/numerical analyses.
Suggested readings
Henry C., Minier J.P. and Lefèvre G. (2012a). Adv.
Colloid Interfac., 185-186, 34-76
Henry, C., Minier, J.-P. and Lefèvre, G. (2012b)
Langmuir, 28, 438-452
Henry, C. and Minier, J.-P. (2014a) J. Aerosol Sci., 77,
168-192
Henry, C. and Minier, J.-P. (2014b) Prog. Energ.
Combu., 45, 1-53
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Capability of the Monte Carlo method to simulate resuspension phenomena
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A model for the resuspension of a monolayer of particles
deposited on a flat surface is developed based on a
Monte Carlo (MC) simulation. Particles are attached
through an adhesion force. A turbulent flow is assumed
to be responsible for the resuspension of particles. The
stochastic process used for resuspension is based on the
evaluation of probabilities depending on the ratio
between adhesion and aerodynamic forces and using a
Metropolis function. Although simple, our model
accounts for the main features of the resuspension flux
observed experimentally and by other models. Figure 1
shows the three typical behaviors for the resuspension
flux obtained through MC simulations. The model is
able to clearly show the role that force distribution
parameters (both for adhesion and turbulent) have on the
short- and long-term resuspension flux.

resuspension fraction vs. the fluid velocity. Thus, a
second version of our MC model is developed, wherein
the resuspension probabilities are evaluated from a
balance between the adhesion and the hydrodynamics
moments acting on each particle. As seen in Figure 2, the
model can reproduce various experimental scenarios.

Figure 2. Comparison between the moment balance MC
model results and experimental results from: (a) Reeks et
al (2001) and (b) Ibrahim et al (2003).
Our model adequately spans all the possible
features for particle resuspension and allows us to build
a state diagram useful to determine the future behavior
of a system, given some physical parameters (Benito,
2014). We prove that a model based on a moment
balance successfully reproduces a wide range of
experimental data. The MC model adds the stochastic
nature of adhesion and interaction forces appearing in
resuspension, complementing previous models.
This work was supported by CONICET and UNSL.
Figure 1. Flux of resuspended particles vs. time:
(a) short-term resuspension, (b) long-term resuspension
and (c) long-term resuspension with a shoulder.
Although results obtained with our model based
on a force ratio are satisfactory, the version of the model
is not appropriate to reproduce experimental data for

Ibrahim, A., Dunn, P., Brach, R. (2003) Journal of
Aerosol Science 29, 765-782.
Reeks, M., Hall, D. (2001) Journal of Aerosol Science
32, 1-32.
Benito, J., Aracena, K.V., Uñac, R., Vidales, A.,
Ippolito, I. (2014) Journal of Aerosol Science 79,
126-139.
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Experimental data on particles re-suspension and adhesion forces for refining a
re-suspension model – Application to the dust issue in ITER fusion tokamak
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During normal operating conditions of the
future ITER tokamak, a massive production of dust
coming from the erosion of the plasma facing
components is anticipated. For safety reasons, it is
essential to assess dust mobilization during a loss of
vacuum accident (LOVA) in the vessel. In ITER,
there will be principally polydispersed tungsten and
beryllium particles deposited on surfaces. The aim of
our study is to provide reliable data on particles resuspension in well defined experimental conditions
to assess reliability of the Rock’n Roll (R’nR) resuspension model (Reeks & Hall, 2001), with
polydispersed particles size distribution and low
pressure airflow.
Here, we focus on the re-suspension of
tungsten particle monolayer deposits by an airflow at
1000 and 300 mbar in the IRSN BISE (BlowIng
facility for airborne releaSE) wind tunnel. The size
distribution of the tungsten powder used is between
0.1 and 45 µm, as anticipated in ITER (see Rondeau
et al., 2015a). The monolayer deposits were made on
a 16 cm2 tungsten surface area by using a dry powder
disperser. The particles size and number on the
surface are measured with an optical microscope
(Morphologi 3G, Malvern) before and after a tenminute exposure of the deposit to the airflow in
BISE. The re-suspended particle fractions are
measured by microscope analysis on an area
corresponding to a 10 mm diameter disc.
For each experiment in our wind tunnel, we
controlled the parameters entering the re-suspension
mechanism, namely the pressure P, the airflow
velocity U and the friction (shear) velocity u*. In
addition, the normal distribution of airflow
fluctuations (frms), inherent consequence of a
turbulent regime, were measured in BISE to fine-tune
the airflow forces in the R’nR model (frms = 0.07 is
found in BISE instead of the usual 0.2 for a fully
developed turbulent air stream).
In figure 1, an average of three experimental
results of particle re-suspension in BISE at 280 mbar
(Kn < 1) is presented, since low pressure is to be
considered in the re-suspension mechanism (Rondeau
et al., 2015b). The error bars on data represent one
standard deviation of the measurements. To achieve
comparison with R’nR model calculations, we used
Biasi et al. (2001) adhesion forces correlation
extrapolated with the surface energy of tungsten
(4.4 J.m-2). Otherwise, we directly measured by AFM

(Atomic Force Microscopy) the distributions of
adhesion forces of our system of interest (tungsten
particles as involved in re-suspension experiments,
on tungsten surface). Measurements yielded lognormal distributions with medians, as a function of
particles diameter, lower than those of the Biasi et al.
(2001) correlation. In figure 1, the experimental data
are compared with the predictions of the R’nR
model, either with the correlation of Biasi et al.
(2001) or with our AFM measurements.

Figure 1. Comparison between experimental data of the resuspended particle fractions (by size bin) and the R’nR
model predictions.

The predictions of the R’nR model, as
correlated by Biasi et al. (2001), are not in agreement
with our experimental data. Indeed, the experimental
fractions are higher than the predictions of the model.
By running the R’nR model with actual adhesion
forces, as measured by AFM, and the airflow forces
fluctuation (frms), we obtain a good agreement with
re-suspension data for the largest particles (diameter
from 8.9 to 44.7 µm). However, re-suspension of
smaller particles is not well described by the R’nR
model, highlighting a limitation for polydispersed
particle deposits. Their mobilization is probably due
to collision with the bigger particles when the latter,
detached from the surface, slip or roll.
Biasi, L. et al. (2001). J. Aerosol Sci., 32, 1175-1200.
Reeks, M.W. & Hall, L. (2001). J. Aerosol Sci., 32,
1-31.
Rondeau, A. et al. (2015a). J. Nucl. Mater., 463, 873876.
Rondeau, A. et al. (2015b). Fus. Eng. Des., 98-99,
2210–2213.
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The fan startup is inevitably accompanied by a transient
acceleration period of the flow before reaching the
steady state. Most of studies on microparticles
resuspension consider only steady flows (Kassab et al.,
2013). The acceleration period is not taken into account
even if it might have a significant influence on the
phenomenon. One of the fewer studies that explored this
problematic is the one of Ibrahim et al. (2006). In this
study, they measured the air velocity during the
acceleration period and have observed its influence on
the particles resuspension kinetics. However they did not
explore the effect of the velocity close to the wall and
the evolution of turbulence parameters during
acceleration.
The objective of this study is to well describe the
mechanisms involved in the resuspension of particles in
ventilated duct by using an experimental methodology
and taking into account the acceleration of the air flow
which always precedes steady state. For that purpose we
chose an optical method in order to investigate the initial
movement of particles, and to quantify the resuspension
kinetics. In parallel we collected local data of the flow
during acceleration and steady state.

In steady flow the treatment of the data allowed to
calculate the flow characteristics concerning the
boundary layer (friction velocity, viscous sublayer
thickness), i.e. at the wall duct distance concerned by
particles resuspension. It enabled to validate that the
particles are completely immerged in the viscous
sublayer in the velocity range tested. We also calculated
turbulence characteristics such as eddies diameter and
power as well as flatness and skewness coefficients.
To characterize the accelerating flow we carried out
simultaneous acquisition at the duct center and in the
boundary layer. The treatments of the data enabled to
calculate the evolution of the velocity and turbulent
intensity close to the wall, as well as the number and
power of eddies.
The figure 1 shows an example of resuspension kinetics
(expressed in terms of remaining particles fraction
versus time) superimposed to the evolution of the
velocity close to the wall (137µm).
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The risks associated with contamination by aerosols
affect various industrial sectors such as the food
industry, the semiconductor industry or the
pharmaceutical industry. Thus we have to well
understand the mechanisms behind the resuspension of
aerosols to improve the control and management of risks
related to the accumulation of particles in ventilated
ducts.
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The experiments were carried in a ventilated duct of
rectangular cross section (4X20 cm2) of 2 meters in
length, made of transparent antistatic polycarbonate
material.
We used spherical bronze particles (CuSn) with a size
range of 5 and 30µm, which have a density of around 8.0
g / cm3. Their number size distribution was characterized
by using laser diffraction and optical counting. A CCD
camera (170 fps) was used to record the evolution of the
number of particles remaining on the duct wall on a 1
cm2 zone versus time. Five mean flow velocities at
steady state (representative of those implemented in
HVAC systems) between 3 and 9m.s-1 were tested. The
influence of the air flow acceleration (0.3 and 2.3 m/s2)
was also investigated.
Hot Wire Anemometry was used to characterize the air
flow, at the center of the duct and close to the wall (up to
50 µm).

Figure 1 : Kinetics of resuspension for a steady
velocity of 7.6 m/s and an acceleration of 2.3 m/s 2
We observed that the resuspension kinetics starts during
the acceleration period and extends to steady state. We
highlighted the relevant velocity characteristics (critical
velocity at the center duct and close to the wall, critical
turbulence intensity) to explain this phenomenon. We
also used statistical data as the number and the power of
coherent structures to understand the shape of the
resuspension kinetics.
Kassab, A.S., Ugaz, V.M., King, M.D., and Hassan,
Y.A. (2013) Aerosol Sci. & Technol. 47, 351-360.
Ibrahim, A.H. and Dunn, PF. (2006) Journal of Aerosol
Sci . 37, 1258-1266.
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2

bubble flux, size and capillary trapping of particles in
the polymer are computed according to physicochemical properties of PMMA evaluated during
thermal degradation with the Thermakin model
(Stoliarov et al., 2009). Particle release efficiency of
each bubble bursting has been fixed in the model to
its experimental value (60 %).
For validation purpose, an experimental test
bench has been developed specifically for airborne
release fraction (ARF) measurement. Released
particles have been sampled on cellulose membranes
with an isokinetic probe and ARF has been
determined by ICP-MS/AES. Experiments have been
conducted for alumina and tungsten carbides
particles of different size (0.1 to 10 µm) with
radiative heat fluxes ranging from 15 to 45 kW/m².
As shown on figure 2, a reasonable agreement
is reported between experimental and modelled ARF
values. The size distribution and density of particles
have been also identified as influencing parameters
on the airborne release fraction. Recent developments
on the influence of surface concentration will be also
presented in this work.
Alumina (Ouf et al., 2013; Delcour, 2014)
Tungsten Carbide (Delcour, 2014)
Predicted ARF = Measured ARF
Predicted ARF = +/- 50 % Measured ARF

100

Predicted ARF (%)

In the nuclear industry, assessing the potential release
of radioactive particles during an accident is of
critical importance in the field of nuclear safety. One
of the critical scenarios being considered is the fire of
a contaminated glove box. In such a case, it is
difficult to assess the source term of particles being
released to the gas phase.
Previous works on this topic identified some
specific phenomena in the case of polymethyl
methacrylate (PMMA) fuel with particle deposits
(Ouf et al., 2013), especially a very intense particle
emission at the onset of thermal degradation of the
polymer. This “flash of emission” could be linked to
the bubbling behaviour of this polymer, but the lack
of in-situ observation technique limited the
characterization of this emission.
In
this
work,
we
present
first
phenomenological description of the airborne release
of particles deposited on PMMA samples during their
thermal degradation. For this purpose, optical
analyses (PIV and high frequency ombroscopy) have
been carried out at the surface of contaminated
polymer sheets. The bubbles flux and diameter have
been measured according to these diagnostics while
their release efficiency has been quantified by
scanning electron microscopy of the samples surface
prior and after thermal degradation. Trapping of
particles inside the melted polymer has been also
analysed with a specific protocol. Considering these
developments,
we
have
proposed
a
phenomenological description of the fire-induced
airborne release mechanism for PMMA surface (see
figure 1).
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Figure 2: Comparison between measured and
predicted ARF

Figure 1: Illustration of the phenomenon involved
during fire-induced airborne release for PMMA
According to this description, a theoretical
model has been developed (Delcour, 2014). The

Delcour, S. (2014). PhD thesis Ecole Nationale
Supérieure des Mines de Paris.
Ouf, F.-X., Delcour, S., Azema, N., Coppalle, A.,
Ferry, L., Gensdarmes, F., Lopez-Cuesta, J.-M.,
Niang, A., Pontreau, S., Yon, J. (2013). J.
Hazard. Mater., 250-251, 298-307.
Stoliarov, S.I., Crowley, S., Lyon, R.E., Linteris,
G.T. (2009). Comb. Flame, 156(5), 1068-1083.
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These results indicate that bigger particles experience
limited surface roughness due to their size and due to a
relatively broad distribution of adhesive forces used in
this set of data ( σ = 10.4 ): a common contact area is
created between the particle and the surface, where
particles are considerably deformed. On the other hand,
smaller particles interact more strongly with surface
roughness and they rest on top of asperities.
experimental data

model with flattening
1.0
(a)

1.0

Fraction remaining

Resuspension describes the physical process that leads to
particle detachment from a surface and eventually its
suspension in the ambient air due to the act of an
external force. On the other hand, intermolecular
interactions describe purely physical interactions that are
essentially of electromagnetic origin and involve
attractive or repulsive forces between the bodies.
Adhesion is closely related with these forces. Adhesive
forces bind the particles on the surface and arise when
the two bodies are in close contact. The contact
characteristics arise from the elastic properties of the
materials involved.
The present study evaluated intermolecular
interactions and the role of particle size and surface
roughness during particle resuspension from a turbulent
flow. A model was used to employ both intermolecular
interactions and external excitations. Particle-surface
interactions were modelled via the integrated LennardJones intermolecular potential. Modelled interactions
include particle deformation due to elastic flattening and
no particle deformation. In the first case, the contact
geometry involves a common contact area created
between the particle and the surface due to particle
deformation, whereas, in the second case the particle was
considered to rest between the asperities of the surface.
The resuspension rate was estimated by a numerical
procedure of force-balance approximations using the
kinetic approach proposed by Reeks and Hall (2001),
neglecting resonant energy transfer. Accordingly, the
bound particle moves quasi-statically in the potential
well under the influence of the external flow. When the
instantaneous joint contribution from the lift and drag
forces (moments) exceeds the adhesive force (moment),
the particle resuspends. Surface roughness was
incorporated into the model by introducing a log-normal
probability density function characterized by a reduction
and a spread ( σ ) in the adhesive force.
The model was applied to two experimental data
sets. Figure 1a presents model predictions with and
without elastic flattening applied for 20 µm alumina
particles on a stainless steel surface. It suggests that at
low friction velocity (<0.5 m/s), where big and weakly
adhered particles resuspend, the elastic flattening
contribution is important and the model with elastic
flattening reproduces the experimental data. On the
contrary, at higher friction (where smaller and strongly
adhere particles resuspend) particle deformation
becomes insignificant and the model without particle
deformation is in agreement with the experimental data.
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Figure 1: Comparison of model predictions with a) 20
µm alumina particles on a stainless steel surface (Reeks
and Hall 2001), and b) 70 µm stainless steel particles on
a glass surface (Ibrahim et al. 2003).
For the second set of data particle deformation
due to elastic flattening does not seem to be important.
This behaviour is associated with particle size. Higher
particle size (70 µm) together with the surface roughness
the particle feels due to its size has significant impact on
particle resuspension. The results imply that the particles
are big enough to rest between the asperities on a surface
which is characterized by higher roughness ( σ = 2 in
these data).
In summary, the present study highlighted the
importance of particle size and surface roughness to
particle resuspension. Particle size and the associated
surface roughness the particle feels due to its size
determine contact characteristics, thus have great impact
on resuspension.
This work was supported by the European Union 7th
framework program HEXACOMM FP7/2007-2013
under grant agreement Nº 315760.
Ibrahim, A.H., Dunn, P.F., and Brach, R. M. (2003). J.
Aerosol Sci. 34, 765-782.
Reeks, M.W., and Hall D. (2001). J. Aerosol Sci. 32, 131.
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Aerosol physical and chemical properties in the several sites of the GoAmazon 2014/15
Experiment: From biogenic to urban air pollution
P. Artaxo1, H. M. J. Barbosa1, J. F. de Brito1, S. Carbone1, G. Cirino1, S. T. Martin2, M. O. Andreae3
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The central region of the Amazonian forest in the wet
season is a pristine region in terms of aerosol, trace gases
concentrations as well as cloud properties. In the wet
season, Amazon is actually one of the cleanest
continental region we can observe on Earth. As part of
the GoAmazon 2014/15 experiment, several aerosol and
trace gas monitoring stations are being operated for at
least two years (2014-2015) before and after the Manaus
urban plume. The idea is to analyse the effects of urban
emissions in a pristine atmosphere in terms of aerosols,
trace gases and cloud properties. Three sites are being
operated in pristine conditions, with atmospheric
properties mostly under natural biogenic conditions.
After the air masses are exposed to the Manaus plume,
one site (called T2) is being operated right on the
opposite side of the Negro River under the direct
influence of the Manaus plume 5 Km downwind of
Manaus. Finally, at about 150 Km downwind of Manaus
is the T3 Manacapuru site, operated by the DoE ARM
program. Aerosol chemical composition is being
analysed in real time using several Aerodyne AMS and
ACSM (Aerosol Chemical Speciation Monitors)
instruments. Aerosol size distribution, light scattering,
light absorption, CCN activity and many other properties
are being continuously measured. VOCs are measured
using PTR-MS at most ground sites as well as in the G1
airplane. Concentrations of CO, O3, CO2, NO2 and SO2
were measured. Raman Lidars measure the aerosol
column up to 12 Km providing the vertical profile of
extinction. The aerosol column was measured using
AERONET sunphotometers before and after the Manaus
plume. Detailed air mass trajectory and WRRF-Chem
simulations was performed at each 6 hours for 2014 and
shows clearly the local and regional transport pattern,
and helps guide the transformation process along the
Manaus plume. Large-scale aircraft sampling was also
performed for the wet and dry seasons using the DoE G1
platform as well as the DLR HALO G5 plane. The
instrumented aircraft allowed the analysis of cloud
droplets, aerosol properties and trace gas distribution at
up to 12 Km height.
For both seasons, there is a common aerosol and
trace gas component for all GoAmazon sampling sites.
Over this background, urban air pollution from Manaus
adds mostly black carbon as well as NOx and CO
(Artaxo et al., 2013).
In the wet season, organic aerosol comprises 7585% of fine mode aerosol, and sulphate and nitrate

concentrations are very low. Aerosols are dominated by
biogenic primary particles as well as SOA from biogenic
precursors. Black carbon in the wet season accounts for
5-9% of fine mode aerosol. Ozone in the wet season
peaks at 10-12 ppb at the middle of the day, while
carbon monoxide averages at 50-80 ppb. Aerosol optical
thickness (AOT) is a low 0.05 to 0.1 at 550 nm in the
wet season. Sahara dust transport events sporadically
enhance the concentration of soil dust aerosols and black
carbon (Andreae et al., 2015).
In the dry season (August-December), long range
transported biomass burning alters atmospheric
composition very significantly. AOT can reach values as
high as 2-3 at 550 nm, and concentrations of aerosol
species and trace gases are strongly enriched. Ozone
concentrations can reach 50 ppb downwind of Manaus.
For both seasons it is possible to observe clearly the
brown carbon component that is responsible to 20% of
total absorption.
Aircraft measurements shows a clear impact of
Manaus plume, with enhanced production of SOA,
ozone, sulfate and nitrate downwind of Manaus. A
strong enhacement in aerosol absorption was also
observed.
The analysis of the results aims at delineating a
contrasting picture between seasons as well as the
anthropogenic impact on the measurements given the
distinct seasonal backgrounds. The goal is to improve
the understanding of anthropogenic influences on the
submicron atmospheric particle population under
different regional environmental conditions. A detailed
comparison of aerosol characteristics and composition
for the several sites will be presented together with the
evolution of aerosol and trace gases in the
GoAmazon2014-2015 experiment.
This work was supported by FAPESP – Fundação de
Amparo à Pesquisa do Estado de São Paulo.
Andreae, M.O., et al., The Amazon Tall Tower
Observatory
(ATTO):
overview
of
pilot
measurements on ecosystem ecology, meteorology,
trace gases, and aerosols. Atmos. Chem. Phys., 15,
10723-10776, 2015.
Artaxo, P. et al., Atmospheric aerosols in Amazonia and
land use change: from natural biogenic to biomass
burning
conditions.
Faraday
Discussions,
DOI:10.1039/C3FD00052D, 2013.
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Low-level reference size distributions of 137Cs
and naturally occurring radionuclides at a low dusty rural site, France
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the presence of pollens or even secondary biogenic
aerosols.
1.00
3
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The size distribution of airborne particulate
radionuclides is of major concern since it influences the
inhalation dose (Haddrell, 2015). Additionally it allows
better assessment of radionuclide dry deposition velocity
used for modelling purpose (Zhang 2001). Cesium-137
originates from global fallout (after the nuclear test era)
and accidental releases (Chernobyl, Fukushima). It is
still measurable at trace levels in the atmosphere, on the
European-wide scale. Thanks to its rather long half-life
(30.05 y.) and a strong affinity with clay minerals in top
soil layers, it can be resuspended by wind erosion or
dusty activities as well as biomass burnings after
integration in plants similarly to potassium. Previous
work has focused on the size distribution of
radionuclides in the vicinity of nuclear facilities or after
nuclear accident (Mala, 2013) but there is a lack of
information about what can be expected in terms of
background size distributions that could help assessing
the impact of an accident release or routine release.
A field study was performed in May 2015 using a battery
of 5 high-volume impactors. Each one was equipped
with 5 stages having decreasing cut-off points at 7.2; 3.0;
1.5; 0.95 ; 0.49 µm plus a back-up filter (<0.49µm) and
was running at a flow rate of about 67 m3/h. The place
was chosen for its low dust level since it corresponds to
an astronomic observatory (Observatoire de HauteProvence, OHP) located in a rural area, southeast of
France. Aerosol sampling and dust measurements were
performed at 2.8 m above the ground, respectively on a
flat terrace and on a mast. Sampling lasted for 15 days.
The average Particulate Matter dust parameters (PM10
and PM2.5) were 12.9 and 6.8 µg/m3, respectively. After
integration of all stages, the total 137Cs average
concentration was 0.22 µBq/m3. All samples were
measured on a well-type detector installed in the
underground measurement laboratory of Modane (LSM)
dedicated to ultra-trace levels.
The activity deposited on the backup filter
represented 43% of the total airborne activity. This is
rather surprising since it is usually considered that most
of the 137Cs in the atmosphere comes from resuspension
that produces coarse particles. Apart from the backup
filter the rest of the distribution shows an increasing
trend with the aerosol diameter. Computation of the
Activity Median aerodynamic Diameter gave 0.94 µm.
The coarse fraction (i.e. > 7.2 µm) represents only14%
of the total 137Cs activity. In spring, many plants are
emitting pollens thus a deeper insight onto the aerosol
type and content remains to be investigated to check for
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Figure 1. 137Cs size distribution
Reference size distributions for naturally occurring
radionuclides such as 7Be, 40K, 22Na, 228Ac, 234Th and
210
Pb will be also presented.
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A preliminary research of pollution characteristics and health risk
Assessment of typical heavy metal in PM2.5 in 24 Chinese cities
Wenjie Zhang1,2, Chen Xie1, Zhipeng Bai1,2, Wen Yang1, Wan Wang1, Xueyan Zhao1
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Abstract: It is known that the heavy metal compounds carried by fine particles (PM2.5) have
negative effects to human health after they entered human body. We summarize the mass
concentration data of heavy metal compounds carried by PM2.5 in multiple cities from 2003 to
2014. The evaluation of heavy metal pollution levels in urban fine particles and the human health
risk assessment are based on these data. Geological cumulative index and U.S. EPA recommended
health risk assessment were applied. The result showed that the heavy metal PM2.5 carried
polluted heavily, and had both carcinogenic and non-carcinogenic risks to human. The result based
on pollution level and health risk assessment showed that cadmium, lead, zinc, manganese and
chromium are the priority control metals.

Fig 1 Carcinogenic risk level distribution of the examined 24 cities

Keywords: Heavy metal; pollution characteristics; geological cumulative index; health risk
assessment
Acknowledgement: National public welfare project for environment ”Researches on pollution levels, transport
and limit of atmospheric heavy metals”(201409022)
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Aerosol physical-chemical properties in Southern West Africa: Recent findings using the
SAFIRE ATR42 aircraft within the DACCIWA project
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As part of the Dynamics-Aerosol-Chemistry-Cloud
Interactions in West Africa (DACCIWA) project,
airborne campaigns were designed to measure a large
range of atmospheric constituents focusing on improve
our current understanding on the effect of anthropogenic
emissions on regional climate (Knippertz et al., 2015a).
The targeted region, Southern West Africa (Fig. 1), holds
currently a population of over 340 million people, and is
predicted by the United Nations to reach about 800
million by 2050.
The climate in the region is characterized by largescale atmospheric circulation system which controls
precipitation over a land area of about 6 million km2,
directly impacting the water resources, agriculture and
power generation of hundreds of millions of people.
Besides its large natural variability, the West African
monsoon system is also expected to be significantly
affected by global and regional climate change, with large
uncertainties on the role of local pollution (Booth et al.,
2012; Knippertz et al., 2015b).
This work details results of the DACCIWA
measurement campaign using the French aircraft SAFIRE
ATR42, which in combination to German and British
research aircraft, aim to characterize physical chemical
properties of aerosols in the region using a suite of
measurement techniques (e.g. C-TOF AMS, APITOF,
SMPS, etc.) with supporting information from trace gases
(e.g. PTRMS).

Among the goals of the campaign is to better understand
aerosol sources (primary/secondary formation) and its
role on cloud formation and development. The recently
collected data will certainly aid understanding the
coupling between human activities and regional climate
in a sensitive, highly populated area.

Booth, B. B. B., Dunstone, N. J., Halloran, P. R., Andrews, T.
and Bellouin, N.: Aerosols implicated as a prime driver of
twentieth-century North Atlantic climate variability., Nature,
484(7393), 228–32, doi:10.1038/nature10946, 2012.
Knippertz, P., Coe, H., Chiu, J. C., Evans, M. J., Fink, A. H.,
Kalthoff, N., Liousse, C., Mari, C., Allan, R. P., Brooks, B.,
Danour, S., Flamant, C., Jegede, O. O., Lohou, F. and
Marsham, J. H.: The dacciwa project: Dynamics-aerosolchemistry-cloud interactions in West Africa, Bull. Am.
Meteorol. Soc., 96(9), 1451–1460, doi:10.1175/BAMS-D-1400108.1, 2015a.
Knippertz, P., Evans, M. J., Field, P. R., Fink, A. H., Liousse,
C. and Marsham, J. H.: The possible role of local air pollution
in climate change in West Africa, Nat. Clim. Chang., 5(9),
815–822, doi:10.1038/nclimate2727, 2015b.

Figure 1. Geographical overview of the DACCIWA study area in southern West Africa highlighted in blue. Black stars
mark the three DACCIWA supersites at Kumasi, Ghana; Savé, Benin; and Ile-Ife, Nigeria. Red dots mark synoptic
weather stations. Reproduction from Knippertz et al. (2015a).
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Toxic semivolatile substances (PAHs, their nitro and oxy derivatives, brominated flame
retardants) in ambient particulate matter in the inner tropics, India: Gas-particle partitioning and wash-out by monsoon rains
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The carriers of aerosol samples' toxicity (molecular
level) are still unknown. Mutagenicity of PM is linked to
polycyclic aromatic hydrocarbon (PAH) content (e.g.,
Vu et al., 2012) and up to 20% or so of the toxic equivalent is attributable to nitro-PAHs (NPAHs; Albinet et al.,
2008). Many halogenated compounds bioaccumulate
along food chains to toxic levels.
For most lipophilic semivolatile organic compounds,
wet deposition is dominated by wet scavenging of the
particulate mass fraction. In temperate climates typically
only a few percent or less of the airborne PAHs are
washed out during a precipitation event (Škrdlíková et
al., 2011; Shahpoury et al., 2015). The efficiency of
transfer of airborne semivolatile organics by precipitation in the tropics has hardly ever been studied.
High-volume air sampling (on quartz fibre filter and
in polyurethane foam plugs) and rainwater sampling
was conducted 100 km inland at a rural mountain site,
Munnar (10.09°N/77.07°E, 1600 m a.s.l.,), before, during and after the onset of the southwest monsoon 2014.
Air masses were advected across India and the Arabian
Sea before, and across the Indian Ocean and the Arabian
Sea after onset.
Analysis of PAHs, their derivatives and polybrominated diphenyl ethers (PBDEs) was by GC-MS/MS in AP
mode, of hexabromocyclododecane (HBCD) by LCMS/MS (negative EI mode).
Mean particulate Σ27PAH, Σ13NPAH and Σ9OPAH
concentrations were 17.6, 0.37 and 0.37 ng m-3, respectively, and the mean particulate mass fractions, θ = cp /
(cp + cg), were 0.21(0.00-1.00 for individual species),
0.29(0.00-1.00) and 0.33(0.00-0.59), respectively. Mean
particulate Σ9PBDE and Σ3HBCD concentrations were
8.3 pg m-3 (θ = 0.33) and 0.023 pg m-3 (θ = 0.05), respectively. PBDEs were dominated by BDE209 (not quantified) and HBCD by γ-HBCD. Molecular processes determining gas-particle partitioning (GPP) were investigated using GPP models, such as pp-LFER.
The substance patterns in the aerosol gas and particulate, and the rainwater dissolved and particulate phases
differed largely (Fig. 1). Mean PAH, NPAH and OPAH
particle scavenging ratios, Wp = 103 crwp/cp, were 1.3(0.850)×103, 0 and 23(0-3540)×103, respectively. Wt of
PBDEs and HBCD isomers ranged (90-4540)×103.

Figure 1. Mean PAH (above) and brominated substances
(below) substance patterns in the aerosol particulate
phase and in rainwater (values <LOQ replaced by
LOD/2).
We thank Tabish U. Ansari, Aswathy Valsan (IIT) and
Roman Prokeš (MU) for on-site support. Research supported by the Max Planck Society, the India Dept. of
Science and Technology and the Czech Ministry of Education.
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Shahpoury, P., Lammel, G., Holubová Šmejkalová, A.,
Klánová, J., Přibylová, P. and Váňa, M. (2015) Atmos. Chem. Phys. 15, 1795-1805.
Škrdlíková, L., Landlová, L., Klánová, J. and Lammel,
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Insights into the seasonal variations, meteorological effects, and source characteristics of
aerosol particle composition in Yangtze River Delta (YRD) region, China
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ACSM OA mass spectra revealed four key OA
factors: hydrocarbon-like mixed with cooking
related OA (HOA + COA); fresh biomass burning
OA (BBOA); oxidized biomass burning-influenced
OA (OOA-BB); and highly oxidized OA (OOA).
The diurnal distribution of the OA consistently
displayed pronounced peaks during the afternoon
periods, reflecting a significant contribution of
secondary PM formation. Both emissions and
meteorological variations dominated the long-term
PM concentration trend, while in the short term
concentrations meteorological factors played a
more dominant role. Analysis from air mass backtrajectory indicated that the high pollutant
concentrations were linked to the air masses from
the western or southern (summer and autumn
harvest) and northwestearn (winter season) areas.
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With the fast development both in economic and
industrial activities in the last ten (10) years, many
large cities in mid-eastern areas of China are
experiencing
increased
haze
events
and
atmospheric pollution, which have caused
signiﬁcant impacts on the regional environment,
human health and even climate. Extreme haze
episodes have repeatedly shrouded the Yangtze
River Delta (YRD) region particularly during the
year 2013. Atmospheric submicron particulate
matter (PM1) is one of the most significant
pollution components known to be responsible for
this dramatic events. Despite its current popularity
in the studies of aerosol chemistry, the
characteristics, sources and evolution of
atmospheric PM1 species are still poorly
understood in YRD, China, particularly for the
harvest, winter and summer seasons.
To better understand these extreme events, we
conducted real-time measurements of PM1 species
(sulfate, nitrate, ammonium, chloride and organics)
in Nanjing using an Aerodyne Aerosol Chemical
Speciation Monitor for one (1) continuous year,
from January to December 2013.The study after a
careful synthetic analysis found the following; a
remarkable seasonal variability of PM1 and its
composition with the highest occurrence during the
winter season and the lowest at summer. However,
with enhanced contributions from open biomass
burning, abundantly high PM1 species were also
recorded in the late-spring and autumn, respectively;
secondary species, including organics, sulfate,
nitrate and ammonium were the major constituents
of PM1, with special dominance by organic fraction
and nitrate; the severe winter haze was driven by
stable synoptic meteorological conditions over
YRD, and not just only by the increase in
anthropogenic emissions. In addition, we found that
the lowest and highest PM1 often occurs in the
afternoon and evening hours, respectively, which is
attributed to the daily variations in the boundary
layer depth and anthropogenic emissions. Also the
positive matrix factorization (PMF) analysis of the
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Figure 1. Characteristics of the monthly average (a) mass
concentration and (b) mass fraction of atmospheric PM1
in Yangtze River Delta (YRD) region.
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Figure 2. Seasonal variations of the PM1 chemical
components and organic sources in Yangtze River Delta
(YRD) region.
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5-year continuous on-line monitoring of the submicron aerosol chemical composition at
the SIRTA-LSCE ACTRIS supersite (Paris area, France)
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1

BC/sulphate ratio, underlining the importance of
transported secondary particulate matter (Petit et al.,
2015).
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Long-term detailled investigations of atmospheric
pollutants are required to better evaluate and tackle their
health and radiative impacts. To do so, the European
ACTRIS community have been putting strong efforts to
build up a committed research network of advanced
monitoring stations since 2011. The SIRTA-LSCE,
located 25 km South-West of Paris city centre, has been
one of the first station of this network being equipped with
a comprehensive set of on-line instruments allowing the
real-time measurement of physical and chemical
properties of submicron aerosols (PM1). They notably
include the recently developped Aerosol Chemical
Speciation Monitor (ACSM, Aerodyne Research Inc.)
(Ng et al., 2011), and a 7-wavelength aethalometer.
Together, both instruments provide an unique opportunity
to document diurnal, seasonal and interannual variations
of the PM1 chemical components in one of the most
populated urban area in Northern Europe.
Measurements obtained with the ACSM from mid2011 to 2015 allow a thorough description of the
seasonality of the non-refractory PM1 chemical
composition (Fig. 1). Wind and air-mass trajectory
analyses have also been performed to refine the
understanding of their geographical origins, illustrating
the duality between local emissions and long-range
transport influences. Moreover, their seasonallydifferentiated weekly diurnal profiles is helping to better
identify main parameters controlling their temporal
variations (sources, meteorological parameters). Finally,
the investigation of major pollution episodes indicates
various (trans-) formation processes, as different types of
particulate pollution occurred.
Among results obtained so far, ammonium
sulphate shows a clear advected pattern, whereas
ammonium nitrate also exhibits a significant contribution
of regional and local emissions. Organic matter (OM)
highest concentrations are observed to be associated with
local emissions, while regional background remaining
significant, especially in spring and summer. Similarly to
OM, the wintertime wood burning-related black carbon
(BCwb) concentrations have a rather local origin, and other
seasons don’t exhibit significant BCwb levels. Fossil fuelrelated BC (BCff) shows a clear local origin, as well as
contribution from Paris. Significant discrepancies are
observed within pollution episodes, which could be
associated with atmospheric regimes. For instance, the
Scandinavian Blocking regimes in winter may induce
strong temperature inversion where local emissions
accumulate within the boundary layer, while the Atlantic
Ridge regime is generally associated with low

Chloride

Figure 1. Interannual and seasonal variations of the nonrefractory PM1 mass loadings (a) and mass fraction (b).
Uncertainty bars represent the standard deviation (SD).
This work has notably been supported by the FP7
ACTRIS and H2020 ACTRIS2 projects, the DIM-R2DS
program, as well as by the French Ministry of
Environment (MEEM) and the Reference laboratory for
air quality monitoring (LCSQA). Y. Z. acknowledges the
PhD Scholarship from the China Scholarship Council
(CSC).
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The intense PM pollution episode in France during March 2015: multi-site approach
and near real time data
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The understanding of atmospheric particulate pollution
represents one of the most important scientific
challenges of our time, due various effects on climate
and public health. These impacts are regularly
highlighted during pollution episode occurring in
densely urbanized areas. In Northern Europe, and more
particularly in France, most intense and persistent
episodes usually occur during spring, and are
characterized by a large-scale pattern, covering most of
the territory. Specific episodes are generally investigated
from a single measurement point, describing the synergy
between
sources,
chemical
composition
and
meteorological conditions over a local to a regional
scale. In this context, the development of aerosol mass
spectrometry measurements greatly improved our
knowledge of pollution (trans-)formation. Yet, this
approach conceptually fails to get the bigger picture of
large-scale
pollution
episodes,
as
multi-site
characterization is needed.
The presented work focuses on the investigation
of the intense PM pollution episode that occurred in
March 2015 from multi-site observations and near real
time data. Aerosol Chemical Speciation Monitor
(ACSM, Ng et al., 2011) and 7-wavelength aethalometer
(AE33, Drinovec et al., 2015) measurements were
carried out in Lyon, Metz, Creil and at SIRTA (Fig. 1).

Figure 1. Localisation of sampling sites.
Results
A climatology approach showed that this episode
is associated at all sites with clear rain shortage
compared to normal values. When looking back until
2007, unusually high PM concentrations are always
associated to pronounced rain shortage. If this trend
become confirmed, this could be an illustration of the

regional impact of climate change, and its link with air
quality issues.
Despite a clear dominance of secondary species,
singularities from site to site are observed (Fig. 2).
Indeed, while high amplitudes are observed in the Paris
Basin, concentrations stayed fairly stable in Lyon and
Metz, highlighting different transformation processes
linked to different meteorology.

Figure 2. Chemical composition timeseries at all 4 sites.
Combined with cluster analysis, the statistical
distribution of BC/SO4 values confirms the rather
advected pattern of the episode at all sites. It also shows
that absolute values are geographically specific,
especially regarding the intensity of BC emissions. Then,
trajectory analyses highlighted that despite this
demonstrated advected pattern, the Paris Basin, Metz
and Lyon are influenced by different long-range
emission zones, and thus potentially different sources.
This is of primarily importance to settle mitigation
policies, coordinated over large geographical scales.
Finally, real time data are a unique opportunity to
evaluate model performance. Simulated PM1 chemical
composition by CHIMERE shows satisfying consistency
for secondary pollutants, but exhibits high discrepancies
for OM and BC, underlining the need of refined
emission inventories and/or emission factors.
Drinovec, L., Mocnik, G., Zotter, P. et al. (2015) Atmos.
Meas. Tech., 8, 1965-1979.
Ng, N.L., Herdon, S.C., Trimborn, A. et al. (2011)
Aerosol Sci. Technol., 45, 780-794.
Petit, J.-E., Favez, O., Sciare, J. et al. (2015) Atmos.
Chem. Phys., 15, 2985-3005
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The effect of pine weevils on VOC emissions from Scots pine saplings
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A large variety of volatile organic compounds (VOCs)
are emitted into the atmosphere by plants (Guenther et
al., 1995). The emission rates and chemical composition
of VOCs released from vegetation are affected by biotic
and abiotic stress factors (Holopainen and Gershenzon,
2010). One class of VOCs, called herbivore induced
plant volatiles (HIPVs), are produced by plants in
response to herbivory. One of the primary functions of
HIPVs is to provide plants with direct and indirect
protection against herbivores. Some of HIPV emissions
can be produced also by intact plants with lower
quantities.
The aim of this study was to measure and
quantitatively describe HIPV emission dynamics from
Scots Pine (Pinus sylvestris) after Scots pine saplings
were exposed to bark borer herbivory. Moreover, the
formation of secondary organic aerosols (SOAs) caused
by emitted VOCs was studied using a flow tube reactor.
To study HIPV emission dynamics, 7-year old
Scots pine saplings were exposed to four bark feedingpine weevils (Hylobius abietis) in the laboratory for two
days. Each experiment (4 experiments in total) involved
two trees each, one control and one treatment tree. Each
tree was placed inside a 40 x 100 cm Teflon® bags, and
purified air was continuously flushed through the bags at
a flow rate of 3.0-4.0 l min-1. VOCs emitted by Scots
pine were fed into a flow tube reactor in order to study
SOA formation under photochemical oxidation.
The emissions from both trees were continuously
measured by proton-transfer-reaction time-of-flight mass
spectrometry (PTR-ToF-MS) using an automated valve
switching system. PTR-ToF-MS enables rapid and
continuous monitoring of plant emissions before and
after herbivore damage. To supplement PTR-ToF-MS
measurements, cartridge samples were collected twice
per day, and analysed offline via thermodesorption- gas
chromatography- mass spectrometry (TD-GC-MS).
Before the tree was exposed on herbivores, its baseline
VOC emission rates were measured for several days.
After pine weevils were removed, post-treatment period
was monitored for 3-14 days to see how long the
emissions remained elevated. High resolution- aerosol
mass spectrometer (HR-AMS), and scanning mobility
particle sizer (SMPS) were used to monitor SOA
formation.
Results
The results showed that the most dramatic change
in emissions caused by bark-feeding pine weevils was

observed for monoterpene emissions (Figure 1). Pine
weevils did have an effect on other compounds, like
sesquiterpenes, as well, but a lesser extent. During each
experiment pine weevil feeding led to at least a 50-fold
increase in monoterpene concentration, and emissions
remained elevated for several days. GC-MS analysis
showed that many different monoterpenes and
sesquiterpenes were emitted by Scots pines with
different quantities.

Figure 1. The change in concentration of monoterpenes
due to pine weevil feeding during one of the
experiments, monitored by PTR-ToF-MS. At time 0 the
treatment was started.
The results demonstrate that bark feeding-pine
weevils had a large impact on VOC emissions from
Scots pine, and especially for monoterpenes. The results
also illustrate that it took days before the tree recovered
from the herbivore damage after pine weevils were
removed. Moreover, the clear increase in SOA was
observed after Scots pine was damaged by pine weevils.
These results clearly show that herbivores have a
significant effect on plant VOC emissions, and suggest
that herbivore outbreaks could impact climate by
influencing of new secondary organic aerosol precursors
emitted by vegetation.
This work was supported by The Academy of Finland
Centre of Excellence (grant no 272041), European
Research Council (ERC Starting Grant 335478), and
University of Eastern Finland Doctoral Program in
Environmental Physics, Health and Biology.
Holopainen, J.K. and Gershenzon, J. (2010) Trends in
Plant Science, 15, 176-184.
Guenther, A. et al. (1995) J. Geophys. Res., 100, 88738892.
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Atmospheric aerosols play a central role in both air quality
and climate change. However, the evaluation of aerosol
radiative forcing is still one of the greatest uncertainties in
predicting future climate (IPCC, 2013). It is therefore
crucial to better assess aerosol sources and related
processes. At a global scale, New Particle Formation
(NPF) is one of the most important aerosol sources, which
could represent half of the Cloud Condensation Nuclei
(CCN) rate (Merikanto et al., 2009). Several studies have
observed NPF, over rural as well as urban areas, mostly
during daytime, related to photochemical processes
(Kulmala et al., 2004). But, only a few studies have
reported nocturnal NPF (Lee et al., 2008). The origin of
these nocturnal events remains sparse, mostly due to the
lack of investigations. In addition, the role of biogenic
volatile organic compounds (BVOCs) in NPF is still not
clearly understood, even if recent advances (Riccobono et
al., 2014) were proposed. Hence, new studies about NPF
and their link with BVOCs are of great interest, especially
in locations still poorly investigated.
The Landes forest, located in southwestern France, is one
of the largest monospecific forest in Europe (~1 million
ha) and composed of 95% of maritime pines (pinus
pinaster), a large monoterpene emitter, mainly α- and βpinene, two well-known SOA precursors. Flat, with few
anthropogenic inputs, under the direct influence of the
Atlantic Ocean with strong photochemical periods, this
forest may be considered as an “open-air laboratory”.
Hence, the Landes forest appears to be one of the best
suitable ecosystem to investigate NPF related to BVOCs
emissions.
This work is a part of the LANDEX coordinated project,
aiming to assess the formation and fate of Secondary
Organic Aerosols (SOA) generated from the French
Landes forest. To achieve this goal, two preliminary field
campaigns have been conducted in summer 2014 and
2015, in order to explore SOA related photochemistry and
NPF in this forest. During both campaigns, BVOCs and
their corresponding oxidation products were measured in
the gas phase using online GC-FID and PTR-TOF-MS.
Ozone, nitrogen oxides (NOx) and sulfur dioxide were
also monitored. Aerosol size distribution and
concentration were measured with a SMPS, whereas
quartz fiber filter daily collected particles for off-line
chemical analysis. Local meteorology (T, P, RH, solar
radiations, wind speed and direction) were characterized,
and completed by air mass backward trajectory
calculations. The physiologic state of the ecosystem has
been evaluated through latent and sensible heat fluxes and
CO2 flux measurements. Ozone deposition was also

measured, including its potential reactivity with very
reactive BVOCs.
During both preliminary campaigns, night-time NPF have
been observed at high frequency rates. Through this
presentation, we will focus on the 2015 field campaign,
which took place during a strong hydric stress period. This
period presented the highest NPF frequency rate (56%)
with extremely high monoterpene concentrations. Gas
phase oxidation products such as nopinone and
pinonaldehyde have been successfully identified thanks to
the PTR-TOF-MS. In-canopy monoterpene reactivity
with ozone will be discussed in light to nocturnal NPF
observation, to assess its potential contribution. Finally,
the effect of hydric stress on nocturnal NPF, in the context
of global warming, will be evaluated.
This work was supported by the French Agency for
Environment and Energy Management (ADEME), the
NEEDS research program, the CNRS-INSU LEFE-CHAT
program and thanks to the PEPS-IDEX Bordeaux
initiative.
IPCC. (2014). Climate Change 2014: Synthesis Report.
Geneva, Switzerland, 151 pp.
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Lauri, A., Kerminen, V.-M., Birmili, W.,
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8601–8616.
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Spracklen, D.V., Stozhkov, Y., Stratmann, F., Tome,
A., Tsagkogeorgas, G., Vaattovaara, P., Viisanen, Y.,
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Wimmer, D., Carslaw, K.S., Curtius, J., Donahue,
N.M., Kirkby, J., Kulmala, M., Worsnop, D.R.,
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functional groups. A second-generation aerosol mass
yield was defined to quantify the aging effects. Potential
hydrolysis effects of organonitrate compounds were also
explored by performing experiments at low and high
RH.
1st HONO

6

2nd HONO

5

-3

Secondary organic aerosol (SOA) is produced by the
transfer of the lower volatility oxidation products of
volatile, intermediate volatility, and semi-volatile
organic compounds (VOCs) to the particulate phase.
SOA may contribute up to 70% to the total aerosol
organic carbon mass (Hallquist et al., 2009) and most of
it in a global scale is believed to be due to the oxidation
of biogenic VOCs. Secondary organic aerosol (SOA)
formation from volatile organic compounds in the
atmosphere can be thought of as a succession of
oxidation steps. The production of later-generation SOA
via continued oxidation of the first-generation products
is defined as chemical aging. Previous studies have
explored various forms of aging, including
heterogeneous reactions of oxidants and aerosol
particles, oligomerization, photolysis of either gas or
condensed-phase products, and homogeneous gas-phase
oxidation by OH (Donahue et al., 2012). Homogeneous
gas-phase oxidation reactions appear to be in general
much faster than heterogeneous reactions, due to
diffusion limitations of the latter. The first-generation
oxidation reactions of most SOA precursors convert
much less than 50% of the precursor to SOA, leaving
more than half of the carbon still in the gas-phase.
Additional oxidation of these vapors can potentially
contribute additional and more oxygenated SOA
components. These later generation reactions have been
proposed to be a major missing step connecting chamber
studies to field measurements (Donahue et al., 2012).
Our work investigates the hypothesis that while
first-generation monoterpene SOA mass yields are
generally lower at high-NOx (largely because formation
of organonitrates terminates oxidation sequences), latergeneration (aging) SOA formation could be enhanced.
This could be due to three reasons: increased radical
cycling, less fragmentation of later-generation SOA
products, and reduced photolysis of SOA species.
A series of experiments was conducted in the
environmental simulation chambers of Carnegie Mellon
University and of FORTH in Greece. SOA was first
formed through reaction of alpha-pinene and ozone
under low and high NOx conditions respectively. During
the second step, the first-generation products were
allowed to react further with hydroxyl radicals (OH)
generated via H2O2 and HNO2 photo-dissociation. The
SOA was characterized by a High-Resolution Time-ofFlight Aerosol Mass Spectrometer (HR-AMS).
Attenuated total reflectance (ATR-FTIR) was also
employed to identify and quantify organonitrate
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Figure 1. AMS-measured mass concentrations for both
organics and sulfate for a typical aging experiment. αpinene was added into the chamber at time 0. The grey
and white backgrounds indicate UV lights off or on in
the chamber. The dashed lines indicate the two times
when HONO were added.
The results from our chamber experiments show that the
first-generation products from α-pinene ozonolysis age
with OH. Additional SOA was formed and a more
oxygenated product distribution was observed. These
increases in SOA yields and O:C for the different
conditions will be discussed.
Acknowledgement: This work was supported by the
European Research Council Project ATMOPACS
(Atmospheric Organic Particulate Matter, Air Quality
and Climate Change Studies) (Grant Agreement 267099)
and the US Environmental Protection Agency (STAR
program).
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Atmospheric aerosol impacts the climate system by
absorbing and scattering light (direct aerosol effect) and
by serving as cloud condensation nuclei (indirect aerosol
effect). Furthermore, high atmospheric aerosol loadings
are detrimental for human health.
Organic Aerosol (OA) makes up a major fraction
of total aerosol loading. OA can either be emitted
directly from the earth surface (primary OA; POA) or
can be formed by oxidation processes in the atmosphere
(secondary OA; SOA). SOA contributes up to 80% of
total OA on a global scale. However, the formation
pathways of SOA remain not fully understood. Hence,
systematic studies with different SOA precursors are
essential for a better process understanding.
Thus far, one of the most challenging tasks has
been the determination of the fraction of SOA formed
from biogenic precursors (BSOA) such as plant
emissions compared to the fraction of SOA formed from
anthropogenic precursors (ASOA) such as gaseous
emissions from road traffic and other combustion
processes.
Here we use one isotopic labelled precursor to
distinguish ASOA and BSOA in chamber studies. The
Aerodyne Aerosol Mass Spectrometry (AMS) was
applied on aerosol samples produced by oxidation of
anthropogenic and biogenic precursors in the Jülich
atmosphere simulation chamber SAPHIR. Real plant
emissions from the new SAPHIR+ plant chamber
(Hohaus et al, 2016) as biogenic precursors together with
fully deuterated benzene (benzene-d6) were introduced
into the SAPHIR chamber. Oxidation of the precursors
was driven by the OH radical which was photochemically produced from HONO decomposition by
natural sunlight in the SAPHIR chamber (Rohrer et al,
2005).
In general the mass defect of D versus H is
smaller than the resolving power of the AMS. Thus,
peaks from deuterated fragments cannot be fully
resolved from peaks of non deuterated fragments at most
m/z. Nevertheless a subset of 20 peaks which are not
overlapping with peaks from non-deuterated organic
fragments could be identified. These peaks include
oxygenized and nonoxygenized fragments as well as
fragments with odd and even mass to charge ratios and
can act as “marker” peaks since the ratio of these peaks
to the total organic mass is constant throughout the
experiment.

Figure 1 shows a typical time series of an
experiment. After complete degradation of the biogenic
precursors, benzene-d6 was added to the chamber. The
hereafter evolving SOA mass can be fully explained by
the anthropogenic system.
Experiments were performed in different
sequences of adding anthropogenic and biogenic
precursors and under both low NOx and high NOx
conditions in order to simulate realistic anthropogenic
mixing scenarios and to test for different cross influences
of the anthropogenic and biogenic precursors.
This study exhibits new insights in SOA
chemistry and provides a tool to investigate interactions
between anthropogenic and biogenic SOA precursors in
different oxidation regimes.

Figure 1. Time series of gaseous precursors (PTR-MS)
and produced SOA (AMS) from a mixed SAPHIR
experiment using pinus sylvestris emissions as BVOC.
BVOC and benzene-d6 concentrations were chosen to
reach about the same OH reactivity. Yellow background
indicates photo oxidation period.
Hohaus, T., Kuhn, U., Andres, S., Kaminski, M., Rohrer,
F., Tillmann, R., Wahner, A., Wegener, R., Yu, Z., and
Kiendler-Scharr, A. (2015) A new plant chamber facility
PLUS coupled to the atmospheric simulation chamber
SAPHIR, Atmos. Meas. Tech. Discuss., 8, 11779-11816
Rohrer, F; B. Bohn; T. Brauers; D. Brüning; F.-J.
Johnen; A. Wahner and J. Kleffmann (2005)
Characterisation of the photolytic HONO-source in the
atmosphere simulation chamber SAPHIR Atmos. Chem.
Phys., 5, 2189–2201
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Radiocarbon (14C) measurements with accelerator mass
spectrometry can apportion emissions of carbonaceous
aerosols into fossil and non-fossil sources (Szidat, 2009).
This speciation relies on the principle that 14C is extinct
in fossil substances, whereas it is on the contemporary
level for modern materials. The technique constitutes an
unambiguous tool, since the intrinsic 14C of the aerosol
will not be affected by complex chemical
transformations in atmosphere, such as it occurs for the
formation of secondary organic aerosol (SOA) (Zotter et
al., 2014). Our laboratory developed a separation method
for the direct determination of 14C in organic carbon
(OC) and elemental carbon (EC) using a thermal-optical
transmittance (TOT) protocol with a Sunset OC/EC
analyzer (Zhang et al., 2012).
Although this procedure is very helpful for
emission apportionment of OC and EC, it cannot provide
information on sources of sub-fractions, such as OC of
different chemical stability or volatility, which are of
large importance for the study of fossil vs. non-fossil
precursors of secondary organic aerosol (SOA). As
peaks of sub-fractions separated with a modified thermal
ramp of the Sunset OC/EC analyzer appear too close to
each other, an interface was required that injects the
carbon dioxide in real-time mode into the 14C accelerator
mass spectrometer (Figure 1). This setup allows online
radiocarbon analysis of the carbon dioxide evolving
from the TOT instrument (Agrios et al., 2015).

B

In this analysis, OC was further split thermally into four
fractions. The semi-volatility OC fraction (evolving at
200 °C in pure oxygen) is characterized by a lower 14C
value with an increasing trend towards the lower
volatility OC fractions at 260-375 °C, which in turn do
not show any significant 14C trend with temperature.
This indicates that the OC with the highest volatility
originates from more pronounced fossil sources than the
lower volatility OC.
A similar behaviour was observed earlier by
comparison of 14C measurements of total OC with
aerosol mass spectrometry for Los Angeles (Zotter et al.,
2014). Here, the semivolatile oxygenated organic aerosol
associated with fresh SOA showed a substantially more
fossil signal than the low-volatility oxygenated organic
aerosol from the regional background. Online TOT-14C
analysis is advantageous compared to the previous
method, as it allows even the study of sub-fractions of
OC. Therefore, it may become a new analytical tool to
apportion fossil and non-fossil precursor gases of fresh
and altered SOA in combination with other techniques
like aerosol mass spectrometry.
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Figure 1. The technical scheme for continuous-flow
online TOT-14C measurements (Agrios et al., 2015).
Figure 2 presents the real-time radiocarbon
analysis of an aerosol filter from an urban background
site in Zurich during winter to demonstrate the potential
of the performance of the interface (Agrios et al., 2016).

Figure 2. Continuous-flow TOT-14C analysis of OC subfractions evolving at 200, 260, 300 and 375 °C for an
urban background aerosol from Zurich for 28/01/2009
(Agrios et al., 2016).
Agrios, K., et al. (2015) Nucl. Instrum. Meth. Phys. Res.
B 361, 288-293.
Agrios, K., Salazar, G., and Szidat, S. (2016)
Radiocarbon, submitted.
Szidat, S. (2009) Chimia 63, 157-161.
Zhang, Y.L., et al. (2012) Atmos. Chem. Phys. 12,
10841-10856.
Zotter, P., et al. (2014) J. Geophys. Res. 119, 6818-6835.
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The formation of secondary organic aerosol (SOA) via
reactions occurring in hydrated aerosol and cloud droplets is estimated to be of a similar magnitude to that
formed by gas phase reactions (Ervens et al., 2011).
However, SOA formation by this pathway is poorly
understood so far.
Within the CLOUD (Cosmics Leaving OUtdoor
Droplets) project, the formation of SOA from the ozone
initiated oxidation of isoprene was investigated. Aerosol
growth was studied at high relative humidities (RH ≈ 80
- 95 %) as well as during cloud cycles (droplets were
formed by adiabatically reducing chamber pressure);
results were compared with measurements performed at
an RH of 40%. Experiments were performed at temperatures between -10°C and 10°C, using both acidic (sulphuric acid) and partly to fully neutral (ammonium sulphate) seed aerosol, and varying the mixing ratio of NOx
in the chamber. Additional experiments without any seed
aerosols particles were performed by nucleating and
subsequently growing SOA particles.
Aerosol growth was measured using a scanning mobility
particle sizer (SMPS), and the chemical composition of
the particles was studied with an high-resolution aerosol
mass spectrometer (HR-AMS). The gas phase composition was determined with a proton transfer reaction time
of flight mass spectrometer (PTR-ToF-MS), a chemical
ionisation atmospheric pressure interface time of flight
(CI-APi-TOF) mass spectrometer and trace gas analysers
(for NOx, O3 and SO2).
Fig. 1 illustrates the change in dry particle size
distribution during a typical experiment. Steady aerosol
growth was observed during sub-saturated periods, with
more rapid, but partially reversible growth during cloud
periods.
Observed SOA yields will be presented for the
range of conditions studied, and the mechanisms behind
the observed aerosol growth will be discussed, contrasting high and low RH experiments.

Figure 1. Evolution of the dry particle size distribution
due to reactive uptake and condensation of isoprene
oxidation products within simulated clouds (pink) and
during periods with RH < 95 % (grey).
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A main process driving the formation of secondary
organic aerosols (SOAs) in the atmosphere is the
condensation of low volatility compounds produced by
the oxidative processes of intermediate volatility organic
compounds (IVOCs). To study these mechanisms, smog
chambers are widely used in the scientific community.
Most of these facilities are built with Teflon material.
However, several studies have reported vapor organic
losses occurring onto Teflon walls in significant amounts
and short timescales (e.g. Yeh and Ziemann, 2015;
Zhang et al, 2015). This gas uptake could compete with
gas-to-particle partitioning and thus is suspected to
modify the amount of SOA produced and its
composition as illustrated in Fig. 1.
Matsunaga and Ziemann (2010) characterized
wall losses in the smog chamber at the UC-Riverside Air
Pollution Research Center (APRC) and have suggested
that this process may be described as analogous to the
absorption of organic gaseous compounds into the
aerosol phase. During this last decade, this facility was
also used to study IVOC oxidative mechanisms and SOA
formation processes for a large set of linear, branched
and cyclic aliphatic hydrocarbons (Ziemann, 2011) with
various carbon chain lengths.

Figure 1. Schematic representation of gas/particle and
gas/wall mass transfers of a semi-volatile organic
compound (SVOC) produced during gaseous oxidation
of IVOC (adapted from La et al, 2016).
The Generator for Explicit Chemistry and
Kinetics of Organics in the Atmosphere (GECKO-A)
modeling tool (Aumont et al, 2005), describing

explicitly the SOA formation and the gas-to-wall
partitioning, was used here to simulated the APRC
Riverside experiments in order (1) to assess the
reliability of the GECKO-A model and (2) to explore the
impact of vapor wall losses on SOA formation.
The model/measurement comparisons show the
ability of GECKO-A to reproduce the influence of the
molecular structure of the precursor on SOA formation.
Without taking into account vapor wall losses, simulated
results present a systematic overestimation of the
measured SOA yields. Adding gas/wall partitioning into
the model decreases the simulated SOA yields by as
much as a factor 2 providing a better agreement with the
observations. The gas/wall partitioning of organic
compounds also affects the SOA chemical composition.
Results clearly suggest that gas/wall partitioning is a
major process influencing SOA production and
composition in Teflon chambers (La et al, 2016).
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High-NOx photooxidation of n-dodecane: Influence of temperature and relative
humidity on secondary organic aerosol formation.
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Our current knowledge of oxidation pathways and
chemical composition of the secondary organic aerosol
(SOA) is limited and poorly understood considering the
difficulty of the chemical transport model (CTM) to
predict the organic aerosol mass in the atmosphere (Heald
et al., 2011). It leads to a lack of precision in the
estimation of the impact on climate and air quality of the
atmospheric aerosols.
In this context, the aim of this work is to study SOA
formation from oxidation of precursors such as long chain
alkanes which represent a substantial fraction of the
unresolved complex mixture in diesel fuel (Gentner et al,
2012). Beside the fact that it represents a relevant class of
compound for the urban atmosphere, simple alkanes are
also very interesting model-molecule to investigate the
sensitivity to different reaction pathways of the organic
matter, i.e. fragmentation, functionalization or
oligomerization, during its atmospheric oxidation. The
project aims hence at building parameterization that
represents physical-chemical processes controlling SOA
formation from supposedly well-known precursor. Doing
so it will allow the testing of the hypothesis that fund
explicit models before their reduction in view of their
insertion in CTM models. In particular, the present work
assesses the effect of temperature (from 10 to 30°C) and
relative humidity (from <1 to 70%) on the high-NOx
photooxidation of n-dodecane.
The experiments were carried out in the CESAM chamber
(http://cesam.cnrs.fr) (Wang et al., 2011). It is a 4,2 m3
stainless steel chamber which permit to conduct
experiments at different temperature and relative
humidity, constant pressure and under a very realistic
actinic flux.
In each experiment, seed particles of ammonium sulfate
and n-dodecane were injected in the chamber together
with isopropyl nitrite (IPN) as OH source and allowed to
stabilize before irradiation. The gaseous phase was
analysed by a Proton Transfer Reaction Time of Flight
Mass Spectrometer (PTR-ToF-MS), an in situ Fourier
Transform Infrared Spectrometer (FTIR), NOx and O3
analysers. SOA formation was measured with a Scanning
Mobility Particle Sizer (SMPS). Figure 1 shows a typical
example of SOA formation during an OH initiated
oxidation experiment. The role of temperature and
relative humidity on SOA yields and products distribution
will be presented. Aside aerosol mass production, the
mechanism was also investigated by measuring SOA

composition after sampling on filter with a supercritical
fluid extraction technique coupled to gas chromatography
and mass spectrum (SFE-GC-MS). Mechanistic pathways
of the gaseous and particulate products will be proposed.

(a)

(b)

Figure 1. Typical experiment of OH oxidation of
dodecane at 30°C and <1% RH: (a) Time dependent
concentrations and aerosol mass, (b) comparison of PTRToF-MS mass spectra before irradiation (t=0h) and after
1 hour (t=1h).
This work was supported by the European Community
within the 7th Framework Program, section “Support for
Research Infrastructure – Integrated Infrastructure
Initiative”: EUROCHAMP-2 and also by the French
National Programme of Atmospheric Chemistry (PNLEFE CHAT). CNRS-INSU is acknowledged for
supporting the CESAM chamber as national instrument.
Heald, C. L et al. (2011). Atmos. Chem. Phys., 11, (24),
12673-12696.
Gentner, D. R et al. (2012). Proceedings of the National
Academy of Sciences, 109, (45), 18318-18323.
Wang, J., et al. (2011). Atmos. Measur. Tech., 4, 24652494.
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Dosimetry tools, approaches and applications for tobacco and next generation product testing
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Measuring dose at the exposure interface may allow the
comparison of biological data from different in vitro
exposure systems and different nicotine delivery
products (Figure 1). There are various in vitro exposure
systems available, many summarised in Thorne and
Adamson (2013). However, most of these commercially
available systems were originally designed and intended
for use with cigarettes only, well before e-cigarettes
became commonplace. These exposure systems can
easily be adapted to enable the assessment of new
products: e-cigarettes, tobacco heating products (THP)
or even medicinal nicotine inhalers. However, careful
characterisation of the generated aerosol is required (at
the point of generation and at the point of exposure) to
enable comparisons before conclusions of any associated
biological responses can be made.

Figure 1. The cigarette (3R4F, University of Kentucky)
and e-cigarette (Vype ePen)
Dosimetry tools and methods can assess many aspects of
the test article aerosol and provide important data to
confirm aerosol delivery in biological assay systems
showing partial or no biological response to exposure.
An example would be the direct mass measurement of
total deposited particles at the exposure interface, using a
quartz crystal microbalance (QCM) device (Adamson et
al. 2012). Another example of a dosimetry method
complementing QCMs is the quantification of a
chemical marker within the surface deposit (of a QCM
or a cell culture insert) identifying how much of a certain
chemical/compound is being exposed to cells in culture.
Nicotine quantification by UPLC-MS/MS (Jin et al.
2012) is a good example as it is common amongst the
inhalable products being assessed.
Diluted aerosols from a reference cigarette and a
commercially available e-cigarette (Figure 1) were
compared in two different commercially available in

vitro exposure systems: the Borgwaldt RM20S and the
Vitrocell VC 10. Aerosols were assessed at source
(generation), and deposited in vitro once diluted with air
(4 dilutions/machine), by the methods just cited. The
data show that the two exposure systems were able to
generate and deliver cigarette and e-cigarette aerosols
pre-dilution, with no statistically significant difference
between mean nicotine concentration from the same
product on different machines (Table 1).
Table 1. Mean cigarette (3R4F) and e-cigarette (ePen)
nicotine concentration at source on two machines
RM20S
(mg/puff)

VC 10
(mg/puff)

p-value

3R4F

0.171±0.055

0.193±0.055

0.124

ePen

0.049±0.006

0.053±0.012

0.088

Assessment of the diluted aerosol at the exposure
interface showed that on a per puff basis and at a
common dilution, nicotine delivery was much greater
from the cigarette than from the e-cigarette. On the
Borgwaldt RM20S system, QCM eluted nicotine ranged
2.5-16.8 ng/cm2/puff for the cigarette and 1.2-5.6
ng/cm2/puff for the e-cigarette. On the Vitrocell VC 10
system, nicotine concentration ranged 10.0-93.9
ng/cm2/puff for the cigarette and 4.0-12.3 ng/cm2/puff
for the e-cigarette. In contrast, the e-cigarette aerosol
deposited mass was greater than cigarette smoke mass on
both exposure systems. The RM20S produced deposited
mass ranging 0.1-0.5 µg/cm2/puff for cigarette and 0.10.9 µg/cm2/puff for e-cigarette; the VC 10 ranged 0.4-2.1
µg/cm2/puff for cigarette and 0.3-3.3 µg/cm2/puff for ecigarette. Ratios for nicotine:mass differ between a
cigarette and e-cigarette and this is to be expected based
on the average mass output per puff for each product.
Our data demonstrate that the aerosol generated from a
cigarette and e-cigarette using in vitro exposure systems
are delivered consistently to the exposure interface
despite compositional differences. It emphasises the
importance of understanding and characterising different
product aerosols using dosimetry tools prior to or in
parallel with biological testing.
Adamson J, Hughes S, Azzopardi D, McAughey J, Gaça M
(2012). Chem. Cent. J. 2012;6:98
Jin M, Earla R, Shah A, Earla RL, Gupte R, Mitra AK, Kumar
A, Kumar S (2012). J Neuroimmune Pharmacol.
2012;7(1):289–299
Thorne D, Adamson J (2013). Exp. Toxicol. Pathol.;65:1183–
1193
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In-vitro characterization of failure related emissions of small batteries
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The mechanical and thermal load on lithium ion batteries
can lead to battery failure and an uncontrolled relase of
thermal energy, vapors and aerosols. This can pose a
health risk to consumers which can be assessed by
detailed analsyis of the chemical compositions and/or
toxicological investigations of the emitted fumes.
Cells are punctured by the so-called nail
penetration test. A metallic nail intrudes into the battery
causing a short circuit initiating a cascade of exothermic
chemical reactions. The cell mantel is destroyed and
compounds of the cell material as well as reaction
products are released.
Figure 1. Destroyed cell after
nail test. Electrical charge at test
condition: 2.2Ah
The emissions are captured inside a 160 l box from
which samples are drawn for aerosol analysis as well as
for in-vitro exposure of human lung cells (A549). Gas
phase analysis was carried out by infrared spectroscopy
and gas chromatography. Particle emissions were
measured using the Respicon followed by analysis of
chemical elements of the filter deposits by plasma mass
spectroscopy. For cell treatment the P.R.I.T.® ExpoCube®
system allowing for exposure of air-lifted interface
cultures was used. The exposure was carried out in the
technical lab.

Figure 2. Experimental setup: Test chamber in the
rear, exposure unit and
flow control in the front.

Typical emissions resulting from the puncturing of a
completely charge battery consist of 3.3 kJ sensible heat,
6 l reaction gases and 700 mg respirable particles.
Hydrogen, water vapor, carbon dioxide and carbon
monoxide are the dominating compounds of the gas
phase. Further gases are the vaporized electrolyte and
combustion by-products. The particle emissions are
characterized by the elements cobalt, nickel, manganese
and lithium accounting for about one third of the total
mass.
Cell exposures were conducted over an exposure
period of 60 minutes using continuously sampling from
the aerosol box and concurring clean air and non-exposure
controls. Cells were analysed in an “acute toxicity” setup
with respect to changes in cellular viability and
interleukin secretion (IL-8) 24 hours after exposure.
In a first set of exposure experiments, aerosol from
failure related emissions of small batteries led to a clear
loss of cellular viability in a dose-dependent manner using
the native aerosol from the box. Within this clearly celltoxic dose-range IL-8 secretions from exposed cultures
also decreased with the applied doses from the aerosol.
Smoke aerosol from cigarettes was used in an equivalent
testing setup for a relative comparison of dose-related
effects. As a result, the toxic potential of aerosol from
failure related emissions of small batteries was classified
as similar or even more toxic as the mainstream aerosol
from burning cigarettes.
As a conclusion, it was possible to set up a
comprehensive experimental setup to conduct nail
penetration testing using small batteries and to
characterize the generated aerosols with respect to
physical, chemical and toxicology related parameters.
First results demonstrated a relevance for inhalation
related toxicology as given by the respirability of the
particulate phase of the generated emissions and a
relatively high in vitro toxicological potential in an acute
toxicity setting.
Correlated results from cell exposures and
physico-chemical properties will be used to elaborate a
strategy to draw conclusions with respect to safety
assessment approaches from this kind of experimental
data.
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Chronic lung diseases such as chronic obstructive
pulmonary disease (COPD), lung cancer, and asthma are
the second leading cause of death worldwide (WHO).
Currently, there is no causal cure for any of these
diseases. Hence, research in this field is expected to
intensify significantly in the upcoming years. In
addition, recent technological advances in inhalation
technology have provided efficient, breath-controlled
inhalation devices which are making inhaled drugs
increasingly more attractive not only for the treatment of
lung disease, but also for non-invasive systemic drug
delivery. Preclinical development of new drugs and
treatment strategies for inhalation therapy requires
efficient, dose-controlled, aerosolized drug delivery
systems for animal models. However, the preclinical
development of aerosolized drugs for inhalation therapy
is hampered by the lack of easy-to-use and yet efficient
in vivo aerosol inhalation devices for preclinical animal
models.
Especially for mice, the currently available
methods for pulmonary drug application are either
inefficient or not using (clinically relevant) nebulizers. In
this study a commercially available ventilation apparatus
for lung function measurement (Flexivent, Scireq Inc.,
Canada) was investigated for dose-controlled aerosol
delivery to the lungs of intratracheally intubated and
mechanically ventilated mice (intubated-ventilated
mice). For the first time this would combine diagnostics
of the disease state (lung function testing) and
aerosolized pulmonary drug delivery for a given mouse
using the same device.
The systematic experimental investigation of the
effects of seven different operational parameters (various
ventilation parameters, tubing length and various
nebulizer properties such as liquid output rate and
droplet size) on the aerosol dose delivered to the
intubation cannula revealed a wide range of aerosol
delivery efficiencies ranging from about 5% to 50% (of
invested amount of liquid) depending on operational
parameters. Our study also showed that the combined
effects of the seven different operational parameters on
cannula-delivered aerosol dose can be described by a
single characteristic parameter, the effective aerosol
density EAD (Figure 1). Hence, EAD allows both
prediction of the cannula-delivered aerosol dose
(proportional to EAD-2/3) and selection of the best
operational parameters for most efficient pulmonary
drug delivery with the Flexivent system.
As
proof-of-concept
study
aerosolized
methacholine (induces bronchoconstriction) was

delivered to C57BL/6 mice with the Flexivent system
and the measured airway hyperresponsiveness (lung
function) for two different methacholine delivery
protocols (standard and dose-optimized). Taking the
differences in cannula-delivered dose into account both
delivery protocols resulted in the same changes in lung
function parameters. This confirms that cannuladelivered aerosol dose corresponds with biological
response and hence lung-delivered aerosol dose.
Moreover, this also implies that the newly defined EAD
parameter may be a useful tool for assessing the cannuladelivered (lung-delivered) aerosol dose for “arbitrary”
operational settings of the Flexivent system and thus
inter-comparison of hyperresponsiveness data obtained
with different methacholine nebulization protocols is
possible.
For the first time the pulmonary aerosol dose to
the subject (mouse) can be estimated based on nebulizer
characteristics, device and ventilation parameters,
making comparison of different studies and different
devices possible.

Figure 1. Fraction of invested liquid reaching the
intubation cannula (FC) versus effective aerosol density
(EAD). FC correlates with EAD according to ~EAD-2/3
(p < 0.001).
This study was supported by the German Federal
Ministry of Education and Research within the LeadingEdge Cluster “m4 – Personalized Medicine” in Munich.
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The development of new drugs or vaccines requires
regulatory preclinical studies involving the use of animal
models to test the effectiveness, kinetics and toxicity of
the candidate medicines. Although inhaled drug
deposition and lung anatomy/physiology may be
different between animals and humans, rendering
extrapolation across species difficult, animal models are
crucial to analyze the pharmacodynamics effects and the
behavior of aerosolized drugs.
Pharmacokinetic (PK) studies aim at describing the
concentration time course of pulmonary delivered drug,
after their deposition within the respiratory tract. There
are several methods to assess the pharmacokinetics of
drug delivered through the airways, each of them with
specific strength and weakness. Classically, PK
parameters are estimated by monitoring drug
concentrations in the systemic circulation, then
computed in mathematical compartmental models to
predict the behavior of both local and systemically acting
drugs. For biotherapeutics, like monoclonal antibodies
(mAbs) that do not diffuse passively into organ/tissue
compartments, indirect estimation of lung concentrations
by modeling from plasma drug profiles is limited and
sometimes biased. Therefore, the objective of this
project was to develop a new method to quantify the
time-course exposure of inhaled mAb by direct sampling
in the lung parenchyma using microdialysis.
In vivo microdialysis is an interesting and wellestablished semi-invasive pharmacokinetic sampling
technique to determine tissue drug kinetic (Elmquist WF
Pharm Res. 1997; Zeitlinger M 2005; Brunner M AAPS
J. 2006; Dhanani J Int J Antimicrob Agents. 2010).
Because, it does modify body fluids and blood
homeostasis, it allows the repeated measurement of the
unbound and/or soluble drug in the interstitial space
from the same animal, which substantially reduced their
number for preclinical PK studies. This method is based
on the use of a probe, implanted in the tissue of interest,
equipped with a semi-permeable membrane, which is
continuously perfused with a physiological solution
(perfusate) at a very slow flow rate (usually 1 to 10
µL/min) . The substances/drugs in the interstitial space
fluid diffuse passively through the membrane pores,
along their concentration gradient, and are collected at
appropriate time intervals. Technically limited so far to

follow the kinetic of neurotransmitters in neurosciences
and to monitor small drugs in peripheral tissues,
microdialysis can be used now, thanks to higher
molecular cut-off membrane and push-pull methods, to
monitor the behavior of larger molecules, such as
proteins.
Herein, we attempted the dynamic quantification by
microdialysis of mAbs in the interstitial lung space. In
vitro, the recovery of mAbs with a 1 million Da cut-off
semi-permeable membrane allowed 34% mAb recovery
and sampling rate every 180 min with a flow rate of 0.3
µl/min. In vivo, we evaluated lung microdialysis in nonhuman primates (NHPs), a relevant animal model for
both biotherapeutics and aerosols therapy. Immediately
after delivery of mAb aerosol in conscious NHPs, a
microdialysis probe was implanted into the lung by
thoracic surgery and animals were thereafter maintained
under prolonged anesthesia and mechanical ventilation
for at least 55 hours. Microdialysate and blood were
collected at time intervals for the determination of mAbs
and endogenous/control markers to ascertain the
permeability of the probe and determine in vivo mAb
recovery.
Overall, we established conditions for lung microdialysis
of inhaled mAbs targeting soluble-antigens, but this
technique remains challenging.
This work was supported the French National Research
Agency under the program “Investissements d’avenir”,
Grant agreement: LabEX MAbImprove ANR-10-LABX53-01, from SANOFI and from Region Centre Grant
“Micropulm” (IA 2015).
Elmquist WF et
Res.14(3):267-88.
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Within the last few years, the official regulation of
chemicals and chemical products has been intensified. In
particular, consumer products have to be safe under
conditions of foreseeable use and this is required by
numerous regulations. Consequently, it is important to
agree on relevant data needed for an informed and
representative risk assessment.
In this context, the assessment of inhalation risk
and safety assessment for aerosols i.e. aerosols generated
from spray products needs specific attention. The dose to
regional lung tissue is dependent on particle size,
specific surface area and chemical solubility. Whereas
the mucosal lining of the upper respiratory tract
functions as a protective barrier the mucociliary activity
has a major role in the clearance of inhaled
particles/aerosols. Particles/droplets exceeding a
diameter of 30 µm normally do not reach the lung. In
contrast, smaller ones may reach the lower airways. The
threshold of particle/droplet diameters small enough to
reach the alveoli is set to 5 µm by German MAK (2012).
The potential toxic effects from exposure to soluble
aerosols include altered pulmonary function, irritation
and altered gas exchange.
With respect to the regulatory requirement three
different parts have to be considered:
1 – There is information about hazard testing and the
specification of the test item. The toxicity data have to
be obtained --preferably by guideline studies-- and
described by dose parameters such as mg/kg bw/day for
systemic effects and mg/cm² lung surface area for local
effects. Within the test guidelines for chemicals the
following specifications of the aerosol atmosphere are
required:
− Aerodynamic equivalent diameter: used as an
equivalent diameter to predict where in the
respiratory tract the particles may be deposited
− Concentration: expressed as weight of the test
substance per unit volume of air, e.g. mg/L.
− Mass median aerodynamic diameter (MMAD) and
geometric standard deviation (GSD): quantities
describing the median value of aerodynamic diameter
and the geometric standard deviation of the aerosol
mass size distribution
− Inhalable diameter: refers to maximum aerodynamic
diameter of a particle which is considered to be
inhalable for the organism under study, refers to
particles which are capable of being deposited
anywhere within the respiratory tract

For testing of pharmaceuticals with a focus on
inhalation and nasal products the particle size for the
drug substance itself has to be specified. A validated
particle sizing method could be e.g. the laser diffraction;
acceptance criteria should be employed. The following
parameters are mentioned explicitly:
− Particle size distribution in terms of the percentage
of total particles in given size ranges.
− Median, upper, and/or lower particle size limits and
observed range of variation
− Particle size distribution of batches that showed
acceptable performance in vivo
− Intended use of the product
− Stability data
For risk assessments and regulatory purposes a
NOAEC (no observed adverse effect level) or LC50
(lethal concentration) is determined by standardized
toxicity testing following the accepted guidelines.
2 – There is a special consideration of physico-chemical
properties i.e. within the CLP (Regulation on
Classification, Labelling and Packaging of Substances
and Mixtures; EG No 1272/2008) a classification of
“flammable aerosols” is foreseen under certain
circumstances
3) – There is the special consideration of exposure which
in connection with the toxicity data forms the basis for
the final risk or safety assessment. Exposure is a topic in
many regulations such as REACH (1907/2006/EC), the
cosmetics regulation (1223/2009/EC), the biocides
regulation (BPR) but also indirectly in the AerosolDispensers-Directive (75/324/EEC) with obligation for
marketing aerosol dispensers. Some of the guidances on
exposure assessment such as “REACH Practical Guide
on Exposure Assessment and Communication in the
Supply Chains” provide the option for exposure
modelling. On one hand the option to use the ConsExpo
fact sheets is given but on the other hand the more
specific “BAMA Indoor Air Model” that was developed
by the British Aerosol Manufacturers' Association is
described.
An overview of all these points where aerosols
are mentioned explicitly in regulations will be given in
the presentation.
.
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Eulerian modeling of polydisperse aerosol deposition in a realistic cast of the human
upper respiratory tract
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Presenting author email: e.m.a.frederix@utwente.nl

Inhaled aerosol droplets may deposit in the human
respiratory tract by means of inertial impaction,
interception, gravitational settling or diffusion. The
importance of each of these mechanisms depends on the
droplet size as well as on the flow conditions. Nanosized droplets may deposit due to diffusion, whereas
micron-sized droplets are more likely to deposit through
inertial drift. To understand the impact of an inhaled
aerosol on the respiratory system it is important to model
these mechanisms accurately.
We adopt a sectional, compressible, internally
mixed aerosol model for the description of the transport
and evolution of a polydisperse aerosol (Frederix et al
2016). This model was shown to give accurate
predictions for non-isokinetic aerosol sampling, driven
by inertial droplet drift. Here, we extend the model to
include droplet diffusion based on the Stokes-Einstein
Brownian diffusivity model. Also, we develop a wall
boundary condition to capture the deposition flux due to
both Brownian motion and inertial drift.
Validation of the Eulerian aerosol model is based
on the simulation of the evolution of a polydisperse
aerosol in a bent pipe. The aerosol droplets, spanning a
large size range 10-9 < d < 10-5 m with d the droplet
diameter, deposit with a size-dependent deposition
efficiency η. As a function of droplet size, η attains the
familiar ‘V-shape’ curve, indicating that small droplets
deposit due to diffusion and large ones due to inertia. In
between these two regimes, there exists a droplet size for
which deposition is at its minimum. Fig. 1 shows our
predictions of η in two bent pipe geometries (Reynolds
number Re=100, Dean number De=38 and Re=1000,
De=419). We find good agreement with the predictions
of a straight pipe diffusion deposition model (Ingham
1975) and an inertial deposition model (Cheng and
Wang 1981), demonstrating the feasibility of the
Eulerian approach. Enhanced deposition is shown for
Re=1000 with respect to Ingham’s predictions,
illustrating the increased accelerations at elevated
Reynolds number.
The model is also effective for the simulation of
aerosol transport and evolution in a realistic cast of the
human respiratory system. In (Nordlund et al 2016) an
experimental study was presented of aerosol deposition
in a human lung cast. Fig. 2 shows predictions of the
deposition in this geometry using our model, for a
monodisperse aerosol consisting of water droplets with
size d=10µm. For these droplets, inertial deposition is
dominant. Deposition hot-spots show near the first and

the second generation branching. Droplets with, a
relatively large momentum, drift away from carrier gas
streamlines and impact on the inner surface of the cast.
We compare experimental data against predictions of our
Eulerian model for both the diffusion and inertial
regimes.
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Figure 1. Predictions of bent pipe deposition efficiency
for Re=100 (black) and Re=1000 (blue).

Figure 2. Deposition of d=10 µm water droplets in a
realistic lung cast geometry.
The research presented in this work was funded by
Philip Morris Products S.A. (part of Philip Morris
International group of companies).
Frederix, E.M.A. et al (2016) Int. J. Multiph. Flow
submitted
Ingham, D.B. (1975) J. Aerosol Sci. 6 125-132
Cheng, Y.S. and Wang. C.S. (1981) Atmos. Environ. 15
301-306
Nordlund, M. et al (2016) Aerosol Sci. Tech. submitted
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A model for assessment of alveolar dimensions from recovery of inhaled nanoparticles
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Theory and results
The fundamental difference between airspace
dimension assessment by nanoparticles (AiDA) and
micrometre sized particles (ADAM) is the deposition
mechanisms. Nanoparticles deposit almost completely
by diffusion, while particles around 1 µm (in still air)
mainly deposit by gravitational settling.
In ADAM, the dimensions of the peripheral
airspaces are approximated based on a mathematical
model where the particles are assumed to deposit in a
system of identical yet randomly oriented cylindrical
tubes. The recovery of inhaled particles is measured
after a breath-hold. By measuring recovery with
different breath-hold times, the particle half-life time,
t½, in the lungs is determined. Thereafter, the airway
radius, r, is derived from the recovery as:
𝑟=

2𝑣𝑡½
𝜋 ln 2

(1)

where v is the terminal settling velocity of the
particles. Diffusion is, in contrast to gravitational
settling, random in direction and therefore the
relationship is not directly transferable. For
nanoparticles, airway radius can be estimated as:
𝑟 = 2.89√𝐷𝑡½

(2)

where D is the diffusion coefficient given by the
Stokes-Einstein relation (Goldberg et al. 1981). In
addition, particle losses at zero breath-hold may
provide information on dimensions of the peripheral
conducting zone which is often affected in smokers.

Figure 1 illustrates half-life times for different
tube radii and particle sizes estimated by Eq. 2. As can
be seen t½ is 2 to 60 s for particles between 50 and 150
nm. This is roughly setting the boundary for an
applicable particle size range.
100

Half-life, t½ [s]

Introduction
A non-invasive technique with the ability to detect
morphological changes in the small airways, including
changes due to pulmonary emphysema, is aerosol
derived airway morphometry (ADAM). ADAM,
which has been investigated for almost half a century,
provides information on the airway dimensions from
comparison of inhaled and exhaled concentrations of
monodisperse aerosol particles, often in the range 0.81.0 µm. However, ADAM has never been established
in clinical practice.
We suggest that measurement of the recovery
of inhaled airborne nanoparticles may provide a new
and better opportunity for diagnosis: Airspace
Dimension Assessment by nanoparticles (AiDA).
Here we outline a basic theoretical background on the
use of nanoparticles to measure lung morphology.

200 µm
300 µm
400 µm

10
1
0.1
0.01

0.001
0.001

0.01
Diameter [µm]

0.1

Figure 1. Estimated half-life, t½, of inhaled particles
during a breath-hold for airways with radius 200, 300
and 400 µm, respectively, which approximately
correspond to the range in peripheral dimensions for
healthy subjects and patients with early emphysema.

Discussion and conclusion
Using nanoparticles for studying distal airspace
dimensions may have several benefits over previous
aerosol based methods: (a) Nanoparticles deposit by
diffusion, which allows for a simpler breathing
manoeuvre without artefacts from inertial impaction.
(b) A higher breathing flow rate can be used, which
makes it possible to inhale to total lung capacity and
thereby eliminates the need to determine lung volumes
before measurement. (c) Many recent studies indicate
a better penetration of nanoparticles than for
micrometer-sized particles into poorly ventilated and
diseased regions of the lungs and thus a stronger signal
from the abnormal parts could be expected.
This work was supported by Swedish Research
Council, Vinnova, EU EuroNanoMed, The Swedish
Heart and Lung Foundation, the Crafoord foundation
and the Sten K Johnsson foundation.
Goldberg IS and Smith RB. Settling and Diffusion of
Aerosol-Particles in Small Airways during Breath
Holding. Ann Biomed Eng. 1981;9:557-575.
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Is there any synergy in the observed health effects due to exposure to particles and
noise? Results from DINO study - controlled chamber exposure
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In urban environment exposure to airborne particles and
noise coincide due to the same source – traffic.
Epidemiological evidence shows that particulate air
pollution as well as noise are important risk factors for
cardiovascular diseases. A few studies combine particles
and noise exposure when studying observed health
effects. Mechanisms behind the observed health effects
and possible synergistic effects are not fully understood.
The overall aims of the DINO study (“Health
effects of combined exposure to diesel and noise”) was
to determine influence of combined exposure to diesel
exhaust (DE) particles and traffic noise on measurable
human physiological response in order to understand the
mechanisms behind observed health effects and to
determine if combined exposure to DE and traffic noise
can have synergistic effect on human health.
Eighteen test subjects were exposed to four
different conditions: 1) Reference exposure (R): filtered
air with low particle concentration (~2 g m-3) and low
traffic noise (46 dB(A)), 2) Diesel exposure (D): high
particle concentration (~300 g m-3) and low traffic
noise, 3) Noise exposure (N): low particle concentration
and high traffic noise (75 dB(A)), 4) Diesel and noise
exposure (DN): high particle concentration and high
traffic noise. Exposure took place in a 22 m3 stainless
steel chamber, three test subjects stayed in the chamber
at each session (Wierzbicka et al., 2015)
The diesel exhaust was generated by an idling
Volkswagen Passat (1998) placed outside the laboratory.
Diesel exhaust was diluted in a specifically designed two
stage system. Detailed characterisations of both particle
and gas phase were carried out. Particles were
characterised by means of mass concentration (TEOM,
model 1400a, R&P Inc.), number concentration and size
distribution (SMPS 3934 TSI Inc. USA), effective
density (DMA-APM system), particulate PAH and
organic and elemental carbon analysis and electron
microscopy images. Concentrations of the following
gases were monitored on-line: CO, CO2, NO, NO2. Gas
phase concentrations of VOC, PAH, benzene, 1.3butadiene, formaldehyde and acetaldehyde were

determined via off lines methods (Wierzbicka et al,
2015).
Peak expiratory flow measurement for lung
function assessment were conducted before, during and
after the exposure. Before and after each exposure as
well as in the morning the day after exposure samples of
venous blood were taken for analysis of markers of
oxidative stress, inflammation and DNA damage.
Short-term exposure to DE at ~300 µg/m3 caused
temporary decline in peak expiratory flow in healthy
subjects and the increase in leukocyte cell counts in
peripheral blood indicated a systemic inflammatory
responses (Xu et al., 2013). After DE exposure gene
expression markers of inflammation, (interleukin-8 and
tumor necrosis factor), oxidative stress (heme oxygenase
(decycling-1)) and DNA repair (8-oxoguanine DNA
glycosylase (OGG1)) were unaltered in peripheral blood
mononuclear cells (PBMCs). No significant differences
in DNA damage levels, measured by the comet assay,
were observed after DE exposure, whereas exposure to
high noise levels was associated with significantly
increased levels of hOGG1-sensitive sites in PBMCs
(Hemmingsen et al, 2015).
In this study, among the analyzed results and
presented above, a synergistic effect due to combined
exposure to particles and noise was not observed.
This study was financed by the Swedish Research
Council FORMAS.

Hemmingsen
et.
al.,
2015.
Mutation
Research/Fundamental
and
Molecular
Mechanisms of Mutagenesis, 775, 66-71
Wierzbicka et al., 2014. Atmospheric Environment,
86, 212-219
Xu et. al., 2013. Particle and Fiber Toxicology,
10:60
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Characterization and development of a fast mixing type particle counter
J. Enroth1, J. Kangasluoma1, F, Korhonen1, M. Kulmala1, M. Attoui1,2 and T. Petäjä1
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Keywords: particle counters, aerosol, flux measurement.
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With deepening understanding of the interactions
between aerosol particles and the climate ever more
refined instruments are needed. Most commercial
particle counters operate at 1 Hz sampling frequency,
although some rapid models go down to ~10 Hz. At this
point, applications requiring faster sampling frequencies
often need to use either custom built instruments, or
settle for a lower time resolution. One of these
applications where very fast particle counting is required
is the ambient aerosol particle flux measurements, where
the motion of turbulent eddies requires sampling
frequencies down to 10 Hz. Besides this, there are
numerous other applications for such a refined tool,
including rapid particle size distribution measurements,
as well the ability to accurately observe changes even in
laboratory experiments.
Here we would like to present our work on
building a fast mixing type condensation particle counter
(FCPC). The instrument development used as a starting
point the works of Wang et al. (2002) and Wehner et al.
(2011) in building rapid mixing type particle counters.
Here also, we use a ready-made optical detection block
from a TSI 3010 CPC for the particle detection, while
connecting it to otherwise custom built instrument. The
instrument presented here deviates from their works, by
some design elements that are added for finer instrument
control, such as inlet temperature control and a custom
built mixing chamber. Besides the optical detection
block, all parts are custom built for this instrument in the
University of Helsinki.
This work aims to produce a robust, very rapid
particle counter capable of detecting particles down to 5
nm suitable for use in the laboratory as well as in the
field. The FCPC will be tested against already existing
aerosol particle flux instrumentation at the SMEAR II
site in Hyytiälä, Finland during the spring of 2016. The
instrument will later also be a part of a large upcoming
intercomparison study of CPC suitability for flux
measurements in 2017 also to be performed at SMEAR
II. The aerosol flux measurements at SMEAR II are part
of the ACTRIS-2 project
The preliminary results that have been obtained
thus far have shown to be very promising and in the
current state the instrument has already shown to have a
smaller than 100 ms response time, as shown in Fig. 1.
This makes it already superior to most commercially
available butanol based particle counters with respect to
response time, and thus likely more suitable for aerosol
flux measurements. In the current state, the 50 % lower
detection limit of the FCPC was measured to be around 6
nm, with the optics and condenser temperatures being 39

and 10 °C, respectively. The process of instrument
optimization is still underway, and we aim to both lower
the minimum detection limit as well as the response time
even further.

Figure 1. FCPC response time plotted for different
saturator flow rates. The particles were generated using a
spark generator. n indicates the number of averaged
experiments used for each flow setting.
Acknowledgements: This work was supported by the
Maj and Tor Nessling Foundation under grant
201600249, the Academy of Finland (Center of
Excellence project no. 272041), and the European
Union’s Horizon 2020 research and innovation
programme (ACTRIS-2 under grant agreement no.
654109.)
Wang, J., McNeill, V. F., Collins, D. R., and Flagan, R.
C. (2002) Aerosol Sci. Tech. 36, 678–689.
Wehner, B., Siebert, H., Hermann, M., Ditas, F. and
Wiedensohler, A. (2011) Atmos. Meas. Tech. 4, 823833.
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Working-fluid dependent response of ultrafine Condensation Particle Counters to
biogenic nanoparticles
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For many decades airborne particle number
concentrations have been measured using condensation
particle counters (CPCs). These instruments are able to
detect aerosols with diameters in the nanometer size
range. CPCs are usually characterized by their counting
efficiency, using inorganic particles for the determination
of the cut-off. Improving the ability of the CPCs to
detect particles in the sub-3nm diameter range is of
crucial importance for numerous research projects
investigating mechanisms of new particle formation,
which are currently still poorly understood. As the cutoff diameter of the CPC depends on the seed material,
the characterization of CPC response to biogenic
nanoparticles is urgently needed.
In this study calibration measurements of two TSI
CPCs using butanol (TSI3776) or water (TSI3788) as
working fluid as well as an Airmodus Particle Size
Magnifier (PSM) based on diethylene glycol (DEG)
were performed. The experiments were carried out using
biogenic particles from the oxidation of BetaCaryophyllene (BCP) and commonly used silver
particles for comparison. For the butanol operated CPCs
two temperature settings regarding the saturator,
condenser and laser optics were tested. The temperature
settings for the PSM regarding the saturator and the
growth tube were varied over a wide range.
The set-up for the CPC calibration is shown in
Figure 1. In this experiment BCP vapour was generated
from a flask of essential oil containing BCP, which was
kept at constant temperature of 35°C. Ozone was
generated from an electric discharge ozone generator or
a UV lamp, aiming at concentrations of approximately
100ppb. The BCP was oxidized by the ozone in a glas
flow-tube with a volume of 1.4l. The flow reactor is
equipped with a flexible teflon flange that allows
variation of the inlet length and hence the oxidation state
in the flow-tube. The resulting oxidation products
generated high particle concentrations in the range from
1nm to 30nm. After being charged by an Am 241 charger
the biogenic aerosol particles were led into a differential
mobility analyzer (DMA) in order to select a
monodisperse particle fraction.
Beside the CPC to record the aerosol
concentration behind the DMA a Faraday Cup

Electrometer (FCE) was also used simultaneuosly. The
set-up for the calibration is similar to the one of Liu and
Kim (2012). The CPC counting efficiency was finally
calculated as the ratio of the CPC and electrometer
particle number concentrations at each individual
particle diameter.
A dependence of the cut-off diameter on the seed
material is found for all tested particle counters but
shows a different behaviour for the different working
fluids of the counters. Furthermore we could
demonstrate that their performance can be significantly
improved by suitable temperature settings. These
findings may be of significant importance for the
detection of biogenic nanoparticles during new particle
formation.

Figure 1. The experimental setup for the calibration of
the CPC TSI3776 using BCP. The grey arrow shows the
movement directions of the teflon flange of the flowtube to vary the reaction time. The red arrows show the
flow direction of gases and particles.
This work was supported by the European Research
Council under the European Community's Seventh
Framework Programme (FP7/2007-2013)/ ERC grant
agreement No. 616075.
Liu, Z. and Kim, S. C. (2012) Measurement of Metal
Nanoparticle Agglomerates Generated by Spark
Discharge Using the Universal Nanoparticle
Analyzer (UNPA), Aerosol Science and Technology
46:3, 333-346
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DEHS particles produced in a “calibration tool” setup
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1 P-Trak TSI model 8525). Numbers indicated in the top
of Figure 1 correspond to the number of validated runs
for each CPC. The variability in the number
concentration reported by several specimens of handheld
CPC 3007 can reach up to 25%, as shown in Figure 1 for
CPC 3007 #2 and #6.
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Number concentration is the most frequent characteristic
used for airborne nanoparticle monitoring, task emission
classification, or protective equipment performance
evaluation against nanoparticles. In addition, this
parameter is of great interest in the context of
characterization
of
diesel
exhaust.
Although
condensation particle counters (CPC) have been
developed and widely used for a long time, few is known
about their performance when multiple models are
simultaneously challenged by an identical aerosol.
Furthermore, the use of CPC for aerosol monitoring
when nanomaterials are produced or handled has been
recently recommended by several institutes (e.g.
Methner et al., 2010; Witschger et al., 2012).
Consequently, providing intercomparison data as well as
calibrating and checking CPC are among the key
elements to ensure reliable lab or field measurement
campaigns. For this purpose, a reproducible aerosol
source was developed by Koch et al. (2008, 2012). The
working principle of the “calibration tool” is based on
Brownian coagulation of liquid DEHS droplets in a
continuously fed well-stirred tank reactor (~ 60 L in
volume). Contrary to the primary calibration of a CPC
based on the parallel measurement of aerosol current and
number concentration at the exit of a Differential
Mobility Analyzer (ISO, 2015), this protocol allows a
wide range of number concentrations and particle sizes
to be investigated and reproduced.
A first step of this study consisted in the
characterization of the test aerosol produced. The results
indicate that airborne particles present a modal diameter
around 230 nm and range from 10 nm to 1 µm, once the
steady-state regime is reached (~ 45 minutes). Besides,
the total number concentration of the aerosol produced in
the calibration tool is above 2.107 cm-3; this setup thus
requires the use of a dilution step prior to performing
measurements with a large number of CPC. The
reproducibility of the “calibration tool” has also been
investigated; a relative variation below 10 % in the total
number concentration was observed over a period of 7
days.
The core of this work relies in the comparison of
the number concentrations measured in parallel, at the
exit of a flow splitter, by different CPC under study with
regard to a reference CPC. The latter reference is a
stationary butanol CPC (Grimm model 5.403) operated
at a flow rate of 1.5 L.min-1 (high flow mode) and
calibrated prior to the different measurement series.
Figure 1 gathers the experimental results obtained
for 9 handheld CPC (8 specimens of TSI model 3007,

1.20

1.00

0.80

0.60

Figure 1. Intercomparison of several specimens of
handheld CPC. Error bars correspond to the 95%
confidence interval, signs (+) represent extreme values
To date, water-based (TSI model 3786, 3787) and
stationary butanol-based (TSI model 3775, Grimm
model 5.401, 2 specimens of Grimm model 5.403) CPC
have also been investigated. The results suggest that this
setup is not well-suited for water-based CPC when
aerosols are produced at high number concentrations,
due to the hydrophobicity of airborne DEHS particles.
Besides, all butanol CPC were found in close agreement
with the reference CPC. Additionally, 2 specimens of
portacount (TSI model 8030) — devices used for fit
testing — were studied. Further results obtained with
other models of CPC will also be discussed.
ISO 27891 (2015). Aerosol particle number
concentration — Calibration of condensation
particle counters.
Koch, W., Pohlmann, G. and Schwarz, K. (2008). J.
Aerosol Sci., 39, 150-155.
Koch, W., Lödding, H. and Pohlmann, G. (2012). J.
Aerosol Sci, 49, 1-8.
Methner, M., Hodson, L. and Geraci, C. (2010). J.
Occup. Environ. Hyg., 7, 127-132
Witschger, O., Le Bihan, O., Reynier, M., Durand, C.,
Marchetto, A. and Zimmermann, E. (2012). Hyg.
Sécurité Travail, 226, 41-55.
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Instrument Description and Methods
As shown in Figure 1, flow enters the nano-WCPC
inlet at ~2 L/min, from which a sample flow of
0.3 L/min is extracted. The sample flow passes through a
wet-walled growth tube, the first portion of which is
cooled to 1-10°C, the second portion is heated to 90°C,
and the third is cooled to ~22°C. The optics are held at
40°C. The warmed section, referred to as the “initiator”
is 20% of the overall length, and creates the supersaturation for particle activation. The final “moderator”
section reduces both water vapor content and
temperature, while maintaining the supersaturation.
Total length is 180 mm. Liquid water is introduced into
the initiator stage at a rate of 1 µL/s using a syringe
pump, and the excess accumulates at the bottom of the
wick where it is exhausted with the transport flow. The
system is implemented using the optics and motherboard
from a TSI model 3783.
The nano-WCPC was calibrated using a “half Mini”
Herrmann-type high resolution differential mobility
analyzer, with confirmation of sizing using tetraheptyl
ammonium bromide (THABr, Ude and Fernandez de la
Mora 2005). Characterization was extended to 25 nm
using the TSI nano-DMA.

Figure 1. The nano water condensation particle counter.

Results
Figure 2 shows the nano-WCPC response to
particles generated by a heated nichrome wire. For an
88°C temperature difference between the conditioner and
initiator, the 50% cut-point for this aerosol is 1.5 nm
mobility diameter for both positive and negative particle
polarities. At these temperatures the nano-WCPC also
detects 10%-20% of the ions from either a 210Po or soft
X-ray bipolar ion source. Operation at a temperature
difference of 80°C essentially eliminates the detection of
charger ions, and increases the 50% cut-point for the
heated nichrome wire particles to 1.8 nm mobility
diameter, as shown in Figure 2.
Initial tests with ammonium sulfate at a 95°C
temperature differential indicate 50% detection near
1.0 nm. We also find higher detection for the more
water soluble ions of tetrabutylammonium chloride
(TBACl) and bromide (TBABr) than for THABr.
Light scatter pulse heights are observed to be very
uniform, even though there is no sheath flow, likely due
to Stefan flow driving particles towards the centerline.
1.0

0.8
Ratio to Electrometer

The study of particle nucleation in the atmosphere, as
well as in laboratory settings, has driven interest in
detection of particles at the onset of their formation.
Recently developed condensation particle counters such
as the diethylene glycol instrument of Iida et al. (2009) ,
the mixing instrument of Vanhanen et al. (2011) and
butanol instruments of Kuang et al.(2011) and
Kangasluoma et al. (2015) have particle size detection
limits near 1 nm.
Reported here is a new, water-based condensation
particle counter also capable of detection near 1 nm.
This “nano-WCPC” employs a three-stage, laminar-flow
growth tube that moderates the temperature and water
content of the output flow without reducing the peak
supersaturation (Hering et al, 2014), and makes feasible
operation at the large temperature differences necessary
for high supersaturations.

0.6

ADI Nano-WCPC
NiCr Oxide Particles

0.4

Tc=2°C, Th=90°C
positive
negative

0.2

Tc=10°C, Th=90°C
pos
neg

0.0
5
10
Particle Diameter, nm

15

20 25 30

Figure 2. Response of the nano-WCPC to particles from
a heated nichrome wire for two sets of conditioner (Tc)
and initiator (Th) operating temperatures.
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Development of an Online Extractive Electrospray Ionization Time of Flight Mass
Spectrometer (EESI-TOF): Application to Atmospheric Aerosol
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which are detected by the EESI-TOF with excellent
signal to noise even for oligomeric species which are
clearly identifiable in the mass spectrum.
We present the detailed characterization of the
EESI-TOF instrument and its application to atmospheric
aerosol, both from chambers and ambient measurements.
We discuss the instrument performance in the context of
current aerosol measurement shortfalls, and potential
applications of the instrument to the chemical speciation
of organic aerosol at atmospherically relevant
conditions.
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Thermal desorption of aerosol components for
analysis is typical in most online aerosol sampling
instruments (e.g. AMS, ATOFMS, SPLAT, PALMS).
Most single particle instruments utilize simultaneous
laser desorption/ionization, which is not quantitative due
to matrix effects, while quantitative approaches like the
AMS cause extensive thermal decomposition and
fragmentation due to the high temperatures and hard
ionization techniques used. While recent developments
in semi-continuous measurements coupled to GC or soft
ionization techniques like CIMS (e.g. TAG, SV-TAG,
FIGAERO) have provided very useful tracer analysis on
the ground and chambers, thermal decomposition during
desorption even at low temperatures significantly
changes measured aerosol composition. Key molecular
information is lost, hindering mechanism development
and source apportionment. Therefore there is a
fundamental need in the atmospheric chemistry
community for online, rapid response chemical
characterization of atmospheric aerosol without artifacts
from thermal decomposition.
To fill this gap in the measurement capabilities of
the community, we describe the development of an
online extractive electrospray time-of-flight mass
spectrometer (EESI-TOF) for fast molecular analysis of
aerosol organics without fragmentation or thermal
desorption. This instrument couples an EESI inlet,
recently developed at PSI, to a robust, commercially
available high-resolution time of flight mass
spectrometer. Briefly, the extractive electrospray
instrument operating principle involves the collision of
atmospheric aerosol with charged electrospray droplets.
The soluble components are extracted into the
electrospray droplet, and as the solvent from the
electrospray evaporates, ion ejection by the coulomb
explosion mechanism results in gas phase ions formed
from the extracted aerosol. Therefore aerosol are ionized
rapidly, and transferred into the gas phase without any
need for heating.
The EESI-TOF provides rapid response (1Hz)
measurements of highly oxidized organic species and
oligomers with individual compound detection limits as
low as 1 ng m-3 in 5 seconds, allowing for the
simultaneous retrieval of molecular compositions for
hundreds of compounds that comprise organic aerosol at
high time resolution. Figure 1 shows an example of the
level of detail this single instrument provides. An
example mass spectrum collected at 1 Hz of 5 ug m-3 of
SOA from the reaction of a-pinene and ozone yields a
suite of over 500 individual molecules (150 to 500+ Th)
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Figure 1. Bottom. A 5 second average mass spectrum
collected from a flow tube reaction between a-pinene
and ozone. Organic aerosol was promptly produced with
all mass contained in particles smaller than 50 nm. Inset.
A region of the mass spectrum highlighting the
formation of high molecular weight dimers either formed
in the gas phase and rapidly partitioned to the condensed
phase or formed via particle phase accretion reactions.
Top. Mass defect plot showing chemical composition
retrievals from a series of highly oxidized monomers
detected in the particle phase by the EESI-TOF.
This work was supported by the Swiss National Science
Foundation starting grant BSSGI0_155846. We thank
Markus Kalberer for useful discussions on the initial
development of the EESI and Tofwerk AG for their help
coupling the EESI to the TOFMS.
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Aerosol Concentration Calibration Method for Particle Sizes from 1 to 8 Microns
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This talk describes a calibration method for instruments
that determine aerosol particle concentration, such as
optical particle counters (OPC’s). Superficially, this goal
appears simple; one presents aerosol samples of known
concentration to a measurement instrument, and then
compares the known and measured values. However, in
practice, three main sources of difficulty arise: 1)
absence of a traceable aerosol number concentration
standard (Yli-Ojanpera et al 2012), 2) aerosol generation
with a controlled constant particle concentration and 3)
transfer losses. Here, we discuss approaches for potential
solutions of 1) and 2) for micron-sized particles.
Prior aerosol concentration standards have been
established for particle sizes between 0.01 and 0.5 µm
using an aerosol electrometer (AE) and a condensation
nuclei counter (CNC) (Fletcher et al 2009, Yli-Ojanpera
et al 2010). However, it is difficult to extend this
approach to particle diameters larger than ≈ 0.5 µm. An
inkjet aerosol generator has been used as a secondary
standard to calibrate a CNC up to approximately 10
micron (Yli-Ojanpera et al 2012). Recently a method to
establish a primary level concentration standard for
micron-sized particles was demonstrated (Li et al 2014).
Wafer Surface Scanners (WSS) are commercial
instruments widely used the semiconductor integrated
circuit industry for qualifying silicon wafers that are able
to detect surface defects and deposited particles down to
at least 0.1 micron in size. Standard silicon wafers on the
order of 20 cm in diameter can be scanned in minutes.
In our calibration approach, a monodisperse aerosol
generated at a stationary rate from a suspension of
polymer spheres is introduced simultaneously to an OPC
and to an aerosol settling chamber. A Si wafer was used
as deposition surface in the reference chamber, and a
WSS certified its cleanliness before exposure, and
provided a total particle count afterward. Comparison of
the total counts on the wafer to the OPC total counts
permits a determination of OPC efficiency. Experimental
design details and sources of uncertainty are provided in
Li et al 2014. However, autonomous operation and speed
of the WSS processing makes analysis of multiple
samples with large numbers of particles feasible.
Additionally, the uncertainty of the WSS measurements
can be independently characterized by lithographically
constructing “particles” of a specified size at known,
selected locations onto reference silicon wafers. These
structures then serve as artifacts that can be used to
either cross check different WSS devices, or the same
device in time. Figure 1 shows a comparison of CNC
correction factors measured with an AE, with factors
obtained with the WSS. The two methods extend the
combined particle size range nearly three decades, and

excellent agreement between the two methods is shown
in the overlapping size region.

Figure 1. This is a comparison of two methods of aerosol
concentration measurement standard determination.
Using this as a method to determine OPC
concentration measurement efficiency for particle sizes
in the micron range permits construction of a
standardized aerosol generator to provide specific known
number concentrations. We have developed a simple
design based on a Collison nebulizer as an aerosol
source, and an OPC to monitor total output particle
concentration. The OPC output data is used to provide
feedback control of the nebulizer pressure and hence its
generation rate. The nebulizer output is mixed with a
controlled flow of conditioned dilution air for the final
aerosol output. With this arrangement, we have
demonstrated; (a) controlled particle concentration to a
level where temporal variation of particle counts is
dominated by Poisson statistics, and (b) dynamic, realtime control of the concentration level over a number
concentration range by a factor of at least 8x. The
absolute value of aerosol concentrations can be selected
over a wide range, based on the concentration of
polymer bead liquid suspension. Total flow is monitored,
and can be selected over a range from 20 to 60 lpm. L2
Defense, Inc. (Columbia, MD, USA) plans to offer a
commercial version of this device later this year (2016).
This work was supported by the Joint Program Executive
Office for Chemical and Biological Defense under
contract number 10671406.
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During the last decades there was an increased concern
worldwide regarding adverse health effects of human
exposure to aerosol nanoparticles. European Commission
has established limit values for exposure to coarse (PM10)
and fine (PM2.5) particulate matter to protect human
health. However, the use of mass concentration as a metric
has recently been questioned, in particular because of the
rapid growth of nanotechnology and nanomaterial
science. The surface area of nanoparticles is a key
parameter in determining their properties, since their
increased surface-to-volume ratio enhances their
reactivity. Additionally, several studies have identified
surface area as an important determinant of low solubility
nanoparticles toxicity. The most commonly used
instruments for direct measurement of the surface area
concentrations are based on the measurement of the mass
transfer through the attachment rate of ions to the particle
surface area (i.e. Electrical Low Pressure Impactor
(ELPI), Diffusion Charger). However, questions arise
about the influence of particle morphology on charging
efficiency, and consequently, the instrument’s response.
In this study, a comparison was performed
between different techniques (direct and in-direct) for
particle surface area characterization, aiming at
investigating whether instruments response is affected by
particles morphology. The direct techniques included
measurement of aerosols surface area size distributions by
means of an ELPI (DEKATI) and a CEPI (Cascade
Epiphaniometer, (Gini et al. 2013)). The CEPI operating
principle is based on the measurement of the mass transfer
through the attachment of neutral atoms (211Pb) to the
particle’s surface area, a process not greatly affected by
electrostatic interactions (Rogak et al., 1991). The surface
area was also indirectly determined based on number size
distribution statistics (Scanning Mobility Particle Sizer,
TSI), under assumptions regarding particle morphology.
The instruments were tested for different kinds of
monodisperse and polydisperse aerosols. DEHS,
(NH4)2SO4 and NaCl aerosols were generated by an
aerosol atomizer (TOPAS-GMBH). Carbon aggregates
were generated by means of a spark discharge generator
(Fasmatech Science and Technology SA). The
instruments were also used in parallel to measure the
surface area of ambient aerosol nanoparticles. The
measurement campaign was conducted at the urban
background monitoring station DEM-GAW, located at
the grounds of NCSR ‘Demokritos’, Athens, Greece.
Figure 1 presents the results of the instruments
comparison in the case of monodisperse spherical and
non-spherical aerosol nanoparticles. CEPI signal (α-

counts/sec) is well correlated with the calculated total
surface area (SMPS). Particle shape seems not to
significantly affect instruments response, which is in
agreement with the outcomes of previously conducted
studies (Gini et al. 2016, 2013). In the case of ELPI, it was
observed that its signal, which is proportional to the active
surface area, is also well correlated with SMPS and
consequently with CEPI, independently of particle
morphology. However, in the case of carbon aggregates,
the ELPI signal was 32% higher than the expected,
assuming spherical particles.

Figure 1. Comparison between CEPI and ELPI signal
and SMPS-calculated total surface area (Fuchs surface
area)
We would like to acknowledge Dr Tim Jones, Cardiff
University/School of Earth and Ocean Sciences, for
providing us with the ELPI.
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programme (REGPOT-2012-2013, FP7, ID: 316173) and
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11SYN_5_1861/DE_SPARK_NANO_GEN,
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«Cooperation 2011», co-financed by the European
Regional Development Fund (ERDF) & the Greek State
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Characteristics of peroxides in secondary organic aerosols
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Although it is clear from a mechanistic point of view that
organic peroxides must be formed during atmospheric
oxidation of hydrocarbons, measurements of organic
(hydro)peroxides in secondary organic aerosol (SOA)
are scarce. Estimates of peroxide content in secondary
organic aerosol (SOA) from biogenic precursors span a
large range from 6-120 wt.-% (Mertes et al. 2012;
Docherty et al., 2005). Recently it was discovered that
ozonolysis and OH-reaction of -pinene and of other
terpenes produce highly oxygenated multifunctional
(HOM) compounds, which can contain several
hydroperoxy groups (Ehn et al., 2014). Due to their low
volatility these compounds are expected to partition into
the particle phase. It is also believed that organic
peroxides are susceptible to photolysis and may thus be
lost from the particle phase leading to a shrinkage of
aerosols with important consequences for SOA lifetime
(Henry and Donahue, 2012; Hodzic et al., 2015).
We investigated the content and fate of
particulate organic peroxides in -pinene SOA under the
following conditions: ozonolysis in the dark (i) with and
(ii) without OH scavenger and (iii) exposure of SOA to
UV-light. The experiments were performed in the PSI
smog chamber at 50% relative humidity. During each
experiment several filter samples were collected and the
peroxide content was determined with a long path
absorption photometer using iodometry. Organic species
in the gas phase were monitored with a proton-transferreaction mass spectrometer and the chemical
composition of SOA was continuously measured with an
aerosol mass spectrometer (AMS). We developed a boxmodel, referred to as a “hybrid 3D-volatility basis set”
(hybrid 3D-VBS), to describe the evolution of SOA and
HOM yields, peroxide (OOH) content and oxidation
state in the context of a thermodynamic framework.
We observed peroxide molalities in freshly
formed SOA from 1.1 to 1.9 nmol g-1. However, a large
fraction of this is labile and rapidly decays. This is
reflected in the evolution of mass spectral features by the
AMS and the SOA mass. We established initial OOH
yields and confirmed independently previously
determined molar HOM yields (Ehn et al., 2014) using
other techniques. Furthermore, irradiation of SOA did
lead to evaporative losses as observed by others (Henry
and Donahue, 2012). However, due to our longer
observation time we could show that this occurs to a
lesser extent. Our measurements also indicate that
photolysis of peroxides is not the main reason for aerosol
evaporation.
The hybrid 3D-VBS model was constraint by
HOM measurements, their volatility, peroxide content

and O:C ratios from AMS measurements. It reproduces
the experimentally observed organic mass loadings and
yields, the molar OOH yield and, in addition, provides
organic molar yields and the time-resolved mass
contribution of all ROOH compounds.
We will discuss the implications of these findings
which will improve our understanding of various aspects
of SOA.
This work was supported by the Swiss National Science
Foundation (CR32I3-140851).
Mertes et al. (2012) Atmos. Meas. Tech., 5, 2339–2348.
Docherty et al. (2005) Environ. Sci. Technol., 39, 40494059.
Ehn et al. (2014) Nature, 506, 476-479.
Henry and Donahue (2012) J. Phys. Chem., A116(24),
5932-5940.
Hodzic et al., (2015) Atmos. Chem. Phys., 15, 92539269.
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A large number of epidemiological studies show that
ambient aerosols are correlated with a wide range of
respiratory and cardio-vascular diseases. The particle
components that cause these negative health effects are
not known, but reactive oxygen species (ROS) are
thought to be a main contributor to the toxicity of
particles in ambient air. Peroxy acids are a subtype of
ROS shown to be present in secondary organic aerosol
(SOA) (e.g. Reinnig et al, 2009). Recent studies also
suggest that extremely low volatility organic compounds
(ELVOCs), strongly involved in the initial stages of
SOA formation, often contain peroxy acid functionalities
(e.g. Rissanen et al, 2014). Mass spectrometry in
principle provides a powerful tool to characterize peroxy
acids in organic aerosol. However, for unambiguous
identification of peroxy acids, an improved
understanding of their ionization and fragmentation
behaviour is needed. To our knowledge, the only
systematic investigation of peroxy acid MS/MS
fragmentation was conducted by Harman et al (2006).
Their study focusses exclusively on aromatic peroxy
acids, which are of limited relevance considering the
type of peroxy acids thought to be present in SOA. Our
study aims to fill this gap and provide insight into the
characteristic fragmentations of atmospherically relevant
organic peroxy acids.
To study the fragmentation patterns of organic
peroxy acids, we synthesized 11 peroxy acids with C8 to
C10 carbon backbones and mono- or diperoxy acid
functionality. All peroxy acids were synthesized by
reacting the corresponding carboxylic acid with 50%
hydrogen peroxide in concentrated sulfuric acid. The
following carboxylic acids were used: caprylic acid,
pelargonic acid, capric acid, suberic acid, azelaic acid,
sebacic acid and D(+)-camphoric acid.
All analyses were performed using an Accela
HPLC system with a T3 Atlantis C18 column coupled to
an LTQ Orbitrap Velos mass spectrometer via
electrospray interface. Both positive and negative
ionization mode were employed to analyse the samples.
In positive mode, sodium formate was added to enhance
the peroxy acid signal intensity through sodium adduct
formation.
A chromatogram of a mixture of four
dicarboxylic acids and seven of their corresponding
peroxy acids is shown in figure 1, demonstrating that the
optimised HPLC method is capable of separating a wide
range of mono- and diperoxy acids and carboxylic acids
in a single chromatogram. We will discuss the specific
and characteristic fragmentation patterns of the

synthesized peroxy acids in both positive and negative
ionisation
mode,
highlighting
similarities
in
fragmentation between the different peroxy acids and
contrasting their fragmentation patterns with those of the
corresponding acids.
The chromatographic separation and mass spectrometry
fragmentation patterns (MS/MS) determined in this
study will allow characterization of an important but
largely neglected compound class, peroxy acids, in
atmospheric simulation chamber experiments and in
ambient samples with increased confidence.

Figure 1. Separation of four dicarboxylic acids and their
corresponding peroxy acid analogues: suberic acid (1),
monopersuberic acid (2), dipersuberic acid (3),
camphoric acid (4), monopercamhporic acid (5), azelaic
acid (6), monoperazelaic acid (7), diperazelaic acid (8),
sebacic acid (9), monopersebacic acid (10) and
dipersebacic acid (11)
This work was supported by an SNSF Early
Postdoc.Mobility fellowship (project P2EZP2_162258).
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Reinnig, M., Warnke, J. and Hoffmann, T. (2009), Rapid
Commun. Mass Spectrom. 23, 1735-1741.
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R., Springer, M., Mentel, T. F., Ruuskanen, T., Petäjä,
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in SOA formation
Julia Hammes1, Cameron Faxon1, Anna Lutz1, Ravi Kant Pathak1, Thomas Mentel1,2, Mattias Hallquist1
1

Department of Chemistry and Molecular Biology, University of Gothenburg, Gothenburg, Sweden
Institute of Energy and Climate Research, IEK-8: Troposphere, Forschungszentrum Jülich GmbH, Jülich,
Germany
Keywords: Limonene, FIGAERO, CIMS, Carboxylic acids, SOA, MCM
Presenting author email: julia.hammes@chem.gu.se

2

Introduction
Low vapor pressure products from the oxidation of
volatile organic compounds (VOC) contribute
significantly to atmospheric aerosol particle formation
and growth (Hallquist et al., 2009). ). Limonene is a
doubly unsaturated VOC with lower emission rates than
other monoterpenes (e.g. α-pinene) and shows high
reactivity in the presence of ozone. This can
subsequently lead to the formation of secondary organic
aerosol (SOA) in both the atmosphere and indoor
environments. Detailed gas phase mechanisms of
limonene oxidation are available through the master
chemical mechanism (MCM) and present a framework
against which observed product distributions can be
compared.
Carboxylic acids are one major class of products
from limonene oxidation. They have been shown to play
an important role in SOA formation due to their low
vapor pressure (Salo et al., 2009). A previous modelling
study assessed the relative contribution of carboxylic
acids from limonene oxidation to SOA formation
(Pathak et al., 2012). According to their model,
limonene-ozonolysis produces significant amounts of
carboxylic acids and the distribution is affected by
changes in both OH and ozone concentrations. Beside
carboxylic acids, other classes of compounds with low
volatilities (e.g. aldehydes, alcohols, ketones, peroxides
or multifunctional compounds) are formed during the
oxidation process and their contribution to SOA
formation is one focus of the current study.
Material and Methods
Oxidation studies of limonene in the presence of
ozone have been performed under a variety of
experimental conditions in the Gothenburg Flow Reactor
for Oxidation Studies at Low Temperatures (G-FROST),
described in a previous study (Jonsson et al., 2008). In
our study, limonene was added through a characterized
diffusion source and concentrations were increased
stepwise (15, 40, 150 ppb). Temperature (20°C), ozone
concentrations (400, 1000 or 5000 ppb) and relative
humidity (dry or 25% RH) were kept constant during the
run of the experiments. Experiments were performed
with and without 2-butanol as an OH scavenger. The
oxidation product distribution in the gas and particle
phase was measured with an acetate High-Resolution
Time-of-Flight Chemical Ionization Mass Spectrometer
(HR-ToF-CIMS) coupled to a Filter Inlet for Gases and
AEROsols (FIGAERO) and analyzed for their chemical
composition. SOA mass based on particle size

distribution was derived with a Scanning Mobility
Particle Sizer (SMPS).
Results
Identified products are reported in terms of
relative ratios between the gas and particle phase. It was
evident that some of these relative ratios for selected
carboxylic acid and aldehyde oxidation products (figure
1) are in agreement with the volatility bin calculations
from Pathak et al. (2012). However, there were also
some that deviated significantly. To further elucidate the
source of these discrepancies a comparison of the
product distribution with MCM will be discussed.

Figure 1. Relative ratios between gas and particle phase
data for high (circles) and medium (triangles) limonene
concentrations with 1000ppb O3, humid conditions and
OH scavenger. Ratios <1 (red) indicate a higher gas
phase signal for the respective compound and ratios >1
(black) indicate a higher particle phase signal. High (H),
Medium (M) and Low (L) indicate volatility bins
according to Pathak et al. (2012).

This work was supported by Formas (214-2010-1756)
and is a contribution to the Swedish strategic research
area ModElling the Regional and Global Earth system,
MERGE.
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Particle phase composition of low-NOx isoprene SOA:
Effect of seed acidity and relative humidity
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Secondary organic aerosol (SOA) formation from
isoprene oxidation has been an emphasis in the last
couple of years. Observed SOA yields are small but in
terms of the large source strength, estimated
contributions to total SOA mass from biogenic volatile
organic compounds (BVOC) oxidation are high (Heald
et al., 2008; Hallquist et al., 2009).
So far, most of the studies concentrated on SOA
formation from isoprene oxidation under high NOx
mixing ratios. Determined SOA yields are in the range of
1 – 5 % (Kroll et al., 2006). Amongst others, it has been
shown that increasing seed acidity promotes but
increasing relative humidity inhibits particle mass
generation. Moreover, these dependencies of particle
mass correlate with the presence of 2-methylglyceric
acid, an important isoprene SOA marker compound
(Claeys et al., 2004; Surratt et al., 2006; Zhang et al.,
2011).
Lately, oxidation and mass generation at low NOx
mixing ratios became foci of interest. Gas phase
oxidation mechanisms differ significantly as C5
hydroxyhydroperoxides (ISOPOOH) are main primary
products. Further oxidation leads to the formation of C5
epoxydiols (IEPOX) and low volatility organic
compounds (LVOC) which are considered to be SOA
precursor compounds (Paulot et al., 2009; Krechmer et
al., 2015). Thus, formation of the important SOA
components 2-methyltetrols and their sulfate esters is
explained by the gas-particle partitioning of IEPOX.
Observed SOA yields vary significantly depending on
seed acidity with maximum values of 29 % for highly
acidic primary particles caused by an increased uptake of
IEPOX (Surratt et al., 2010).
For the present study, experiments on low NOx
isoprene oxidation with OH radicals were performed in
the aerosol chamber LEAK. The impact of seed
properties on SOA formation was investigated by
varying seed acidity and relative humidity. Besides the
characterization of organosulfates and organic peroxides,
particle phase analysis aimed to further study the role of
small carbonyl compounds and carboxylic acids in mass
formation.
The results show, that particle phase composition
is strongly dependent on seed acidity. Carbonyl
compounds, carboxylic acids as well as organosulfates
show highest contributions to particle mass in presence
of highly acidified seed. These findings correlate with
higher SOA yields in presence of acidic (7 – 13 %)
compared to neutral (4 – 8 %) seed particles. Besides
organic peroxides, dicarboxylic acids were found to add

significantly to the particle mass with major contribution
by oxalic acid (see Fig. 1). Fractions of carboxylic acids
range from 1 – 8 % with far higher contributions at high
relative humidity indicating that they are formed from
multiphase processes. In contrast, small carbonyl
compounds did not contribute substantially to SOA mass
as fractions were found to be less than 1 %.

Figure 1. Contribution of individual dicarboxylic acids to
total organic mass measured for acidic seed and for
varying relative humidity.
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Chemistry, morphology, and cloud activation: Chemical composition measurements of
α-pinene SOA at low temperatures with a FIGAERO-CIMS
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The formation of secondary organic aerosol (SOA) via
ozonolysis of α-pinene has been studied extensively in
the laboratory. Among the main motivations for these
studies is the potential of organic aerosols to influence
climate via cloud formation, which has not been
established conclusively. During transport of SOA from
the lower troposphere to the upper troposphere
temperature and relative humidity (RH) variations can
induce changes in phase state and morphology of the
particles, which in turn both influence and are influenced
by the particles´ chemical properties (Virtanen et al,
2010, Bateman et al, 2016). Little is known about such
interactions.
We conducted cloud chamber experiments in the
temperature range 208-298 K to study the role of
chemical composition and phase state on SOA cloud
interactions. We used 2 simulation chambers at the
Karlsruhe Institute of Technology (KIT). α-pinene SOA
was generated by ozonolysis in a 3.7 m3 stainless steel
chamber at room temperature and then transferred into
the 84.5 m3 aluminum chamber AIDA kept at
temperatures between 298 and 208 K. For each
temperature the RH in AIDA was then gradually
increased from ~ 30% to ~95% followed by droplet or
ice cloud formation induced by adiabatic expansion. The
composition of the organic aerosol and its surrounding
gas phase was measured with a Chemical Ionization
Mass Spectrometer with a Filter Inlet for Gases and
Aerosols (FIGAERO-CIMS) using I- as reagent ion
(Lopez-Hilfiker et al, 2014, Lee et al, 2013). Viscosity of
particles as a function of water uptake was investigated
by the Aerosol Bounce Instrument (ABI, Pajunoja et al,
2015).
We observed differences in chemical composition
as well as water uptake behavior for organic particles
under different temperature and humidity conditions. For
semi-volatile compounds, thermograms from the
FIGAERO-CIMS show a shift towards larger maximum
desorption temperatures with increasing AIDA RH at
warm temperature, indicative of matrix effects or
accretion reactions (Fig 1). Bounce measurements in the
ABI indicate irreversible changes in the particles’
physicochemical properties with increased humidity.
Such effects were not observed at cold temperatures
(Fig. 1). The results show the importance of
meteorological conditions during SOA processing on
their physicochemical properties and consequently their
climate effects via cloud formation.

We will present detailed chemical analysis of gas
and particle phase components as a function of
temperature, RH, and particle phase state and
morphology.

Figure 1. FIGAERO thermograms for C10H16O3I-, likely
pinonic acid, at dry (30% RH) and humid (90% RH)
conditions for 278 and 258 K in AIDA. Obvious is the
loss of the first mode of the thermogram under warm and
humid conditions.

Virtanen, A., et al. (2010) Nature, 467, 824–827.
Bateman, A. P., et al. (2016) Nature Geoscience, 9, 3437.
Lopez-Hilfiker, F. et al. (2014) Atmos. Meas. Tech. 7,
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Effects of inorganic salt aerosol on the oxidation state of secondary organic aerosols —
α-pinene ozonolysis
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Our study suggests that: (1) organic vapor-wall
deposition both suppressed the SOA yield, as previously
reported, and lowered the measured aerosol oxidation
state, especially in the system where ELVOCs are
efficiently produced in gas-phase reactions; (2) in
addition to facilitating initial condensation of low
volatility organic vapors, nitrate seed aerosol increases
the oxidation state of SOA, possibly by promoting the
adsorption of small volatile carboxylic acids or the
particle-phase oxidation of the aerosols.
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Organic and inorganic materials are ubiquitous
components in ambient aerosols. Inorganic seed particles
are routinely used as sites to promote condensation of
organic oxidation products in laboratory chamber studies
of secondary organic aerosol (SOA) formation. The
presence of organosulfates even in neutralized
ammonium sulfate aerosols (AS) suggests that
interactions between the organic and the condensed
neutralized inorganic species occur. AS is commonly
used as seed particles in environmental chamber studies.
A relatively unstudied aspect of SOA formation is the
effect of inorganic seed composition on the properties of
the SOA. Here we investigate the composition, oxidation
state, and evolution of SOA from α-pinene ozonolysis in
the presence of ammonium sulfate (AS) or sodium
nitrate (SN) seed particles. In addition, we conducted the
SOA formation experiments with varying levels of initial
seed surface area (SA).
We found that oxidation state (OSC) of α -pinene
ozonolysis SOA increased with inorganic seed surface
area (Figure 1). These observations can be interpreted to
be the result of preferential condensation of highly
oxidized, extremely low volatility organic compounds
(ELVOCs) onto the particles versus the chamber wall,
(Ehn et al. 2014, Zhang et al, 2015).
The oxidation state of α-pinene SOA was
observed to be higher with SN seed (OSC, -0.32 ~ 0.13)
than with AS seed (OSC, -0.53 ~ -0.33). A possible
interpretation of a positive OSC is that highly oxygenated
small carboxylic acids (Kroll et al. 2011), such as acetic
acid as detected in off-line samples, are present in the
SOA. Oxidative aging of the SOA in SN particles was
also observed with OSC increased to 0.2 at the end of the
experiment at high SN levels (Figure 1). Positive matrix
factorization (PMF) analysis suggests that particle-phase
oxidation of the SOA in the SN case might have been
occurring.
There is increasing evidence that small carboxylic
acids can ionize on the surface of or react with inorganic
nitrate salt particles, resulting in carboxylate ion
formation with the release of gaseous HNO3, even when
the particles are effloresced (Wang et al. 2014, Shilling
et al. 2006). We conducted additional acetic acid uptake
experiments using deposited particles and found that a
larger uptake occurs with SN particles than AS particles,
based on surface analysis of the particles using offline
Time-of-Flight Secondary Ion Mass Spectrometry (ToFSIMS).
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Figure 1 Aerosol oxidation state (OSC=2×O/C-H/C) as a
function of initial surface area of ammonium sulfate
(AS) or sodium nitrate (SN) seed particles
This work is funded by the HKUST Sponsorship scheme
for Targeted Strategic Partnerships.
Kroll et al. (2011) Nat Chem, 3, 133-139.
Ehn et al. (2014) Nature. 506, 476-479.
Zhang et al. (2015) Atmos. Chem. Phys. 15, 4197-4214.
Wang et al. (2014) J Geophys Res-Atmos, 119, 33353351.
Shilling et al. (2004) J Phys Chem A, 108, 11314-11320.

European Aerosol Conference 2016

Tours, France

Page 905 of 1211

Volatility distribution and viscosity effects in evaporation of a-pinene SOA
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Dynamics of gas-particle partitioning change the
composition and size of the atmospheric aerosol particles.
To capture these changes for secondary organic aerosol
(SOA) in global models, parameterizations for the
saturation concentration (C*) distribution of oxidized
organics have been developed based on SOA growth
experiments. However, a-pinene SOA – used as a proxy
for atmospheric SOA – evaporates slower than expected
based on these volatility distributions and this can be an
indication of particle phase mass transport limitations due
to semi-solid particle phase (Vaden et al, 2011). Also,
extremely low volatile organic compounds, not present in
the previous C* parameterizations, have been detected
(Ehn et al, 2014) and the effect of vapor wall losses on
SOA experiments has been discussed (Kokkola et al,
2014). In this study we investigate the role of different
processes in the slow evaporation of a-pinene SOA.
We generated a-pinene SOA by ozone oxidation in
a continuous flow tube reactor, selected a monodisperse
(diameter 80 nm) particle sample with a nano-DMA and
lead the selected particles to a clean 100 litre polished
stainless steel chamber. The nano-DMA was operated in
an open loop configuration in order to dilute the gas phase.
Particles were sampled after the nano-DMA, bypassing
the evaporation chamber, for the short residence time data
(~7-15 s). Data at intermediate residence times (~30
minutes) was obtained by sampling at the end of the
evaporation chamber while the chamber was being filled.
The chamber was closed after filling and reopened for
sampling after 2 hours which provided data at long
residence times (~2-4 hours). Particle size was monitored
with a Scanning Mobility Particle Sizer and composition
with a High Resolution Aerosol Mass Spectrometer. The
measurements were performed with evaporation taking
place either in dry conditions, at RH 75 % or at RH 40 %.
The evaporation measurements were interpreted
using a modified version of the kinetic multi-layer model
KM-GAP (Shiraiwa et al, 2012) and a liquid particle
evaporation model. Organics were represented with
volatility basis set (VBS) using 8 C* bins between 10-3104 g/m3. At RH 75 % the particles are presumably
liquid, and, thus, we fit the liquid particle evaporation
model to the data from these wet experiments using the
genetic algorithm to find the initial particle composition.
Several different 8-bin VBSs were found for the initial
composition which all captured the observed evaporation
well; in all cases > 20 % of initial mass was in C* 10-2
bins, a major fraction of mass was in 10-1-100 g/m3 bins
and also some C* 101 g/m3 compounds were present.

The conditions in the flow tube were similar in all
experiments and, thus, at the start of the evaporation (at
the nano-DMA) particle composition was presumably
similar in all experiments. We used the initial composition
obtained from the wet experiment for simulating the
evaporation in the dry conditions with the kinetic multilayer model with varying particle viscosity. To capture the
observed evaporation, a strong composition dependence
for the viscosity of the dry particles was needed with
values increasing from ~105 Pa s over four orders of
magnitude along the evaporation. However, evaporation
at RH 40 % was similar to RH 75 % indicating that in
atmospheric conditions particle phase mass transport
limitations are not significant.
Particles’ O:C ratio was constant along the
evaporation, suggesting that the low-volatile compounds
in particles were not highly oxidized but instead products
from oligomerization – possibly taking place in the
particle phase. Thus the effect of oligomer decomposition
on the evaporation rate can not be disregarded.

Figure 1. Measured particle diameter normalized with
the initial diameter as a function of the evaporation time
in the dry conditions, at RH 40 % and at RH 75 %. Also
the best fit simulation for RH 75 % is shown.
This work was supported by the Academy of Finland
Centre of Excellence program (no. 272041), European
Research Council (ERC Starting Grant 335478) and
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Gas-particle partitioning (GPP) is an important
mechanism which affects the transport, fate, and
bioavailability of semi-volatile organic compounds
(SOCs). The preferential partitioning of SOCs in the
atmosphere depends on parameters such as the
compound’s molecular structure as well as particulate
matter (PM) physical and chemical properties. The
various organic and inorganic PM constituents interact
with SOCs depending on their molecular structures.
Previous studies considered PM as a homogenous bulk
and used a typical organic solvent (i.e. octanol) as a
surrogate to simulate such interaction. In the present
study we applied polyparameter linear free energy
relationship (ppLFER) to address this process following
a multiphase aerosol scenario. ppLFER models have
been developed for various organic solvents (Abraham et
al., 2010) and inorganic surfaces (Goss et al., 2003). The
models consider all types of molecular interactions (e.g.
dispersion forces, hydrogen bonding) between solute and
sorbent at equilibrium.
We considered three different phases of particulate
organic matter (OM): (A) high molecular mass organic
soluble (OS) OM (mass mixing ratio in OM: 0.05), (B)
low-mid molecular mass both water soluble (WS) and
OSOM (0.55), and (C) high molecular mass organic
polymers (OP) (0.40) (Rogge et al., 1993). An
appropriate ppLFER model was used for each phase –
i.e. hexadecane-air, dimethyl sulfoxide-air, and
polyurethane ether-air, respectively. In addition, SOC
adsorption to soot and soluble salt particles, namely
ammonium sulphate and ammonium chloride, were
included using corresponding ppLFER equations.
Partitioning constants (KP; m3air g-1PM) determined with
this model were corrected using the measured fractions
of OM, soot, and the salts, and compared with the
experimental KP for parent, oxy-, and nitro-PAHs, and
nitrophenols from three central European sites - i.e.
Košetice, Grenoble, and Mainz.
As can be seen from Figure 1, the model made
good predictions for semi-volatile pyrene (PYR),
fluoranthene (FLT), 9,10-anthraquinone (9,10-ATQ),
benzo(a)fluorenone (BAFLON), 9-nitroanthracene (9NANT), and 3-nitrophenanthrene (3-NPHE), with 74 96% of the data points predicted within one order of
magnitude accuracy (Table 1). The analysis indicated
that absorption was the main process in the substance
GPP, dominated by the contribution of low-mid

molecular mass WSOSOM. Despite being assigned
substantially different OM mass mixing ratios, OSOM
and OP contributed less than 5% to the overall
absorption process, although the contribution from OP
was relatively higher. Finally, partitioning onto soot
dominated the adsorption process, suggesting that the
contributions from soluble salts may be neglected when
studying the target analyte GPP. The PM phase state is
an additional parameter to be included in future
parameterizations of the GPP process.

Figure 1. Comparison between experimental and
predicted log KP (m3 g-1).
Table 1. Experimental log KP and percentage of
predictions within one order of magnitude accuracy
log KP range
% Predicted
PYR
3.4 – 6.2
94
FLT
2.9 – 7.1
96
9,10-ATQ
2.6 – 6.3
85
BAFLON
4.0 – 7.4
92
9-NANT
2.7 – 5.8
90
3-NPHE
3.0 – 6.1
74
Abraham, M. H., Smith, R. E., Luchtefeld, R., Boorem,
A. J., Lou, R., and Acree Jr, W. E. (2010) J. Pharm. Sci.
99, 1500-1515.
Goss, K.-U., Buschmann, J., and Schwarzenbach, R. P.
(2003) Environ. Toxicol. Chem. 22, 2667-2672.
Rogge, W. F., Mazurek, M. A., Hildemann, L. M., Cass,
G. R., and Simoneit, B. R. T. (1993) Atmos. Environ. 27,
1309-1330.
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According to the regulations of the European
Commission operative at present the daily average of
PM10 concentration should not exceed 50 µg m-3, while
the upper limit for the yearly average is 40 µg m-3. The
number of transgressions of the daily limit should not
exceed 35 days/year. Furthermore, in case of reaching
the alert threshold (100 µg m-3) there is need for
restrictions, which affect the way of life of the
population as well as the economy. Hence knowledge on
the reliability and environmental sensitivity of the
method used for the measurement of the PM10 mass
concentration is of great importance.
The online measurement of PM mass
concentration is carried out worldwide with instruments
using the -ray attenuation method. The biggest
uncertainty in the measurement of the PM mass
concentration is caused by the fact that atmospheric
water may significantly influence the mass and size of
the aerosol particles as well as it can be adsorbed on and
desorbed from the filter material used in PM monitors.
One of the objectives of this research was the
quantification of the error in the determination of PM
mass concentration caused by the uptake of water vapour
of the filter material. Another objective was to construct
an instrumental setup capable of minimizing this error in
PM measurements.
Results
PM measurements were performed with a
Thermo FH62C14 type particulate monitor working on
the principle of beta attenuation. The PM10 inlet was
changed for a HEPA filter in order to remove all
particles from the gas stream sampled. Thus, only
particle-free air was monitored by the instrument.
Consequently, any change in mass was caused by gas
phase components adsorbed or desorbed on the glass
fibre filter (Whatman GF10) of the monitor. In terms of
adsorbable mass water vapour is the dominant gas phase
component in the atmosphere. Therefore this setup was
suitable for the investigation of the effect of water
vapour on PM measurements. The water uptake of the
filter was examined both with heated (40 ºC) and
unheated inlet.
In Figure 1 the temporal variation in the mass of
the filter (detected as PM concentration by the monitor)
is shown for a summer period. Although considerable
fluctuation of the hourly average values was
experienced, periodicity of the signal is undoubtful. In
the evening and night hours positive while during
daytime negative bias was observed. The magnitude of

the deviation in apparent hourly average PM
concentration ranged from -21 to 23 µg m-3 and even the
6-hour moving average concentration values varied
between -6 and 7 µg m-3. During this experiment the
PM10 concentration was measured with another PM
monitor and the hourly average values ranged from 10 to
30 µg m-3. These findings clearly show that the results of
PM measurements are considerably distorted by the
adsorption and desorption of atmospheric water vapour.
This error is even more significant when PM2.5 or PM1
concentration is to be determined.

Figure 1. Temporal variation in the apparent PM
concentration obtained with heated (red) and unheated
(blue) inlet.
It is also visible in Figure 1 that the error in PM
measurement caused by adsorbed and desorbed water
can be decreased to some extent with heated inlet but it
cannot be eliminated completely. Furthermore, the daily
average concentrations were found to be >0 indicating
that even 24 h average concentrations are influenced by
the uptake and release of water vapour. In order to
achieve more reliable PM measurements an instrumental
setup was designed and tested under various
meteorological conditions. With the help of this
arrangement the water adsorption of the glass fibre filter
as well as that of the particles was decreased. The setup
and results will be shown in the presentation.

This research was supported by the National Scientific
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The WINS (Well Impactor Ninety-Six) is
designated as the inlet for USEPA PM2.5 FRM (Federal
Reference Method) samplers (Peter et al., 2001a).
Loaded particle mass and particle loss are the limitations
of inertial impactors. Instead of being collected on the
impaction substrate, particles deposit on the inner walls
of the impactor (Chen et al., 2007), leading to the
underestimation of the collection efficiency. The loaded
particle mass on the impactor plate also shifts the cutoff
diameter of the WINS to a smaller diameter (Kenny et
al., 2000). The main aim of the present work is to
recalibrate and determine particle loss in the WINS, and
study the loaded particle mass effect on the cutoff
diameter.
The WINS with the original inlet tube (inner
diameter = 28.4 mm) have two contractions (28.4 to 12.7
mm, then 12.7 to 3.91 mm) before the nozzle of 3.91
mm in diameter. Since particle loss is very likely in the
contractions due to inertial impaction and interception
(Chen et al., 2007), a small inlet tube with the inner
diameter of 4.0 mm was made to reduce particle loss in
this study. The WINS was also re-designed as a modified
WINS (M-WINS) to test the effect of loaded particle
mass. The M-WINS has a wetted flat impaction surface
with a 0.8 mm hole in diameter at the center of the plate.
A wetted glass fiber filter on the plate was also tested. A
cleaning deionized (DI) water flow is introduced upward
at the center of the impaction plate by using a syringe
pump to wash off deposited particles from the impaction
surface continuously.
The WINS and the M-WINS were tested in the
laboratory using a vibrating orifice aerosol generator
(VOAG, TSI model 3450) to generate monodisperse
solid ammonium fluorescein particles with the
aerodynamic diameter ranging from 1.0 to 4.0 µm for the
particle collection efficiency (Peter et al., 2001b) and for
the particle loss (Liu et al., 2011). The particle collection
efficiency curve was determined by counting particle
concentrations upstream and downstream of the WINS
and the M-WINS using a TSI Model 3321 APS. To test
the particle loss in the WINS, cotton clothes were used
to recover the deposited particles at the inner wall of the
inlet and nozzle. Solid particles collected on cotton
clothes was dissolved in DI water and measured by the
Ion Chromatography (IC, Metrohm Model 883 Basic IC
plus) for ammonium ion concentrations.
Fig. 1 shows the particle collection efficiency
curves of the WINS and the M-WINS with the original
and small inlet tubes and compare to previous results.
The cutoff diameter of the WINS and the M-WINS equal

2.48 ± 0.05 µm, which agrees with that in Peter et al
(2001a) and Kenny et al (2000). The GSD (geometric
standard deviation) of the WINS with the original inlet
and the small inlet tubes are 1.2 and 1.24, respectively.
In comparison, the GSD is 1.23 and 1.18 reported in
Kenny et al (2000) and Peter et al (2001a), respectively.
The GSD of the M-WINS with the original inlet and the
small inlet tubes are 1.24 and 1.25, respectively. The
collection efficiency curve of the M-WINS is slightly
less sharp than that of the WINS when water is used
instead of oil.

Figure 1. The particle collection efficiency curves of the
WINS and the M-WINS.
Paricle loss for particles larger than the cutoff
diameter is larger in the original inlet tube (13% - 21%)
than that in the small inlet tube (<10 %). This leads to a
sharper particle collection efficiency curve of the WINS
with the original inlet tube than that with the small inlet
tube as particle loss is considered as a part of the
collection efficiency is determined by the APS. Without
contractions, the small inlet tube indeed has a much
small particle loss, which results in a less sharp
collection efficiency curve. A wetted impaction surface
to keep the impaction surface free from particle pile-up
was shown to keep the cutoff diameter nearly constant
with particle loaded mass up to 6 mg. The results of
these new findings will be reported in the conference.
Chen, S. C., Tsai, C. J., Wu, C. H., Pui, D. Y. H.,
Onischuk, A. A., and Karasev, V. V. (2007) J.
Aerosol Sci., 38, 935-949.
Kenny, L. C., Gussman, R., and Meyer, M. (2000).
Aerosol Sci. Technol., 38, 15-22.
Liu, C. N., Chen, S. C., and Tsai, C. J. (2011) Aerosol
Sci. Technol., 45, 1480–1487.
Peters, T. M, Vanderpool, R. W., and Wiener, R. W.
(2001a) Aerosol Sci. Technol., 34, 389-397.
Peters, T. M, Vanderpool, R. W., and Wiener, R. W.
(2001b) Aerosol Sci. echnol., 34, 398-406.
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Comparison of Rochester aerosol sources at two periods of time using combined size
distribution and air pollutant data
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Sources contributing to the submicron particles (11–500
nm) measured between January 2008 and December
2013 at the New York State Department of
Environmental Conservation (NYS DEC) site in
Rochester, NY were identified and apportioned using
positive matrix factorization (PMF). To examine
changes in the sources over time, two time periods,
2008-2010 and 2011-2013, were analyzed. These periods
were divided into three seasons (i.e. winter [December,
January, and February], summer [June, July, and
August), and transition [March, April, May, September,
October, and November] given the seasonal differences
in atmospheric chemistry. Therefore, the seasons were
analysed independently for possible sources. Further,
each season’s data was analysed with different sets of
variables to determine if our results were robust.
The new version of EPA's positive matrix
factorization (EPA PMF) software, 5.0, includes
displacement (DISP) of factor elements as an error
estimation method for analyzing factor analytic
solutions. This method captures the uncertainty of PMF
analyses due to rotational ambiguity. DISP diagnostics
are consistently robust, indicating its use for
understanding rotational uncertainty and as a first step in
assessing a solution's viability [1]. To demonstrate the
utility of the DISP method, results are presented for the
submicron particles. The particle number size
distribution (PNSD) of airborne particles not only
provides information about sources and atmospheric
processing of particles, but also plays an important role
in determining regional lung depositon and dose [2].
Besides the PNSD, some gaseous species and black
carbon (2 wavelenghts) were measured in this study. The
resolved sources were identified using information from
number and mass contributions from each source (source
profiles), as well as meteorological data. The profiles of
winter season for both periods along with their DISP
bands (red error bars) are shown in Figure 1.
PMF was successfully employed in comparing
the sources contributing to the concentrations of the
measured submicron particles and species at two
different periods in Rochester, NY.

PM2.5

3

Species

Figure 1. Profiles of the resolved sources for the winter
season; (Top) the period 2008-2010 (Bottom) the period
2010-2013
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GAW global site Hohenpeißenberg –how has the aerosol load changed over the years?
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It is well known that airborne particles have an impact
on human health and influence the climate system of the
earth and biosphere. Hence it is of great importance to
monitor aerosols as done at Hohenpeißenberg, Germany,
a global station of the WMO program “Global
Atmosphere Watch”.
The longterm TSP and PM10 measurements
(since 1997) and their analysis on the watersoluble ions
are assissted by PM1 measurements analysed with an
Aerosol Chemical Speciation Monitor (ACSM,
Aerodyne Research) since 2013. The results reflect
typical characteristics of a rural site, low influence of
traffic or industry. At Hohenpeißenberg the aerosol
composition shows a yearly cycle. However, due to the
low background concentration special events as volcano
dust or wood burning can be clearly seen and
determined. Long-term trends of aerosol background can
be monitored. The supplementary measurements with
the ACSM allow source apportionment of the organic
fraction. Due to legislation the aerosol load has been
decreased in the past years. This work studies how the
aerosol composition has changed over the years at a
background site.
The TSP average concentration since 2006 is
9.6 µg/m³, which is well below European PM10
regulations. TSP has a decreasing tendency of 0.4 µg/m³,
which was found at several sites (Barmapadimos et al
2012). The components Cl-, Na+, NH4+ and SO42- show
clear decreasing trends, NO3- is only slightly reduced; on
contrary the trends of Ca, K and Mg are rather stable
since 1997. Sulfate producing emissions, especially from
petrol and lignite combustion are reduced continuously
in Germany since 2000 (EMEP, 2012). Lignite
combustion is also a source of Cl-, which accordingly
decreased with time.
In Figure 1 the seasonal aerosol composition for
PM2 (organics PM1) is shown for the different seasons
in 2014 and 2015. The organics (OA) are analysed by
positive matrix factorization to identify the sources.
Oxygenated organic aerosol has a high share of OA and
has its maximum in summer time. Contrary, NO3-, on
average the second largest contributor to aerosol mass,
has its maximum early in the year, when agricultural
activity and the weather condition which support the
accumulation of aerosol (e.g. temperature inversion) are
coinciding. The seasonality of the chemical components
exists and is independent of the reduction of the aerosol
mass.
Differences in the seasonality of the composition
are a consequence of natural occurences / biogenic
sources of aerosol, typical are the transport of Saharan

dust or sea salt aerosol. These air masses can change the
average composition of PM, as seen in spring 2014,
where a high load of Na+ and Cl- is detected. The
occurrences of these phenomena are highly dependent on
the prevailing weather situation.

a

b

c

d

e

f

g

h

Figure 1. Average aerosol composition (PM1, PM2) at
Hohenpeißenberg, for 2014 (a- winter, b-spring, csummer,d-autumn) and 2015(e-winter, f-spring, gsummer, h-autumn).
Barmapadimos, I, Keller, J, Oderbolz, D, Hueglin, C,
Prevot, ASH. (2012) ACP, 12, 3189-3203
EMEP (2012) Transboundary particulate matter in
Europe, Status report 2012 NILU
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Receptor modelling for multiple time resolved species: European air pollution hot spot
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The Moravian-Silesian Region is in long term one of the
most air-polluted region not only in the Czech Republic
but in Europe. The polycyclic aromatic hydrocarbons
(PAHs) are a serious threat to air quality in this region
(Dostal et al., 2013; Sram et al., 2013). The EU limit for
particle-bond benzo[a]pyrene (B[a]P) is exceeded
several fold from year to year (CHMI, 2014).
The objective of presented study was to identify
sources of PM0.09-0.56 and PM0.56-1.15 in a residential
district in proximity to a large metallurgy complex
during two intensive winter sampling campaigns.
Measurements were conducted from the 26th Jan
th
to 19 Feb 2012 and 7th Feb to 3rd Mar 2014 in Ostrava,
the regional city of the Moravian-Silesian Region. Eight
size fractions were sampled by a Davis Rotating-drum
Uniform-size-cut Monitor (8 DRUM) and analysed for
24 elements by Synchrotron-XRF with 2-h time
resolution. Also four size fractions were sampled by the
high volume cascade impactor (BGI 900) and analysed
for 13 particle-bond PAHs by HPLC (ISO 11338-2) with
24-h time resolution. 2 hours mass concentrations were
calculated from 5 minute number size spectra recorded
with an APS and SMPS. Concurrently hourly resolved
OC/EC in PM1 values were determined. Complete
meteorology wind speed (WS) wind direction (WD),
temperature (T), relative humidity (RH) and
precipitation (P) were also concurrently recorded.
Databases of 2-h elemental and mass
concentrations, and daily PAHs concentrations were
analysed separately for two size fractions by the 2-way
factor analysis for data with multiple time resolutions
using the method of Zhou et al. (2004).
The campaigns meteorological conditions and
PM differed significantly from each other. Campaign in
2012 was characterized by low T (median = -13.8°C),
low WS (median = 0.8 ms-1), WD prevailing from NE
and high PM0.09-0.56 (median = 45.0 μgm-3) and PM0.56-1.15
(median = 37.6 μgm-3). Campaign in 2014 was
characterized by mild winter T (median = 5.2 °C), low
WS (median = 1.2 ms-1), WD prevailing from SW and
NE and PM0.09-0.56 (median = 19.6 μgm-3) and PM0.56-1.15
(median = 9.1 μgm-3). The PM0.09-0.56 and PM0.56-1.15
median values of elements with highest total mass
concentration and median value of particle-bond B[a]P
measured during the two sampling campaigns are shown
in the Table 1.
According to a previous source apportionment
study based on elemental composition of the fine and
coarse fraction sampled during winter 2012 the common

sources for the both fractions were coal combustion,
sinter and raw iron production, and traffic (Pokorna et
al., 2015). Due to a more robust database and the
application of an advanced receptor model to data with
multiple time bases, we expect precise source
identification primarily among the sources of coal
combustion.
Table 1. Summary of PM0.09-0.56 and PM0.56-1.15, main
elements and B[a]P mass concentrations [ng.m-3],
number of samples for elements (n1) and B[a]P (n2).
2012

Na/Si

S/Cl

K/Fe

Z/B[a]P

PM0.56-1.15
(n1=309)/(n2=26)
PM0.09-0.56
(n1=288)/(n2=26)
2014

380.2/
238.0
580.4/
116.2

1860.7/
165.1
2976.9/
168.4

327.8/
259.4
589.3/
88.7

184.7/
5.3
201.7/
2.5

Na/Si

S/Cl

K/Fe

Z/B[a]P

PM0.56-1.15
(n1=297)/(n2=13)
PM0.09-0.56
(n1=288)/(n2=13)

245.0
97.0
500.1/
49.2

737.9
72.8
1737.6/
145.8

259.7
484.9
621.6/
263.1

151.6/
3.4
189.5/
1.8

This work was supported by the Grant Agency of the
Czech Republic under the project GAP503/12/G147.The
research fellowship at the CARES, Clarkson University
was funded by the Fulbright Scholar Program.
CHMI, Czech Hydrometeorological Institute, (2014). Air
pollution and atmospheric deposition in data. Summary
tabular survey.
Dostal, M., Pastorkova, A., Rychlik, S., Rychlikova, E.,
Svecova, V., Schallerova, E. and Sram, R. J. (2013).
Environ. Health 12, 1-11.
Pokorná, P., Hovorka, J., Klán, M. and Hopke, P.K.
(2015). Sci. of Total Environ. 502, 172-173.
Sram, R. J., Binkova,B., Dostal, M., Dostalova, M.,
Libalova, H., Milcova, A., Rossner Jr. P., Rossnerova,
A., Schmuczerova, J., Svecova, V., Topinka, J. and
Votavova., H., (2013). Int. J. of Hygiene and Environ.
Health 216, 533-540.
Zhou, L., Hopke, P. K., Paatero, P., Ondov, J. M. ,
Pancras, J. P., Pekney N. J. and Davidson, C. I. (2004).
Atmos. Environ. 38, 4909-4920.
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Fine particulate matter (PM 2.5) has been identified as
one of the major air pollutants in urban areas, which
is responsible for the adverse effects on public health
(Chang et al., 2013, Diaz, 2008). In this study, the
characteristics of PM 2.5 were studied for Chiayi City,
which has a high population density and is
surrounded by agricultural area. The mass
concentration, water-soluble ionic component, trace
metal component, carbon component and modeling
the contribution source for PM 2.5 were evaluated. The
Taiwan Emission Data System 8.1 (TEDS 8.1) was
utilized as the input data to Model-3/CMAQ for
modeling seasonal PM2.5 contributions from stationary,
mobile, and area sources.
In the spring, the PM2.5 concentrations were 3361 μg/m3. The PM2.5/PM10 ratios were 45.9-58.0%,
which is characteristic of a typical urban area. The main
wind directions were NW and N, leading to the relatively
higher PM2.5 levels around the east of Chiayi City. There
was particulate accumulation in valley or near-mountain
locations. The mass concentrations of PM2.5 were mainly
composed of 58.7% water soluble ions, 14.4%
carbonates, and 5.1% metals. The ion contents in PM2.5
were majorly composed of NO3- (22.4%), SO42- (16.8%),
and NH4+ (14.3%). In average, the OC (10.1%) mass
content was higher the EC (4.9%).
In the summer, the PM2.5 concentrations ranged
from 9 to 22 μg/m3. The range of PM2.5/PM10 ratios was
33.3-42.9%, which is significantly lower than other
seasons. This could be as a result of the inhibition of
primary particles and secondary gaseous precursors by
temporal
precipitation.
Generally,
the
mass
concentrations of PM2.5 were mainly composed of 39.1%
water soluble ions, 18.0% carbonates, and 13.0% metals.
The ion contents were majorly composed of SO42(21.8%), NH4+ (8.8%), and NO3- (7.2%). The average
OC (10.6%) mass content was higher the EC (7.4%).
In the autumn, The PM2.5/PM10 ratios were 34.959.1%. For autumn, mass concentrations of PM2.5 were
mainly composed of 54.2% water soluble ions, 10.2%
carbonates, and 7.5% metals. The ion contents were
majorly composed of SO42- (21.9%), NO3- (16.6%), and
NH4+ (11.0%). The average OC (6.4%) mass content was
higher the EC (3.8%).
In winter, the PM2.5 concentrations were 29-69
μg/m3. The PM2.5/PM10 ratios were 52.9-67.9%,
reporting the higher fine particle level with more
potential harmful effects than other seasons. The mass
concentrations of PM2.5 were mainly composed of 59.2%
water soluble ions, 13.7% carbonates, and 4.6% metals.

Similar to other seasons, the major ions were SO42(20.7%), NO3- (17.5%), and NH4+ (12.6%). Similarly,
the average OC (9.5%) mass content was higher the EC
(3.9%).
The results of CMB model revealed the main
contribution for locally atmospheric PM2.5 to be as
follows. Spring: secondary nitrate (20.13%), traffic
source (15.45%), secondary sulfate (12.29%), resuspending soil particle (10.80%), petrochemical
industry (7.46%), agricultural open burning (5.96%),
metallurgical industry (4.92%), cement industry (4.25%)
and sea salt (2.71%). Summer: secondary sulfate
(18.98%), secondary nitrate (13.73%), re-suspending soil
particle
(12.36%),
traffic
source
(11.42%),
petrochemical industry (10.87%), sea salt (10.46%),
cement industry (4.08%), and metallurgical industry
(3.92%). Autumn: secondary sulfate (18.22%),
secondary nitrate (17.12%), traffic source (15.59%),
petrochemical industry (9.08%), re-suspending soil
particle (8.10%), agricultural open burning (7.79%), sea
salt (7.43%), cement industry (5.19%), and metallurgical
industry (3.80%). Winter: traffic source (21.56%),
secondary nitrate (18.09%), secondary sulfate (12.98%),
agricultural open burning (9.89%), petrochemical
industry (9.23%), re-suspending soil particle (8.32%),
sea salt (5.36%), metallurgical industry (3.92%), and
cement industry (3.20%).
The results of this study provide useful
information for air quality control in such a densely
populated and agricultural city.
Cheng, S.-Y., Chou, C.C.K., Liu, S. and Zhang, Y.,
(2013). The Characteristics of PM2.5 and Its
Chemical Compositions between Different Prevailing
Wind Patterns in Guangzhou. Aerosol and Air
Quality Research. 13(4): 1373-83.
Diaz, G.R.V., (2008). Sources of risk to health by
exposure to PM2.5 in Mexico City. Epidemiology.
19(1): S223-S4.
Hsu, C.Y, Chiang H.C., Lin S.L., Chen, M.J., Lin, T.Y.,
Chen Y.C., (2016). Elemental characterization and
source apportionment of PM10 and PM2.5 in the
western coastal area of central Taiwan. Science of
the Total Environment. 541: 1139-50.
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Fine particulate matter (PM2.5) has been identified as
one of the major air pollutants in urban areas, which
is responsible for the adverse effects on public health
(Chang et al., 2013, Diaz, 2008). In this study, the
characteristics of PM2.5 were studied for Chiayi City,
which has a high population density and is
surrounded by agricultural area. The mass
concentration, water-soluble ionic component, trace
metal component, carbon component and modeling
the contribution source for PM 2.5 were evaluated. The
Taiwan Emission Data System 8.1 (TEDS 8.1) was
utilized as the input data to Model-3/CMAQ for
modeling seasonal PM2.5 contributions from stationary,
mobile, and area sources.
In the spring, the PM2.5 concentrations were 3361 μg/m3. The PM2.5/PM10 ratios were 45.9-58.0%,
which is characteristic of a typical urban area. The main
wind directions were NW and N, leading to the relatively
higher PM2.5 levels around the east of Chiayi City. There
was particulate accumulation in valley or near-mountain
locations. The mass concentrations of PM2.5 were mainly
composed of 58.7% water soluble ions, 14.4%
carbonates, and 5.1% metals. The ion contents in PM2.5
were majorly composed of NO3- (22.4%), SO42- (16.8%),
and NH4+ (14.3%). In average, the OC (10.1%) mass
content was higher the EC (4.9%).
In the summer, the PM2.5 concentrations ranged
from 9 to 22 μg/m3. The range of PM2.5/PM10 ratios was
33.3-42.9%, which is significantly lower than other
seasons. This could be as a result of the inhibition of
primary particles and secondary gaseous precursors by
temporal
precipitation.
Generally,
the
mass
concentrations of PM2.5 were mainly composed of 39.1%
water soluble ions, 18.0% carbonates, and 13.0% metals.
The ion contents were majorly composed of SO42(21.8%), NH4+ (8.8%), and NO3- (7.2%). The average
OC (10.6%) mass content was higher the EC (7.4%).
In the autumn, The PM2.5/PM10 ratios were 34.959.1%. For autumn, mass concentrations of PM2.5 were
mainly composed of 54.2% water soluble ions, 10.2%
carbonates, and 7.5% metals. The ion contents were
majorly composed of SO42- (21.9%), NO3- (16.6%), and
NH4+ (11.0%). The average OC (6.4%) mass content was
higher the EC (3.8%).
In winter, the PM2.5 concentrations were 29-69
μg/m3. The PM2.5/PM10 ratios were 52.9-67.9%,
reporting the higher fine particle level with more
potential harmful effects than other seasons. The mass
concentrations of PM2.5 were mainly composed of 59.2%
water soluble ions, 13.7% carbonates, and 4.6% metals.

Similar to other seasons, the major ions were SO42(20.7%), NO3- (17.5%), and NH4+ (12.6%). Similarly,
the average OC (9.5%) mass content was higher the EC
(3.9%).
The results of CMB model revealed the main
contribution for locally atmospheric PM2.5 to be as
follows. Spring: secondary nitrate (20.13%), traffic
source (15.45%), secondary sulfate (12.29%), resuspending soil particle (10.80%), petrochemical
industry (7.46%), agricultural open burning (5.96%),
metallurgical industry (4.92%), cement industry (4.25%)
and sea salt (2.71%). Summer: secondary sulfate
(18.98%), secondary nitrate (13.73%), re-suspending soil
particle
(12.36%),
traffic
source
(11.42%),
petrochemical industry (10.87%), sea salt (10.46%),
cement industry (4.08%), and metallurgical industry
(3.92%). Autumn: secondary sulfate (18.22%),
secondary nitrate (17.12%), traffic source (15.59%),
petrochemical industry (9.08%), re-suspending soil
particle (8.10%), agricultural open burning (7.79%), sea
salt (7.43%), cement industry (5.19%), and metallurgical
industry (3.80%). Winter: traffic source (21.56%),
secondary nitrate (18.09%), secondary sulfate (12.98%),
agricultural open burning (9.89%), petrochemical
industry (9.23%), re-suspending soil particle (8.32%),
sea salt (5.36%), metallurgical industry (3.92%), and
cement industry (3.20%).
The results of this study provide useful
information for air quality control in such a densely
populated and agricultural city.
Cheng, S.-Y., Chou, C.C.K., Liu, S. and Zhang, Y.,
(2013). The Characteristics of PM2.5 and Its
Chemical Compositions between Different Prevailing
Wind Patterns in Guangzhou. Aerosol and Air
Quality Research. 13(4): 1373-83.
Diaz, G.R.V., (2008). Sources of risk to health by
exposure to PM2.5 in Mexico City. Epidemiology.
19(1): S223-S4.
Hsu, C.Y, Chiang H.C., Lin S.L., Chen, M.J., Lin, T.Y.,
Chen Y.C., (2016). Elemental characterization and
source apportionment of PM10 and PM2.5 in the
western coastal area of central Taiwan. Science of
the Total Environment. 541: 1139-50.
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In 2004, the New Zealand government introduced a
National Environmental Standard (NES) of 50 μg m-3
(24-hour average) for particles less than 10 µm in
aerodynamic diameter (PM10). The NES places an onus
on regional councils to monitor PM10 and publicly report
if the air quality in their region exceeds the standard. In
airsheds where the PM10 standard is exceeded such as
Christchurch, information on the sources contributing to
those air pollution episodes is required to effectively
manage air quality and formulate appropriate mitigation
strategies.
This paper presents the results of an analysis of
particulate matter (PM10, PM2.5 and PM10-2.5)
concentrations (two-hourly averages) and chemical
composition measured at the Woolston monitoring site
in the Christchurch airshed. The data have been used in a
receptor modelling study using positive matrix
factorisation (PMF) to determine the emission sources
contributing to particulate matter concentrations and
estimate their contribution.
The novel aspect of the current study is the use of
two-hourly samples which enables a high resolution
analysis of temporal variations of the sources
contributing to particulate matter concentrations for both
the coarse and fine fractions. Of high interest in
Christchurch are the particulate matter load generated by
biomass burning (domestic heating), motor vehicles and
demolition/construction activities following the 2011
earthquakes.
Elemental concentrations in the samples were
determined using ion beam analysis (IBA) techniques at
the New Zealand IBA facility operated by GNS Science
in Lower Hutt (Trompetter et al, 2005; Barry et al,
2012).
The key results from the study are:
Biomass combustion (31%) was the most
dominant contributor to PM10 concentrations, with soil
(23%), marine aerosol (19%), motor vehicles - diesel
(15%), motor vehicles - petrol (9%) and sulphate (3%),
the other emission sources contributing to the PM 10 mass
during the monitoring period.
When considering the 26 days recorded during
the monitoring period when the PM10 standard was
exceeded at the site (exceedance days), biomass burning
was the most significant contributor to PM10 mass
(49%), with soil the second contributor (29%) and lesser
contributions from motor vehicles - petrol (9%), motor
vehicles - diesel (8%), marine aerosol (3%) and sulphate
(2%).

Diurnal and daily patterns in source contributions
derived from high resolution (two-hourly) sampling were
used to validate each source profile and showed that
each source was unique.
The two-hourly data enabled the presentation of
source contributions as a function of both wind speed
and direction using polar plots, providing valuable
information about potential source locations for each
source identified.
The receptor modeling results have shown that
arsenic and lead concentrations measured in Woolston
were strongly associated with the biomass burning
source. This finding would suggest that timber treated
with copper chrome arsenate (CCA) and recycled
painted timber are potentially used as part of the fuel
stream in domestic wood burners, as shown in recent
studies undertaken in two other towns in New Zealand,
Nelson (Ancelet et al, 2015) and Wainuiomata (Davy et
al, 2012).
Anthropogenic activities, both from domestic
source emissions (biomass burning for home heating)
and industrial activities (generation of dust) in the
Woolston area were likely to be the main contributors to
exceedances of the standard for PM10.
This work was the result of collaboration between
Environment Canterbury (ECan) and the Institute of
Geological and Nuclear Sciences (GNS Science) and
was funded by both parties.
Ancelet, T., Davy, P. K. and Trompetter, W.J. (2015)
Particulate matter sources and long-term trends in a
small New Zealand city, Atmospheric Pollution
Research, 6, 1105-1112.
Barry, B., Trompetter, W.J., Davy, P.K. and Markwitz,
A. (2012) Recent developments in the air particulate
research capability at the New Zealand ion beam
analysis facility. International Journal of PIXE,
22(1&2), 121-130.
Davy, P. K., Ancelet, T., Trompetter, W.J., Markwitz, A.
and Weatherburn, D.C. (2012) Composition and
source contributions of air particulate matter
pollution in a New Zealand suburban town.
Atmospheric Pollution Research, 3(1): 143-147.
Trompetter, W.J., Markwitz, A. and Davy, P.K. (2005)
Air particulate research capability at the New
Zealand ion beam analysis facility using PIXE and
IBA techniques. International Journal of PIXE,
15(3&4), 249-255.
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Chemical characterization of submicron organic aerosol sources in Po Valley by
advanced spectroscopic techniques
M. Paglione1, S. Gilardoni1, S. Decesari1, N. Zanca1, M. Rinaldi1, S. Sandrini1, L. Giulianelli1, S.Ferrari2, V.
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More than 20 million people living in the Po
Valley are exposed to Particulate Matter (PM) levels
well above the limit set by the World Health
Organization, especially during the colder season.
Organic compounds constitute a large fraction of
submicrometer particles mass and their accurate
quantification and source apportionment are necessary in
order to determine their role in air quality issues and to
define efficient abatement strategies.
In the framework of the Emilia-Romagna regional
project “SUPERSITO”, the submicron aerosol chemical
composition was characterized by means of Aerosol
Mass Spectroscopy (AMS) and proton-Nuclear Magnetic
Resonance (1H-NMR) spectroscopy used in parallel with
aim of organic aerosol (OA) characterization and source
apportionment. Eight intensive campaigns were carried
out over four years (from 2011 to 2014, see Table1) at
two different sites (Bologna, BO, urban background and
San Pietro Capofiume, SPC, rural background), trying to
characterize spatial variation and seasonality of the OA
sources in the Po valley.
OA sources were identified for all the IOPs from
the Aerosol Mass Spectrometer (HR-TOF-AMS) on-line
measurements using either the Positive Matrix
Factorization (PMF) or the multi-linear engine (ME-2)
algorithm implemented with the toolkit SoFi, developed
by Canonaco et al. (2013). During four of these IOPs the
water soluble fraction (WSOC) of parallel sets of ≈12
hours PM1 filter samples were analyzed by 1H-NMR
spectroscopy and the resulting collection of spectra was
processed using a suite of Factor Analysis techniques
(Non-negative
Matrix
Factorization
or
NMF,
Multivariate Curve Resolution or MCR) aiming to
identify WSOC specific sources or processes. The
contributions of the organic-factors identified by AMS
and 1H-NMR were compared each other and with
additional chemical tracers, in order to identify
correlations and to better characterize prevalent OA
sources.
During the cold seasons both AMS and NMR
agree in highlighting the importance of biomass burning
products as major constituents of OA in the Po valley
area, even in the urban background, not only in the
primary but also in the secondary fraction. In fact factor
analysis identified some oxidized components of clear
secondary origin still retaining characteristics of fresh
smoke particles (like traces of levoglucosan, polyols and
aromatic compounds) and interpretable as SOA coming

from processing and ageing of combustion emissions (or
SOA containing similar products). AMS data indicate
contributions of this SOA influenced by woodcombustion in the order of 15-40% of the total mass of
OA whereas 1H-NMR data show contributions even
around 50-60% of WSOC, which confirm unequivocally
the dominant impact of biomass combustion on the
particulate OM composition in the Po valley during cold
months. Other OA factors found in the cold seasons are
associated with low molecular weight amines, whose
possible sources are the products of livestock activities.
Contributions
from
alternative
sources
(e.g.,
anthropogenic SOA originating from oxidation of
volatile and semi-volatile hydrocarbons) can not be
excluded even if not identified selectively.

Table1: field campaigns and datasets object of the study
During summer the prevalent OA sources change
substantially: biomass-burning disappears and the
secondary fraction reaches about 90% of the total OA
mass. Within this SOA the alkyl-amines are still present
and very oxidized factors (with “HULIS” features)
increased their contributions (about 60-70% of total
WSOC). The latter factors were clearly enriched in
daytime and were present in both polluted and more
background conditions indicating that they are mainly
associated to low-volatility organic compounds forming
from photochemical activity and accumulating in
regional pollution.
In general, factor analysis applied to 1H-NMR
atmospheric datasets complement AMS in lumping the
complex oxidized organic mixtures into chemical classes
characterized by specific sources or ageing states.
This work is supported by Emilia-Romagna Region
“Supersito” Project (DRG 428/10; DGR 1971/2013) and
European PEGASOS project (EU FP7-ENV-2010-265148)

Canonaco, F., Crippa, M., Slowik, J., Baltensperger, U.,
and Prevot, A. (2013), Atmos. Meas. Tech., 6, 36493661.
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Source apportionment in a complex environment by developed Positive Matrix
Factorization: advantages and limitations
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For some years, PM10 concentrations frequently exceed
European air quality limit values in Alpine valleys
during winter. In the Arve valley (including the town of
Chamonix), in France, public authorities decided to put
together a plan of abatement measures (Atmospheric
Protection Plan) including strong actions to reduce the
impact of domestic biomass burning on air quality. In
order to evaluate the impact of these measures, it is
important to quantify the sources affecting the PM10
concentrations in these complex topographical and
meteorological conditions, and to assess the robustness
of commonly used methodologies for source
apportionment. The DECOMBIO program was
implemented for this purpose.
An extended campaign took place in three sites
representing the main parts of the Arve valley: Marnaz,
Passy, and Chamonix. On all three sites, a detailed
chemical characterization of the PM10 chemistry was
performed with off-line samples every third day over a
year including the measurements of many inorganic,
organic and trace metal tracers. At the same sites,
Aethalometers AE33 were deployed and have been
operational for 3 years.

model’s performance, in the context of this valley was
first tested with compounds classically used in literature
(OC, EC, metals, ionic species) (Rizzo and Scheff, 2007;
Waked et al., 2014), then specific organic markers were
added (levoglucosan, polyols, MSA, hopanes, sulfur
PAHs) (Golly, 2015) and finally, the results of the BC
source apportionment using the Aethalometer model
(Sandradewi et al., 2008) were added. Owing to the
atmospheric dynamic of this valley, and similar
environments, the pollution events are strongly
associated with temperature inversions, leading to
difficulties in source apportionment. External constrains
on the factor solutions were then added in the model to
get round the collinearity problems.
Results of this source apportionment showed
predominance of biomass burning source during winter
with different contributions at the three sites (about 32 %
in the beginning of the valley and 43 % in the end).
Usually, specific organic markers are enough to identify
well-defined sources like biomass burning, vehicular
exhaust, industrial processes or soil biogenic source but
not in case of this valley where the very specific
atmospheric dynamic in winter induces a mixing of some
factors. Introducing on-line BCwb measurements results
leads to improve the direct deconvolution of PM 10wb.
The DECOMBIO program is supported by ADEME
(Convention No. 1362c0028) and the PRIMEQUAL 2
program. PhD grant funding for F. Chevrier is provided
by the Rhône-Alpes Region, as the Arc Environment.

Figure 1. Average composition of winter PM10 in Passy
Figure 1 shows the average chemical composition
of PM10 in winter on Passy, one of the most impacted
sites by residential biomass burning in the Rhône-Alpes
Region.
Source apportionment for the chemical data was
performed using the PMF 5.0 (Paatero et and Tapper,
1994). Several steps were performed in order to rebuild
as well as possible the various sources of PM10. The

Golly, B., Brulfert, G., Berlioux, G., Jaffrezo, J.L. and
Besombes, J.L. (2015) Science of The Total
Environment. 538, 634-643.
Paatero, P., Tapper, U. (1994) Environmetrics. 5, 111126.
Rizzo, M.J. and Scheff, P.A. (2007) Atmospheric
Environment. 41, 6986-6998.
Sandradewi, J., Prévôt, A.S.H., Szidat, S., Perron, N.,
Alfarra, M.R., Lanz, V.A., Weingartner, E. and
Baltensperger, U. (2008) Environmental Science &
Technology. 42, 3316-3323.
Waked, A., Favez, O., Alleman, L.Y., Piot, C., Petit,
J.E., Delaunay, T., Verlinden, E., Golly, B.,
Besombes, J.L., Jaffrezo, J.L. and LeozGarziandia, E. (2014) Atmos. Chem. Phys. 14,
3325-3346.
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The influence of meteorology of indoor PM2.5 concentration: application of
advanced modelling techniques
L. Falcão1, S. Clifford2, M. Mazaheri2, D. Broday3, L. Morawska2
1

Federal University of Paraná, Curitiba 80060-000, Brazil. 2 Queensland University of
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SUMMARY
Analysis are presented of indoor/outdoor air pollution measurements in an office located in
Haifa, Israel, and the influence of meteorology on the concentrations of measured indoor air
quality parameters. Generalized Additive Models (GAMs) and Classification and Regression
Trees (CARTs) were applied to examine temporal trends in concentrations of several
pollutants, the impacts of meteorology on the concentrations, and to determine which
parameters are most relevant to explaining the indoor concentrations of outdoor generated
pollutants. Wind direction was found to have a significant influence on indoor concentrations
of all the air pollutants, while temperature variation was linked to increased levels of PM10,
NOx, NO2 and SO2. CART’s and GAMs explained the influence of the meteorological
parameters, as well as computed the smooth, periodic annual trend.
PRACTICAL IMPLICATIONS
The approach developed can be utilized in analyzing the indoor/outdoor relationship in other
settings, and the information obtained on the impact of methodology on the trends in the I/O
relationship – towards building design and management of indoor air pollution.
KEYWORDS
GAM, Decision in tree, meteorology, Air pollution, Indoor air quality
1 INTRODUCTION
GAMs and CART are two semi-/non-parametric statistical modelling techniques which are
useful for prediction of air pollution. CARTs are most commonly used to model complex
variation in large data sets and maximize predictive power rather than describing the
functional relationship between an outcome variable and its predictors [1, 3]. In contrast,
GAMs are used to describe a relationship whose functional form is not known [2].
2 MATERIALS/METHODS
Measurements of indoor and outdoor NO2, NOx, NO, O3, SO2 and PM10 were collected
simultaneously half-hourly during the calendar years 2004-2007 at an office building in Haifa,
Israel, along with outdoor meteorological parameters: wind speed and direction, precipitation
and relative humidity. Wind speed and direction were transformed from polar to Cartesian
coordinates, Vx and Vy, wind velocity in the x (East to West) and y (North to South) directions.
Temperature was transformed to be the deviation from the monthly average temperature
across the four years of data, to decouple temperature and day of the year to allow temporal
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variation to be accounted for with the season of the year (derived from month of the year). For
each pollutant, the outdoor concentration of that pollutant was used as an explanatory variable.
To determine which parameters were most relevant to explaining differences in indoor air
quality, prediction from both GAMs and CARTs were performed. The tree with minimal
deviance was found and pruned to reduce complexity while retaining predictive power.
GAMs were fitted with the option for variables to be de-selected from fitting.
3 RESULTS
A CART was fit for each indoor pollutant (Table 1).
Table 1: Tree resulting from CART analysis illustrating the predictors, its respective level of
importance for each Indoor air pollutants and the cross-validation R2 value for each model.
Indoor
pollutant
O3
PM10
NO2
NO
NOx
SO2

Season

Vy

Vx

29
29
31
16
31
46

39
14
21
39
29
13

12
12
19
37
28

Temp.
deviation
34
19

RH
11
10
8

13
41

Precip
itation

R2
0.47
0.29
0.13
0.34
0.22
0.08

4 DISCUSSION
Using CART, Season and Vy were present in all models. GAM showed Season as a very
important predictor when plotting indoor concentrations against date, presenting variability in
concentrations mainly between summers and winters. Wind direction was already expected to
be an important predictor for indoor pollutant concentrations since there were no sources of
pollutants in the office building, and wind is one of the significant ways of air pollutant
transport. Both Vy and Vx were considered important predictors for the models, however Vy
has a larger influence for all of the compounds and Vx was not found as a predictor for SO2.
PM10 was less influenced by Wind than the other air pollutants. Temperature was found as a
strong contributor for indoor levels of PM10, NO2, and SO2. Relative Humidity was considered
a predictor for O3, PM10 and NO models. With cross-validated R2 values, the O3 model had
the highest degree of goodness of fit and the most predictors. NO and PM10 R2 values
indicated a moderate amount of fit. SO2 was not fit well by the CART model.
5 CONCLUSIONS
GAM and CART offer an alternative to regression approaches and can be well-suited for
identifying complex patterns of joint effects in the big data.
6 REFERENCES
[1] Breiman L., Freidman J., Olshen R., and Stone C. 1984. Classification and Regression
Trees, Monterey:Wadsworth and Brooks.
[2] Clifford, S., Low Choy, S., Hussein, T., Mengersen, K., Morawska, L. 2011. Using the
Generalised Additive Model to model the particle number count of ultrafine particles,
Atmospheric Environment 45: 5934-5945,
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Identification of the main sources of PM10 impacting the north of France: a
comprehensive source apportionment study with PMF5 at five sampling sites
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Aerosols have a strong impact on human health due
to theirs ability to penetrate the respiratory system.
Specifically, particles with aerodynamic diameter
smaller than 10 µm (PM10) are heavily emitted in
the North of France due to the constant presence of
urban and industrial sources.
In order to identify and allocate these sources,
PM10 samples were collected at 5 sampling sites
spread geographically in the northern part of France
over an 18 month period (Jan 2013 – Jun 2014).
These sites, included in the CARA program
(Chemical Characterization of Particles) managed
by the French reference laboratory for air quality
monitoring (LCSQA), present different typologies
(3 urban, 1 traffic and 1 remote).

Figure 1. Geographical location of the 5 sampling
sites studied across the north of France.

Samples were collected using sequential HVS
filters (Digitel DA80) operating at 30m3/h. Prebaked 150 mm diameter quartz filters were used
and samples were selected every three days. The
samples correspond to a 24-hour collection period
and the PM10 mass concentration was measured by
TEOM-FDMS. The final database comprises the
concentrations of ~35 different chemical species,
from ions to metals, elemental and organic carbon
(EC and OC) and organic tracers. The same
analytical methodology was followed for the 5
sites, resulting in comparable results.
A Positive Matrix Factorization (PMF)
approach (Paatero and Taper, 1994) has been
applied to each database using PMF5. The results
obtained showed the critical importance of the
typology of the different sampling sites, i.e. the
nature of the surrounding sources of particles.
At first, each dataset was approached
individually, in order to find the optimal PMF
solution, to study the seasonal variability and to
assess the importance of exceedance episodes at
each site.

Results show a strong influence of secondary
aerosols on the PM10 total mass, which represent
one of the major pollution sources in the area, in
accordance with previous studies (Waked et al.
2013).
Local sources have an important impact as well,
notably biomass burning sources associated with
residential heating can be one of the major causes
of exceedance episodes during cold periods,
particularly in urban environments.
In a second step, datasets for each sampling site
were recalculated in order to contain the same
chemical
species.
This
allows
a
full
intercomparison between the PMF results for each
case and the possibility of identifying the chemical
composition of common factors – mainly the ones
with regional influence. The complete methodology
that allowed the intercomparison of PMF solutions
will be presented.
All results are validated with external data, such
as meteorological information available at each site
and correlation with gas pollutants (when
available).
This work was notably funded by the French
Ministry of Environment ("Bureau de l'Air du
Ministère de l'Ecologie, du Développement durable,
et de l'Energie"). Authors also acknowledge the
work of Atmo Nord-Pas-de-Calais, Atmo Picardie,
Atmo Champagne-Ardenne and Air Normand for
filter sampling. Mines Douai participates in the
CaPPA project (ANR-10-LABX-005) funded by
the French National Research Agency (ANR)
through the PIA (Programme d'Investissement
d'Avenir).
Paatero, P. and Tapper, U. (1994) Environmetrics 5,
111–126.
Waked, A., Favez, O., Alleman, L. Y., Piot, C.,
Petit, J.-E., Delaunay, T., Verlinden, E., Golly,
B., Besombes, J.-L, Jaffrezo, J.-L. and LeozGarziandia, E. (2013) Atmos. Chem. Phys. 13,
25325–25385.
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Estimation of major source of organic compounds in the ambient aerosols over Seoul
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In this study, major contributors of air pollution over
Seoul were estimated for 5 separated periods using the
Positive Matrix Factorization (PMF) model. By
understanding major emission sources in each period,
change of major sources between 2002 and 2014 can be
identified.
Information on the sampling is given in Table 1.
Table 1. Sample information for each period.
Period

Site

Size

No. of
samples

Aug.2002Dec.2003

A

TSP

68

Aug.2006Aug.2007

B

PM10

73

Apr.2011Apr.2012

B

PM10

52

Oct.2012Sep.2013

C

PM2.5

114

Aug.2013,
Jan.2014,
Feb.2014

A

PM2.5

68

Species*
PAHs
PAHs,
oxy-PAHs,
DCAs,
Levoglucosan
PAHs, Alkane,
n-Alkanoic acid,
DCAs, sugars
n-Alkane, PAHs,
Fatty acids,
DCAs, sugars
PAHs

A: Ewha Womans University, Seoul, Korea.
B: Seoul National University, Seoul, Korea.
C: Korea Institute of Science and Technology, Seoul,
Korea.
*PAHs: Polycyclic Aromatic Hydrocarbons
DCAs: Dicarboxylic Acids
PMF ver. 5.0 provided by the US Environmental
Protection Agency (US EPA, 2014) was used. Number
of factors were decided by estimation error parameters of
PMF relation to the suggested by Paatero et al (2014).
Displacement (DISP) and Bootstrap (BS) and Q value.
Displacement analysis obtains uncertainty estimates for
individual variable by repeatedly fitting the model such
that each variable in turn is perturbed from its fitted
value (Table 2). Bootstrap analysis perturbs the original
data set by resampling. Q value is goodness of fit
parameters and an assessment of how well the model fits
the input data.
It was decided that four or five factors were
appropriate for the major sources of PAHs for the
periods. It is consistent with the Chemical Mass Balance

(CMB) modelling results for PAHs in Aug. 2002-Dec.
2003 (Lee and Kim, 2007) and Aug. 2006-Aug. 2007
(Jung et al., 2015). Two factors were identified as
common factors in all periods. Low molecular PAHs (e.g.
Phenanthrene, Fluoranthene, Pyrene) have high portion
in first common factor and PAHs with five rings
(Benzo[a]pyrene, Bezo[b]pyrene, Dibenzo[ghi]perylene)
have high portion in second common factor. According
to the Simcik et al (1999), low molecular weight PAHs
have been described as coal combustion source markers.
Second common factor can be considered as diesel
vehicle (Sofowote et al., 2008; Lee et al., 2004) or light
oil burning (Bari et al., 2009).
Further modelling will be carried out using other
species. Variation in major factors and profiles including
other organic compounds of PMF modelling from 2002
to 2014 will be shown and reviewed.
Table 2. Error estimation parameters and number of
factors for the PMF modeling to the PAHs data.
Period
2002-2003
2006-2007
2010-2011
2012-2013
2013-2014

No. of
factors
5
4
4
5
5

Q
(robust)
507.546
908.3
493.5
2784.9
627.34

%dQ
(DISP)
0.008
0.007
0.007
0
0

BS
(%)
92.4
85.0
94.0
78.8
83.8

Jung, D. B., Cho, Y. S., Kim, I. S., Lee, J. Y., and Kim,
Y. P. (2015). Aerosol Air Qual. Res., 15, 2190-2199
Lee, J.Y. and Kim, Y.P. (2007). Atmos. Chem. Phys., 7,
3587-3596.
Lee, J.H., Gigliotti, CL, Offenberg, J.H., Eisenreich, S.J.,
Turpin, B.J. (2004). Atmos. Environ., 38, 5971-5981
Paatero, P., Eberly, S., Brown, S.G., and Norris, G.A.
(2014) Atmos. Meas. Tech., 7, 781-797.
Sofowote, U. N., Hung, H., Rastogi, A. K., Westgate, J.
N., Deluca, P. F., Su, Y., and McCarry, B.E. (2011).
Atmos. Environ., 45, 967-976.
Simcik, M. F., Eisenreich, S. J., and Lioy, P. J. (1999).
Atmos. Environ., 33, 5071–5079.
US EPA. (2014). EPA Positive Matrix Factorization
(PMF) 5.0 Fundamentals and User Guide.
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Trends of PM source contributions and chemical tracers in NE Spain during 2004 2014: A multi-exponential approach
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Meeting the air quality (AQ) standards is one of the
major environmental objectives to protect people from
breathing air with high levels of pollution. Many studies
have been published in these last years showing clearly
that the concentrations of particulate matter (PM), and
other air pollutants such as sulphur dioxide (SO2) and
carbon monoxide (CO), have markedly decreased during
the last 15 years in many European Countries (i.e. EEA,
2013; Querol et al., 2014)
In this work data from two twin stations
(Barcelona (BCN), urban background, and Montseny
(MSY), regional background; i.e. Pandolfi et al., 2014),
located in NE of Spain, were used to study the trends of
the concentrations of different chemical species in PM10
and PM2.5 along with the trends of the PM10 source
contributions from Positive Matrix Factorization (PMF)
model. Eleven years of chemical data (2004–2014) were
used for this study. Trends of both specie concentrations
and source contributions were studied using the MannKendall test for linear trends and a new approach based
on multi-exponential fit of the data (i.e. Figure 1).
Despite the fact that different PM fractions (PM1, PM2.5,
PM10) showed linear decreasing trends at both stations,
the contributions of specific sources of pollutants and the
related chemical tracers showed exponential (single or
double) decreasing trends. The different types of trends
observed reflected the different effectiveness and/or time
of implementation of the measures taken to reduce the
concentrations of atmospheric pollutants (i.e. those
implemented in the Industrial Emission Directives and in
the Large Combustion Plants Directive). Moreover, the
trends of the contributions from specific sources such as
those related with industrial activities and with primary
energy consumption mirrored the effect of the financial
crisis in Spain from 2008. The sources that showed
statistically significant downward trends at both BCN
and MSY during 2004-2014 were Ammonium sulfate,
Ammonium nitrate, and V-Ni bearing source. The
contributions from these sources decreased exponentially
during the considered period indicating that the observed
decrease was not gradual and consistent over time.
Moreover, statistically significant decreasing trends were
observed for the contributions to PM from the
Anthropogenic source at MSY (mixed metallurgy and
road traffic) and from the Industrial (metallurgy mainly)
source at BCN. These sources were clearly linked with
anthropogenic activities and the observed decreasing
trends confirmed the effectiveness of pollution control
measures implemented at EU or regional/local levels.
The general trends observed for the calculated PMF
source contributions well reflected the trends observed
for the chemical tracers of these pollutant sources.

Figure 2. Mann-Kendall and Multi-exponential trends
for source contributions in PM10 at MSY. Measured
concentration (green line); Multi-exponential trend (red
line); Multi-exponential residuals (blue line); MannKendall trend (black line); Mann-Kendall residuals (grey
line). Trend type: linear (L), single-exponential (SE),
double exponential (DE).

This work was supported by the MINECO (Spanish
Ministry of Economy and Competitiveness), the
MAGRAMA (Spanish Ministry of Agriculture, Food
and Environment), the Generalitat de Catalunya
(AGAUR 2014 SGR33 and the DGQA) and FEDER
funds under the PRISMA project (CGL2012-39623C02/00). The research leading to these results has also
received funding from the European Union’s Horizon
2020 research and innovation programme under grant
agreement No 654109 and previously from the European
Union Seventh Framework Programme (FP7/2007-2013)
under grant agreement n° 262254. The authors would
like to express their gratitude to D. C. Carslaw and K.
Ropkins for providing the Openair software used in this
paper.

EEA (2015) European Environmental Agency Air
quality in Europe — 2015 report, EEA report
11/2015,
Copenhagen,
1-7
[http://www.eea.europa.eu/media/newsreleases/many
-europeans-still-exposed-to-air-pollution-2015].
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Particle mass and number concentrations measured at a
receptor site reflect emissions from a range of sources.
To resolve the dominant factors from the empirical
measurements that are associated with the characteristics
and identities of the sources, different types of receptor
models, particularly the 2-way Positive Matrix
Factorization (PMF) have been used in recent years.
For example, PMF has been used extensively for
the source apportionment of chemical composition data
(Reff et al. (2007)); particle size distribution data (Zhou
et al (2004), Friend et al (2012)), aerosol mass
spectrometric data (Crilley et al, (2013)), and gaseous,
chemical, and particle size data (Kasumba et al (2009).
Various particle sources including: different types of
combustion, marine emissions, industrial emissions,
nucleation and secondary particles have been identified
in such studies.
While literature is replete with the use of 2-way
PMF receptor methods, the 3-way PMF which also has
non-negativity constraints and is freer from rotational
ambiguity has received relatively less patronage from
researchers.
Paatero and Juntto applied the 3-way PMF to the
hourly concentrations of a single pollutant such as
carbon monoxide (Paatero and Juntto, (2000)) and
obtained instructive diurnal concentration variations that
could be linked to the sources of this pollutant.
The objective of the current study was to replicate
this type of analysis on PM10 data collected at a
government air quality monitoring site in Brisbane,
Australia, and correlate the results with the
corresponding gas-phase pollutants data collected at the
same site. Because the current data can be examined in
terms of pollutant concentrations, days of the week and
hours of the day, we reasoned that analysis of the data by
the 3-way PMF method could give insights into the
possible sources of the PM10 at this receptor site.
The site is located at latitude -27.4205 and
longitude 153.1208 and the data used for the study
consisted of the 24-hourly meteorological measurements
and the concentrations of PM10, CO, NO, NO2, NOx, and
SO2 collected throughout 2014. Preliminary examination
of the data revealed that the concentrations of PM10 as
well as those of the gaseous species were generally
below the National Air Quality Standards (2005) for
each pollutant.
Following the exclusion of whole missing days
from the data matrix, 4152 PM10 data points were
subjected to 3-way PMF analysis. Five factors were
resolved from the analysis and diurnal variation plots,

such as that shown in Figure 1, were constructed for the
factors.
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Figure 1: An example plot of the resolved diurnal
variation plot.
Patterns in the hourly, daily and monthly time
series plots of the resolved factors and Pearson
correlation with the gaseous species and wind speed data
suggest that the sources of PM10 at the site possibly
include aircraft emissions, vehicle emissions, cooking,
wind-blown dust or sparse nucleation (cf Zhou et al
(2004)) and photochemical reactions.
These results demonstrate that the PM10 data are
stable enough for factor analysis. However, further
studies are warranted to develop and explore the
applicability of this procedure to a wider range of
pollutants. Such studies are currently in progress in our
laboratory
We wish to thank the Queensland Department of
Science, Information Technology, and Innovation
(DSITI) for providing the data and Prof P.K.Hopke for a
useful discussion.
References
Crilley, L.R., Ayoko, G.A., and Morawska, L. (2013)
Anal. Chimica Acta, 803, 91-96.
Friend, A., Ayoko, G. Jayaratne, R., Jamriska, M.,
Hopke, P. and Morawska, L. (2012) Environ. Sci.
Pollut. Res. 19, 2942-2950.
Kasumba, J., Hopke, PK, Chalupa, D.C. and Utell, M.J.
(2009) Sci Total Environ 407 (18):5071-5084.
National
Air
Quality
Standards
(2005),
http://www.environent.gov.au/protection/airquality/air-quality-standard (accessed 23/6/2015).
Paatero, P and Juntto, S. (2000). J.Chemometr., 14:241259.
Reff, A., Eberly, S.I. and Bhave, P.V. (2007) J. Air
Waste Manage. Assoc., 57, 146-154
Zhou, L., Kim, E., Hopke, P.K., Stanier, C.D. and
Pandis, S. (2004) Aerosol Sci Technol., 38 (Suppl.
1), 118-132.

European Aerosol Conference 2016

Tours, France

Page 925 of 1211
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The aerosol plays an important role in the EARTH's
radiative forcing and air quality studies. The most
important aerosol sources are related with human
activity, volcanic emissions and wild fires.
Gas emission and particulate air pollutants result
from the combustion associated to human activity
(biomass or fossil fuel). The combustion aerosol contains
two major chemical components black carbon (BC) that
primarily absorbs solar radiation and organic carbon
(OC) that mainly scatters solar radiation (IPPC, 2013).
In this study we estimate the possible regional or local
sources that can influence the level of aerosol
concentration at the ground.
To evaluate the sources we collected data during
a summer campaign, simultaneously with AROMAT
(Airborne ROmanian Measurements of Aerosols and
Trace gases), an ESA preparatory Cal/Val campaign.
The measurements took place between 25 August and 13
September 2014. In order to fully characterize the
aerosols, in-situ (e.g AMS, lidar, aethalometer, gas
analizers) and Lidar measurements were performed at
INOE (Magurele- near Bucharest). Lidar measurements
provided aerosol extinction profiles and the dynamics of
the atmosphere within the planetary boundary layer and
above. In-situ measurements were performed to quantify
ground level gases (e.g. NO2, SO2 and CO), aerosol
chemical composition and black carbon concentrations
(BC). The identification of the main sources of the
aerosols was based on ME-2 algorithm implemented in
SO-FI as described by Canocaco et al. (2013), Lanz et al.
(2008), Paatero (2014).
The dataset collected at Bucharest showed the
presence of fine particles, characteristics for local
influence as well as important concentrations of oxidised
organic and inorganic species. The source apportionment
analyses made for Aerosol Mass Spectrometer (AMS)
data indicate the presence of primary organic aerosols
(biomass burning organic aerosol as well hydrocarbon
organic aerosols) and secondary oxidized aerosols
(Cubison et al, 2011). A deconvolution of BC data from
Aethalometer measurements was done, based on
particular sensitivity of BC resulted from wood burning,
in the UV domain (Petit et al, 2015). The main source of
BC was fossil fuel (“BC fossil”), biomass burning (“BC
wood”), these contributions being significant and greatly
enhanced during specific episodes (fig1). AMS markers
for anhydrosugar (e.g. levoglucosan) fragmentation are
correlated with the BC wood time series.
The optical parameters derived from the lidar data
showed the presence of several layers during 1st and 11th
of September 2014. Hysplit back trajectory revealed air
masses arriving above Magurele from Europe areas
where MODIS underlined the presence of fires.

Figure 1. Black carbon time series deconvolved for
wood and fossil fuel provenience
The study of chemical composition and aerosols
in one of most important polluted area in Romania
revealed different influences. Both the influence of local
anthropogenic sources and long range transport aerosol
was identified.
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Union’s Horizon 2020 Research and Innovation
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Organic
Aerosol
(OA)
phenomenology
comprises multiple processes from primary emissions
and secondary formation towards atmospheric removal.
Southern Europe displays elevated concentrations of
aerosols, mostly secondary in origin and strongly
enhanced during the warm season. Due to the high
oxidation state of OA in such environment sources are
still largely unknown. An intensive field campaign has
been carried out in summer 2013 in the regional
background site of “Cap Es Pinar” (Mallorca, Spain)
within the framework of SAF-MED and ChArMEx
actions. Highly time-resolved online measurements of
particle composition were performed using an Aerosol
Mass Spectrometer (HR-ToF-AMS) combined with
daily collection of PM1 and PM10 samples for further
analysis (OC/EC, major ions, major and trace elements),
from the 3rd of July to the 12th of August (Pey et al.
2014).
Source apportionment was carried out with a ME-2
approach finder (SoFi toolkit, Canonaco et al. 2013) on
both off-line and on-line measurements.
Results and Methodology
OA was the most abundant component of the
PM10 and PM1 fractions (3.4 μgm−3 and 3.0 μgm−3
respectively) representing 26 and 40% of the PM mass,
respectively.
Source Apportionment Solutions:
PM1 24h filter collections: a 4-factor solution emerged as
the most appropriate. Among these 4 factors, one is
clearly from natural origin, here named “earthbound”
(EB). It is characterized by Al2O3, Fe, Ti and other
mineral species, but also marine species Na, Mg.
Another one, probably natural in origin but with a more
regional nature, has been called “regional earthbound”
(REG EB), as it relates mainly to Ca, consistent with the
island’s soil composition, and also to sea salt aerosol.
Two
anthropogenic
factors
were
obtained;
“Anthropogenic” (ANT), characterized by EC, SO42-,
and “Regional Anthropogenic” (REG ANT), as it
contains part of Ca
OA is distributed among all the factors, with the highest
abundance in the ANT factor (1.26 µgm-3), closely
followed by REG ANT (1.16 µgm-3) and with less
abundance in the EB factor (0.20 µgm-3).It is negligible
in REG EB (0.07 µgm-3).

Regarding AMS, ME-2 was applied to the entire mass
spectra (organic and inorganic ions). Again a 4 factors
solution was obtained (DeWitt et al. 2014): a Semi
volatile Oxygenated Organic Aerosol fraction (SVOOA)
(0.54 µgm-3), a Low Volatile Oxygenated Organic
Aerosol (LVOOA) (1.46 µgm-3) fraction, another
Oxygenated Organic Aerosol fraction that was strongly
associated with sulphate and MSA characteristic ion
(SO4_OOA) (0.62 µgm-3), and an Ammonium Sulphate
fraction (AS) (0.47 µgm-3).
Multiple Regression Analysis (MRA):
In order to combine online and offline source
apportionment solutions for OA, different statistical
approaches were employed. MRA was considered to
provide the best solution in terms of how AMS-OA
factors were distributed among PM1-OA’s. OA
concentration for every PM1 factor was taken as the
dependent variable, and AMS-OA results were
considered as independent variables. MRA was applied
to each individual OA factor time series. Negative
factors were considered to have zero contribution.
Finally, the extracted coefficients were normalized to
sum 1. Results are shown in Table 1.
%

OA

OA

OA

OA

EB

REG EB

ANT

REG ANT

SVOOA
30
23
18
12
LVOOA
19
0
56
44
SO4_OOA
51
64
26
0
AS
0
13
0
44
Table 1. AMS-OA contained in PM1-24h OA.
In our case, the original combination of methods helps to
clarify OA origins in terms of local or regional sources.
This work was supported by CTQ2013-47461-R and
RYC-2013-14159 Spanish projects, by ANR-12-BS060013-02 French project, and by Caixa mobility grants.
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An Aerodyne Aerosol Chemical Speciation Monitor
(ACSM) was deployed in NUI Galway, Ireland (Figure
1a) for characterization of winter organic and inorganic
aerosols. The non-refractory submicron aerosol (NRPM1) species, i.e., organics, sulfate, nitrate, ammonium,
and chloride were measured in situ at a time resolution
of 30 min from 16 October to 23 November, 2015. As
shown in Figure 1b and 1c, meteorology (wind direction
and wind speed) plays an important role in causing the
variations in NR-PM1 concentrations. Clean Atlantic air
masses usually feature high wind speed thus lead to a
decrease in NR_PM1. While high aerosol loadings are
associated with low wind speed.

Preliminary, three OA components were
identified, including peat burning-like organic aerosols
(POA) (41% of the organic aerosol mass), biomass
burning-like organic aerosols (BBOA) (29%) and
oxygenated organic aerosols (OOA) (30%). The time
series of OOA correlates well with sulfate and nitrate
with a Pearson’s R of 0.82 and 0.83 respectively,
indicating its regional sources. The OOA factor presents
the least-marked diurnal variation of all factors, peaking
mainly during nighttime and likely driven mainly by
boundary layer dynamics and possibly chemical
processing. The use of peat for residential heating is
related to the access to local source of turf and high
density of peatland in west Ireland. The diurnal variation
of POA prevailing during night conforms that POA is
contributed by residential heating. The profile of BBOA
is similar to that reported by Ng et al. (2011). BBOA
peaks in the evening like POA, indicating its residential
heating sources. The source apportionment of OA
suggests that low burning efficiency of wood and peat
results in a significant contribution to NR-PM1 aerosol
mass despite their minor use in residential heating (70%
and 40% of the total OA mass and NR-PM1 mass,
respectively). Further detailed PMF analysis will be
performed to investigate the absence of HOA or SVOOA sources.
This work was supported by EPA-Ireland and Chinese
Scholarship Council.

Figure 1. (a) The location of NUI Galway are shown in
the Ireland map and marked by a solid black dot; (b) The
concentration of NR-PM1 associated with wind rose; (c)
Meteorological parameters (wind direction, wind speed,
relative humidity and temperature) and aerosol mass
concentration of Organics, sulfate, nitrite, ammonium
and chloride.
It is worth noting that negative chloride values are
associated with high wind speed air masses from
Atlantic Ocean and might be a result of sea salt effects.
In contrast, positive chloride values are associated with
the air masses from east due to ammonium chloride
contribution. Organic aerosols (OA) dominate NR-PM1
(60% of NR-PM1 mass). Positive matrix factorization
(PMF) analysis with the multiline engine (ME-2) was
then conducted on the ACSM organic mass spectral data
set.
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mainly responsible for the observed distribution and
composition of aerosols.
Several times in 2015 emissions from wood waste
burning reached the observatory. PMF analysis was
applied to identify the impact of these biomass burnings
on the measured organic fraction and its frequency of
occurrence. We concentrated on a period of short-term
emission events of grubbing work next to the
observatory and a wood waste burning event in March
2015 with high particle mass of around 80 µg/m3.
Especially, this huge emission event demonstrates the
impact of such fires on the particle concentration.
Figure 1 describes the characteristic of these fires by
comparing the mass spectra of the wood waste burning
event with PMF mass spectra derived from a wood
combustion experiment during the combustion phase of
a burnout (Elsasser et al. 2013). The wood waste
burnings are more typical for combustion processes
rather than the ignition or ember processes during a fire.
More toxic particles are emitted under these combustion
conditions and affecting the human health.
MS wood waste burning event
PMF combustion phase factor
Elsasser et al. 2013
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Aerosols have an important effect on climate and human
health. In order to investigate observations with respect
to these topics long-term measurements and case studies
are indispensable. The Hohenpeißenberg meteorological
observatory records meteorological data since 1781 and
investigates
particle
processes
within
Global
Atmosphere Watch (GAW) since 1995. In addition to
long-term measurements it is an important task of the
observatory to document special emission events like
desert dust outbreaks or volcanic ash events and to
identify the origin of the aerosol.
Some specific aerosol sources originate from
typical activities in the rural landscape around
Hohenpeißenberg, e.g. livestock farming, agricultural or
forestall work. Traditional for this rural region is the
controlled burning of the local wood waste as part of the
forest management, which helps e.g. reducing the impact
of the bark-beetle. These fires typically occur every
fourth day during the winter period (Oct-Apr) within a
visible distance of 80 km around the observatory
(Mayer, 2015).
The measured data used in this study are derived
from an Aerosol Chemical Speciation Monitor (ACSM)
which allows monitoring the chemical composition of
atmospheric aerosols. Since 2014 the ACSM measures
continuously the particle composition at the
Hohenpeißenberg observatory.
The measured data were analysed for seasonal
dependencies and especially during events such as
biomass burning in the nearer area around the
observatory. We took into account both the particle mass
and the composition and performed source
apportionment of the organic fraction by positive matrix
factorization (PMF) analysis. The particle concentration
shows a pronounced seasonal cycle for the year 2014
with a minimum during winter (4.6 µg/m3), a maximum
during spring (11.4 µg/m3) and similar values of
8.1 µg/m3 and 8.3 µg/m3 for summer and autumn,
respectively. Although the particle composition changes
during the seasons, the organic fraction is dominant
throughout the year and especially during the summer
time. We observed a particularly high amount of
oxygenated organic aerosol (OOA) in the summer
months. In contrast to the summer maximum of the
organic fraction the nitrate component reveals high
concentrations during the winter season. Additional filter
measurements show an impact up to one third of organonitrate on the nitrate observations measured by the
ACSM. Here, the rural character with forests, meadows
and limited emission sources around Hohenpeißenberg is
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Figure 1. Separated mass spectra of a wood waste
burning event measured by the ACSM at the
Hohenpeißenberg site in 2015, which is compared with a
PMF factor of the combustion phase during a wood
combustion experiment in a logwood stove measured by
an aerosol mass spectrometer.
This work was supported by a special research program
of the Deutscher Wetterdienst (DWD)
Mayer, A.C. (2015) Analysis of the impact on particulate
matter by log fires in winter in an investigation area
in the northern foothills of the Alps, bachelor thesis
LMU Munich.
Elsasser, M., et al. (2013) Energy Fuels, 27, 4959–4968.
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In the papers concerned with the efficiency of PM10
removal as a result of the effect of wet deposition, the
authors focus on the process itself and its effects during
the duration of the precipitation. There is a lack of
information regarding the aerosanitary conditions that
change just after the termination of the process.
The application of data derived from field measurements
made in (Olszowski, 2016) applied factor analysis
(Cooley, Lohnes, 1971) with the purpose of justifying
weather conditions in the conditions following instances
of precipitation. The analysis involved variables
representing length of time following precipitation
(LFP), total precipitation in time (TPT), temperature
following precipitation (TFP), relative humidity (RH),
force (WF) and wind direction (WD) after precipitation
has ceased.
The Keiser criterion was applied as the principal test in
the selection of all relevant parameters, i.e. factors with
eigenvalues greater than 1 were the only ones retained
for the purposed of a study (Kaiser, 1960). The selection
of factors also was based on the scree test Cattell, 1966),
whereas the ultimate verification was undertaken by
application of analysis of residual correlations. The
results of FA were presented for the summer season with
classification of locations used as observation spots.
Table 1 contains a summary of principal data guiding the
selection of the factors. The identification was based on
the use of principal component analysis.
Table 1. Factor analysis results. Eigenvalues.
No. of
factor

Eigenvalues

% of the
total
variance

Urban area, warm season
1
2.01
33.5
2
1.48
24.7
3
1.07
17.9
Background area, warm season
1
1.87
31.1
2
1.64
27.3
3
1.08
18.0

accumulated
eigenvalues

cumulative
% of
explained
variance

2.01
3.50
4.57

33.5
58.3
76.1

1.87
3.50
4.59

31.1
58.4
76.4

Both for the urban and background area, the selected
factors account for around 76% of the variability in
registered data. In the urban area, there is s considerable
positive correlation between the features which affect the
concentration of the examined PMs after precipitation as
ceased, i.e. wind direction, total earlier precipitation and
duration of the period following the precipitation (Fig.
1).

Fig. 1. Configuration of examined variables in the realm
of selected factors.
Relative humidity is another attribute relevant in this
respect (with a negative correlation). In the consideration
of the season, it can be note that factors: regional and
long-range transport (attribute WD) and dust
resuspension from the ground (attribute RH) were the
driving forces responsible for the increase of PM10
concentrations. The scale of PM enrichment was also
affected by the longer duration of the precipitation
(attribute LFP), as it affects the efficiency of the impact
of the transport and resuspension. The factor which
prevented the increase in PM concentration was
associated with the removal of particles from the
atmosphere with the precipitation (attribute TPT). With
regard to the results regarding the non-urban area, we
need to add TFP to the list of attributes in the first group
of factors (as it is correlated with WD). This statement
indicates that along with the LFP, natural sources of
emission become active sources associated with pollen
emission from the surrounding fields and meadows.
Generally, both the results derived from the work in
(Olszowski, 2016) as well as the results of FA indicate
that the rate of change in particulate matter concentration
in the ground-level troposphere is relative to a
considerable number of parameters which are difficult to
identify and describe in a statistical manner.
Cattell, R. B. (1966) Multivar. Behav. Res. 1, 245-276.
Cooley, W. W., Lohnes, P. R. (1971) Multivariate data
analysis, New York Wiley.
Kaiser, H. F., Educ.Psychol. Meas. 20, 141-151.
Olszowski, T. (2016) Arab. J. Geosci. 9:160.
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Aerosol source apportionment is one of the outstanding
challenges for environmental monitoring. Aerosols from
different sources usually have distinct chemical and
physical properties. There are various methods for
aerosol source apportionment but among them size
distribution or optical absorption measurements are
among the simplest yet remarkably accurate ones
especially compared to laborious chemical analysis. In
many cases the wavelength dependence of the optical
absorption coefficient (OAC) can be accurately
characterised by the so called Absorption Angström
Coefficient (AAE). The fact that both size distribution
and AAE are source dependent (Favez et al 2009)
provides us an opportunity for using the former one as a
calibration method for the latter one (Utry et al (2014),
Favez et al (2010)).
The proposed simulation method can be used to
estimate the accuracy of source apportionment in case of
a dual wavelength photoacoustic system and whenever
aerosol dominantly originating from two distinct
sources. It has two steps. During the first one parameters
of a calibration curve (Ajtai et al (2015) which correlates
the photacoustically measured AAE with the relative
strength of the two sources determined by an
independent method (e.g. chemical or size distribution
analysis) are calculated. In the measurement step the
parameters are used to estimate the ratio of source
strengths from the PA measurement. The noise of the PA
measurements and the limited source strength ratio range
on which the calibration can be implemented leads to
certain inaccuracy in the source strength ratio estimates.
The relative error of the estimated source strength ratios
is used to qualify the simulated PA systems.
We applied the proposed method to a concrete
case when simulation was performed on data collected
during an urban measurement under wintry conditions
when traffic and wood burning were the dominant
aerosol sources and we examined that how the selection
of the two measurement wavelengths from a pool of
commercially available lasers influences the accuracy of
the source strength ratio determination. Source strengths
were represented by Nff and Nwb, i.e. the number
concentration within the 20 nm and 100 nm mode
corresponding to fossil fuel and wood burning,
respectively.
We evaluated the simulation results repeated for
each of the possible wavelength pairs by setting 10% to
be an acceptable accuracy limit of the source strength
ratio determination. Based on the results of the

simulation 405 nm and 808 nm lasers were found to be
the best choices for building a dual wavelength
photoacoustic system for aerosol source apportionment.
Type

Wavelength
Output
(nm)
power (mW)
Nd:YAG
266
7
Nd:YAG
355
14
Nd:YAG
532
70
Nd:YAG/diode
1064
350
diode
405
70
diode
808
350
Table 2. Wavelengths and output powers of lasers used
in our simulations

Figure 1. Contour lines corresponding to 0.1 relative
errors on the Nff – Nwb plane.
Utry N., Ajtai T., Filep Á., Pintér M., Török Z., Bozóki
Z. and Szabó G. (2014) Atmospheric Environment
91, 52-59.
Ajtai T., Utry N., Pintér M., Major B., Bozóki Z. and
Szabó G. (2015) Atmospheric Environment 122, 313320.
Ajtai, T., Filep, Á., Utry, N., Schnaiter, M., Linke, C.,
Bozóki, Z., Szabó, G. and Leisner T. (2011) Journal
of Aerosol Science 42, 859-866.
Favez, O., Cachier, H., Sciare, J., Sarda-Estève, R. and
Martinon, L. (2009) Atmospheric Environment 43,
3640-3644.
Favez, O., El Haddad, I., Piot, C., Boréave, A., Abidi, E.,
Marchand, N., Jaffrezo, J. L., Besombes, J. L.,
Personnaz, M. B., Sciare, J., Wortham, H., George,
C. and D'Anna, B. (2010), Atmos. Chem. Phys. 10,
5295-5314.
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As for many areas in the north of France, the city of
Douai (40,000 inhabitants) and its surroundings are
recurrently submitted to episodes of altered air, mainly
due to high concentrations of airborne particles, which
may be directly emitted by local or distant sources but
may also be formed through gas-to-particle conversion
processes of precursor gases.
Reducing the impact of primary and secondary
sources requires to identify, locate and quantify their
contribution to the ambient air pollution. This is one of
the objectives of the ISARD (Identification of Sources of
AeRosols in the Douai area) project, which aims at
characterizing the relative influence of the main local
sources, i.e. traffic and domestic heating, in different
neighbourhoods of Douai.

providing 6 bins over the 0.3 to 10 µm diameter range
(Aerotrak 8220, TSI) taken as a reference for particle
counting.
Measurements were carried out for 5 minutes at several
locations along each street part, alternating both sides of
the street to take into account potential wind-related
spatial heterogeneity of pollutant concentrations. The
same methodology was followed for each of the five
investigated Saturdays.
The statistical analysis of measurements was
carried out by applying clustering techniques. It shows
that both particle number concentrations and gaseous
fingerprints behave differently depending on the
presence or absence of traffic (Figure 2), with two
distinct groups at a distance of ~1.

As part of this study, a bicycle was equipped with
measurement devices and tested during the five “No-car
Saturdays” trial, held by the city of Douai in two
shopping streets in October 2015. The roadways,
presenting different height-to-width ratios, were each
partially closed to cars and left free for pedestrians
(Figure 1).

Figure 2. Dendogram from cluster analysis (Ward’s
method, Euclidean distance) obtained with Statgraphics
Centurion XV.II. The x-axis represents the different gas
profiles measured at the different sites for each Saturday.

Figure 1. Fixed measurement points in the shopping
street area of Douai during the “No-car Saturdays” trial.
The mobile laboratory comprised a mini optical
particle counter providing 16 bins over the 0.38 to
17.5 µm diameter range (OPC-N2, Alphasense), five
semi-conductor gas sensors (CO2, Air Pollutants,
Volatile Organic Compounds, Liquefied Petroleum and
NO2, Figaro and MICS), temperature and humidity
sensors (Libelium) and a calibrated particle counter

However the levels of the recorded signals are
strongly influenced by weather conditions, following the
same trend as the measurements from the nearest air
quality monitoring station.
Furthermore, a significant spatial and temporal
variability of the particle and gas measurements has been
observed at the street level, in relation with the presence
of punctual or transient sources of air pollution such as:
- two-wheeled motor vehicles accelerating in the section
open to traffic,
- smokers in the pedestrian section,
- food stands (e.g. a waffle stall) or restaurant kitchen
exhaust systems in the pedestrian section.

This work was supported by the French Agency for the
Environment and Energy Management (ADEME) under
the program AACT-AIR grant 1562C0011.
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PM1 non-refractory chemical composition and
concentration was measured by Aerodyne Compact
Time-of-Flight Aerosol Mass Spectrometer (AMS)
during two six weeks long summer and winter
campaigns in 2012-2013. The retrieved highly time
resolved data were analyzed with using the SoFi
graphical user interface which is developed by Paul
Scherrer Institute (Canonaco et al. 2013) and is running
under IGOR software (WaveMetrics).
Aerosol data and error matrixes were trimmed
and averaged to 30 min intervals and analyzed by
receptor modelling based on positive matrix
factorization. In the first step only organic aerosol (OA)
data were analyzed by both unconstrained and
constrained technique using Multi-linear engine (ME-2)
(Paatero, 1999). Four factor profiles were determined in
both seasons. In summer season we identified
hydrocarbon-like organic aerosol (HOA) from traffic,
organic aerosol emitted by biomass burning (BBOA) and
two secondary OA sources. These were semi-volatile
oxygenated organic aerosol (SV-OOA) and low-volatile
oxygenated organic aerosol (LV-OOA). In winter season
we found the same four factors but with slightly different
mass profiles. HOA traffic factor was probably mixed up
with coal combustion from domestic heating and BBOA
factor was influenced by wood burning in local stoves.
In the next step the OA data were merged with
sulfates, nitrates, ammonium, chlorides and potassium
data also obtained from AMS. These combined data
matrixes were again analyzed by SoFi. There was an
effort to find similar profiles as we found during the
analysis of organic aerosol data. As a most promising
result for summer campaign seems a five factors solution
with two constrained factors. Factor HOA was
constrained with rather high a-value = 0,3, because
traffic aerosol from city center is already a bit changed
when it reaches Suchdol site. BBOA factor was also
constrained with a-value = 0,3. Other three factors
remained unconstrained. LV-OOA factor consisted
mainly from organics whereas two remaining factors
sulfate combined with ammonium (SO4+NH4) and
nitrate with ammonium (NO3+NH4) were mostly
inorganic.
Five factors solution seems to be best fitting
also for data from winter campaign. Constrained profiles
were again HOA factor (a-val = 0,3) and BBOA factor
(a-val = 0,3). HOA factor was combined mainly with
chlorides, sulfate and ammonium whereas BBOA factor
is related mostly to potassium and partly also to nitrates.
Like in summer LV-OOA factor remained mostly
organic and both inorganic factors SO4+NH4 and
NO3+NH4 also remained almost unchanged. Both

inorganic factor profiles were supplemented by rather
low concentrations of partly oxidized organic aerosol.

Fig. 1. Averaged daily patterns for combined organic and
inorganic mass spectra during summer (A) and winter
(B) campaign. The largest differences in daily cycles
between summer and winter were caused by
temperature.
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Estonia’s health impact assessment study showed that
due to fine PM in an ambient air, the life expectancy has
shortened up to 13 months, with the highest decrease in
city centers or areas with extensive domestic heating
(Orru, 2011).
During domestic heating incomplete combustion
often occurs, where organic material in the presence of
chlorine from waste are causing the formation of
chlorinated organic by-products. Burning waste can also
be an important organic aerosol source.
Plastic materials cover the biggest fraction of the
composition of municipal solid waste. Major compound
in smoke from burning plastics include terephthalic acid,
used predominantly in beverage bottles and similar
containers
(Polyethylene
terephthalate-PETE),
polystyrene (PS), polyporopylene (PP), etc. The specific
key organic tracer for burning of plastics found in
atmospheric particle samples also include 1,3,5triphenylbenzene, which occurs in regions where plastic
waste is burned (Simoneit, 2005).
This suggests that waste composition is largely
composite of plastic material, and such waste burning
can be traced using the characteristic species detected in
the smoke of plastics and refuse burnings (Kumar,
2015). Currently, there are only few available studies
related to tracers for plastic waste burning in aerosols.
As Estonia has a well organized municipal solid
waste systems, it can be assumed, that people are not
burning waste to dispose of it, but it could be considered
more as an habitual behaviour. According to the
members of Estonia’s Chamber of Chimney Sweepers
evaluation, in addition to the wood, paper and cardboard
waste, people also tend to burn Tetra Pak®’s, sanitary
napkins, diapers, various plastic packages, shoes, textile
etc. According to the Estonian Environmental
Inspectorate, it is difficult to assess the exact number of
people who still practice burning household waste since
such activities are done clandestinely. Burning waste can
be an important contributor to particle pollution, because
wood and wood chips account more than 90% of the fuel
used for residential heating. Therefore, it is an important
topic to address.
Methods and results
An investigation of aerosol chemical composition
in Tartu (Estonia) using Aerodyne Aerosol Chemical
Speciation Monitor (ACSM) was conducted. The
measurements were carried out in winter 2015/16, with

the measurement point near to roadway and residential
wood combustion (RWC) area. The ACSM measured
non-refractory PM1 chemical composition (Org, SO4,
NO3, NH4 and Chl) with a time resolution of 30 min. 7wavelength aethalometer (MAGEE Scientific, model
AE33) were used for black carbon (BC) determination.
PM10 and PM2.5 levels in ambient air were measured
using BAM 1020 (MetOne) analyzers. Additionally, gas
concentrations (NO, NO2, CO, CO2,), ambient air
temperature (°C), relative humidity (%), wind speed
(m/s) and direction were measured during the whole
campaign.
For analyzing terephthalic acid from high-volume
PM10 (Digitel DHA-80), 24 h filters were extracted by
sonication-assisted solvent extraction and then analyzed
with liquid chromatography mass spectrometry (LCMS). Chromatography was performed on a reversed
phase column with methanol and 0.1% formic acid as
chromatographic eluents. Gas chromatography mass
spectrometry (GC-MS) was used for analyzing 1,3,5triphenylbenzene. Additionally, PM10 samples were
analyzed regarding the heavy metals, and polycyclic
aromatic hydrocarbons. Heavy metals (Al, As, Sb, Cd,
Co, Cr, Mn, Mo, Ni, Pb, Se, V, Fe, Zn, Cu) were
analyzed on ICP-MS (Agilent series 7500).
Contraty to widespread bias, hosehold waste
combustion is not only a problem in developing
countries, but it is also taking place in Europe.
In this research we have found that the packaging
waste burning in household heaters and stoves might be
quite important issue in some RWC areas.
Orru, H., Maasikmets, M., Lai, T., Tamm, T., Kaasik,
M., Kimmel, V., Orru, K., Merisalu, E., Forsberg, B.
(2011). Health impacts of particulate matter in five
major Estonian towns: main sources of exposure and
local differences. Air Quality, Atmosphere & Health 4,
247-258.
Simoneit, B. R. T., Medeiros, P. M., Borys, M. D.,
(2005). Combustion Products of Plastics as Indicators
for Refuse Burning in the Atmosphere. Environmental
Science & Technology 39 (18), 6961-6970. doi:
10.1021/es050767x
Kumar, S., Aggarwal, S. G., Gupta, P. K., Kawamura K.,
(2015). Investigation of the tracers for plastic enriched
waste burning aerosols. Atmospheric Environment 108
(2015) 49e58. doi: 10.1016/j.atmosenv.2015.02.066
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The use of wood to generate heat in small scale stoves in
private houses is increasing to due increasing prices of
the other energy carriers. Tackling with climate change
and reducing carbon dioxide emissions have extra
influence on use of renewable energy sources as
biomass. The price of wood is competitive enough as
well. Downside of the use of biomass is deterioration of
air quality due to increased emissions of certain
pollutants. Particulate matter with PAH adsorbed onto it
is by far most important of these pollutants if focusing
on possible health effects. The wood burning in
residential areas is contributing to pollutant levels in
urban areas as sources having relatively low height and
the concentrations around the sources can be very high.
Majority of the stoves in the households are old type
batch combustion masonry stoves. Particulates from
batch combustion masonry stoves were more potent
inducers of programmed cell death and genotoxicity than
the particles emerging from the continuous combustion
in a modern pellet boiler (Tapanainen et al., 2011). In
Tartu the levels of PM2.5 and BaP have been constantly
high during cold season. The BaP levels have been
exceeding EU target value 1 ng/m3 during past years.
During earlier PM2.5 measurement campaign an urban
increment of 6 µg/m3 for Tartu was identified (Elser et
al., 2016). In same study the possible contribution from
waste burning in residential stoves was seen in HR-ToFAMS mobile measurements.
Stationary air quality monitoring station and
mobile air laboratory was used to assess contribution of
residential heating to the PM2.5, BC and BaP levels in
Tartu. During the measurement campaign PAH and
heavy metals were analyzed from daily PM10 samples
(High-Vol sampler Digitel DHA-90), equivalent black
carbon (eBC) was measured using 7-wavelength
Aethalometer (Magee Scientific, model AE33), aerosol
farctional distribution was measured using TSI APS
model 3321. Gaseous substances (NOx, SO2, CO) were
measured in parallel using Horiba ambient air analyzers
(APNA-370, APSA-370 and APMA-370). Aerosol
chemical composition in one location using Aerodyne
Aerosol Chemical Speciation Monitor (ACSM) was
conducted. The measurements were carried out in winter
2015/16 in Tartu, with the measurement point near to
roadway and residential wood combustion (RWC) area.
Emission database for residential heating was
compiled using emission factors from previous study of
(Maasikmets et al. 2015). Dispersion modelling was

used to calculate levels of PM2.5, BC and BaP using
ensemble of three different dispersion models (SMHI
Gauss, SMHI Grid and Austal2000). The dispersion
modelling results were compared against fixed
measurements.
Measurement data was analysed using positive
matrix factorization (PMF) using SoFi software
(Canonaco, Crippa, Slowik, Baltensperger, & Prévôt,
2013). Strong correlation between modelled and
measured BC and BaP was identified in monitoring sites
in residential areas. For PM2.5 the correlation was weak
and influence of regional PM2.5 level was seen.
Dispersion modelling using ensemble of three
different type (Gaussian, Eulerian and Lagrangean)
models showed difference between the models. Good
agreement with measurement and modelling data was
seen for Eulerian model used in current study.
Description of variation of real emissions in emission
database is on of key sources of uncertainty. The
emission factors used to compile emission database gave
good agreement between measurements and modelling.
Study demonstrated that during intensive
pollution episodes in residential areas in Tartu during
cold season the modelling techniques can be used to
assess contribution of key pollutants from residential
heating to ambient air quality. The contribution of
residential heating to BaP and BC levels during heavy
pollution episodes is as high as 70-80% in selected
residential areas in Tartu.
This work was supported by Estonian Environmental
Investment fund.
Tapanainen, M., Jalava, P. I., Mäki-Paakkanen, J.,
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Ruusunen, J., Tissari, J., Nuutinen, K., Yli-Pirilä, P.,
Hillamo, R., Salonen, R. O., Jokiniemi, J., Hirvonen,
M. R. (2011), Atmospheric Environment, 45(40),
7546-7554
Elser, M., Bozzetti, C., El-Haddad, I., Maasikmets, M.,
Teinemaa, E., Richter, R., Wolf, R., Slowik, J. G.,
Baltensperger, U., and Prévôt, A. S. H. (2016),
Atmos. Chem. Phys. Discuss, doi:10.5194/acp-201631, in review, 2016.
Maasikmets, M., Kupri, H-L., Teinemaa, E., Vainumäe,
K., Arumäe, T., Roots, O., Kimmel, V. (2015),
Atmos. Poll. Res., In Press.
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This work focuses on the identification of the main
sources of variability of particulate matter in a real
indoor environment using blind source separation (BSS)
methods. In order to study the potential of these methods
in indoor source separation, different comparisons were
performed: (i) using different BSS methods, applied on
the same monitoring campaign database; (ii) using the
same methods for two different campaigns; (iii)
comparing indoor and outdoor results from the same
measuring campaign.
The two monitoring campaigns were performed
in the same open-plan office: the first one in 2012,
during 6 months (from February to June) and the second
one, during 3 months in 2015 (from January to April).
The indoor air particulate matter was sampled hourly (in
2012) or every minute (in 2015), using an optical particle
counter (Dust Monitor 1.108, Grimm), which provided
the number of particles per liter, for fifteen size bins
within a range of 0.3-20 µm. During the second
campaign (in 2015), particulate matter was sampled also
outdoors (on the roof of the same building), using the
same protocol. Due to some measurement problems,
only five size bins were selected for the 2012 monitoring
campaign: 0.3-0.4 µm, 0.8-1 µm, 1.6-2 µm, 4-5 µm, 7.510 µm.
The different BSS methods employed for
comparison were: NNMF (Non Negative Matrix
Factorization), PMF (Positive Matrix Factorization),
ICA (Independent Component Analysis), PCA (Principal
Component Analysis). The mixing matrix, that is
factorised, under different constraints, is obtained by
using the fifteen time series in columns for the 2015
campaign and the five time series for the 2012 campaign.
Each time series corresponds to a size bin.
The results of the estimated sources contributions
provided by NNMF are illustrated in Figure 1 for the
2012 campaign and in Figure 2 for the 2015 campaign.
Each curve can be interpreted as a source size bin
variation. The three sources obtained for the 2012
campaign appear among those obtained for the 2015
campaign. A forth source can be found on the Figure 2,
because the mixing matrix includes also particles of size
bin greater than 10µm.
Some sources extracted by the different
factorization methods are very similar; the same remark
can be done for the sources obtained for the two
campaigns. A similarity with outdoor sources shows the

importance of the outdoor air transfer in the open plan
office, especially for the fine particles.

Figure 1. Relative source contributions in the open-plan
office obtained using the NNMF method for the 2012
campaign, based on particles less than 10 µm.

Figure 2. Relative source contributions in the open-plan
office obtained using the NNMF method for the 2015
campaign, based on particles up to 20 µm.
This work was supported by ADEME and MEDDE
within the frame of the PRIMEQUAL-PREDIT
program, TRIBU project, under grant 12-MRESPRIMEQUAL-4-CVS-09).
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Single particle aerosol mass spectrometers, like the
LAAPTOF (Laser Ablation Aerosol Particles Time of
Flight mass spectrometer) produce large amounts of
data. For each individual particle, a bipolar mass
spectrum and the vacuum aerodynamic diameter are
recorded. To efficiently analyze these data sets, it is
important to use visualization techniques which highlight
the important features of the data.
Recently, we successfully combined the classical
c-means cluster algorithm (Bezdek, 1981) with the
OPTICS algorithm (Ankerst et al. 1999). The key feature
of the combination of these algorithms is their ability to
visualize continuous variation of the composition of
particles in an aerosol (Reitz et al. 2016, submitted).
This first application of the OPTICS algorithm in the
field of aerosol science was based solely on the mass
spectra. Adding the size of the particles to the
visualization, we are able to visualize the coagulation of
two particle populations within the aerosol.

Figure 1. Visualization of coagulation within an aerosol
population. a) Affiliation to the two relevant fuzzy cmeans classes. b) Particle size: The color code indicates
the affiliation to the red class.
Figure 1 shows an extract of the dataset for which
coagulation has been visualized. The data has been
ordered using the OPTICS algorithm. The left part of the
graph contains particles which have been attributed to a
mixture of mineral dust, soot and sulfate. The right part
of the graph shows mainly signatures of sulfate salts in
the mass spectra. Figure 1a displays the affiliation of the
particles to the two relevant c-means classes (black class
and red class). In the left region, most particles are
affiliated to the black class. However, from left to right,
the affiliation to the red class continuously grows for
some particles. In the right region, the red class receives
close to 100 % of the affiliation.

In Figure 1b, we present the size of the particles,
colored by the degree of affiliation to the red class. The
black class is composed of two size modes, one peaking
around 2 µm and one peaking around 300 nm. In
contrast the red class is solely composed of large
particles with sizes around 2 µm. In our presentation we
will show how to identify physical coagulation of
particles and distinguish it from chemical processing.
Ankerst M., Breunig M. M., Kriegel H-P. and Sander J.
(1999). Proc. SIGMOD’99 Int. Conf. on
Management of Data, Philadelphia PA, ACM, 49-60.
Bezdek, J. C. (1981). Pattern recognition with fuzzy
objective function algorithms. New York: Plenum
Press.
Reitz, P., Zorn, S.R., Trimborn, S.H. and Trimborn,
A.M. (2016) Journal of Aerosol Science, submitted.

European Aerosol Conference 2016

Tours, France

Page 937 of 1211
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Introduction
In analysis of mass spectrometric data it is often
necessary to evaluate and quantify how similar the mass
spectra obtained from two samples are. This applies to
e.g. algorithm based classification and identification of
mass spectra. Often Pearson’s product-moment
correlation “r” is used to describe mass spectral
similarity, without giving the matter further
consideration. In this work we wish to highlight the
importance of suitable similarity (or conversely
dissimilarity) metric selection, and aim to optimise such
a metric in an example case study involving
classification of 70 eV electron ionisation (EI) aerosol
mass spectra.
Methods
We studied an example set of 81 mass spectra, obtained
with an Aerosol Mass Spectrometer (AMS; Jayne et al.,
2000). The samples each contained a “fingerprint” mass
spectrum of an individual air pollution episode measured
at the SMEAR II station in southern Finland, and
deconvolved from ambient measurements by applying
factor analysis to separate the pollution mass spectra
from the background aerosol spectra.
We applied k-means++ clustering to reproduce the
already well known divisions to aerosol general
chemotypes such as low-volatile, semi-volatile,
hydrocarbon-like organic aerosol types (LV-OOA, SVOOA, HOA). By optimising the dissimilarity metric and
weighting needed in the classification process, we also
obtained valuable information on the effects of using
various metrics and weights.
For this work we tested the aptness of four dissimilarity
metrics (Pearson correlation, dot-product cosine, squared
Euclidean “distance” and Manhattan distance for
describing the (dis)similarity between the aerosol mass
spectral samples. We additionally probed the effects of
variable (here mass-to-charge ratios, ‘m/z’) weighting as
well as weighting based on signal intensity.
Results and conclusions
We conclude there are indeed differences between the
metrics’ performances. Both ‘dot-product cosine’ and
‘Pearson correlation’ were found to produce very
similar, robust classification results, with ‘squared
Euclidean’ dissimilarty also providing satisfactory
results. Based on our tests ‘Manhattan distance’ is not to

be recommended for aerosol mass spectra similar to
ours, as it does significantly worse in representing the
similarities between aerosol types. This clearly leads to
problems in finding the mass spectral structures
corresponding to the aerosol chemotypes.
We additionally explored the effects of applying
different weight distribution between mass spectral
variables (m/z), as is commonly done and advocated for
in many mass spectrometric applications outside of
aerosol sciences (Stein & Scott, 1994). Specifically we
applied 1) ‘mass scaling’
weight (i) (mass) = m/z (i)

s_m

(Eq. 1)

where i are our mass spectral variables, and ‘s_m’ is a
mass scaling factor ranging from zero to three in our
tests., and 2) ‘intensity scaling’
weight (i) (int.) = signal (i) 1/s_i

(Eq. 2)

where ‘s_i’ is the scaling coefficient for signal intensity.
Comparing to uniform weight distribution we conclude
mass weighting using s_m of 1 to 2 enhances the aerosol
chemotype classification while signal weighting appears
detrimental to it with any s_i > 1.
Based on this (albeit limited) study, we would like to
encourage metric and variable weight distribution
optimization in connection to any data analytical tasks
involving aerosol mass spectra classification or
algorithm-based identification. We find that Pearson
correlation seems a suitable metric for identification and
classification of 70 eV EI aerosol mass spectra, although
theoretical considerations would seem to favour dotproduct cosine metric instead. The two seem to produce
almost identical results in our tests. We also recommend
exploring ‘mass scaling’ as a basis of weight distribution
among variables, as in our case it does markedly enhance
aerosol classification to aerosol chemotypes.
We thank the ERC (Grant 638703-COALA)
Jayne, J.T., et al. (2000). Development of an Aerosol
Mass Spectrometer for Size and Composition.
Analysis of Submicron Particles, Aerosol Science
and Technology, 33, 49-70,
Stein, S.E., & Scott, D.R. (1994). Optimization and
testing of mass spectral library search algorithms for
compound identification. Journal of the American
Society for Mass Spectrometry, 5(9), 859-866.
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The environmental measurements of organic
compounds still require optimized analytical methods
that reliably assess concentration results. This aspect is
critical to avoid misunderstanding for behavior
interpretation of pollutants in environment. It means it
is necessary to continue providing information on
quality of analytical data to provide results good
enough (García-Alonso, 2011).
As part of a major project devoted to the
development of a strategy for emission control and
minimization of the combustion of waste biomass
(CLEANBIOM), this work has been focused to the
determination of selected PAHs by high performance
liquid chromatography with fluorescence detection
(HPLC/FD). Our main goals are based on minimizing
analytical effort and assessing result reliability from
ash/particulate matter analyses of real samples
involved in the project.
Hence, from analyses of real samples (ashes and
particulate matter) our objectives were to evaluate:
• Analytical protocol which has been simplified by
using minimal aliquot weights, solvent volumes,
handling and taking advantage of high selectivity of
fluorescence detection.
• Proportional and constant bias to assess trueness.
• Intermediate precision of analytical results
obtained.
Methodology
At Biomass Combustion Pilot Plant at
CEDER/CIEMAT, samples of interest were taken from
dust collected in purification system from measurement
stations during the tests. Agitation of weighted aliquots
was performed in closed tubes with 1.5 mL of
dichloromethane for three times to assure recovery.
Final volume of extract to analyze was 150 µL.
Seventeen
PAHs
were
included
for
consideration and thirteen of them were quantified in
most of the samples: the most volatile PAHs such as
naphthalene, 1- methylnaphthalene, acenaphthene and
fluorene were rarely quantified, so they were not
considered for validation.
Results
The sum of PAHs ranged from:
• Ash sub-samples: 0.9 – 26 µg/g
• Particulate matter: 0.03-3.9 µg/filter
Heavier PAHs were the most abundant which
reached concentrations ranged 2-3.5 µg/g and 0.070.50 µg/filter for ash and particulate matter,
respectively.

For ash measurements, trueness was evaluated
by checking proportional and constant bias as
recommended Maroto et al (2007). Proportional bias
was estimated by analysis of spiked sub-samples and
calculating the pooled recovery. Constant bias was
estimated with the Youden method by weighting 0.1 g
and 0.2 g of sub-samples and analyzing them.
The preliminary results based on intermediate
precision calculations (Eurachem/CITAC, 2012;
Pantazopoulous, 2001) were very consistent, showing
accuracy of over 20 and 30 % for ash and filter subsample, respectively. As expected, low levels of
concentrations and volatility of the measured
compounds increase dispersion in analytical
measurements (up to 40%) (Figure1).
Benzo(ghi)Perylene
Dibenzo(ah)Anthracene
Benzo(a)Pyrene
Benzo(k)Fluoranthene
Benzo(b)Fluoranthene
Benzo(e)Pyrene
Crysene
Benzo(a)Anthracene
Pyrene
Fluoranthene
Anthracene
Phenanthrene

particulate matter
ash

RSDpool

0,00 0,20 0,40 0,60 0,80 1,00
Figure 1 – Intermediate precision of analytical results deduced as:
pooled relative standard deviation (RSDpool).

Conclusion
The proposed analytical method provides a
reduction in extraction time, volume of solvents and
sample weight which makes an easier, cheaper and
faster method than classical extraction procedures for
PAH analyses. This study can be considered of great
utility for assessment of analytical quality in PAH
determination in samples (ashes and particle matter) of
waste biomass combustion.
This work was funded by the “Ministerio de Economía y
Competitividad” of the Government of Spain.
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Surface Chemical Structure of Isolated Aerosols by X-ray Photoelectron Spectroscopy
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X-ray photoelectron spectroscopy (XPS) is powerful tool
to investigate the surface chemical structure of any
material. However, when applied to nanoobjects, this
technique faces drawbacks due to interactions with a
substrate, on which nanoobjects have to be deposited,
and sample charging effects. We present a new
experimental approach to XPS1 based on coupling soft xray synchrotron radiation with an in vacuum beam of
free nanoaerosols, focused by an aerodynamic lens
system (Fig 1a). Two examples of experiments
performed on the PLEIADES beamline at the SOLEIL
Synchrotron facility are presented to illustrate the
effectiveness of this approach.
In the first example, the structure of the Si/SiO2
interface is probed on isolated silicon nanocrystals
previously oxidized with ambient air1 (Fig. 1b) or by
heat treatment under air. Full characterization of the
surface has been achieved for different sizes of
nanocrystals between 4 and 80 nm and with different
oxidizing treatments. The technique allows probing the
presence of various oxidation states at the interface and
to deduce therefrom a thickness of the oxide layer. For
the smaller and more oxidized nanoparticles, a relatively
abrupt interface including Si = O double bonds is
highlighted.
In the second example, the adsorption of water on
the surface of TiO2 nanoparticles is investigated in the
gas phase3. TiO2 free aerosols are exposed to a
controlled pressure of water vapor before being analyzed
directly by XPS. The technique allows here the
observation of a predominantly dissociative adsorption
of water on the surface of TiO2 in its very first stage,
highlighting a largely covered surface by OH groups
(Fig. 1c).
[1] Baer, D. R. et al (2010) Chem., 396, 983.
[2] Sublemontier, O. et al (2014) J. Phys. Chem. Lett., 5,
3399.
[3] Benkoula, S. et al (2015) Sci. Rep., 5, 15088.
The experiments were performed at the PLEIADES
beamline at the SOLEIL Synchrotron (Proposals No.
20110423 and 20130466). The development of the setup
has received funding from the Agence Nationale de la
Recherche (ANR) under Grant No. ANR-07-NANO0031.

Figure 1a. XPS of isolated nanoparticles. Figure 1b.
Si2p XPS spectrum of isolated silicon nanocrystals.
Figure 1c. O1s XPS spectrum of hydrated TiO2
nanoparticles.
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Introduction
EC/OC thermal-optical analysis measures the
amount of carbon contained in air particulate samples
collected on filters. Several operational assumptions are
used to then determine organic and elemental carbon (OC
and EC). One drawback of this method is the formation
of an undesired by-product, the pyrolysed organic carbon
(POC). For quality assurance purposes the properties of
each sample are normally viewed using thermograms that
focus on the instantaneous results from the analyser’s
detectors over time; e.g. Figure 1. As an alternative to
these thermograms, we propose focusing on changes in
the bulk properties of the sample; plotting laser
attenuation vs. evolved carbon (AVEC).

evolved (the integrated FID signal), as the analysis
proceeds.
An example AVEC plot (Fig 2) shows an urban
background sample analysed with two different protocols.
Figure 2 clearly shows the processes the sample
undergoes when analysed in different conditions. The
formation of the POC is more pronounced in the Quartz
sample and the amount of OC is greater than in the
EUSAAR analysis.

Figure 2. AVEC plot of the same urban background
sample analysed with two different protocols
Conclusion

Figure 1. Thermogram from a typical ambient PM10
sample collected in London. The red line represents the
laser transmittance, the blue line the temperature and the
green and pink lines FID1 and FID2 signals respectively.
Method, results and discussion
A Sunset Laboratory Thermal-Optical Carbon
Aerosol Analyser was used for the EC/OC analysis. One
hundred and eighty samples from the London area were
analysed with two protocols, EUSAAR2 (Cavalli et al,
2010) and NIOSH-like Quartz (Birch and Cary, 1996).
Source samples were also tested including those from
vehicle exhaust tests and solid fuel burning (coal, wood,
and peat). The AVEC plot of the analytical data is created
from the attenuation of the material on the filter (ln (I0/I),
where I0 is the laser transmittance measured at the end of
the analysis when all the carbonaceous compounds were
desorbed, versus the total carbon

AVEC plots offer several advantages over the
thermograms produced by the Sunset instrument.
 The total carbon and the carbon evolved during
each temperature step can be easily read from the
x-axis.
 A clear display of any early evolution of EC/POC.
 Information on the formation of POC and
evolution of OC.
 Determination of mass absorption coefficients of
the combined POC and native EC during the
oxygenated phase (Subramanian et al., 2006).
 A clearer split point between OC and EC.
References
Birch, M.E. and Cary, R.A. (1996). AST 25(3), 221-241.
Cavalli, F. et al., (2010) AMT 3 79-89.
Subramanian, R et al, 2006. AST 40(10), 763-780.
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Because of their impact on climate, biogeochemical
cycles and human health (via inhalation and/or
ingestion), the study of atmospheric aerosols is of
particular interest.
The physical and chemical characteristics of
primary particles can rapidly change after their emission,
by gas condensation, aggregation or heterogeneous
reaction. This is notably the case of industrial aerosols
generally released in the troposphere by hightemperature processes (predominantly for steelworks and
metallurgy) (Marris et al., 2012). Thus, internal
composition of individual atmospheric particles is
typically a complex mixture of primary and secondary
particulate matter. This mixing state evolves with the
aging of air masses, resulting in changes to chemical and
physical properties.
In this context, we study aerosols sampled in an
industrial area at Dunkirk, in Northern France. Many
different aerosols sources are located in the vicinity of
the studied area, in addition to steelworks and other
industrial plants. Urban areas and the North Sea are all
located less than 5 km away, and could possibly
influence the plumes behaviour, depending on the wind
direction.
When bulk analysis only gives the relative
contribution of primary and secondary aerosols,
individual particle analysis brings information of their
mixing state. Thus, to better understand the aging
processes of industrial aerosols, we challenged to
accurately characterize the primary and secondary
aerosols mixing state with a Scanning Electron
Microscope equipped with Transmission Mode and
Energy Dispersive X-Ray Spectrometry (TSEM-EDS).
Due to their volatile status, the study of secondary
particulate matter by conventional TSEM-EDS is
difficult, suffering from beam damage. Indeed, electron
beam affects it very quickly and causes its destruction
and evaporation in the microscope chamber (Figure 1).

A

B

100 nm

Figure 1. Ammonium sulphate particle (A) suffering
from beam damage after observation duration of 5
seconds (B)
To prevent or limit this phenomenon, a cryo-stage
is used, allowing the observation of volatile particles
(Veghte et al., 2014). Results obtained with this
technique are presented here. The next step of the use of
cryo-TSEM-EDS will be to obtain an elementary
mapping of semi-volatile secondary aerosols.
This work was funded by the Nord - Pas de Calais
Regional Council and is in the CaPPA (Chemical and
Physical Properties of the Atmosphere) project (ANR10-LABX-005) funded by the French National Research
Agency (ANR) through the PIA (Programme
d’Investissement d’Avenir). The authors thank the
“Nord-Pas-de-Calais-Picardie”
Region
and
the
“Ministère de l’Enseignement Supérieur et de la
Recherche” (CPER Climibio).
Marris, H., Deboudt, K., Augustin, P., Flament, P.,
Blond, F., Fiani, E., Fourmentin, M. and Delbarre, H.
(2012) Sci. Total Environ. 427-428, 126-138.
Veghte, D.P., Bittner, D.R. and Freedman, M.A. (2014)
Analytical Chemistry 86, 2436-2442
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In the upper troposphere aircraft engines emit solid
particles such as soot. These particles can have a direct
or indirect effect on climate that both bear consequences
on the atmospheric radiative forcing, cloud formation
and their lifetime (Lee et al. 2010). In fact these soot
particles might aid the formation of ice crystals, thereby
producing a condensation trail in the troposphere. Many
studies have been conducted to characterize soot
particles as they are involved in several physicochemical processes in atmosphere (Hoose et al. 2012). A
better understanding of these atmospheric processes can
be achieved using a non-destructive approach, which
consists in investigating the molecular structure of these
soot particles.
In this work, we used micro-Raman spectroscopy
(at both 514 and 785 nm excitation wavelengths) to
characterize soot particles produced by either a kerosene
flame or a Combustion Aerosol Standard (CAST) burner
supplied with various propane-air mixture ratios
producing soot samples with a wide range of organic
carbon to total carbon ratios (OC/TC). The analysis of
the first-order Raman bands of these soot samples is
based on the deconvolution model proposed by Sadezky
et al (2005). This fitting approach uses five different
bands: G band, corresponding to ideal graphite lattice
(E2g symmetry), D1 band corresponding to a disordered
graphite lattice (contribution from the edges, A1g
symmetry), D2 band corresponding to a disordered
graphite lattice (contribution from the surface, E2g
symmetry), D3 band corresponding to amorphous carbon,
and D4 band corresponding to disordered graphite lattice
(A1g symmetry), polyenes or ionic impurities.

structure from samples produced with different
combustion conditions, showing hereby the relationship
between the former and the latter. In addition, these
results have been compared to those recently published
for soot collected from the exhaust of an airplane engine
operating at different regimes (Parent et al. 2016). By
comparison, we now have identified the best CAST
working point that will produce the closest airplane soot
surrogate from a structural point of view.

Figure 2. Baseline slope versus OC/TC ratios for studied
CAST samples
Though Raman soot bands are not sensitive to
surface chemical composition, we found a direct
correlation between the amount of organic carbon
present at the sample surface and the observed Raman
fluorescence continuum that appears as a steep slope
baseline in the 800-2000 cm-1 region. We found that this
slope can be used as a proxy for assessing the organic
content in the samples (Fig. 2).
This
work
was
supported by the CORAC
MERMOSE project, funded by French Civil Aviation
Authority (DGAC) and by the French National Research
Agency (ANR) through the PIA Programme d'Investissement
d'Avenir) under contract ANR-10-LABX-005 (LABEX CaPPA
- Chemical and Physical Properties of the Atmosphere).

Figure 1. Application of Sadesky’s fitting procedure to
the Raman spectrum of our airplane soot sample
We investigated the effects of three Raman
parameters (laser wavelength, irradiance at sample, and
exposure time) on soot samples. From the deconvolution
analysis, we have retrieved information relative to soot

Hosse, C., Möhler, O. (2012) Atmos. Chem. Phys. 12,
9817-9854.
Lee, D.S., G. Pitari, V. Grewe, K. Gierens, J.E. Penner,
A. Petzold, M.J. Prather, U. Schumann, A. Bais, T.
Berntsen, D. Iachetti, L.L. Lim, R. Sausen (2010).
Atmos. Environ. 44, 4678-4734.
Parent., P., Laffon, C., Marhaba, I., Ferry, D.,Regier,
T.Z., Ortega, I.K.Chazallon, B., Carpentier, Y.,
Focsa, C. (2016) Carbon, 101, 86-100.
Sadezky, A., Muckenhuber, H., Grothe, H., Niessner, R.,
Pöschl, U. (2005). Carbon, 43, 1731-1742.
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The determination of occupational exposure to airborne
contaminants often requires a long sampling period
(2-8h) to be collected in the breathing zone for
subsequent chemical analysis. Usually the sampler is
mounted at the collarbone or at the upper part of the
chest. When working close to the source (handling it)
strong concentration gradients are generated and one
would get a smaller bias in the determined exposure if it
was possible to sample close the workers mouth or nose.
A minisampler for the inhalable aerosol fraction (CEN,
1993) was developed for the SKC Face Level Sampling
Headset (SKC, 2016). Currently, only one small aerosol
sampler is commercially available for this system, an
open-face cassette for 13 mm filters originally intended
for manganese (Lidén and Surakka, 2009). On the Face
Level Sampling Headset, the sampler is mounted on a
light beam and is located in the direct vicinity of the
mouth/nose. The air flow is generated by a personal
sampling pump.
CEN/TC137/WG3 and ISO/TC146/SC2/WG1
currently discuss whether to add a new sampling convention for the inhalable fraction for workplaces with
calm air/low wind. These discussions are based on the
results of Aitken et al. (1999) and Sleeth and Vincent
(2011). The object was to optimize the sampling efficiency to be as close as possible to one of the proposed
sampling conventions.
The sampler was designed with a circular tubular
nozzle. In the original experimental design, the nozzle
length was approx. 10 mm and the nozzle was attached
to modified 13 mm Swinnex nylon filter holders
(Millipore). The test followed EN13205 (CEN, 2014). In
the initial experiment the collection efficiency was determined for eight aerodynamic particle sizes at two nozzle
sizes and two flow rates per size. The test aerosols were
generated from “monodisperse” aluminium oxide particles in the grade range F600 – E220 corresponding to
aerodynamic sizes in the range 16 – 113 µm. The experiment was carried out in a calm air chamber with the general test setup similar to that of Kenny et al. (1999). The
test aerosol was introduced from above and the reference
concentration was determined with a pseudo iso-kinetic
sampler. The amount of collected sample was determined by weighing in a climatized room.
Based on an evaluation of the experimental
results, an optimized nozzle was designed with an inner
diameter of 7.5 mm. The minisampler was optimized for
a flow rate of 0.75 LPM. Two versions were tested, with
a long (9 mm) and short nozzle (4 mm). Figure 1 shows
the sampling efficiency of the two versions of the opti-

mized minisampler for the inhalable fraction as well as
the sampling convention for inhalable fraction.

Figure 1. The experimentally determined sampling
efficiency of the minisampler for the inhalable fraction
and the sampling convention for inhalable fraction
It can be seen that the minisampler with the
longer nozzle has a slightly lower sampling efficiency,
on average 3.6% lower. These sedimentation losses are
so small that they can be discarded. A short nozzle
would also make the filter more exposed to air currents
at the workplace that are not present in a clam air
chamber.
This sampler could be an interesting choice
if/when a sampling convention for calm air is defined.
This work was supported by the Swedish Work Environment Authority.
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2Atmospheric

In this work we present the GOA-UVa in situ
measurement station and the dataset obtained since the
station assembly until present. This station belongs to the
Atmospheric Optics Group of the University of
Valladolid (GOA-UVa) and it consists of a container
equiped with a comprehensive suite of instrumentation
to characterize aerosol optical and microphysical
properties. See Figure 1.

Figure 1. GOA-UVa in situ measurement station.
The sampling line consists of a stainless steel tube
protected with an external PVC tube, a rain cap and a
metal screen designed to exclude insects. The inlet of
the sampling line is approximately 2 m above the roof of
the container, nearly 5 m above the ground. The system
has been characterised theoretically based on established
loss mechanisms for the different flow regimes in the
inlet / transportation system and the calculated cut-off
diameter of the inlet nozzle and sample transport line is
approximately 10 μm. To avoid condensation when
external hot air enters the air conditioned inside of the
container, the sampled air is heated when necessary to
achieve a low relative humidity of 40 % prior to entering
the instruments. Airflow through the sampling line is
divided into several separate flows and directed toward
individual instruments.
The measurements of aerosol optical properties
are being made by a 3-wavelengths nephelometer (TSI,
model 3563) and a 3-wavelengths particle soot
absorption photometer (PSAP, Radiance Research). The
measurements are made at two size cuts: sub10micrometer and sub1-micrometer (PM10 and PM1).
A condensation particle counter (CPC, TSI,
model 3022A) is used to measure total particle number
concentration. An aerodynamic particle sizer (APS, TSI,
model 3321) is used to measure the number size
distribution of particles larger than 0.53 µm.
Support data is obtained from a relative humidity
and temperature sensor (VAISALA, model HMT333)
that continuously monitors the temperature and relative

humidity inside the inlet. Meteorological data is also
obtained from a cable free weather station (Oregon
Scientific, model WMR928NX).
The station follows the WMO/GAW guidelines
and recommendations for aerosol measurement
procedures.
In the past, the container has been located in
Fuente de la Mora, Campus Deportivo, University of
Valladolid, Spain (41° 39' 23"N, 4° 40' 44"W, 709 m)
and a data set is available for the period 2011.06.16 to
2013.06.03. Currently, the station is located in the
campus of University of Beira Interior, Covilhã, Portugal
(40° 16' 30"N, 7° 30' 35"W, 704 m) and the data set
available starts on September 2013 until the present.
Preliminary results obtained from these data sets can be
found on Marcos et al (2014), Costa et al (2015a) and
Costa et al (2015b).
More information about the GOA-UVa in situ
measurement station, including some real time data, can
be found on the station website:
http://webx.ubi.pt/~smogo
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The CIP 10-M personal sampler is used to assess worker
exposure to airborne particles by collecting them in a
rotating metal cup containing a few milliliters of a
collection fluid. The sampling cup is equipped with
radial blades on its upper part and rotates inside its
housing at a speed close to 7000 rpm to induce a 10
L/min sampling airflow through an annular
omnidirectional aerosol inlet orifice and a particle-size
selector (Görner et al, 2006). This device is mainly used
to sample bioaerosols in various occupational
environments; it has also been used to sample airborne
chemical components in particulate form. Aqueous
liquids are generally used as collection fluid, but their
rapid evaporation limits the sampling duration;
alternative viscous collection fluids could help overcome
this problem. Although used by many teams in the
world, the particle-collection efficiency of the rotating
cup has not been extensively studied, and the only data
available relate to a discontinued model (Görner et al,
2006). Field-based comparisons of CIP 10-M
measurements with other samplers are also limited.
The main objectives of this work were: (1) to
measure the kinetics of evaporation of different
collection liquids as a function of the duration of use of
the CIP 10-M; (2) to measure the collection efficiency of
the current rotating cup containing an aqueous (water) or
viscous (ViaTrap mineral oil) collection fluid; (3) to
compare bioaerosol concentrations obtained with four
samplers (CIP 10-M, closed-face cassette, Frit-Bubbler,
BioSampler) in different workplaces.
Regarding objective (1), our results indicated that
unlike aqueous liquids such as water or PBS, which
completely evaporate after a few hours of sampling
(Figure 1), viscous liquids such as mineral oil do not
evaporate, making 8-h sampling campaigns in constant
volumes feasible.

Concerning objective (2), particles with a wide
range of aerodynamic diameters (dae between 0.1 and 10
µm) were produced using various test rigs and mono- or
poly-disperse test aerosols (glass beads, DEHS droplets,
bacteria cells). For a given dae, the collection efficiency
was calculated by comparing the number concentrations
measured upstream and downstream of the rotating cup
using several real-time instruments (TSI APS 3321,
Grimm SMPS, TSI CPC 3007). Both new and older cup
models performed similarly, with a collection efficiency
of > 80% for larger particles (dae > 2.8 µm),
progressively decreasing to around 50% for dae of 2.1
µm, falling below 10% for dae < 1 µm. Besides,
collection efficiency was unaffected by the type
(aqueous or viscous) or volume (between 0 and 3 mL) of
collection fluid used. Bias maps indicated that the
inhalable fraction may be underestimated, particularly
with aerosols mainly composed of particles with dae of
less than around 3 µm (Figure 2).

Figure 2. Mass-based (vs. MMAD) or number-based
(vs. CMAD) bias map of CIP 10-M for log-normal
aerosol size distributions.
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To address the third objective of this work, sideby-side comparisons of four bioaerosol samplers (CIP
10-M, closed-face cassette, Frit-Bubbler, BioSampler)
were performed in different occupational atmospheres
(composting, waste sorting, water treatment, piggery).
Static samplings were carried out in front of aerosol
sources or workstations and the samples analysed using
culture and molecular methods. The performances of the
CIP 10-M and its capacity to ensure preservation of the
biological properties of the particles sampled mainly
depended on the aerosol size distribution and the type of
airborne microorganisms (bacteria, fungi, species, etc.).

Sampling time (min)

Figure 1. Kinetics of evaporation for water, PBS and ViaTrap
present in the rotating cup of the CIP 10-M.
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Aeronautic test rigs where either combustion chambers
or complete engines are tested often require a sampling
line to connect the sampling probe and the measurement
instruments. The measurement of particles lost through
the line is essential to interpret the results obtained in
different tests.
In this work we have studied the loss in the
sampling line of the combustion test rig K8 located at
DGA Aero-engine Testing. We have focused this study
on the impact of the physico-chemical properties of soot
surrogate used in the loss measurement. We have used a
spark generator (GFG 1000, PALAS GmbH) and a
combustion aerosol standard generator (CAST, Jing
GbmH) to generate carbon particles with different
physico-chemical properties. In the case of GFG
PALAS, the produced particles are amorphous carbon
aggregates with very low content of organic carbon. On
the other hand, CAST produced soot particles by
combustion of kerosene, thus the particle morphology is
closer to the real soot particles emitted by an airplane
engine. CAST soot was used as is, and also after
treatment through a catalytic stripper to reduce its
organic content.
We used two SMPS (Grimm GbmH) to monitor
particle size distribution before and after the line. In first
place the line was tested using carbonaceous particles
produced by PALAS GFG generator using 5.7 lpm Ar,
10.0 lpm of air and a spark frequency of 60 Hz. Fig. 1
shows the particle size distribution obtained before
entering into the line and after. As can be seen, though
particles are lost across the line, size distribution shape
does not change.

pressure of kerosene, 20 lpm of quenching flow and 2
lpm of air flow. The generated soot was injected directly
in the sampling line (Fig. 2 right panel) or passing
through a catalytic stripper to reduce the amount of
organic material (Fig. 2 left panel). In both cases a shift
in the particle size distribution is observed. For particles
treated with the catalytic stripper, the maximum shifts
from ~18 nm to ~49 nm. In this case the loss of particles
is quite significant, thus this shift might be due to the
preferentially loss of smaller particles. Particles
introduced directly in the sample line also present a shift
in the maximum from ~82 nm to ~164 nm. In addition a
second peak appears at around 30 nm.

Figure 2.Rigth panel: Fitted particle size distributions
produced by CAST generator without catalytic stripper
before (blue line) and after (green line) sampling line.
Left panel: Fitted particle size distributions produced by
CAST generator with catalytic stripper before (blue line)
and after (green line) sampling line.
In this case the shift is most likely produced by
re-condensation of organic vapours when the sample
exits the line, heated at 60°C, and enters the SMPS at
room temperature. In the case, as particles were not
treated with the catalytic striper, the higher amount of
organic content lead to the appearance of a second size
distribution, most probably linked to nucleation of
organic vapours.
This study illustrates the importance of the
physico-chemical properties of the particles used to
measure line losses as the results obtained are clearly
different for different particles types.
This work was supported by EDDMAER a DGA funded
project

Figure 1. Fitted particle size distributions produced by
PALAS GFG generator before (blue line) and after
(green line) the sampling line used
In second place we tested the line with CAST
generator using 0.03 lpm propane flow, 60 mbar partial

Jing, L. (2003) 7th ETH Conference on Nanoparticle
Measurement, ETH Hönggerberg Zürich.
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Experimental campaigns involving aircraft engines are
technically challenging, especially particulate matter
characterization. Emissions from engine exhaust must be
cooled and diluted prior to reaching the instruments. In
almost all measurements campaigns, a sampling line is
needed to connect the sampling probe and the
measurement instruments. PTFE lines are often used for
transferring the particles collected from the engine
exhaust to the measurement instruments. In addition,
these lines are often heated up to 160°C to avoid
formation of particles from gas phase due to the drop of
temperature when transferring the sample flow from the
exhaust to the line.
Conductive silicone tubing has already shown to
be responsible of sample contamination in airplane
engine emission studies (Timko et al., 2009).
Polydimethylsiloxane (PDMS) was found in the soot
samples collected through conductive silicon tubing. The
PDMS uptake by soot particles was found to be up to
30%.
In the present work we have studied the potential
contamination of soot samples induced by the use of
PTFE lines. We have used Time of Fight Secondary Ion
Mass Spectrometry (ToF-SIMS) to characterize soot
samples collected through a two meter long thermostated
conductive PTFE line (Winkler GmBH), both at room
temperature and heated to 160°C, and through a two
meter stainless steel line at room temperature. The soot
was produced using a Combustion Aerosol Standard
generator (CAST, Jing Gmbh). The sample flow passed
through a catalytic striper coupled with a Dekati Engine
Exhaust Diluter (DEED, Dekati OY) just before entering
the different lines studied to avoid the presence of
organic compounds on the soot. Finally, soot particles
where deposited in high efficiency quartz filters for their
analysis with ToF-SIMS.

We found a series of peaks corresponding to
PDMS associated with the use of PTFE line. This
contamination was significantly higher when the line
was heated. In the case of stainless steel line, the
intensity of these peaks was close to the one found in the
blank filter. In addition to these compounds, we found an
important signal from Fluor related fragments. These
fluor related peaks have been found almost exclusively
when the PTFE line was heated to 160°C. After Fluor
(Fig.1), the most abundant compound found in soot
samples collected through heated PTFE lines was C4F7O(Fig. 2), this fragment is linked to Teflon.

Figure 2. Mass spectra of soot samples collected through
heated PTFE line.
These results show how heated PTFE lines can be a
source of contamination when studying soot emissions.
More detailed studies are needed to evaluate the
potential impact of this contamination in soot physicochemical properties.
This work was supported by the CORAC
MERMOSE project, funded by French Civil Aviation
Authority (DGAC) and by the French National Research
Agency (ANR) through the PIA (Programme
d'Investissement d'Avenir) under contract ANR-10LABX-005 (LABEX CaPPA - Chemical and Physical
Properties of the Atmosphere).

Figure 1. Integrated area for fragments corresponding to
contaminants for each line studied

Timko, M.T, Yu, Z., Kroll, J., Jayne, J.T., Worsnop
D.R., Miake-Lye, R.C., Onasch, T.B., Liscinsky, D.,
Kirchstetter, T.W., Destaillats, H., Holder, A.L.,
Smith, J.D. and Wilson; K.R. (2009) aerosol Sci.
Technol. 43, 855-865.
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Single digit aerosol nanoparticles are used in a wide field
of applications. These particles can be applied as catalysts in chemical reactions because of their high specific
surface area. To describe the catalytic effect it is necessary to characterize the particle composition, shape and
size as well as surface properties and crystal structure.
For example TiO2 nanoparticles that are used to degrade
or absorb pollutants in water and soil systems are determined by the aforementioned properties. For 4 nm particles about 50 % of the atoms are on the surface, which
changes the surface reactivity significant.
To describe the particle size, investigations down
to 2 nm particle diameters are possible with several
online-measurement methods such as Scanning Mobility
Particle Sizer (SMPS) coupled with counting techniques
e.g. Ultrafine CPC or Particle Size Magnifier. While this
method is able to determine a particle size distribution, it
does not deliver information on the material, form, lattice structure or composition of the produced particles.
Transmission electron microscopy (TEM) is part of the
techniques needed for characterization. For this purpose,
however, it has to be ensured that a representative sample is taken. A drawback of TEM analysis is the quantification of the aerosol concentration from the measured
particle number distribution on the TEM grid.
Therefore, the relation between particle deposition on the TEM grid and the initial aerosol concentration was investigated. Depositing mechanisms like diffusion and electrostatic at ambient pressure and impaction
at low pressure were studied.
To describe the deposition on the TEM grid the
experimental set-up consists of a spark generator to produce spherical particles, neutralizer and differential mobility analyzer (DMA) to classify the particles and a faraday cup electrometer (FCE) to describe the particle
concentration before and after the sampling. The neutral
particles were analyzed by using a precipitator to separate the charged particles.
After the experiments the mean particle concentration on the grid was determined from the TEM micrographs. Thus, the particle flux, depending on the grid
surface and sample time, can be calculated. Then, the
particle deposition velocity v* is defined by particle flux
divided by initial aerosol concentration. Once the deposition velocity is determined, the characterization of an
undefined aerosol concentration, dependent on the deposition method, is possible.
Figure 1 shows particle size vs. depositing velocity. The depositing velocity is increasing with decreasing
particle diameter. The highest deposition velocity was
reached by electrostatic force (1000 V).

Figure 1. Deposition velocity v* of different sized particles dependent on electrostatic force, charge of the particles and diffusion effects.
The results shown as “0 V” represent the charged particles without an external electrostatic force. This means
the deposition only occurs because of diffusion and induced image force near the grid surface. The deposition
efficiency of neutral particles by diffusion effects was
found to be too low for a solid estimate of the aerosol
concentrations or particle size distributions.
However, the particle charge has no influence
when using the impactor set-up. Therefore, particles
were sampled with the impactor and a size distribution
was measured with “DMA and FCE” combination at the
same time (Figure 2).

Figure 2. Comparison of the normalized size distributions
It was possible to eliminate the disagreement between
“DMA and FCE” and TEMraw (raw data) size distributions by measuring the rebound curves of several particle
diameters on the TEM grid. The rebound curves describe
the efficiency of particle deposition on a TEM grid dependent on the impaction velocity. The TEMImpaction
curve shows the corrected distribution. This offers a
good match to “DMA and FCE” measurement. Both
particle size distribution and particle concentration can
be determined by sampling with impactor on a TEM
grid.
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Northern France is a region strongly affected by high
concentrations of atmospheric pollutants, especially
particulate matter, which is directly linked to human
health issues such as respiratory related diseases
(Pope et al., 2009). The region is known for often
exceeding the daily limit value of 50 µg/m3 on PM10
mass concentration, which, according to the
directive 2008/50/EC, should not occur more than 35
times per year.
Primary sources of PM10 such as industry, dense
urban areas, traffic and agriculture, along with
particle long-range transport (enhanced here in a
context of rather flat topography), have proven to be
the main sources of high concentration episodes in
Lens (Waked et al., 2014).
Five sampling sites were selected over the
region, with different typologies (3 urban, 1 traffic
and 1 remote), in order to account for the wide range
of possible sources expected.
Samples were collected using sequential HVS
filters (Digitel DA80) operating at 30m3/h. Prebaked 150 mm diameter quartz filters were used and
samples were selected every three days. The samples
correspond to a 24-hour collection period and the
PM10 mass concentration was measured by TEOMFDMS. The final database comprises the
concentrations of ~35 different chemical species,
from ions to metals, elemental and organic carbon
and organic tracers. The same analytical
methodology was implemented for the 5 sites,
resulting in comparable results.
A Positive Matrix Factorization (PMF) approach
using PMF5 (Paatero and Taper, 1994) has been
applied to each database, first individually then using
harmonized databases with the exact same number
of chemical species in order to allow a full
intercomparison of the results. This work is
described in more details in a companion abstract.
Local and regional sources were identified for
each sampling site, with major ones being local
sources identified are: traffic or traffic related and
biomass burning for local sources, whereas regional
sources often seen at the sampling sites were sea salt
related and secondary aerosols, including
ammonium nitrate, ammonium sulfate and organic
material.
Using the capability of PMF5 to constrain
factors, results for each site were optimized in order
to obtain stable solutions and similar chemical
profiles for regional factors. This allows to fully

consider the regional presence of these pollutants
and apply the Concentration Field (CF) method with
a multi-site approach (Seibert et al., 1994). This
method
consists
in
redistributing
given
concentrations along back-trajectories in order to
identify the geographical origins of some remote
sources impacting the sampling site.

Figure 1 – Concentration field map for the marine factor obtained in the
PMF of a urban site (Nogent-sur-Oise)

This work was notably funded by the French
Ministry of Environment ("Bureau de l'Air du
Ministère de l'Ecologie, du Développement durable,
et de l'Energie"). Technical support for filter
sampling was provided by Atmo Nord-Pas-deCalais, Atmo Picardie, Atmo Champagne-Ardenne
and Air Normand. Mines Douai participates in the
CaPPA project funded by the ANR through the PIA
under contract ANR-11-LABX-0005-01, the “NordPas de Calais” Regional Council and the European
Regional Development Fund (ERDF).
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The concentration and properties of the
particulate matter (PM) have attracted much public
attention. Given that around eight million commuters use
the subway each day, the indoor air quality (IAQ) of its
stations has been studied intensively in our previous
study (Kwon et al., 2015). This study was conducted to
analyze the effect of outdoor wind speed on the indoor
aerosols by particle size. We conducted a correlation
analysis between the number concentration of PM sized
0.3 to 10 ㎛ (PM0.3-10) dividing by 13 groups of sizes for
different wind speeds, by using principal component
analysis (PCA).
We have monitored a major transfer station
(Jongno-3-station). The sampling of PM0.3-10 was
conducted 3 times which started at 9 am, 11 am and 6
pm in 7 October, 2015. PM0.3-10 was monitored using an
optical particle sizer (OPS: TSI model 3330) through the
method of light-scattering. Monitoring points were
selected from outdoor (A), entrance (B), downstairs (C)
and concourse (D) for subway entrance gate with open
type roof. The wind speed of outdoor was obtained from
Korea
Metrological
Administration
(KMA;
http://web,kma.go.kr/eng/) situated 1.2 km away from
the subway station.
Table 1. Main wind direction and mean speed of wind at
outdoor
Time
Wind direction
mean(m/s)
max(m/s)
min(m/s)

morning
(9:00)
ENE
2.33
2.80
1.50

afternoon
(11:00)
NE
0.74
1.20
0.10

evening
(18:00)
WNW
1.62
2.10
1.40

The high wind speed (HWS) was recorded as
2.33 m/s in the morning and the lowest wind speed
(LWS) was 0.74 m/s.
We conducted PCA analysis using commercial
software of SPSS (SPSS ver.22) to investigate any
statistically significant relationship between PM0.3-10 for
different wind speed through the orthogonal
transformation of raw datasets. The original variables
consisted of 13 size bins of OPS data and they were
orthogonally transformed to obtain a new set of variables
which comprises a principal component (PC). PC
loading matrixes were successfully estimated PM0.3-10
for different wind speed datasets (Fig 1).

Fig 1. PCA biplots of PM0.3-10 for each wind speed of
outdoor; (a) high wind speed (HWS), (b) low wind speed
(LWS).
The solid-line circles represent the size fraction
from A, B and C sampling points and the dotted-line
circles represent that from D point of the subway
concourse. Regardless of wind speeds, A, B and C points
are correlated each other whereas D point, deep inside of
station, was found to be independent. For the case of
HWS, all the size fractions (0.3~10 ㎛) were correlated
each other, however only 0.3~0.75 ㎛ particles were
correlated for LWS case. The dotted-line circles in HWS
also represent a wider range of size fraction than LWS.
This work was supported by the Railway Technology
Development Program (14RTRP-B067918-02) funded
Korea Ministry of Land, Infrastructure and Transport
(MOLIT).
S.B. Kwon., W.J. Jeong., D.S. Park., K.T. Kim., K.H.
Cho. (2015) Journal of Hazardous Materials. 297
295-303
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during water extraction and the pure O2 protocol is
designed to exclude a fraction of the EC. For the longterm filters (blue) EC concentrations are higher after
water extraction, which might indicate that the EUSAAR
protocol underestimates EC for highly loaded samples.
The disagreement between EC concentrations is stronger
for the highly particle-loaded 5-day filter samples.
This study will be extended to a larger data set of
filters with different sampling times and aerosol particle
loadings. For further investigation of the influence of the
separation method on the 14C content of EC, results of an
intercomparison of different OC-EC separation protocols
developed by different laboratories will be shown.
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The analysis of 14C in carbonaceous constituents of
aerosol particle is a useful tool for source apportionment.
For 14C analysis it is essential to clearly separate the
organic (OC) and the elemental (EC) part of the carbon,
which is especially challenging for EC. Currently, there
is no standard protocol to achieve this. The aim of this
study is therefore to systematically compare several
recently developed separation methods among each other
and with a well-characterized standard method for OCEC quantification. As the standard method the EUSAAR
(EUSAAR2) thermal-optical protocol (Cavalli et al,
2010), which is commonly used in Europe, was chosen.
For 14C analysis, higher carbon concentrations are often
preferred to increase the measurement precision. That
means the common practice is to collect particles for
longer than a day. On the other hand OC-EC
concentrations are routinely analysed on 24-hour filters.
A second objective is to investigate if longer sampling
times have an influence on quantification and separation
of OC and EC.
High volume filter samples have been collected at
a rural site in the Netherlands with different sampling
frequencies (2 to 5 days) and in parallel on a 24-hour
basis. The samples were analysed for OC-EC
concentrations using a Sunset analyser and different
measurement protocols. The EUSAAR2 protocol is used
to quantify OC and EC. This is compared to a three-step
heating protocol in pure O2 (pureO2 WE), which is used
for OC-EC separation at the CIO laboratory for
subsequent 14C analysis (Dusek et al, 2014). Prior to the
separation of EC it is necessary to water-extract the filter
samples to prevent charring. To allow a better
comparison the water-extracted samples were also
analysed with the EUSAAR protocol (EUSAAR2 WE).
First results show no essential differences in OC
and total carbon (TC) concentrations between the
different protocols for water-extracted samples. OC and
TC concentrations on long-term filters and the sum of
the corresponding 24-hour filter samples are also similar.
However, as shown in figure 1 the EC concentrations
show significant differences. For the sum of the 24-hour
filters (red), EC shows lower values on the waterextracted filters and is lowest for the pure O2 protocol.
This can be expected, because there is a slight loss of EC

EC [µg/cm ]

2

10
8
6
4
2
0

EUSAAR2
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pureO2 WE

Figure 1. Comparison of the EC concentration on 2-day,
5-day filter samples and the corresponding sum of the
24-hour filter values in dependence of different
measurement protocols.
Cavalli, F., Viana, M., Yttri, K. E., Genberg, J. and
Putaud, J.-P., (2010) Atmos. Meas. Tech., 3, 79-89.
Dusek, U., Monaco, M., Prokopiou, M., Gongriep, F.,
Hitzenberger, R., Meijer, H. A. J., and Röckmann, T.,
(2014) Atmos. Meas. Tech., 7, 1943-1955.
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Identification of main sources of PM2.5 during winter at a suburban site in Douai,
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R. Roig, E. Perdrix, E. Tison, B. Herbin and V. Riffault
Département Sciences de l’Atmosphère et Génie de l’Environnement, Mines Douai, Douai, 59508, France
Keywords: PM2.5, MARGA, HR-ToF-AMS, source apportionment
Presenting author email: roger.roig@mines-douai.fr
The French Nord-Pas de Calais region is known to
present high concentrations of atmospheric pollutants.
Among them fine particulate matter (PM2.5) is
responsible for exceedances which occur mainly during
cold periods and are often linked with increases of
secondary inorganic aerosol (SIA) concentrations in the
fine fraction, as has been described in more detail in a
companion abstract.
In North-Western Europe, specifically, semi-volatile
ammonium nitrate may reach up to 27% of the PM2.5
mass, with a higher contribution in winter when
condensation processes are favored by cold temperatures
(Putaud et al., 2004).
SIA is not only formed at the local scale, but it can
also be transported over long distances. Therefore,
efforts should be aimed at better understanding the
contributing sources during winter in order to implement
efficient policies to reduce the levels of PM2.5 and hence
improve air quality.
A long-term field campaign (>1 year, starting Feb.
2015) has been carried out at a suburban site in Douai,
France, with a MARGA 1S (Monitor for AeRosols and
GAses in ambient air) (ten Brink et al., 2007) to measure
the concentrations of 8 water-soluble inorganic ions
(NO3-, SO42-, NH4+, Na+, K+, Ca2+, Mg2+, Cl-) and 5
precursor gases (NH3, SO2, HONO, HNO3 and HCl)
with a 1-hour time resolution. A 2-wavelength (370 and
880 nm) Aethalometer was used for the analysis of UVabsorbing aromatic compounds and black carbon,
respectively, with a time resolution of 5 minutes. The
PM2.5 total mass has been measured by a Beta
Attenuation Monitor (BAM-1020) every hour. NOx have
been monitored every 15 minutes with a NOx 2000G
monitor. Meteorological parameters (T, RH, P, wind
speed and direction, precipitation) were also monitored
on site.
Additional instruments have been set up during an
intensive campaign from January to March 2016. In
particular, complementary information on the chemical
composition and size-distribution of non-refractory PM1
aerosol, including NO3-, SO42-, NH4+, Cl- and organics is
obtained by a HR-ToF-AMS (High resolution-Time of
flight-Aerosol Mass Spectrometer) operated at a 5-min
time step (DeCarlo et al., 2006). A SMPS (Scanning
Mobility Particle Sizer) determines the particle size
distribution from 11.1-1083.3 nm with a time resolution
of 5 minutes.
First, time profiles of the particulate species obtained
both with the MARGA (in the PM2.5 size fraction) and
with the HR-ToF-AMS (in PM1) have been compared, in

order to assess the comparability of the datasets and the
performance of both instruments.
Then, source apportionment has been applied using
SoFi (Source Finder) ME-2 (Multilinear Engine)
(Canonaco et al., 2013) on both data sets and further
investigation is ongoing on a combined database, in
order to account for the different pollution sources and
their contributions. This has been complemented with
the analysis of pollution roses and air mass backtrajectories to distinguish between local and longdistance sources.
This work is funded under the AACT-AIR (ADEME)
program grant 1562C0011 and has also been supported
by ARMINES. Mines Douai participates in the CaPPA
project which is funded by the French National Research
Agency (ANR) through the PIA (Programme
d’Investissement d’Avenir) under contract ANR-11LABX-0005-01 and by the Regional Council “Nord-Pas
de Calais and the European Funds for Regional
Economic Development (FEDER).
Canonaco, F., Crippa, M., Slowik, J.G., Baltensperger,
U. and Prévôt, A.S.H. (2013) Atmos. Meas. Techn. 6,
3649-3661.
DeCarlo, P.F., Kimmel, J.R., Trimborn, A., Northway,
M.J., Jayne, J.T., Aiken, A.C., Gonin, M. et al.
(2006) Anal. Chem. 78, 8281–8289.
Putaud, J.P., Raes, F., Van Dingenen, R., Brüggemann,
E., Facchini, M.-C., Decesari, S., Fuzzi, S. et al.
(2004) Atmos. Environ. 38, 2579–2595.
ten Brink, H., Otjes, R., Jongejan, P. and Slanina, S.
(2007). Atmos. Environ. 41, 2768–2779.
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Source apportionment of PM2.5 collected in a traffic site and in an urban background
site in Athens, Greece: Comparison of the chemical profiles and the contributions
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In the last years the efforts for implementing
effective air pollution mitigation measures has been
increased. PM (Particulate Matter) are one of the most
important air pollutants with well documented adverse
effects on human health. PM concentration levels often
exceed the limit values of EU especially in Southern
European Countries. The first step in order to formulate
effective abatement strategies is the identification and
quantification of the contributions of PM sources. That
goal is not easily achieved because PM sources and their
contribution to PM mass have significant spatial
variation. Source apportionment techniques are a very
useful tool in PM source characterization. Comparing
source apportionment results from sites located close,
but with different characteristics can help us to obtain a
better perspective on the spatial variation of source
contribution. This work compares results on PM2.5
source apportionment using EPA PMF 5.0 for two sites
in Athens, Greece, one traffic site and one urban
background site.
24-hr PM2.5 samples were collected at an urban
background site and a traffic site in Athens during 20132014. For the elemental analysis PIXE was used as one
of the most effective techniques in PM analytical
characterization. Altogether, the concentrations of 27
elements (Z=11-82) were determined. Elemental (EC)
and organic carbon (OC) concentrations were quantified
by means of an OC-EC Aerosol Analyser (Sunset
Laboratory, Inc.). The concentrations of water soluble
ions were determined by IC (Ion Chromatography), after
extraction in 20mL of MilliQ water (with ultrasonic bath
for 30 min) of 1/2 or 1/4 of filter.
In total 8 PM2.5 sources were identified in both
the traffic and the urban background site. Seven of the
sources were common for both sites and were namely
heavy oil combustion (HOC), vehicle exhaust traffic
emissions (VEX), vehicle non-exhaust traffic emissions
(NEX), secondary sulfates and organics (SSO), mineral
dust (MIN) and fresh sea salt (FSS). Aged sea salt (SEA)
was unique for the urban background site and secondary
nitrates (NIT) for the traffic site. All the other chemical
source profiles were quite consistent between the two
sites. Aged sea salt is not expected to highly affect a high
pollution site because it is not emitted directly from a
source but it is the product of a direct emission
chemically altered in the atmosphere. Such sources can

be identified in urban background sites which are
affected mainly by aged air masses. On the other hand,
even though nitrates are a secondary source, there are
chemically unstable and it is more likely to be identified
as an independent source in locations where the
emissions of their precursors are high.

Figure 1. Comparison of chemical profiles of vehicle
exhaust traffic emissions obtained for the two sites (blue
background site, red traffic site)
The contributions of the sources were higher for
the traffic site in every case except for MIN. The
contributions of NEX and VEX were almost double on
the traffic site in comparison to the urban background
site.

Figure 2. Comparison of source contributions for the two
sites (blue background site, red traffic site)
This work was supported by the AIRUSE LIFE 11
ENV/ES/000584 project.

Amato, F., Alastuey, A., Karanasiou, A., et al. (2015)
Atmos. Chem. & Phys. 15, 23989–24039.
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Modeling the Sensitivities and Intra-Instrument Kinetics of an Iodide-based Chemical
Ionization Mass Spectrometer for a set of Organic and Inorganic Compounds
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Chemical ionization mass spectrometry (CIMS) using
iodide-molecule adduct formation has become an
important approach for quantifying carboxylic acids,
HNOx species, and halogen molecules in the atmosphere
(Lee and Lopez-Hilfiker et al., 2014). In this study, we
model the University of Washington iodide-based CIMS
(UW-CIMS)
instrument
by
comparing
the
experimentally determined sensitivities of a number of
organic and inorganic molecules to the quantum
chemically calculated molecule-iodide complex binding
enthalpies. The model is then used to predict the
sensitivity of the instrument towards a set of isoprene
and monoterpene oxidation products. We also perform a
kinetic study of the effect of humidity in the instrument
on sensitivity by including instrument specific attributes,
such as ion-molecule reaction time, temperature, and
pressure in Rice-Ramsperger-Kassel-Marcus (RRKM)
calculations of three HNOx molecules.
The molecules were built using the Spartan '14
program. All possible conformers from different
combinations of torsional angles were generated and
optimized to obtain minimum energy geometries.
Molecular energies were calculated using the Gaussian
09 program with the PBE density functional and the
SDD and aug-cc-pVTZ-PP basis sets. Coupled-cluster
corrections were performed using the ORCA program
with the def2-QZVPP basis set. Binding enthalpies of
molecule-I- clusters were calculated, and compared to
the corresponding sensitivities of the UW-CIMS
instrument.
The RRKM calculations were carried out using
the Master Equation solver for Multi-Energy well
Reactions (MESMER) software at instrument
temperature/pressure.
Binding enthalpies calculated with relatively
simple quantum chemical methods predict the sensitivity
of molecules with an iodide-based CIMS instrument
reasonably well. This indicates that quantum chemical
data can be used to convert CIMS signals into order-ofmagnitude estimates of the concentrations of neutral
precursor species. This may be useful in future studies of
e.g. Extremely low volatility organic compounds
(ELVOCs). Lopez-Hilifiker et al. (2015) observed that
the UW-CIMS detected at a maximum sensitivity (19-21
cps/ppt) molecules with binding enthalpies to I- close to
that of malonic acid. Our quantum chemical study on
three such maximum sensitivity molecules showed that
there is indeed a threshold molecule-I- binding enthalpy
(~26 kcal/mol at the PBE/SDD level), above which the
molecules are detected at maximum sensitivity by the

UW-CIMS instrument. In addition, we used our model to
predict the UW-CIMS instrument sensitivities towards a
set of isoprene and monoterpene oxidation products.
Preliminary kinetic modeling of the effect of
humidity inside the instrument on the sensitivity using
MESMER program (Glowacki, et al., 2012) showed that
water increased the formation rate of non-hydrated
HNOx-I- clusters (x=2,3,4), which should, in principle,
enhance the sensitivity of the instrument towards these
molecules. This is in partial agreement with the
experiments. A more detailed study that incorporates the
effects of instrument voltages and guiding optics on the
stability of the cluster is ongoing.

Figure 1. Comparison between the binding enthalpies
calculated at the DLPNO-CCSD(T)/def2QZVPP//PBE/aug-cc-pVTZ-PP level and the UW-CIMS
sensitivities (Iyer et al. 2016).
Computer resources were provided by the CSC (Espoo)
centres. We thank the Academy of Finland for the
funding.
Lee, B. H. and Lopez-Hilfiker, F. et al. (2014), Environ.
Sci. Technol., 48, 6309-6317.
Lopez-Hilifiker, F. et al. (2015), Atmos. Meas. Tech.
Discuss, 8, 10875-10896.
Glowacki D. R. et al. (2012), J. Phys. Chem. A, 116,
9545-9560.
Iyer, S. et al. (2016), J. Phys. Chem. A, 120, 576-587.
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Since its first introduction, the condensation
particle counter (CPC; Agarwal and Sem,1980) has been
subject to may design improvements and nowadays is
considered one of the most important basic instruments
for measuring the concentration of aerosol nanoparticles.
The performance of a CPC is best described by its
detection efficiency (DE). Commercial CPCs suffer from
very low DE for particle sizes below 3 nm, mainly due to
limitations in the highest supersaturation that can be
achieved, without occurrence of homogeneous
nucleation.
Previous work (Kuang et al.,2012) has shown that
the DE of a CPC for sub 5-nm particles can be improved
by increasing the temperature difference (ΔΤ) between
the saturator and condenser tube. This increase lowers
the activation barrier, thereby increasing the activation
probability of smaller particles.
Here, we introduce a new controlling parameter
for improving the DE of continuous flow CPCs. We call
this parameter Temperature Window (TW), defined by
the absolute value of the condenser temperature (Tc). For
example, the same ΔΤ=30°C is achieved at a Tc=5°C and
Ts=35°C, as well as at a Tc =10°C and Ts=40°C. As will
be shown, the DE is not the same for these two different
TWs. We achieved a significant increase of the DE by
maintaining a constant ΔΤ and shifting to lower TW
values (i.e. lower Tc values).
The experimental setup consisted of an
electrospray ionization source (ES), a high resolution
DMA (half-mini DMA, SEADM), a home-made Faraday
cup connected to a Keithley electrometer, and an
ultrafine CPC (TSI Model 3025). Tetrabutylammonium
bromide ions (TBABr, Sigma-Aldrich) were produced
with the ES source in N2. The first three positively
charged n-mers of TBABr had well-resolved single
peaks, corresponding to ions with electrical mobility
diameters of 1.24 nm (monomer), 1.55 nm (dimer) and
1.73 nm (trimer). The bromide ion produced, when a
negative potential was applied to the ES, had an
electrical mobility diameter of 0.94 nm.
The DE of the CPC was measured for all of the
above-mentioned ions at five different TWs, by keeping
ΔΤ constant at 32°C. The measured DE increased by a
factor, ranging from 2 to 8 for the positive ions (fig.1)
and by a factor of 35 for the negative ion (data not
shown here).
Particle and vapor transport through the
condenser tube was modeled using a finite element
solver that calculates the mass and heat balance

equations simultaneously. It was found that the
experimental DE agreed well with predictions. The
value of maximum supersaturation along the centerline
increases at lower TWs. Most importantly, the activation
contour for a given particle size, occupies a larger
volume inside the condenser (fig.2) at lower TWs.

Figure 1. Measured DE for the 3 first n-mers of TBABr
as a function of the condenser temperature (ΔΤ=32°C).

Figure 2. Particle activation contour plot for the TBABr
trimer, at 3 different TWs (ΔT=32°C).
In summary, we introduce a new controlling
parameter for improving the DE of continuous flow
CPCs, namely the temperature window. We report
increasing DE for sub-2nm particles and provide a
theoretical explanation of this effect.
References
Agarwal, J. K. and Sem, G. J. (1980). J. Aerosol Sci. 11, 343.
Kuang C, Chen M, McMurry PH, Wang, J. Aer.Sci.Techn. 2012
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Carbonaceous materials, including organic and
elemental carbons (OC and EC, respectively), are one of
the most important constituents of aerosols and are
ubiquitous across various atmospheric environments
(e.g., Kanakidou et al., 2005). In particular,
understanding the sources and secondary processes of
carbonaceous aerosols is of great importance in
considering their climatic and environmental impacts in
the atmosphere. Source apportionment of carbonaceous
aerosols has been conducted in a lot of previous studies.
Molecular marker analysis of OC is recognized as one of
the most promising methods to investigate the particular
emission sources of carbonaceous aerosols (e.g.,
Simoneit et al., 2002). Radiocarbon (14C) analysis can
directly discriminate modern and fossil carbons and has
been performed for the aerosol particles (e.g., Currie,
2000). Their combination enables us to perform the
unambiguous characterization of carbonaceous aerosols.
We conducted ground-based sampling of aerosols
using two high-volume air samplers (HV500F, Sibata co.
Ltd., JP) at Fukue island (32.75ºN, 128.68ºE) in the
spring of 2015 (one for the size-segregated sampling of
aerosol particles (> and <2.5 µm) and another for the
sampling of fine aerosol particles (<2.5 µm)). The precombusted (3h, 900ºC) quartz fiber (QF) filters were
used for the sampling. Each filter where fine aerosol
particles loaded was divided into pieces for the ion,
EC/OC, molecular marker (GC-MS), and 14C
(Accelerator Mass Spectrometer) analyses.
Online
measurements of carbon monoxide (CO, model 48C
Thermo Scientific, USA) were also performed to
diagnose the impacts of continental outflow.
Meteorological and environmental characterization
during the sampling period was performed by the use of
backward trajectories calculated using the NOAA
HYSPLIT model, NCEP reanalysis (surface wind),
COBE-SST2 (sea surface temperature) and MODIS data
sets (Chlorophyll a).
Radiocarbon analysis was applied only for the
total carbon (TC) content in aerosol samples collected on
the QF filters. As we performed size-segregated
sampling, we assume that TC does not include carbonate
carbon or primary biogenic carbon such as pollen, which
can significantly affect the 14C concentrations. The 14C
concentrations are reported as fM (fraction of modern
carbon, e.g., Szidat et al., 2006). Contribution of biomass
burning (BB) to modern carbon was analyzed using a
molecular marker, levoglucosan (Lev), and the emission

ratio of Lev to OC and EC. These emission ratios for the
BB over the East Asian continent were estimated using
the concentrations of Lev, EC, and OC observed at
Rudong town (32.75ºN, 121.37ºE; Jiangsu province, the
People’s Republic of China) in the early summer of 2010
(e.g., Pan et al., 2012).
The values of fM for TC varied from ~0.4 to ~0.9,
depending on the impact of the continental outflow (i.e.,
CO enhancement). The estimated contributions of BB to
EC were ~7% on average, which was lower than
expected from the emission inventory in the year of 2008
(~25%, REAS ver. 2.1). The non-BB/non-fossil (i.e.,
biogenic) OC concentrations were comparable to and
sometimes overwhelmed fossil OC. Note that the
chemical instability of Lev can affect the interpretation
of the results. In the presentation, we will discuss in
detail the temporal variations of source-separated OC/EC
concentrations with the discussion on uncertainties.
This work was supported in part by the
Environment Research and Technology Development
Funds (S7, 2-1403) of the Ministry of Environment,
Japan. NCEP reanalysis and COBE-SST2 data sets were
downloaded
from
the
website
(http://www.esrl.noaa.gov/psd/data/gridded).
MODIS
data sets were downloaded from the website
http://neo.sci.gsfc.nasa.gov/.
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Kanakidou, M., et al. (2005), Organic aerosol and global
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Pan, X. L., et al. (2012), Emission ratio of carbonaceous
aerosols observed near crop residual burning sources
in a rural area of the Yangtze River Delta Region,
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A potential source contribution function (PSCF)
can indicate the source areas of high air pollutant
concentrations using backward trajectories. However,
the conventional two-dimensional potential source
contribution function (2D-PSCF) cannot consider the
emission and transport height of air pollutants. That
missing information might be critical because injection
height varies depending on the source type, such as with
biomass burning. Kim et al. (2016) developed a simple
algorithm to account for the height of trajectories with
high concentrations and combined it with the 2D-PSCF
to devise three-dimensional potential source contribution
function (3D-PSCF).
In this study, 3D-PSCF was conducted to
determined the possible source areas of air pollutants
from biomass fuel burning that were affecting the air
quality in Seoul. 3D-PSCF was applied for levoglucosan
(1,6-anhydro-b-D-glucopyranose) concentrations at
Seoul between 2006 and 2014. In order to identify the
apportionment of biomass burning, the ratio of
levoglucosan to OC was also applied in the calculation
of 3D-PSCF.
Based on the result of 3D-PSCF for levoglucosan
at Seoul, we understood the impact of biomass fuel
burning in China on the air quality of Seoul. Furthermore,
we verified the influence of biomass fuel burning in
North Korea on the air quality of Seoul by
levoglucosan/OC ratio in 3D-PSCF. This work would
support the research for quantifying the impact of air
pollutants emitted from biomass fuel burning in China
and North Korea to air quality in Seoul.

Figure 1. Schematic illustration of the concept of 3DPSCF (Kim et al., 2016).

This work was supported by the National Research
Foundation of Korea(NRF) grant funded by the Korea
government(MSIP) (NRF-2014R1A2A2A05007038).
Kim, I. S., D. Wee, Y. P. Kim, J. Y. Lee (2016)
Development and application of three-dimensional
potential source contribution function (3D-PSCF),
Environmental Science and Pollution Research,
online published.
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In recent years interest on road dust resuspension
increased due to the absence of control measures. The
main reason is the lack of information on the burden of
different source contributions to the build-up of road
dust reservoir. Indeed, such information could drive
targeted measures to reduce emissions, from the
technological and management points of view.
Moreover information on emission factors and their
variability in space and time is lacking, hampering the
possibility of modelling and simulating population
exposure to road dust particles. In this study an
improved sampling methodology was applied to collect
road dust from different sampling sites in the city of
Turin (Italy).
The fraction of road dust below 10 µm was sampled in
20 sampling sites across the city, in main and
secondary roads, to assess differences in mass loadings
and in emission factors between residential, industrial,
construction and urban background sites.
Samples were analysed for major and trace elements by
inductively coupled plasma mass and atomic emission
spectrometry (ICP-MS and ICP-AES), for OC and EC
by a thermal-optical transmission technique, for
sulfate, nitrate and chloride by ion chromatography and
by specific electrode for ammonium.
Due to the difficulties found by previous studies for
separating source contributions to road dust, a
constrained Positive Matrix Factorization was applied
using a priori information about likely sources of road
dust such as brake wear, road wear, tire wear, soil and
vehicle exhaust.
To this aim 10 representative samples of roadside soils
were sampled (the top 5 cm layer) and the PM10
fraction was resuspended in the laboratory using a
resuspension chamber and analysed in the same way
as for road dust samples.
Other two important sources for road dust are brake
and road wear, to address these contributions 11 cars
and 9 trucks were sampled collecting the dust
deposited on wheel rims and 5 samples of the asphalt
surface (top 5 cm layer) were taken in different sites
within the city of Turin (high and low traffic zones and
a parking site). All the samples were analysed in the
same way as for road dust and, additionally, with X-ray
diffraction.

Emission factors (EFs) were calculated following the
approach of Amato et al (2011) which allows to
estimate EFs from deposited road dust loadings
(mg/m2).
References
Amato F., Pandolfi M., Moreno T., Furger M., Pey
J., Alastuey A., Bukowiecki N., (...), Querol X. Sources
and variability of inhalable road dust particles in three
European cities (2011) Atmospheric Environment, 45
(37), pp. 6777-6787.
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There has been considerable progress in understanding
the specific components and sources of ambient fine
particles (PM2.5) responsible for observed adverse human
health effects reported in many epidemiological and
toxicological studies during the past decade (Heo et al.,
2009; Sarnat et al., 2010; von Schneidemesser et al.,
2010). However, estimating true population health risk
of PM2.5 exposure in urban environments is difficult due
to considerable uncertainty regarding the spatial
variability of the components and sources within urban
settings.
This study evaluates spatial and temporal
variations of source contributions to PM2.5 in Seoul
metropolitan area in Korea. Twenty four hour integrated
PM2.5 samples were collected on one in three day
intervals over 2-year period (August 2007 to December
2009) at 11 sites in Seoul. The PM2.5 samples were
analyzed for major chemical components including
organic carbon and elemental carbon, ions, and metals,
and the results were used in a positive matrix
factorization (PMF) model to estimate source
contributions to PM2.5 mass. Nine sources, including
secondary sulfate, secondary nitrate, mobile, biomass
burning, industry, roadway emission, soil, aged sea salt,
and fuel oil combustion, were identified across the
sampling sites. Secondary inorganic aerosol (i.e.
secondary sulfate and nitrate) was a major source,
contributing to approximately 40% of the total PM2.5
mass, and showed relatively homogeneous temporal
trends of daily source contribution over the study area.
Mobile was found to be the second major source
accounting for PM2.5 mass, and other sources (i.e.
roadway emission and industry) identified were largely
related to local emissions of respective neighbourhoods.
The spatial and temporal characteristics of each of
sources resolved by the PMF model were examined
using summary statistics, correlation analysis, and
coefficient of variation and divergence analyses and the
detailed results will be discussed in the presentation.
Due to the fact that developing meaningful and
feasible solution to reduce burden of disease associated
with the PM2.5 exposure is required in urban
environments, the findings provide an important
information on the regional and local source
contributions to the PM2.5 mass.
This
work
was
supported
by
NRF2014R1A2A2A04007801 through the National Research
Foundation of Korea (NRF).

Heo, J.B., Hopke, P.K., Yi, S.M., (2009). Atmos Chem
Phys 9, 4957–4971.
Sarnat, J.A., Moise, T., Shpund, J., Liu, Y., Pachon, J.E.,
Qasrawi, R., Abdeen, Z., Brenner, S., Nassar,
K., Saleh, R., others, (2010). Atmos. Environ.
44, 2383–2392.
von Schneidemesser, E., Zhou, J., Stone, E.A., Schauer,
J.J., Qasrawi, R., Abdeen, Z., Shpund, J.,
Vanger, A., Sharf, G., Moise, T., Brenner, S.,
Nassar, K., Saleh, R., Al-Mahasneh, Q.M.,
Sarnat, J.A., (2010). Atmos. Environ. 44, 3669–
3678. doi:10.1016/j.atmosenv.2010.06.039
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The study of the size distribution of the PM and its
components constitutes an extremely valuable support
for the characterization of the emission sources and for
the study of aging phenomena of the dusts.
This paper discusses the results obtained during winter
or summer monitoring campaigns carried out over the
period 2008-2014 in the industrial area of Ferrara.
Samples, collected by a 10 stage impactor, were
analysed by an analytical procedure that [allows the
determination of inorganic ions (NO3-, SO4=, Na+, NH4+,
K+, Mg++, Ca++) and of two solubility fractions of the
elements (As, Ba, Be, Cd, Co, Cu, Fe, Li, Mn, Ni, Pb,
Rb, Sb, Se, Sn, Sr, Ti, Tl, V, Zn) [1]. This procedure
allows an increase of the selectivity of elements as
source tracers [2].

residence time in the atmosphere. The same dimensional
behaviour is also characteristic of the dusts produced
from abrasion of brakes and mechanical parts of vehicles
(insoluble fraction of Sb, Cu, Fe and Ba), which however
did not show significantly different concentrations in the
two seasons.

The comparison between summer and winter size
distributions of the individual tracers allowed to identify
and characterize the contributions from different types of
source. The contributions related to local sources of
industrial type and to the emissions from vehicular
traffic (traced by the soluble fraction of Se, Tl, V, Ni,
Cd, As and Sb), were constantly confined in fine-stage
of the impactor and showed a seasonal variability mainly
due to changes in atmospheric mixing conditions, with a
modest concentration increase during the winter,
accompanied by a dimensional growth due to dust aging
phenomena.
Other industrial contributions, not locals and traced by
the soluble fraction of Pb, Fe, Ti and Zn, were instead
characterized by fine dusts of larger size and provided a
greater contribution during the winter period, probably
due to the higher incidence of diffusion phenomena in
periods of prolonged atmospheric stability.
Dusts released from domestic heating are characterized
by a fairly wide dimensional mode in the range 0.18÷1.8
µm, present only during the winter months; this mode is
clearly present, not only for elements already known as
possible tracer of biomass burning (K, Rb; soluble
fraction), but also for several other elements (Cd, As, Li;
soluble fraction, Mn, Sb, Pb, Sn; insoluble fraction).
The contribution of soils erosion (traced by the insoluble
fraction of Li, Ti, Se and Rb) was more consistent during
the dry summer period and it was characterized by a
coarse mode that undergoes a shift to lower dimensions
during the winter season, due to the increase of the

Fig.1 Size distribution of Pb (insoluble fraction) and K+
(soluble fraction), during summer and winter.

[1] Canepari, S. et al., (2009). Talanta, 77, 1821-1829.
[2] Canepari, S. et al., (2009). Atmos. Environ., 43,
4754-4765.
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The EU-funded Integrating Activity ACTRIS-2
(Aerosols, Clouds, and Trace gases Research
InfraStructure) contributes to the construction of a useroriented and distributed research infrastructure, offering
high quality services to wide user communities across
Europe and beyond. ACTRIS is unique in the EU-RI
landscape, providing 4-D integrated, high-quality data
from near surface to high altitude, relevant for climate
and air-quality research (ESFRI 2016). Through a
comprehensive pan-European network of observational
and calibration facilities, ACTRIS develops and
implements harmonized observational protocols and
operating procedures to improve systematic and timely
delivery of long-term observational data and products.
One of the key activities within the project is the
provision of access to a large number of ACTRIS-2
services, implemented through its virtual and transnational access programme, comprising wide and open
access to high-quality information, tools and services
through the ACTRIS Data Centre, hands-on access to a
large number of ground-based observing platforms and
advanced instrumentation, and physical and remote
access to thematic calibration centres for instrument
testing and development, quality assurance, training and
best practices, and international collaboration.
Eighteen world-class observational facilities,
unique in Europe and representing a variety of
environments and air mass types, offer access to
comprehensive measurement programmes and cuttingedge research, scientific campaigns, intercomparisons,
and training capabilities for exploitation of state-of-the
art resources, knowledge, and expertise. The
observational sites comprise historical sites, operational
since decades with long records and experience of access
provision, and new sites for novel research opportunities.
The calibration facilities constitute multi-national
installations and are globally unparalleled, being
beneficial not only to the entire scientific communities,
but also to users from the industrial sector and
operational networks, and offer access and services to:
•
the Lidar Calibration Centre (LiCal) for testing
and calibration of lidars and ceilometers, including
characterization and optimization of single components
and assessment of whole system performances;
•
the AERONET-Europe Calibration facility for
calibration and standards maintenance service for
sun/sky/polar/moon photometers, complementing the
NASA AEROENET programme for routine, real-time,
and high-quality aerosol column integrated properties;

•
the European Centre for Aerosol Calibration
(ECAC) for calibration and quality assurance of high
quality physical, optical, and chemical in-situ aerosol
measurements, instrument audits and capacity building.

Figure 1. ACTRIS-2 observation facilities for free
and open trans-national access
ACTRIS infrastructure data are produced,
processed, and quality-controlled according to standard
procedures, and properly archived for long-term usage.
Innovative data and mature data products and analysis
are accessible in timely manner through the centralized
virtual services of the ACTRIS Data Centre; metadata
and interoperable data are available to improve the
services to all users including operational and data
management services, public services and authorities,
interested in long-term, reliable, high quality data and
products, climate and air quality information relevant for
decision making and policy development.
Through the diversity of access and services,
ACTRIS represents a fundamental step towards the
establishment of the atmospheric component of the
Integrated European Observing System and a clear
upgrade in services offered to users.
ACTRIS-2 is supported by the EC’s Horizon 2020
research and innovation programme under grant
agreement No. 654109.
ESFRI (2016). European Strategy Report on Research
Infrastructures: Roadmap 2016. ISBN: 978-0-95744024-1
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Continuous bioaerosol sampling using inertial microfluidics
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Here, we present a novel bioaerosol sampling
technique based on inertial microfluidics with two-phase
continuous flow. This two-phase fluid, sampling air and
collecting liquid, stably forms a stratified flow in the
simple curved-microfluidic channel composed of one
curve with an angle of 180°, two inlets, and two outlets
in a single microchip. The collecting liquid covers the
outer wall of the channel during bioaerosol sampling.
For collection, the particles are transferred from air to
the liquid phase by centrifugal and drag forces by
passing fluids through the curved region.
This
microfluidic-based
aerosol-into-liquid
sampling system, called the MicroSampler, is driven by
particle inertial differences. The operating performance
of MicroSampler was evaluated using standard
polystyrene-latex (PSL) particles and a real-time particle
analyzer. For application to the bacterial bioaerosol
sampling (Staphylococcus epidermidis), the various
characteristics of the MicroSampler system with regard
to physical collection capability and microbial recovery
(i.e., culturability) were investigated in comparison with
conventional bioaerosol samplers, such as gelatin filters
and BioSampler.
The cut-off diameter of particle collection was
selected controlling the air flow velocity (microfluidic
air flow of 0.6 L/min showed a particle collection
efficiency of ~98% at a particle diameter of 1 μm), and
continuous enriched particle sampling was possible for
real-time post-processing application. With regard to
biological collection efficiency, the MicroSampler
showed superior microbial recovery (S. epidermidis)
compared to the conventional BioSampler technique.
The MicroSampler makes it possible to perform size-

selective particle sampling with high collection
efficiency and rapid recognition with a low air sample
volume.
Our results indicated that the developed system
represents a significant step forward as an inexpensive,
simple, portable and continuous inertial bioaerosol
collector for real-time bioaerosol detection.

L
U
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θ

Aerosol
Inlet
Fluid Inlet

Collection efficiency (%)

As indoor air quality (IAQ) management has become an
important issue in modern society, there is a great deal of
research interest in the presence of bioaerosols, which
are airborne particulate matter of biological origin, in
relation to their adverse health effects (Goyer, 2001;
Nazaroff, 2014). As bioaerosols can travel freely with air
flow and can spread over a wide area over a short period,
exposure to high concentrations of these toxic
bioaerosols can have harmful effects in humans.
Therefore, for active disease control and to minimize
bioaerosol exposure risk, there is a requirement for
effective bioaerosol monitoring systems, including
continuous bioaerosol sampling and rapid analysis (Jung
and Lee, 2013; Fraser et al., 2009; Agranovski et al.,
2004).

100
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80

60
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High collection efficiency
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Figure 1. Schematics of continuous aerosol sampling
based on inertial microfluidics and its particle collection
performance (%) (S. epidermidis)
This research was supported by the KIST Institutional
Program.
Gralton, E., Tovey, M. Mclaws and Rawlinson, W. D.
(2011) J. Infection, 62, 1-13.
Goyer, N. Bioaerosols in the Workplace: Evaluation,
Control and Prevention Guide: Technical Guide,
Montreal: IRSST, (2001).
Nazaroff, W. (2014) Indoor Air, 26, 61-78.
Jung, J. H. and Lee, J. E. (2013) J. Aerosol Sci., 65, 101110.
Fraser, C. et al. (2009) Science, 324, 1557-1561.
Agranovski, I. E. et al. (2004) Atmos. Environ., 38,
3879-3884.
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New insight about bioaerosol exposure in Waste Sorting Plants: Exposure levels, size
distribution, and biodiversity of airborne microorganisms
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The gravimetric investigations revealed a
polydispersed size distribution (δg = 2.5) with dae of
airborne particles from 1 to 40 µm. A similar size
distribution was observed for airborne particles carrying
bacteria. On the contrary, the size distribution of
airborne culturable fungi (Figure 1) revealed a uni-modal
population (median dae ~ 3.0 µm and δg = 2.5).
Bioaerosols found in the different working area
were dominated by bacteria belonging to the phyla
Firmicutes (11 families), Actinobacteria (11 families),
Bacteroidetes (9 famillies), and Proteobacteria (24
famillies). Frequently found genera were uncultured
Comamonadaceae, Limnobacter, Flavobacterium, and
the hgcI clade of Actinobacteria. The relative abundance
of taxa varied with the sampling date and the working
area but no tendencies could be deduced from the data.
Data from outdoor samples and from biodiversity of
airborne fungi will be described during the presentation.

Fungal concentration {dlog(dae) (CFU.m-3)}

Bioaerosol emitted by working activities in Waste
Sorting Plants (WSP) were associated with several
health disorders such as rhinitis, asthma and
hypersensitivity pneumonitis. Previous studies carried
out in WSP provided data about airborne dust,
endotoxins, (1,3)-β-D glucans as well as culturable
bacteria and fungi. So far, the size distribution of
bioaerosols in WSP has not been investigated.
Futhermore, the microbial biodiversity data published
from WSP underestimate the real microbial taxon
richness as they were obtained by cultivation of
microorganisms on nutrient media prior to identification.
However, both size distribution and biodiversity would
supplement exposure measurements and provide a better
understanding of biological risks encountered in this
occupational environment. The aim of the study was to
investigate the exposure to airborne dust, endotoxins,
culturable bacteria and fungi as well as size distribution
and biodiversity of bioaerosols in a WSP.
Stationary and individual samples were collected
in a WSP located in France. Inhalable endotoxins,
bacteria and fungi were sampled using a 37 mm closedface cassette (CFC) at 2L/min and inhalable dust was
sampled using the CIP 10-I at 10 L/min (Duquenne et
al., 2012; Simon and Duquenne, 2014). The size
distribution of airborne dust and culturable fungi and
bacteria was investigated using the Marple Cascade
Impactor (Mylar disks, 2 L/min). For biodiversity
investigations, bioaerosols were sampled using a CFC
(10 L/min) and submitted to 18S rDNA and 16S rDNA
high-throughput sequencing after DNA extraction
(FastDNA®SPIN kit for soil, MP Biomedicals, USA).
The bioinformatic analysis of sequences was performed
using the Mothur software. Bioaerosol samples were
collected for five hours in relevant working area of the
WSP, for main working tasks and on 4 different working
days. Outdoor samples were also collected as references.
Exposure to inhalable endotoxins and dust were
between 4.7 and 212.6 EU/m3 and below 3 mg/m3,
respectively (except 52.5 mg/m3 for one worker involved
in maintenance). Exposure to inhalable culturable fungi
was from 8.6 x 103 to 1.5 x 106 CFU/m3 and varied as a
function of the sampling day, the working area and tasks.
They were the highest for one worker involved in
maintenance. Exposures to culturable bacteria varied in a
similar trend but with generally lower levels.
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Figure 1. Size distribution of airborne fungi in a cabin
sorting cardboards.
The study corroborates previous findings about
workers exposure to endotoxins, bacteria and fungi in
WSP. It provides new data dealing the size distribution
as well as biodiversity of bioaerosols in this occupational
environment. These results encourage further
investigations of spatial and temporal variation in size
distribution and in biodiversity of bioaerosols found in
WSP.
Duquenne et al., (2012). J. Environ Monit, 14: 409-419.
Simon X. and P. Duquenne (2014). Annals Occup.
Hygiene, 58: 677-692.
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Sorting of household plastic packaging : new instructions are associated with
changes in exposure to bioaerosols in materials recovery facilities
O. Schlosser 1, I.Z. Déportes 2, B. Facon 3 and E. Fromont 4
1

SUEZ, CIRSEE, 38 rue du Président Wilson, 78230 Le Pecq, France
2
ADEME, BP 90406, 49004, Angers Cedex 01, France
3
CRAMIF, Laboratoire des Biocontaminants, 17-19 avenue de Flandre, 75954 Paris Cedex 19, France
4
Eco-Emballages, 50 boulevard Haussmann, 75009, Paris, France
Keywords: bioaerosol, endotoxin, fungi, occupational exposure, waste management.
Presenting author email: olivier.schlosser@suez-env.com
European and French regulations state that prevention
and recycling are priorities for waste management. In
France, the model of extended producer responsibility
for household packaging was introduced in 1992, and
one of the targets set was for 75% of household
packaging to be recycled. This packaging is made of
various materials including glass, steel, aluminium,
paper, cardboard and plastic. Since 2012, a trial has been
taking place for the extension of sorting instructions to
all plastic packaging disposed of by households (EcoEmballages, 2014). Thirty-four of the 240 materials
recovery facilities (MRFs) currently in operation in
France have been involved in this trial, corresponding to
51 communities and 3.7 million inhabitants.
The residual organic matter in pots and trays and
on some films encourages the growth of microorganisms in this plastic packaging and the
contamination of cellulosic substrates such as paper and
cardboard, which provide favourable conditions for
growth (Tolvanen, 2004; Park et al., 2011). The aim of
this study was to assess how extending the sorting
instructions for plastic packaging would affect the
exposure of workers working at MRF to dust,
endotoxins, fungi and bacteria, taking into consideration
other factors that could have an influence on this
exposure. Personal sampling was carried out at four
MRFs during six sampling campaigns at each facility,
both in sorting rooms and when the workers were
involved in mobile tasks away from the rooms.
Bioaerosols were collected by filtration in sealed
cassettes in accordance with the protocols described by
the French occupational health and safety institute
(INRS).The samples were taken over a whole working
day to ensure that they would be representative of
exposure.
Sample analyses were based on culture-based
methods for bacteria and fungi, and on limulus
amebocyte lysate kinetic chromogenic method for
endotoxins. Protocols used have been developed by the
INRS. Multivariate analysis was performed using a
mixed-effect linear model for both series of sample data:
those related to the sorting rooms and those related to the
mobile tasks at the MRFs.
Overall, before the extension of the sorting
guidelines, the geometric mean of personal exposure
levels in sorting rooms was 0.3 mg/m3 for dust, 27.7
EU/m3 for endotoxins, 13000 CFU/m3 for fungi and
1800 CFU/m3 for bacteria. When workers were involved

in mobile tasks away from the rooms, these averages
were 0.5 mg/m3, 25.7 EU/m3, 28000 CFU/m3 and 5100
CFU/m3 respectively. The application by households of
instructions to include pots, trays and film with other
recyclable plastic packaging led to an increase in
exposure to endotoxins, fungi and bacteria at MRFs. For
an increase of 0.5 kg per inhabitant per year in the pots,
trays and film recycling stream, exposure in sorting
rooms rose by a factor of 1.4 to 2.2, depending on the
biological agent. Exposure during mobile tasks increased
by a factor of 3.0 to 3.6. The age of the waste amplified
the effect of the extension of sorting instructions on
exposure to fungi, bacteria and endotoxins. Factors that
had a significant influence on the exposure of workers to
dust and/or bioaerosols included the presence of paper,
newspapers and magazines in the sorted waste, the order
in which incoming waste was treated and the quality of
the ventilation system in the sorting rooms.
The levels of exposure observed in this study
highlight the need to implement appropriate preventive
measures against bioaerosols at MRFs for dry waste.
There are grounds to justify these preventive measures,
both inside sorting rooms and for the MRF as a whole,
regardless of whether the decision to extend sorting
instructions for household plastic waste is adopted.
Particularly, sorting rooms should be fitted with a
ventilation system that enables operators to work directly
under a unidirectional clean air flow. In addition, our
findings suggest that, for the purpose of microbial
quality of air the FIFO (first in, first out) order of
treatment of the incoming waste would be more
appropriate.
This project was funded by Eco-Emballages and
ADEME as part of the French plan to extend the sorting
instructions for household plastic packaging.
This abstract summarizes the article:
Schlosser, O., Déportes, I.Z., Facon, B., Fromont, E.
(2015). Waste Manag. 46, 47-55.
Eco-Emballages, 2014.
http://www.ecoemballages.fr/sites/default/files/do
cuments/rapport_1pwc_experimentation.pdf
Tolvanen, O.K. (2004). Waste Manage. Res. 22,
346-357.
Park, D-U., Ryu, S-H., Kim, S-B., Yoon, C-S.( 2011).
J. Air & Waste Manage. Assoc. 61, 461-468.
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The formation of cloud droplets from aerosol particles in
the atmosphere is still not well understood and a main
source of uncertainties in the climate budget today.
According to Köhler theory, three parameters drive these
processes, the Raoult’s term, the surface tension (σ) and
the size of the initial atmospheric particle. The presence
of trace compounds referred to as surfactants decreases
the surface tension and increases the solute concentration
of droplets in the cloud and thus might directly impact
on climate by increasing the number of activated cloud
condensation nuclei (CCN). CCN may increase the
amount of solar radiation reflected by clouds (Twomey
effect) and may increase cloud lifetime (Albrecht effect).
Within a project devoted to bring information on
atmospheric surfactants and their effects on aerosolcloud interactions, we dealt with production and
characterization of biosurfactants (microbial origin)
present in the atmosphere. From our unique cloud
microbial bank (480 strains) isolated from cloud water
collected at the Puy-de-Dôme (Vaïtilingom et al., 2012),
we undertook screening production, extraction and
purification of atmospheric biosurfactants.
After extraction of the supernatants of the pure
cultures, surface tension of crude extracts was
determined by the pendant drop technique. Figure 1
shows that a wide variety of microorganisms (41% of the
strains) are able to significantly produce biosurfactants
(σ≤55 mN.m-1). The best producers (13% of the strains)
exhibit strong biosurfactants or high yields of
biosurfactants as the resulting surface tension quickly
decreases to values less than 45 mN.m-1, and until 25
mN.m-1.
Purification of biosurfactants was achieved by
adsorption chromatography on a polystyrene resin. The
adsorption of the active compounds on the resin was
monitored by measuring the surface tension of the
column outlet. Biosurfactants were separated by ultraperformance flash purification column. The molecular
structure of the biosurfactants is investigated by means
of liquid chromatography/tandem mass spectrometry
(LC/MS-MS) and Nuclear magnetic resonance (NMR)
spectroscopy. Preliminary analytical characterization of
biosurfactants,
harvested
after
isolation
from
overproducing cultures of Pseudomonas, allowed us to
identify them as belonging to two main classes, namely
glycolipids and lipopeptides.
In our study, the screened microbial strains were
isolated from 39 cloud events presenting different

profiles. Cloud events are classified according to
physico-chemical characteristics of cloud waters
(Marine, Highly marine, Continental and Polluted) as
described by Deguillaume et al. (2014). Noteworthy are
highly marine strains, characterized by a high minimal
surface tension (45 mN m-1) and an almost total absence
of ϒ-Proteobacteria (1/57 isolates).

σ>55 mN.m-1
59%

σ≤30 mN.m-1
7%
30<σ≤45 mN.m-1
6%

45<σ≤55 mN.m-1
28%

Figure 1. Overall distribution of 480 strains by surface
tension (σ / mN.m-1).
We thank the National Research Agency (ANR
SONATA) for funding this research.
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Legionella spp. are ubiquitous in natural and artificial
aquatic environments. Aerosolized and inhaled, these
bacteria may cause Pontiac fever or Legionnaires'
disease (Fields et al., 2002). Thereby especially
L. pneumophila Sg1 were found to be involved in
infections. Showers are often discussed as one possible
source for contaminated aerosols (Schoen and
Ashbolt, 2011).
To minimize the risk of infection, legal limit
values for the concentration of cultivable Legionella in
tap water are applied (100 colony-forming units
per 100 mL, TrinkwV, 2012). Unfortunately these limit
values only restrict bacteria concentrations in the liquid,
but do not include any information about the more
significant concentrations in the aerosol. Up to now only
theoretical predictions exist to estimate the correlation of
liquid and aerosol Legionella concentrations in showers
(Schoen and Ashbolt, 2011).
Subject of our research is to experimentally
determine this correlation for shower aerosols. For this
purpose a shower model (bioaerosol chamber) was
constructed (see figure 1). It consists of a chamber
(270 L) equipped with shower head and mannequin. Tap
water is heated in a reservoir, artificially contaminated
with defined concentrations of bacteria and transferred
into the chamber. Several sensors are applied within the
chamber to monitor temperature and relative humidity.
To be able to work with aerosolized biosafety level II
microorganisms, the shower model is encapsulated in a
biosafety cabinet. As an additional safety feature
bioaerosol chamber as well as biosafety cabinet are
enclosed systems and harmful aerosols should only be
present within the bioaerosol chamber.
First steps for system characterization are leakage
tests for both bioaerosol chamber and biosafety cabinet.
Therefore highly concentrated fluorescent dye solutions
are applied to generate shower aerosols within the
bioaerosol chamber. Subsequently swab tests and filter
samples enable the detection of traces of shower aerosols
within the biosafety cabinet or the laboratory
atmosphere.
After the system is found to be free from leakage shower
aerosols containing Legionella will be generated and
sampled with a wetted-wall cyclone sampler

(Langer et al, 2012). Thus the concentration of bacteria
in the aerosol can be compared to the initial
concentration in the water. In this way it can be
investigated how the aerosolization process influences
the Legionella aerosol concentration depending on
various physical parameters. The quantification of
Legionella will be done by culture, live/dead PCR and
sandwich immunoassay microarray (Wunderlich et al.,
2016). The gained experimental results can be used to
better understand how potentially infectious bioaerosols
might be produced during showering.

Figure 1. Setup of a bioaerosol chamber for the generation of
shower aerosols.

This work was supported by the Bavarian Food Safety
Authority.
Drinking water ordinance, Germany (Trinkwasserverordnung, TrinkwV 2012)
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One of the most important topics that occupy public
health problems of our century is air quality (Fenger,
1999). Air is a vector transporting microorganisms from
outdoors to indoors. In the indoor air, we can distinguish
among the existing aerosols, the bioaerosol such as
bacteria, viruses and fungi (Gonzalez, 2014). Respiratory
viral infections are a major public health issue because
they are usually highly infective. Most of them are easily
transmitted by direct contact, droplet or by aerosolization
(Morawska, 2006). As we spend about 90% of our time
in closed environments, indoor air contamination by
chemicals and bioaerosols is one of the main public
health problems of our century. Ventilation systems and
air handling units allow the spread and transport of viral
particles inside buildings (Fabian et al., 2008).
The aim of this work is to understand the
behavior and the persistence of respiratory viruses on
filters used in air handling units (AHU). Moreover to
recover energy in many offices building, up to 20 % of
the indoor air flow could be recycled.
As a model of RNA respiratory virus,
Mengovirus is aerosolized in a vertical column with
outputs equipped with a fiberglass filter F7 (EN 7792002). Viral particles passing through the filter are
collected by Biosampler (SKB). The detection of virus
particles and the study of viability on the filters are made
by qPCR and TCID50 respectively. (Figure1)

No filter

Biosampler SKC
flow 13 L/min
Fiberglass filter F7
(EN 779-2002)

Methyl polyéthacrylate column

Suspension of virus + Air pump
( generator Omron C29 - CompAir pro)
flow 4.5L / min

Figure 1. Experimental pilot to study viral aerosol loss
The experimental set up and protocols was
validated by the Fluorescein (CAS number: 518-47-8,
Merck KGaA). In the system, up to 0.7896 mg of
fluorescein was collected from an initial input of 0.7966
mg leading to a set-up efficiency of 98.72%.

Preliminary results on mengovirus aerosolization
experiments showed that most of the virus is present in
the set-up. To an initial input of 5.45E+07 mengovirus
PFU, 4.78E+07 mengovirus PFU were recovered in the
system leading to a set-up efficiency of 87.7%. (Table 1)
Mengovirus (PFU)
No recovered Mengo
Total Mengo recovered
(Filter+Biosampler)

4.78E+07
3.68E+04

Total Mengo in the system

4.78E+07

Mengo initially aerosolized

5.45E+07

Set-Up efficiency
87.7 %
Table 1. Average of the Mengovirus Plaque forming unit
(PFU) recovered in 2 experiments
Preliminary results on infectious mengovirus
show that 2.18E+04 infectious mengovirus PFU pass
through the filter and 2.52E+03 infectious mengovirus
PFU are recovered on filter.
This information has to be taking account as some
AHU recycles air. In epidemic period of respiratory
virus this recycling has to be avoid to protect people
health. Information validates the efficiency of the
experimental set up and protocols by aerosolized
Mengovirus.
The experimental set up and the investigation of
the virus on F7 filter in the air handling units are in
progress.
Fabian, P. and al. , 2008. Influenza Virus in Human
Exhaled Breath: An Observational Study. Plos
One
3,
e2691.
doi:10.1371/journal.pone.0002691
Fenger, J., 1999. Urban air quality. Atmos. Environ. 33,
4877–4900.
doi:10.1016/S13522310(99)00290-3
Morawska, L., 2006. Droplet fate in indoor
environments, or can we prevent the spread of
infection?
Indoor
Air
16,
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doi:10.1111/j.1600-0668.2006.00432.x
Swan, J.R.M., 2003. Occupational and environmental
exposure to bioaerosols from composts and
potential health effects A critical review of
published data : final report [WWWDocument].
Tang, J.W. and al., 2006. Factors involved in the aerosol
transmission of infection and control of
ventilation in healthcare premises. J. Hosp.
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doi:10.1016/j.jhin.2006.05.022
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The exposure of occupants of housing to indoor air
pollutants has increased significantly in recent decades.
Energy policy and insulation of buildings have largely
contributed. This pollution poses a serious public health
issue. Besides the chemical pollutants, gases, particulates
and allergens, very studied (Awad et al., 2013) the
contribution of mold in respiratory problems is well
established. But among microbiological contaminants,
bacterial bioaerosols remain poorly studied (Kettleson, et
al., 2015) and their roles in respiratory problems need to
be studied.
To address this issue it is first necessary to assess the
exposure to indoor air bacteria. However, the lack of
valid tools for standardization to quantitatively assess
exposure to environmental bacteria is one of the main
challenges for better understanding the role of these
bacterial bioaerosols on human health. This study is
looking for a more appropriate method to measure
bacterial contamination and find a link between bacterial
bioaerosols and the occurrence of respiratory disorders.
Scientific literature demonstrates the link between
bacterial aerosol contamination and dust bacterial
contamination (Rintala et al., 2012; Knibbs et al., 2011;
Konya and Scott. 2014). As house dust can accumulate
bacterial contamination and is easy to collect we were
wondering of the fate of bacteria on this matrix. To
adress this issue, we select a model of environmental
gram negative bacteria and gram positive bacteria and
study the fate of Serratia marcescens and
Staphylococcus epidermidis in sterilized household dust.
For this purpose, different dilutions of bacteria were
harvested with house dust for different times (figure 1).

Figure 1: protocol of the study.
To 100 µl of suspended bacteria 10 mg of sterile house
dust were added and this was repeated two times. After
different contact times, the suspension was transferred

filtered and the filter was dried for 30s and transferred to
agar plate and incubate for one night, and enumerated.

Figure 2: detection of Serratia marcescens with or
without dust suspension (CFU/200µl).
Survival of bacteria is more important when they are
associated to dust.
In conclusion, to study bacterial contamination indoor it
is more interesting to investigate their presence in dust as
this matrix support a more important survival of bacteria
and can also accumulate the contamination over time.
Two bacterial species characterized by two types of
Gram different and are commonly found in indoor
environments were tested to determine the time required
survival of these bacteria in contact with the household
dust.
Yanis Guenoune PhD is supported by a grant from
Sorbonne Paris Cité University.
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There are many different indoor contaminants in which
bioaerosols are the main pollutants can cause adverse
effects on human health. Utilizing high oxidation power
of Ozone dissolved in water (Sotelo et al., 1989) can
effectively remove bioaerosols. Ozone at high
concentrations is toxic, but it can invade and destroy cell
membranes and DNA to cause biological death and
inactivation of bioaerosols at a certain concentration.
Therefore, ozone is also a good ingredient of sterilization.
Generally, organelles with important functions in the
cells are more susceptible to attack by ozone molecules,
including: (1) the cell membrane, the channel where
materials are in and out; (2) cellular proteins and
enzymes; (3) genetic materials constituted by RNAs. If
they are severely damaged, microorganism may be killed
or have trouble in breeding.
In recent years, the ozone water is used in
manufacturing processes of food plants (Zhang et al.,
2016) and sterilization of agricultural and fishing
products because of the high oxidizing power of ozone
to inhibit microorganisms effectively. If only using
gaseous ozone to remove indoor bioaerosols, high ozone
concentration should be a problem (Sonntag and Gunten,
2012). Ozone covered in water film for the electrolytic
ozone water spray can improve air quality, and
deterioration of indoor air may be avoided. In this study,
the electrolytic ozone water used in the removal of
indoor bioaerosols and assess the removal effectiveness.

is set from zero to 1.0 /hr, and relative humidity is set
from 30 to 80%. The effective colony number at the
outlet end was between 30 and 300 CFU/plate.
Results and discussions
CFU

Time

Figure 2. Natural decay (blue) and suppression by 0.01
ppm ozone water (red) for Yeast in the testing chamber.
The testing chamber for the electrolytic ozone
water spray system has been established. The removal
efficiency of bioaerosols by the ozone water spray can
be detected. Gravity settling and adsorption on chamber
wall are two mechanisms of natural decay. The ozone
water spray additionally provided mechanical
mechanisms for bioaerosol removal, including inertial
impact, direct interception and diffusion adsorption.
Their relative contribution will be discussed.
Acknowledgements
This work was supported by the Ministry of Science and
Technology, R.O.C. under grant MOST104-2815-C-241036-E.
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Figure 1. Experimental setup.
Experimental setup is shown in Figure 1. Pure
water passed through electrolytic platinum plates of the
generator was transferred to ozone water. Ozone water
under high pressure becomes suspended spray with thin
ozone water droplets in the air. Through the fan and
pump used to maintain the systemic stability and
ventilation rate, aqueous ozone spray was diffused in the
testing chamber of 808080 (cm3). The ventilation rate
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People spend more than 80% of their time indoors and
their health can be affected by exposure to various types
of particles. The overall goal of this effort is to evaluate
the high-efficiency particle air (HEPA) filtration used in
homes for reducing exposure to aerosol particles. This is
an important step in a large-scale study that aims at
quantifying the effect of intervention by utilizing freestanding air purifiers in homes for reducing children’s
asthma.
In this sub-study, we focus on the
concentrations of airborne fungal spores.
The investigation is a double-blind, placebocontrolled, randomized intervention study with a crossover design. Subjects are randomized to either HEPA or
“dummy” air purifier (air cleaner without the filter)
treatment group for one month, followed by one month
wash-out period without any treatment, then will crossover to the other treatment group for an additional
month. The HEPA air cleaner was selected based on a
laboratory study investigating the efficiency of several
air cleaner models (Peck et al., 2016) and input from a
community advisory board.
Airborne fungal spores were collected for 48
hours using Button samplers (SKC Inc., Eighty Four,
PA, USA) operating at 4 L/min. Samples were collected
indoors and outdoors before and after both HEPA and
“dummy” treatment. Additionally, one month long
indoor air samples were taken by collecting settling dust
on electrostatic dust cloths (EDC; Shorter et al., 2016) in
each home during both treatments. Fungal spore samples
were analyzed for 36 fungal species with a mold-specific
quantitative polymerase chain reaction assay (Vesper,
2011). For the data analysis, the concentrations of the 36
species were summed in each sample to obtain the total
number concentrations; in spores/m3 for the Button
sampler results and in spores/mg for the EDC results.
Indoor/outdoor (I/O)-ratios were calculated from the
Button sampler results to account for the influence of
variation in the outdoor spore concentration.
Preliminary data obtained in four homes show
that indoor concentrations of fungal spores measured
with the Button sampler decreased after both treatments,
HEPA and “dummy” (Table 1). On the other hand, the
I/O-ratios decreased after the HEPA treatment, but not
after the “dummy” treatment (Figure 1). The fungal
spore concentrations measured with the EDCs were
generally lower during the HEPA treatment (ranging
from 1,375 to 7,602 spores/mg) than during the
“dummy” treatment (852 to 67,632 spores/mg).

Table 1. Average (± standard deviation) of indoor and
outdoor fungal spore concentrations (spores/m3).
Measured
Indoor
Outdoor
Before HEPA
108±124
1,095±1,392
After HEPA
3±2
1,202±1,929
Before “dummy”
215±178
3,017±2,399
After “dummy”
143±255
3,165±6,130
0.6

0.5

Indoor/Outdoor Ratio (I/O)

2

0.4

0.3

0.2

0.1

0.0
Pre HEPA

Post HEPA

PreDummy Post Dummy

Figure 1. I/O-ratios of spore concentrations. The horizontal
lines in the box plot from the bottom represent the minimum,
25%, 50%, 75% percentiles, and the maximum (n=4).

Pilot data show that the HEPA treatment reduced
fungal spore concentrations. Future analysis will
determine if children’s asthma symptoms are also
reduced.
This work was supported by the U.S. Department of
Housing and Urban Development (Grant OHHHU002714).
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The pollen coating is a layer, or droplets, of organic
compounds deposited onto the surface of pollen grain
(Piffanelli, 1998). The following chemical families were
identified on the pollen coating: saturated and
unsaturated fatty acids, alkanes, alkenes, alcohols,
aldehydes, ethers, amino-alcohols and phenolic
compounds. The pollen coating plays important role for
pollen-water interactions during germination and its
constituents may also be implicated as adjuvant of the
allergenic reaction.
Pollen may be altered by air pollution in different
ways (Sénéchal, 2015): physical degradations (like
cracks), chemical changes (including protein nitration)
and sticking of particles. Those alterations produced
changes in allergenic potential, an easier dispersal of
allergen and a decrease in germination. Only little
information is however available on the modification of
the pollen coating by pollution.
In this work, pollen was exposed to ozone in
laboratory conditions (16 hours of exposure, 100-1300
ppb). Coating was extracted by aqueous or organic
solvents; after several steps of preparation (filtration,
solvent evaporation and derivatization) samples were

injected into gas chromatography with either flame
ionization or mass spectrometry detector.
The coating of pollen was modified by laboratory
ozone exposure (figure 1). Increases in the quantities of
dicarboxylic acids, short-chain fatty acids and aldehydes
were observed. 4-hydroxybenzaldehyde was the main
reaction product and its formation was linearly
increasing with the ozone concentration. 4-hydroxybenzaldehyde is formed via the ozonolysis of acid
coumaric monomers constitutive of the sporopollenin
and was not formed from the ozonolysis of constituents
of the pollen coating. This assumption was checked by
exposing defatted-pollen to ozone.
These chemical modifications may have effects
on pollen germination, on lipids adjuvant effects to
allergenic reaction and cloud condensation activities of
pollen or pollen parts.
Piffanelli, P., Joanne H. Ross, E., and Murphy, D.J.
Sexual Plant Reproduction 11, (1998): 65–80.
Sénéchal, H., Visez, N., Charpin, D., Shahali, Y., et al.
The Scientific World Journal 2015: ID 940243.

Figure 1. Comparison of chromatograms for laboratory ozone-polluted pollen (top) and native Pinus halepensis pollen
(bottom)
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ChAMBRe – the development of an atmosferic simulation chamber for bioaerosol
studies and aerosol optical properties investigation
P.Brotto 1,2, E.Gatta2, F.Parodi1, M.C. Bove1,2, D.Massabò1,2, V.Vigo1 and P.Prati1,2
1

National Institute of Nuclear Physics (INFN), Genoa Department, Genoa, 16146, Italy
2
Department of Physics, University of Genoa, Genoa, 16146, Italy
Keywords: Atmospheric chambers, bioaerosol, aerosol optical properties, instrument testing
Presenting author email: brotto@ge.infn.it
Environmental simulation chambers are small to largescale facilities where atmospheric conditions can be
monitored in real-time under control to reproduce
realistic environments and to study interactions among
their constituents. Up to now, they have been used
mainly to study chemical and photochemical processes
that occur in the atmosphere, but the high versatility of
these facilities allows for a wider application covering all
fields of atmospheric aerosol science.
ChAMBRe (Chamber for Aerosol Modelling and Bioaerosol Research) is the stainless steel atmospheric
simulation chamber (volume approximately 3 m3, see
Figure 1) recently installed at the National Institute of
Nuclear Physics in Genoa (INFN-Genova) in
collaboration with the Environmental Physics
Laboratory at the Physics Department of Genoa
University (www.labfisa.ge.infn.it).

Fig.1 ChAMBRe layout structure and pictures

The scientific activities at ChAMBRe focus on the
following topics:
1) Bioaerosol properties A strong improvement in the
understanding of bioaerosol behaviour can be provided
by atmospheric chamber experiments, that allow for a
scientific intermediate approach between “in vitro” and
“in vivo” analysis. Aerosol with realistic composition,
including living micro-organisms, can be injected in
artificial environments with controlled physical and
chemical parameters and then accurately analyzed. In
particular, a systematic approach can be used for a better
description of micro-organisms viability, of colonies
growing modulation and other issues relevant to their
spread and their pathogenicity. Very promising results in
this direction were obtained by the authors at the
CESAM facility at CNRS-LISA (Brotto et al. 2015),
while similar results were obtained nearly at the same
time at AIDA chamber at KIT (Amato et al. 2015).

ChAMBRe experiments are carrying on this path to
contribute in getting a deeper understanding of the still
unclear mechanisms that control the evolution of
bioaerosols in atmosphere and in particular of their
bacterial components.
2) Aerosol optical properties – methodologies and
instruments testing
The instrumental development
efforts at the Environmental Physics Laboratory of the
University of Genoa, recently resulted in a new Multi
Wavelength Absorbance Analyser (Massabò et al. 2015)
which measure the light absorption on aerosol loaded
filters at five wavelengths from UV (absorption bands of
organic compounds, mineral dust) to near infrared
(carbon soot,…). Furthermore, a new data reduction
methodology has been introduced to disentangle the
concentration of Black and Brown carbon in atmospheric
aerosol, demonstrating the need to mitigate not only
exhaust but also non-exhaust emissions, as a potentially
important source of PM10. The atmospheric chamber is
an effective tool to produce known aerosol mixtures and
to test the performance of the optical technology.
Actually, there is an on-going collaboration with the
CNRS-LISA team working at CESAM following that
procedure that will be soon replicated at ChAMBRe
facility.
ChAMBRe has recently joined the Eurochamp
consortium, the European atmospheric chamber facilities
network. The network activities have been included in an
infrastructure-oriented research project proposal that is
going to be submitted within March 2016 to the H2020INFRAIA call within EU Horizon 2020 Programme.
We would like to acknowledge prof. J.F. Doussin and
LISA laboratories (http://www.lisa.univ-paris12.fr/en)
for providing us part of the chamber structure and for the
very useful and fruitful technical discussions.
Amato, P., Joly, M., Schaupp, C., Attard, E., Möhler, O.,
Morris, C. E., Brunet, Y.., and Delort, A.-M., Atmos.
Chem. Phys. Discuss., 15, 4055-4082, doi:10.5194/acpd15-4055-2015, 2015
Brotto P, Repetto B, Formenti P, Pangui E, Livet A,
Boussherrine N, Martini I, Varnier O, Doussin JF, Prati
P (2015), Aerobiologia, 31, 445-455 doi:0.1007/s10453015-9378-2
Massabò D, Caponi L, Bernardoni V, Bove MC, Brotto
P, Calzolai G, Cassola F, Chiari M, Fedi ME, Fermo P,
Giannoni M, Lucarelli F, Nava S, Piazzalunga A, Valli
G, Vecchi R, Prati P (2016), Atmospheric Environment,
doi:10.1016/j.atmosenv.2015.02.058
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Understanding the identities, distribution and abundance
of airborne microorganisms remains in its infancy.
Meanwhile, the impact of emissions of these
microorganisms from urban, agricultural, and industrial
areas on local air quality is a growing concern for public
policy. Current monitoring technologies take days to
generate results and do not address the identities of the
microorganisms in detail. Rapid, real-time monitoring
technologies are required to do this and to provide a
solid evidence base for developing public policy. The
aim of this research is to combine next-generation
sequencing with fast sampling methodologies to enable
real-time monitoring of bioaerosols.
Previously the bioaerosol microbial community
was analysed downwind, upwind, and on sight at a
composting sight in the UK (Pankhurst et al. 2012).
Culture-independent analysis of the 16s rRNA gene and
microbial lipid markers showed the compost sight had a
significant effect on the structure of the downwind
bioaerosol microbial community and that some genera,
including some pathogens, had a greater propensity to
disperse. The bioaerosol community however showed
significant variation between sampling visits; to fully
understand this variation greater phylogenetic resolution
is required to link site activity and metrological
conditions to the bioaerosol community.
In the current project we are developing tools for
the rapid monitoring of bioaerosols in industrial,
agricultural and urban environments using highthroughput sampling and next-generation sequencing
technologies. A number of sampling methods have been
trialled, including air filtration, liquid impingement with
Coriolis and SKS, and Andersen impactor. These have
been tested in controlled chamber experiments, and in
filed experiments at urban, industrial, and agricultural
sights.
First we optimised methods for DNA extraction
from filters and liquids for use in bioaerosols detection.
We tried two filters, gelatine and polycarbonate (PC),
and three liquid impingement matrix; distilled water,
Phosphate buffed saline (PBS), and Tris(HCL). To
determine the detection limits for bacteria on filters and
in liquid impingement, known numbers of either Bacillus
subtilis or Escherichia coli were spiked onto filters or
into 15 ml of liquid matrix. DNA was then extracted
directly from the filter, or for the liquids a bacterial
pellet was obtained by centrifugation at 4500 g for 45
mins. DNA extraction was carried out with incubation
with SDS extraction buffer at 70°C for 45 mins followed
by bead lysis and phenol-chloroform extraction. PCR of

the 16s rRNA was then carried out on the purified
cDNA. We found that bacterial DNA was already
present in the gelatine filters; therefore these are
inappropriate for our applications. For the liquid matrix
PBS performed the most consistently in field tests,
however in the lab the difference between tris(HCL) and
PBS was minimal. The detection limits for E.coli and
B.Subtilis was 7500 and 70,000 cells per filter/15 ml of
PBS respectively. There was no difference in detection
limits for filters or in PBS, therefore the main limitation
in sampling with filters or liquid impingement is not the
DNA extraction but the amount of air sampled.
In the case of this research the aim to have as
short a sampling period as possible, both so that
sampling can be rapid and also so that the microbial
community can be correlated with changes in climatic
conditions or site activity. Field tests were carried out
with sampling onto filters with a vacuum pump at 30 l/m
and with a Coriolis µ microbial air sampler. For the
filters various sampling times from 2 mins up to 2 hrs
were trialled. For the Coriolis µ times from 2 mins up to
10 mins were trialled at 300 l/m. Results with the filters
were very inconsistent with many samples not
containing any amplifiable DNA, even at sampling
periods > 1 hour, whereas the Coriolis µ was able to
capture amplifiable DNA consistently at 10-20 mins
even in sights with the lowest bioaerosol concentrations.
Therefore it was determined that the Coriolis µ air
sampler was the most suitable sampling method for our
applications.
The next step in this research is to develop in
field qPCR and loop mediated isothermal amplification
of DNA for rapid detection and quantification of specific
pathogens in the field with same day results. We are also
using next-generation sequencing on MiSeq and HiSeq
to examine the structure and function of the bioaerosol
microbial communities at industrial, agricultural and
urban environments in relation to climate and activity.
Combining this with concurrent work on the chemical
composition of bioaerosols and traditional bioaerosols
monitoring technologies will enable us to predict when
and where to target bioaerosol sampling.
References: Pankhurst et al. (2012) Temporal and
spatial changes in the microbial bioaerosol communities
in green-waste composting. FEMS Microbial Ecol;
79(1):229-39.
.
This work was supported by the Natural Environment
Research Council under grant NE/M010813/1
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There have been increasing concerns about exposure to
bioaerosols, particularly, from growing industrial
processes such as compost and intensive livestock /
poultry facilities. However, the current knowledge on
their exposure and resultant public health impact is
inconclusive due to lack of dose response relationship
and limitations of conventional methods (poor time
resolution, labour intensive) for the detection and
characterisation of ambient bioaerosols. Among
emerging techniques, laser induced fluorescence has
shown promise in exploring bioaerosol properties with
high time and size resolution (Pan et al. 2015).
Nonetheless, broad emission bands in the existing
commercially available fluorescence based detectors
limits their capability in molecular determination of
fluorescence origin and thus classification/discrimination
of bioaerosols. The present investigation, part of a lager
project focusing on detection and characterisation of
inflammatory agents associated with bioaerosol emitted
from biowaste and intensive agriculture, aims to
demonstrate the potential of a fluorescence based
bioaerosol sensor unit with highly resolved fluorescence
intensity measurements to detect and characterize
bioaerosols in real time.

Figure 1. Representative number size concentration of
particles in different categories at a composting site
There were distinct differences in emission peaks at
composting and background site (Figure 2)
demonstrating the possibility of classifying bioaerosols.

The composting site had the highest concentration
of particles in all the categories (Table 1). The lowest
concentrations were found at the sewage treatment
works. For the fluorescent particles, whilst the minimum
levels were relatively comparable at three sites there was
considerable variation in maximum concentrations
depicting source/activity specific nature of emissions.
Table 1. Number concentration of particles at different
sites (NT= Total Particles, NE= Excited Particles,
Fluorescent Particles)

Environmental
scenario
Open
Windrow
Composting
Sewage
Treatment
Works
Urban
Background

Number concentration (#/cm3)
NT
NE
NF
(Range)
(Range)
(Range)

Figure 2. Comparison of fluorescence intensity between
composting and background site across 16 wavelength
band

0.53 - 3.05

0.43 - 2.06

0.10 - 0.92

0.52 - 1.11

0.35 - 0.58

0.07 - 0.15

The findings offers evidence that that fluorescence based
real time measurement of bioaerosols can significantly
contribute to advancing the existing state of knowledge
on bioaerosol detection and emission characteristics
from different environmental sources.

0.69 - 2.18

0.60 - 1.24

0.14 - 0.45

This work was supported by the UK Natural
Environment Research Council [NE/M01163/1].

Figure 1 shows impact of various activities and wind
direction on emissions at a composting site.

Pan, Y. L. (2015). J. Quant. Spectrosc. Radiat. Transf.
150, 12-35.
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MolDeMould – Molecular detection of airborne mould by microfluidic qPCR
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The presence of indoor mould increases the potential risk
to develop adverse health effects like respiratory
symptoms and infections, skin symptoms, asthma or
allergies (Heseltine, 2009; Twaroch, 2015). Such
impairment to health can be caused by viable as well as
non-viable fungal spores and mycelia fragments (SimonNobbe, 2008). The majority of commonly available
detection systems are based on cultivation to determine
the amount of fungal particles in settled dust or air.
Aim of this study is to establish a molecular
detection system for airborne mould to provide
qualitative and quantitative information of indoor fungal
particle exposure. A broad coverage of the airborne
fungal biodiversity is envisaged, to also allow efficient
detection of unusual indoor contaminants. Biodiversity
together with a comparison of indoor and outdoor fungal
communities are essential parameters for evaluation of
indoor mould situations and are used for interpretation of
the measured samples.
The analytical method is based on quantitative
PCR (qPCR) which is able to reveal the fungal load
independently from viability and therefore permits a
more precise determination of the biological air quality.
The microfluidic system, for which this detection tool is
designed, combines conventional quantitative PCR with
partial automation and high throughput analysis.
Dependent on the chosen format, up to several thousand
qPCR reactions can be performed in parallel. This
technique enables the samples to be analysed for a broad
diversity of relevant fungal communities within one run.
For the microfluidic system, a preamplification PCR step
has to be introduced prior to the actual specific
measurements of the fungal groups to enlarge the DNA
contents of the samples.
So far 20 specific qPCR assays have been developed to
detect and quantify relevant indoor moulds as well as
important fungal outdoor reference species. The assays
are designed to cover mainly higher phylogenetic levels
such as orders or genera to cover a wide spectrum of
airborne fungi present in the samples (Table 1.).
Table 1. Phylogenetic levels of developed qPCR assays.

a

Genera

9 specific assays

Order

8 specific assaysa

Phyla

2 specific assaysa

Higher

1 Assay Fungi commona

some assays contain previously published primers

Bioaerosols from a bioaerosol chamber
(Konlechner et al., 2013) produced under standardized
conditions as well as bioaerosols from different sampling
sites (high fungal contamination, no expected fungal
load, outdoor references) have been collected. Besides
the molecular biological analysis, culture-based samples
of different commonly used sampling methods
(impaction, impingement, filtration sampling) have been
compared to check for the reliability and stability of the
newly developed molecular detection system. For the
molecular biological analysis, the wet-wall cyclone
sampler Coriolis μ, (Bertin Technologies, France) was
used. An advantage of this sampling device is that
particles are collected in liquid, allowing cultivation on
the one hand and molecular identification and
quantification of the same sample on the other hand.
The comparison of the different sampling devices
shows huge differences in collection efficiencies.
Preliminary data of the molecular biological detection
system agree with the findings of the culture-based
systems to distinguish between outdoor references and
contaminated sampling sites. Further optimization of the
designed assays (specificity, stability) and optimization
of sampling and sample preparation (detection limit) will
provide a useful molecular biological tool to detect
actual airborne fungal exposure.
This work was supported by the NFB Life Science Call
under grant LS12-011.
Heseltine E, Rosen J (eds.) (2009) WHO guidelines for
indoor air quality: dampness and mould. WHO
Regional Office Europe, Copenhagen
Twaroch T, Curin M, Valenta R, Swoboda I (2015) Mold
allergens in respiratory allergy: from structure to
therapy. Allergy Asthma Immunol Res. ;7(3):205-20
Simon-Nobbe B, Denk U, Pöll V, Rid R, Breitenbach M
(2008) The spectrum of fungal allergy. Int Arch
Allergy Immunol. 145(1):58-86
Konlechner, A., Goller, S., Gorfer, M., Mölter, L.,
Strauss, J. (2013) Evaluierung einer Prüfkammer für
Bioaerosolsammelsysteme,
Gefahrenstoffe
–
Reinhaltung der Luft.
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Introduction
Post-operative infections obtained from open-wound
surgeries constitute an unnecessary load on both
healthcare and affected patients. The annual cost for
post-operative infections in Sweden is estimated to 4
billion SEK.
It is well established that increased air
cleanliness reduces the number of post-operative
infections. Therefore, the ventilation system is
important in order to reduce the number of infectious
particles in the air during surgery. Ventilation with
high airflow, as in operating theatres, consumes a high
amount of energy and it is thus desirable to find energy
efficient solutions.
The purpose of this work is to evaluate air
quality, energy efficiency and working comfort for
different ventilation techniques in operating theatres.

Additional measurements were carried out, where the
number of CFU/m3 was compared to the number of
viable particles detected by a high airflow
fluorescence spectrometer (BioTrak 9510-BD, TSI).

Results
In this study we show that LAF and TAF, but
not TMA, have less than 10 colony forming units
(CFU)/m3 at all locations in the operating room, which
is in line with the recommendations in most countries
(Figure 2). TAF has up to 30% lower energy
consumption than LAF, which is related to the almost
double airflow volume in LAF.

Methods
Three different ventilation systems were
evaluated: turbulent mixed airflow (TMA), laminar
airflow (LAF) and the newly developed technique
temperature controlled airflow (TAF).
TAF is based on HEPA-filtered undertempered air falling from air-showers arranged in a
circle above the operating table, see Figure 1. This
technique leads to the usage of lower airflow volumes
and less fan power. Additional air-showers are located
in the peripheral parts of the room, controlling the
overall cleanliness of the air in the operating room.

Figure 2: The diagram shows the different
concentrations of CFU/m3 in the three ventilation
systems.
The high airflow fluorescence spectrometer
showed that there are more viable particles in the air
than reproductive bacteria (CFU).
A questionnaire was given to the operating
staff, and their answers showed that they experienced
less disturbance from noise and draught in TMA and
TAF than in LAF. The experienced working
environment is of high importance since it is unwanted
to expose the operator to additional stress.

Conclusions

Figure 1: Schematic picture of the TAF ventilation
system.
In total, measurements were performed during
45 elective operations: 15 for each type of ventilation
system. The concentration of colony forming units
(CFU)/m3 was measured at three locations in the
rooms: close (<0.5 m) to the wound, behind the
operating staff and in the peripheral part of the room.

Reducing the CFU concentration in operating
theatres is difficult, since most particles are emitted by
the staff. Nevertheless, both the LAF and TAF
ventilation keep high air cleanliness with low CFU
concentrations throughout the operation. The
comparison of the conventional CFU measurements
and the fluorescence measurements will deepen our
understanding of airborne bacterial viability.
This work was supported by Avidicare AB, Swedish
Energy Agency, FORMAS and AFA.
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Despite the public health importance of bioaerosols in
the context of human exposure (Douwes et al. 2003), the
microbial content of indoor air has been poorly explored.
Molecular biology methods demonstrate a great potential
for exploring the diversity and abundance of indoor
bioaerosols. However, owing to the low biomass of the
air, it is challenging to obtain a representative
microbiological sample in order to recover sufficient
DNA for molecular analysis (Peccia and Hernandez,
2006). Although numerous studies have utilized
membrane filters in bioaerosol monitoring, no
standardized methods and protocols are currently
available, making difficult the cross-comparison of
molecular results between studies.
The objective of this research was to investigate
the effect of sampling parameters, i.e. sampling time,
filter collection material, diameter, pore size, type of
filter sampler, on DNA recovery and PCR detection of
airborne bacteria and fungi in indoor air.
Direct comparison sampling tests were carried out
in an unoccupied room, investigating the efficiency of
commercially available filters. Samples were collected
simultaneously in triplicate at a flow rate of 28 L/min
(Fig. 1). Total genomic DNA of each sample was
extracted and analysed by quantitative PCR (qPCR) of
bacterial 16S rRNA gene and PCR of the fungal internal
transcribed spacer (ITS) 2 region and will be further
processed for Miseq sequencing of 16S rRNA and ITS1
region.

Figure 1. Workflow diagram of the sampling parameter
comparisons.
Results showed that the applied extraction protocol
was suitable for all four types of filters for both bacterial
and fungal recovery from aerosol filter samples. In terms
of sampling time, one hour at 28 L/min seemed to be a
good compromise for both bacterial and fungal
detection, considering that shorter sampling times might

result in insufficient collected biomass, while prolonged
sampling is not preferred for practical reasons of
sampling facilitation (Fig. 2). Results could contribute to
the establishment of an appropriate sampling protocol
for bioaerosol molecular analysis under optimum
conditions.

Figure 2. Quantitative PCR data of 16S rRNA gene copy
number in indoor air collected at 28 L/min for different
sampling periods using PF, PC, AC and NC filters
simultaneously. Results are presented as an average over
three repetitions. Axis y is on log scale and error bars
represent standard error.
This work is supported by the European Union
7th framework program HEXACOMM FP7/2007-2013
under grant agreement Nº 315760.
Douwes, J., Thorne, P., Pearce, N., Heederik, D., (2003).
Bioaerosol health effects and exposure assessment:
progress and prospects. Annals of Occupational
Hygiene, 47, 187-200.
Peccia, J. and Hernandez, M., (2006). Incorporating
polymerase chain reaction-based identification,
population characterization, and quantification of
micro-organisms into aerosol science: A review.
Atmospheric Environment, 40, 3941-3961.
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During the last decade, new analytical techniques have
been developed for bio-nanoparticle characterization to
answer the need generated by the explosive growth of
bionanotechnologies.
In this context, LNE has implemented an
experimental set-up composed of an electrospray source
coupled to a Differential Mobility Analyzing system
(ES-DMA) for nano(bio)particles measurements in the 3
- 40 nm range. Briefly, nanoparticles in aqueous solution
are generated in the aerosol form using an electrospray.
Resulting highly charged particles are then neutralized
by a soft X-ray source, directly coupled to the ionization
chamber, and are introduced into the mobility analyzer
(DMA) in which they are separated according to their
electrophoretic mobility. The selected particles are then
enumerated by a condensation particle counter (CPC).
During this presentation, two applications of ES-DMA to
health sciences will be shown, and more specifically
concerning Alzheimer’s and cardiovascular diseases.
Alzheimer’s disease (AD) and more specifically
amyloidosis are pathologies characterized by the
accumulation of extra or intracellular protein deposits
named amyloids. AD, the most common form of late-life
dementia (Mucke et al., 2009), is associated with the
accumulation of intra-neuronal neurofibrillary tangles of
hyper phosphorylated Tau proteins and extracellular
plaques of insoluble fibrils mainly composed of the 42residue amyloid-peptide (Aβ1-42) (Goedert et al., 2006 ;
Haass et al., 2007). In this study, ES-DMA was used to
measure the time-dependent Aβ1-42 oligomerization
pattern (Brinet et al., 2016) which are supramolecular
assemblies considered as nanoparticles. This technique
was used to monitor the size distributions over time of
the early, metastable and neurotoxic species. The ability
of the ES-DMA method to monitor the activity of
aggregation modulators on the early oligomerization
process was demonstrated. The role of two compounds
displaying opposite roles were studied as delayer and
booster of the Aβ1-42 aggregation process to respectively
prevent the formation of small presumably toxic
oligomers and boosts the fibrillar species formation by
forming bigger and possibly less toxic species.

Cardiovascular diseases (CVD) are mainly caused
by atherosclerosis, a pathology mostly induced and kept
going by elevated LDL-cholesterol concentration (LDLC). However, recent advances in the field of lipoprotein
testing indicate that LDL particle number (LDL-P) is a
better predicator of CVD risk than LDL-C and is a
valuable adjunct target for therapy (Cole et al, 2013 ;
Contois et al., 2009; Master et al., 2013) knowing that
lipoprotein size is inversely proportional to CVD. In the
case of CVD risk assessment, ES-DMA is a relevant tool
for the analysis of lipoproteins, the bio-nanoparticles
responsible for the transport of cholesterol and lipids in
blood. Indeed, ES-DMA allows obtaining detailed
information on the lipoprotein profile and measuring the
concentration and size distribution of each lipoprotein
sub-class in the aerosol phase. The link between aerosol
and liquid phases particle counting was achieved by
implementing a new electrospray nanofluidic injection
system. This allowed controlling the liquid nano-flow
injected in the electrospray using an on-line liquid nanoflowmeter. Absolute quantification of lipoprotein
concentration in the liquid phase can thus be achieved
thanks to this instrumental implementation and
associated results will be presented in the context of the
BioSITrace project.
Mucke, L. et al. (2009) Nature 461, 895–897.
Goedert, M. et al. (2006) Science 314, 777–781.
Haass, C. et al. (2007) Nat. Rev. Mol. Cell. Biol. 8, 101–
112
Brinet et al. (2016) Anal. Chim. Acta, review in progress
Master, S.R. et al. (2013) Clin. Chem. 59(5), 723-5.
Cole, T.G. et al. (2013) Clin. Chem. 59(5), 752-70.
Contois, J.H. et al. (2009) Clin. Chem. 55(3), 407-19.
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Introduction

Results

Airspace Dimension Assessment (AiDA) is a
technique aimed at assessing airspace dimensions in
the distal lung by measuring lung deposition of
inhaled nanoparticles. The aim of this work is to
evaluate AiDA as a potential diagnostic technique by
comparison with currently used lung function tests
and medical imaging.
Pulmonary emphysema is one of the main
components of COPD and the condition that the
AiDA technique is primarily targeted at. Current
clinical techniques with sensitivity for emphysema
are computed tomography (CT) and measurement of
lung diffusion capacity for carbon monoxide, D L,CO.
DL,CO is affected by several variables other than
emphysematous changes of the lung and CT is
expensive and entails exposure to radiation.

As shown in Table 1, the measured lung
deposition is lower for the group of patients than for
the healthy control group (p < 0.046, 50 nm, 1300
ml). This is in concordance with our hypothesis and
previous results. Nanoparticles deposit in the lungs
almost exclusively by diffusion, and as emphysema
causes enlarged airspace dimensions (= longer
average diffusion distances) and loss of available
surface area, thus lung deposition is predicted to
decrease.
Correlation was also found between CT
densitometry measurements and particle deposition
both as 15th percentile lung density (PD15, p= 0.001)
and low attenuation volume (LAV%, p=0.003), as
shown in Figure 1. Particle recovery also correlated
with DL,CO but not to spirometry.

Methods
A group of 23 patients with diagnosed COPD
and a group of 37 healthy subjects, performed AiDA
measurements with inhalation of 50 nm and 100 nm
PSL particles. Particle deposition was determined for
breath samples from alveolar air at 1800 ml and 1300
ml volumetric lung depth after 10 s breath holding
time.
Both groups performed clinical lung function
tests including DL,CO and the study group underwent
a CT scan of the lungs including densitometry
analysis, which is a technique for assessing and
quantifying pulmonary emphysema. A comparison
between the groups is shown in Table 1.
Table 1. Comparison between the groups of COPD
patients and healthy subjects. FEV1 and DL,CO
expressed in % of predicted. The lung deposition is
reported as the recovery (R) of nanoparticles in
exhaled breath samples from a defined volumetric
lung depth. (Mean ± std).

N
♂/♀
Age
FEV1 % pred.
DL,CO % pred.
AiDA1300 ml, 50 nm
AiDA1800 ml, 50 nm
AiDA1800 ml, 100 nm

COPD
patients
23
10/13
67.6 ±7
52±20%
60±20%
.123 ± .064
.086 ± .060
.376 ± .126

Healthy
volunteers
37
16/21
63.5±5
107±15%
91±11%
.087 ± .065
.059± .047
.301 ± .112

Figure 1. The correlation between PD15 (CT
measurement of emphysema) and particle deposition
for N=23 COPD patients.

Conclusion
CT has high specificity to emphysema, DL,CO
has sensitivity for emphysema but is also affected by
other factors such as blood values and membrane
diffusion resistance. Compared to CT, AiDA is less
time consuming, considerably cheaper, simpler to
use, has no radiation exposure and is easier to
interpret. In contrast to DL,CO, AiDA is not disturbed
by blood flow, haemoglobin concentration, CO
inhibition or alterations of the alveolar membranes.
Once further investigated, AiDA may prove to be a
useful tool to diagnose emphysema in the future.
This work was supported by Swedish Research
Council, Vinnova, EU EuroNanoMed, The Swedish
Heart and Lung Foundation, the Crafoord foundation
and the Sten K Johnsson foundation.
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Responses of normal and diseased airway epithelia to different particle types at ambient
concentration levels
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J. Dommen1
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Outdoor air pollution remains a major factor for

to subsequent hazards. We established dose-response

premature deaths, with particulate matter (PM) being

curves at realistic particle concentrations and found

clearly associated with adverse respiratory effects and

adverse effects even at the lowest level without

increased susceptibility of persons with pre-existing

evidence for a threshold value. Significant differences

lung disease. These particles mainly originate from

between

combustion processes, i.e. wood, coal and fuel burning,

single-cell type cell line and fully differentiated airway

via direct emissions of primary particles or from the

epithelia as well as between normal and diseased

atmospheric oxidation of vapors forming secondary

airway epithelia suggest the use of fully differentiated

particles. To unravel the causes for adverse effects of

airway epithelia to be most appropriate in future

atmospheric aerosol particles to human health, the

toxicity studies.

cell

models,

i.e.

between

simplistic,

interaction of particles with the inner surface of the
lungs as the main pathway of undesired particle uptake
by inhalation needs to be understood. Since the use of
in vivo animal models is limited for various technical,
ethical or economic reasons, we have developed a
realistic in vitro system to study inhalation toxicology.
We use this mobile aerosol deposition chamber for
deposition of particles to cell cultures mimicking
closely the conditions in lungs to study acute effects on
normal and diseased airway epithelia (Fig. 1).
We investigated primary and secondary particles from
the exhaust of a gasoline car and wood combustion as
well as from an urban environment. As shown in Fig. 1,
combustion aerosols were injected into a smog
chamber.

Secondary

photochemical

aerosol

reactions

was

produced

simulating

by

Fig. 1. Setup for smog chamber experiments. After

atmospheric

injection of emissions into the smog chamber, they are

conditions before particles were deposited on the cell

photochemically

processed.

Particles

are

then

cultures. The aerosol was chemically and physically

withdrawn, enriched in the sample flow, and deposited

characterized by a suite of instruments.

on cell cultures.

The results obtained so far demonstrate that a single,
short-term exposure to realistic doses of primary and/or

This work was supported by the Swiss National

atmospherically-aged

Science Foundation.

particles

impairs

epithelial

key-defense mechanisms, rendering it more vulnerable
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Particle deposition model for the Balb/c mouse respiratory tract
W. Hofmann and R. Winkler-Heil
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by the decreasing fraction of airways in the distal airway
generations of the asymmetric lung model, and not by
decreasing deposition efficiencies.
1.0
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A
Sum
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Deposition fraction
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Figure 1. Regional deposition fractions of unit density
particles in the Balb/c mouse respiratory tract.
0.04

0.01 µm
0.1 µm
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0.03

Deposition fraction

The mouse lung has become increasingly important as a
surrogate of the human lung to investigate the health
effects of inhaled toxicological and pharmaceutical
aerosols. The main structural difference between the
mouse and the human lung is the branching structure of
the airway system, i.e. the distinctly asymmetric or
monopodial branching in the mouse lung as compared to
the relatively symmetric branching of the human lung.
The asymmetric tracheobronchial airway
geometry of the Balb/c mouse is based on a rigorous
statistical analysis of several lung casts (Madl et al,
2010). In the absence of pertinent morphometric data for
the acinar airways of the mouse lung, a scaled-down
version of the asymmetric model of the rat acinar region
(Koblinger et al, 1995) was used, assuming structural,
though not dimensional, similarity. For the calculation of
inhaled particle deposition in the mouse lung, bronchial
and acinar airway diameters and lengths were scaled
down to a functional residual capacity (FRC) of 0.5 cm3.
Due to the monopodial airway structure, the number of
bronchial airway generations ranges from 5 to 34, with a
mean of 13.8, and that of acinar airway generations from
2 to 22, with a mean of 6.1.
For the calculation of inhalability and nasal
deposition, the semi-empirical equations proposed by
Asgharian et al. (2014) were applied. Deposition in
bronchial and acinar airways was computed with the
stochastic IDEAL deposition model specifically
developed for the rat lung (Koblinger and Hofmann,
1995). Default breathing parameters were: tidal volume
VT = 0.2 cm3, and breathing frequency f = 300 min-1.
Regional, i.e. extrathoracic (ET), tracheobronchial (TB) and acinar (A), deposition fractions of
inhaled unit density particles with diameters ranging
from 10 nm to 10 µm are plotted in Figure 1. While total
deposition of submicron particles exhibits the wellknown U-shape, the effect of inhalability, which is also
shown in this figure, significantly reduces deposition of
micrometer-sized particles. Because of nasal prefiltration, particles with diameters greater than about 3
µm can hardly reach the deep lung. Thus the use of the
mouse model for health effects studies with these larger
particles is only possible with endotracheal aerosol
delivery.
The distribution of deposition fractions among
lung airway generations of 0.01, 0.1 and 1 µm diameter
particles, i.e. particles which can reach the lungs, are
shown in Figure 2. Deposition fractions exhibit
significant peaks in central bronchial and bronchiolar
airway generations, with almost no deposition in the
most distant acinar airways. This apparent decrease of
deposition fractions in the peripheral airways is caused

0.02

0.01

0.00
10

20

30

Generation number

Figure 2. Deposition fractions of 0.01, 0.1 and 1 µm unit
density particles as a function of airway generation
number.
Supported by Vectura GmbH, M4 project T14.
Asgharian, B., Price, O.T., Oldham, et al (2014) Inhal.
Toxicol. 26, 829-842.
Koblinger, L., Hofmann, W., Graham, R.C. and Mercer,
R.R. (1995). J. Aerosol Med. 8, 7-19.
Koblinger, L. and Hofmann, W. (1995). J. Aerosol Med.
8, 21-32.
Madl, P., Hofmann, W., Oldham, M.J. and Asgharian, B.
(2010) Anat. Rec. 293, 1766-1775.
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Toll like receptor mediated proinflammatory response to environmental respirable
aerosol (carbon nanoparticles) in primary bronchial epithelial cells.
1

1

2
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Swapna Upadhyay , Jie Ji , Koustav Ganguly , Per Gerde , and Lena Palmberg .
1: Institute of Environmental Medicine, Lung and Airway Research, Karolinska Institute, Box 210,
SE-171 77 Stockholm, Sweden.
2: SRM Research Institute, SRM University, Chennai, 603203 India
3: Inhalation Sciences Sweden AB, Stockholm, Sweden

Abstract: Humans are exposed to a diverse set of airborne antigens and toxins thereby
requiring selective, rapid appropriate immune and inflammatory response to aerosols.
Chronic lung diseases (CLDs) like asthma and chronic obstructive pulmonary disease
(COPD) involve innate and adaptive immune responses as well as proinflammatory,
inflammatory and anti-inflammatory reactions. Members of toll like receptor (TLR) family
initiate both innate and adaptive immune responses following their binding of pathogenassociated

molecular

patterns

(PAMPs)

such

as

lipopolysaccharides

(LPS)

and

peptidoglycans (PGN) in a highly specific manner. Thus, TLRs are currently exploited as
targets for asthma and COPD drug development. Cellular expression of TLRs in the airway
epithelial cells is influenced by the microenvironment (pre-existing complication in respiratory
system), exposure scenarios and also in response to host defense molecules like reactive
oxygen species (ROS). TLRs 1-5 and 9 are expressed in the human airway epithelium. TLR2
and TLR4 are the principal receptors involved in the recognition of various pathogens and
activated in response to host molecules like ROS. Variations in TLR9 has important clinical
relevance as explained by the variation of TLR response pattern among healthy, asthmatic,
smokers with COPD, and smokers without COPD under the same exposure conditions.
Accumulating evidence has elevated the concern on the contribution of particulate matter
(PM) and ambient particle mixture (combustion derived, diesel exhaust, carbon
nanoparticles) for the development of CLDs. It has been demonstrated that fine particles
such as PM2.5 (<2.5 µm) induce CLDs among susceptible individuals. Revolution of
nanotechnology and wide usage in every sphere of life resulted in nanoparticle exposure as
an emerging health risk. Exposure studies in animals as well as humans with ambient dust,
ultrafine carbon black particles or carbon nanoparticles (CNP) detected both pulmonary and
systemic inflammation. Therefore, in the present study we sought to investigate the TLR
mediated response and proinflammaory reaction on primary bronchial epithelial cells (PBEC)
following CNP exposure (5ug/ml). To pursue this we are screening the transcript expression
levels of 84 TLR pathway genes using RT2 Profiler PCR-array (Qiagen # PAHS-018Z).
Preliminary results have shown increased (≥2 fold) transcript levels of 26 TLR- pathway
genes and decreased (≥2 fold) transcript levels of 12 TLR-pathway genes. Based on our
initial findings we aim to perform specific mechanistic studies using PBECs cultured in the
physiologically relevant air liquid interface (ALI)-3D model following aerosolized CNP
exposure using the high precision PreciseInhale System.
Acknowledgement: SU: European Respiratory Society--LTRF-2014-3567
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Effects of cerium oxide nanoparticle aerosol on human lung cells
exposed at the Air-Liquid-Interface
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Most in vitro studies on aerosol health effects rely on
submerged exposure of collected particulate matter,
suspended in the medium. However this method does
not represent the actual process in the human lung. It
even changes the properties of the investigated
aerosol. Particle exposure at the air-liquid interface
can eliminate these disadvantages, but requires a wellengineered system to guarantee reproducible
conditions (Paur et al., 2011).
Therefore, an advanced automated system for
the exposure of cells to nanomaterial aerosols at the
air-liquid interface was developed by KIT and
VITROCELL Systems (Mülhopt et al., 2016).
Airborne nanoparticles pass a size selective inlet and
a conditioning reactor for flow-, temperature- and
humidity-control before they are applied to the cells.
The deposited particle mass is monitored by a quartz
microbalance. The particle dose can be enhanced by
an electrostatic field. An internal negative control
using humidified synthetic air is implemented. A
standard exposure protocol is executed automatically
and all settings are controlled and the data are logged.
Aerosols of cerium oxide nanoparticles and
two variants doped with zirconium oxide (provided by
the NanoMILE consortium) were investigated. CeO2
was chosen due to the fact that it can cycle between
two redox states, Ce3+ and Ce4+, which endows this
nanomaterial with catalytic properties, and suggest a
mechanism of activity based on oxidative stress.
Doping with Zr was used to alter the redox activity.
The use of CeO2 nanoparticles in vehicle catalysts
makes it relevant for exposure via inhalation.
For the ALI exposure a suspension of CeO2
nanoparticles (primary particle size 20 nm) was
aerosolized according the VDI guideline 3491 using a
two phase nozzle with clean air. The dried aerosol was
guided into the conditioning reactor and the particle
size distribution was determined by Scanning
Mobility Particle Sizer (Figure 1). A549 human cells
were exposed to the aerosol for 4 hours and analyzed
for viability and release of cytokines.

Figure 1. Number size distributions of different
cerium oxide nanoparticles measured in the aerosol
conditioning reactor of the VITROCELL Automated
Exposure Station.
All CeO2 variants slightly enhanced LDH
release after 4h exposure to a high dose but did not
induce IL-8 release after 24 submerged postincubation. We observed no differences between the
CeO2 variants with respect to their toxic properties.
The authors acknowledge support from the European
Commission’s 7th Framework Programme project
NanoMILE (Contract No. NMP4-LA-2013-310451).
Paur, H.-R., Cassee, F.R., Teeguarden, J., Fissan, H.,
Diabate, S., Aufderheide, M., Kreyling, W.G.,
Hänninen, O., Kasper, G., Riediker, M., RothenRutishauser, B., & Schmid, O. (2011). Journal of
Aerosol Science, 42, 668-692.
Mülhopt, S., Dilger, M., Diabaté, S., Schlager, C.,
Krebs, T., Zimmermann, R., Buters, J., Oeder, S.,
Wäscher, T., Weiss, C., & Paur, H.-R. (2016).
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Development and validation of an inhalation system suitable for rodent exposure to
carbon nanotubes
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Due to their physical and chemical properties, carbon
nanotubes (CNTs) are among the most promising
nanomaterials in terms of industrial use. The number of
workers potentially exposed is increasing while the
toxicological effects of these compounds have not been
fully characterized yet. In order to assess their
toxicological
properties,
inhalation
experiments
performed on laboratory rodents remain the most
suitable and reliable approach.
In addition, there is an important need for
harmonizing the procedures for aerosol characterization
in inhalation toxicological studies.
In this framework, INRS has designed an
experimental facility which meets the highest
requirements for animal testing in terms of protection of
operators against risks associated with nanoparticles and
biohazard. Named NanoTIREx for Nanomaterial
Toxicology Inhalation system for Rodent Exposure, this
system has been designed according to OECD guidelines
(OECD, 2009) for the testing of chemicals and is mainly
composed of an aerosol generation system and inhalation
towers for nose-only exposure (Cosnier et al., 2014). For
the studies on CNTs, exposure capability was around 60
rats: 30 nanomaterials exposed rats and 30 control rats.
Aerosols were produced by an acoustic generator
(McKinney et al., 2009), placed under a laminar flow
fume hood. Prior to animal exposure, aerosol was
conditioned at 22±2 °C and relative humidity 55±10%
by diluting it with air which had passed through a
packed-tower humidifier. The integrated control of the
exposure conditions (flow rates, temperature, RH,
relative pressure, etc.) was managed and recorded using
a dedicated software.
Aerosol monitoring and characterization were
performed directly on the inhalation towers using a
sampling probe fitting the conical portion of the
restraining tubes. Aerosol monitoring and in-depth
characterization were ensured by real-time devices
(condensation particle counter, optical particle sizer,
scanning mobility particle sizer, aerodynamic particle
sizer and electrical low pressure impactor) and samples
taken for off-line analyses (gravimetric analysis, mass
size distribution from cascade impactor, TEM
observations).
Sub-acute inhalation experiments (2×3 hours/day, 5
days/week for 4 weeks) have been performed in female
Sprague Dawley rats with two CNTs: the “long and
thick” NM401 and the “short and thin” NM403. Two
levels of mass concentration were tested for both CNTs:
0.5 and 1.5 mg.m-3.

Actual average aerosol mass concentrations (±SD)
measured over the month-exposure were 0.53 ± 0.08
mg.m-3 and 1.48 ± 0.21 mg.m-3 for NM401; 0.50 ± 0.14
mg.m-3 and 1.50 ± 0.48 mg.m-3 for NM403 (based on
two samplings per day). Besides, the total number
concentrations as measured by a CPC (TSI, model 3007)
presented relative variations below 20 %.
The aerosols produced for both concentrations from
NM401 were found to present identical relative mass and
number size distributions, for which modal diameters of
0.9 and 0.25 µm (Figure 1) were measured, respectively.
In-depth characterization of NM403 aerosols is ongoing.

Figure 1. Number size distributions measured by SMPS
and APS.
Another originality of our work relies in the
estimation of the fraction deposited in the respiratory
tract based on the fine characterization of the aerosol
performed and the use of the Multiple-Path Particle
Dosimetry Model (MPPD).
This work is supported by the European Commission
through the 7th Framework Project (NanoReg project,
Grant agreement n° 310584).
Cosnier, F., Bau, S., Brochard, C., Grossmann, S.,
Nunge, H., Payet, R., Michaux, S., Witschger, O.,
Chalansonnet, M. and Gaté, L. (2014). Proceedings
of the International Conference on Safe production
and use of nanomaterials, Nanosafe 2014.
McKinney, W., Chen, B., and Frazer, D. (2009). Inhal.
Toxicol., 21, 1053-61.
OECD (2009). OECD Guideline for the testing of
Chemical, 412.

Generation and Monitoring of Laser Printer Aerosols for an in-vivo Exposure Study
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Laser printers (LP) emit - besides volatile organic
compounds - ultrafine particles (UFP) at rather high rates
but only negligible amounts of fine particles (FP),
Barthel et al (2013). Since many years health problems
in conjunction with the use of these ubiquitous office
machines have been repeatedly reported, e.g. Pirela et al
(2014). Cause-and-effect relation between LP particle
emissions and reported specific medical conditions could
neither be established nor completely ruled out by field
studies, e.g. in copy shops or by in-vitro investigations.
This motivated to perform the first human in-vivo-study
worldwide on possible acute health effects of the
exposure of probands to UFP emissions from LP, Seeger
et al (2014).
For the study 23 healthy control individuals, 14
individuals with mild asthma and 15 individuals who
reported discomfort when working with LP were
carefully selected from a group of candidates. All
volunteers were exposed in a 32 m³ test chamber on two
different days in random order to an exaggerated particle
number concentration of UFP, generated by preselected
laser printers (HLE, high level exposures) and to a
typical low indoor background concentration of UFP and
FP without any measurable contribution from laser
printers (LLE, low level exposures), adding to a total of
104 exposure sessions. During the sessions the subjects
intentionally had the visual and acoustical impression of
LP activity but they did neither know the particle
exposure level in advance nor were able to realize it
during the sessions. An exposure period of at least 75
minutes was necessary to let the probands work through
several tests. Medical effects from HLE and LLE on the
volunteers were recorded and compared using
functional, biochemical and psychological methods.
They covered as many of the complaints as possible
which are typically reported by affected persons and can
be tested by quantities that can be tested objectively. The
medical tests comprised pre- and post-exposure
examinations of the study subjects.
For HLE two laser printers with very high UFP
emission and known size distributions and chemical
compositions were used. A printing procedure was
devolved in order to achieve a repeatable and easily
describable particle exposure in the test chamber. It
turned out that alternating printing of several pages with
a monocolor test pattern was appropriate to quickly
achieve and maintain a high and uniform concentration
over 60 minutes without opening the chamber and paper
reloading. A plateau of 105 particles per cm3 in total
number concentration could be maintained after a steep

initial rise. The plateau was nicely reproducible with a
COV of less than 10%. This was verified by monitoring
the aerosol in each session with a FMPS (Fast Mobility
Particle Sizer, TSI 3091) and an OPC (Optical Particle
Counter, Grimm 1.108) covering a particle size range
between 5.6 nm and 20 µm. Two extremely low-emitting
laser printers were used in the same way for LLE. The
probands had the same acoustic and visual impression of
printer activity but the low background FP concentration
(~ 7,000 per cm3) was practically unchanged. The high
reproducibility of HLE and LLE sessions was a
prerequisite to obtain meaningful results in the medical
tests.
Summarizing the findings, the medical tests do
not suggest from a clinical perspective that high particle
loads from LP emissions cause a disease process in the
way that corresponds to the spectrum of reported
diseases attributed to LP. Since the study reflects a shortterm scenario, only limited conclusions are possible with
long-term exposures.

Figure 1. Typical particle concentration process during a
HLE in the exposure chamber
This work was supported by the DGUV (German Social
Accident Insurance) under grant FF-FP0294A.
Barthel, M., Seeger, S., Rothhardt, M., Wilke, O., Horn,
W., Juritsch, E., Hahn, O., Jann, O. (2013) UBA
Texte, 74, UBA German Environment Agency,
https://www.umweltbundesamt.de/en/publikationen/
measurement-of-fine-ultrafine-particles-from-office
Seeger, S., Langner, J., M. Ehret, M., Herbig, B., Jörres,
R., Karrasch, S., Nowak, D. and Schierl, R. (2014)
Final Report FF-FP0294A, DGUV, German
statutory accident insurance, http://www.dguv.de/
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Reproducible aerosol generation for mass balance studies and
dosimetry investigation with low particle masses
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The size distributions dN/dlog(dp) were
evaluated regarding the modal value xM, the total
number concentration cN and the geometric standard
deviation σg in dependence of the parameters of the
two phase nozzle. With varying the pressure of the air
and the opening angle of the nozzle cap (parameter K)
to spray the suspension modal values in the range of
30 up to 140 nm could be generated (Figure 1). It
offers the possibility to generate different model
aerosols in the nanometer range for dosimetry studies.
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Many aerosol systems are nowadays driven
with nanoparticles to investigate different aspects of
them especially the biological responses. To
characterize those systems it is important to know
where
particles,
whether
intentionally
or
unintentionally, are deposited and in the case of
toxicological studies to exactly determine the relevant
in vitro dose. Exposing human lung cells in an
Exposure System at the Air Liquid Interface (ALI)
only some percent of the particles deposit on the cell
culture surface (Mülhopt et al., 2016). Due to their low
mass and the complex geometry of the systems,
measurement methods often reach their limitations.
For this purpose a highly fluorescent aerosol can be
used as also masses of some ng are detectable
(Mülhopt et al., 2008).
Standard procedures for generation of
calibration aerosols are published by VDI in guideline
3491 (Verein Deutscher Ingenieure, 2015). With
respect to the descripted reactor for generation of dry
latex particles, a reactor is set up and used to spray an
aqueous solution of fluorescein sodium into the drying
zone. For generating the spray a two phase nozzle is
used (Schlick, Germany) with pressurized dry air. The
two phase nozzle can be varied in their parameters
regarding the flow rate of liquid, the air pressure and
the opening angle of the cap. These parameters were
investigated with respect to the stability of the
generated aerosol which is characterized by its number
size distribution determined by Scanning Mobility
Particle Sizer (TSI GmbH, Aachen, Germany).

transwell membrane
transwell wall
aerosol inlet

30
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Figure 2. Deposited fluorescein sodium particle
masses on different relevant surfaces in an ALI
exposure chamber with respect to the deposition
mechanism: without HV = diffusional deposition,
with HV = electrostatic deposition
Figure 2 shows the distribution of particle
masses on the inlet surface and the wall of a Transwell
Membrane insert in relation to the relevant surface
which is the membrane usually containing the cell
culture. With this highly fluorescent aerosol
instruments like the ALI exposure chamber can be
investigated with respect to their particle deposition
behaviour and the relevant in vitro dose at the ALI.
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Figure 1 Modal value xM of fluorescein sodium salt
particles in dependence of two phase nozzle
parameters pressure p and cap position K
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Epidemiological studies have linked urban aerosol levels
with mortality and hospital admissions due to respiratory
and cardiovascular disease. It is often hypothesised that
these negative health effects could be due to particlebound reactive oxygen species (ROS) or particle-induced
formation of ROS, and subsequent oxidative stress of
lung cells. ROS are defined as including families of
oxygen-centred or -related free radicals (HO., HOO. or
ROO.), ions (HOO-) and molecules (H2O2, organic and
inorganic peroxides).
Established methods to quantify ROS mostly rely
on particles being collected on filters or impactors,
followed by subsequent extraction steps and chemical
analysis. These procedures are labour intensive and have
poor time resolution. In addition, a long delay between
collection of particle-bound ROS and their analysis
might underestimate true total ROS concentrations
because many ROS components are highly reactive and
thus short-lived. To overcome these limitations, we
developed a technique to allow on-line, continuous
measurement of particle-bound ROS using the
fluorescence probe 2’7’-dichlorofluorescein (DCFH), in
conjunction with catalytic enzyme horseradish
peroxidase (HRP), via fluorescence spectroscopy (Fuller,
2014).
In this study we describe the design and
characterisation of a portable instrument using the
DCFH/HRP reaction system to quantify ROS. The new
instrument allows for an automated, unattended
operation of about 15 hours. Though this operation time
is extended if an operator is present.
In our instrument, ambient air is drawn into the
instrument at 5 l/min through the aerosol conditioning
unit, which consists of a stainless steel cyclone (2.5 µm
cut-off) and an activated-charcoal denuder to remove
any oxidizing gases such as ozone or organics. After the
charcoal denuder the aerosol particles enter the custombuilt particle collector. The particle collector allows
extracting soluble components of aerosol under mild
room temperature conditions and within seconds of
entering the particle collector. Should water soluble ROS
not be extracted at the initial spray-formation stage, they
will further come into contact with the HRP solution on
the filter stage within the particle collector. After the
particle collector, the ROS extract/HRP solution is
combined with the DCFH solution in a continuous liquid
flow reaction system and the DCF fluorescent intensity
is detected spectroscopically to quantify ROS.
Calibration of our new instrument was achieved
using known concentrations of ROS model hydrogen

peroxide (H2O2). The response of a range of other
organic peroxides and oxidizing aerosol components
were tested to characterize their response to the
DCFH/HRP assay.
The long-term stability of the instrument,
essential to perform ambient measurements, was
evaluated using a flow tube where secondary organic
aerosol was generated at constant concentrations. We
show that the instrument could be operated over many
hours with only minimal maintenance.
The detection limit of the instrument is about
3 nM [H2O2] equivalents/m3 air, which is suitable for
ambient studies at polluted urban sites. A high time
resolution of about 10 min allows tracking fast changes
in atmospheric conditions e.g. changes in meteorological
conditions or traffic pattern.
The new instrument was tested at a roadside air
monitoring station in London (Marylebone Road) and
ROS concentrations of about 4 to 30 nM [H2O2]
equivalents/m3 air were detected and ROS
concentrations correlated reasonably well with total
PM2.5 concentrations in the range of 5 to 25µg/m3.
This work was supported by ERC grant 279405.
Fuller, S. J. et al. (2014) Atmos. Environ. 92, 97-103.
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Nanoparticle Delivery to Living Cells Supported by Thermophoresis
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Thermophoresis is the motion of particles towards the
colder region of a gas in presence of a temperature
gradient. This effect is utilized by thermal precipitators
that comprise two parallel plates of different
temperatures to collect nanoparticles located in between
the plates on the colder side. We have developed a
thermal precipitator that is able to deposit nanoparticles
onto living cells, called the Cyto-TP (Broßell et al.,
2013). The first prototype placed cell monolayers at the
air-liquid interface on the cold plate to allow deposition
of aerosols. We showed in a proof-of-concept study, that
in presence of a temperature gradient, the deposition
efficiency scaled with the intensity of the temperature
gradient and was enhanced, compared to when the
temperature gradient was absent.
In this work, we show the next step in the
development process of the Cyto-TP - the
implementation of thermal precipitation in the Vitrocell
6/3 CF, a commercial air-liquid interface exposure
module. This exposure module comprises a bell-shaped
aerosol inlet placed circa one millimetre above the cell
monolayer. With volume flow rates in the range of
ml/min, nanoparticles can deposit on the cells via
diffusion. However, the deposition efficiency for
nanoparticles is usually very low. The deposition
efficiency can be enhanced by increasing the particle
size with droplet formation, enabling the deposition of
the nanoparticles via impaction and gravitational settling
of the droplets on the cells (Kim et al., 2013).
Thermal precipitation was enabled by mounting a
metallic grid on the exit of the aerosol inlet, which can
be heated up. Figure 1 shows a layout the basic concept.
The temperature gradient is established from the cell
monolayer to the grid at the exit of the inlet. The blue
arrows show the flow direction and the black arrows
show an approximation of the particle trajectories.
With a temperature gradient established between the
cell monolayer (37°C) and the slightly warmer grid
(40-42°C), A549 cells at the air-liquid interface were
exposed to dry aerosols made of barium sulphate
(BaSO4) or cerium dioxide (CeO2) nanoparticles. After
exposure, the deposition efficiencies on selected samples
were determined and compared to results from exposures
in which the temperature gradient was absent.
Dose-response relationships were investigated for
both nanomaterials. The dose was expressed in number-,
surface- and mass-based metrics, whereas the response
was characterized by determining cytotoxicity, cytokine
release and production of reactive oxygen species
(ROS).

Figure 1: Thermophoresis driven deposition of particles in an
insert of the Vitrocell 6/3 CF exposure module.

Broßell et al., (2013), Journal of Aerosol Science, 63:7586.
Kim et al., (2013), Toxicol. In Vitro, 27(1): 164–173
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Characterization of Aeroneb vibrating mesh nebulizers and implications for ALICE-Cloud
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Vibrating mesh nebulizers are becoming increasingly
more prevalent in toxicological, pharmaceutical and
clinical settings. Their high aerosol mass output rates (up
to 1 ml/min) at droplet size distributions relevant for
pulmonary drug delivery combined with air-less
operation (no air flow required) makes them ideal for
many applications. In spite of their wide-spread use there
is a lack of performance characterization for vibrating
mesh nebulizers. In this study the performance of sixteen
Aeroneb vibrating mesh nebulizers (Aerogen Inc.) has
been characterized and the impact of varying Aeroneb
performance parameters on the ALICE-Cloud
technology (Lenz et al., 2014) for aerosolized delivery of
liquid substances to air-liquid interface cell cultures has
been investigated.
The investigated sixteen Aeroneb nebulizers
belong to three different models: Aeroneb Pro (n=12),
Lab Standard (1) and Lab Small (3). Phosphate buffered
saline (PBS) is nebulized with each of the investigated
nebulizers and the aerosol mass output rate was
determined by measurement of the required time for
nebulization of a known amount of liquid. The particle
number size distribution is measured with a single
particle light scattering spectrometer (INAS, Palas) using
ionic liquid droplets produced by nebulization and
subsequent drying of 1:50 ionic liquid (IL-0007IoLiTec). The number size distribution of the droplets
was converted into volume size distribution assuming
spherical droplet shape. Droplet size was also
characterized by laser diffraction (HELOS, Sympatec),
one of the standard sizing techniques for medical
nebulizers. The speed of the aerosol cloud emitted by the
nebulizers is measured for the first time with a
specifically designed optically triggered stop watch
consisting of two light gates separated by a known
distance.
The nebulizer output rates varied between 0.30
and 0.80 ml/min. For ten of the sixteen nebulizers the
volume median diameter (VMD) of the droplet size
distribution varied between 3.7 and 6.8 µm (Figure 1).
There was good agreement (within 15%, R2 = 0.95)
between the VMD determined by single particle light
scattering and laser diffraction (Figure 1). The VMD of
one of the investigated Aeroneb nebulizers was outside
the manufacturer specified range (5.1 µm instead of
4.0 µm for Aeroneb Lab Small). There was only a weak
correlation between aerosol output rate and VMD (R2 =
0.27). The speed of the emitted aerosol cloud was about
4.0 m/s, independent of Aeroneb model. Only one of the

investigated nebulizers had a somewhat higher cloud
speed of 5.0 m/s.

Figure 1. Scatter plot of volume median diameter
(VMD) of droplet size distribution measured by laser
diffraction or by single particle light scattering.
Finally, the impact of the nebulizer characteristics
on the performance of the ALICE-CLOUD technology
(VITROCELL-CLOUD 12/9, VITROCELL Systems)
for
dose-controlled
aerosol-cell
delivery
was
investigated. Only the aerosol output rate showed a
statistically significant effect resulting in moderately
reduced ALICE-Cloud performance with respect to
aerosol-cell delivery efficiency and uniformity of aerosol
deposition for nebulizer output rates above 0.45 ml/min.
In summary, the manufacturer specifications for
the aerosol output rate and droplet size of Aeroneb
vibrating mesh nebulizers could be confirmed. For the
first time, the speed of the emitted aerosol cloud was
determined and found to be 4.0 -5.0 m/s. Moreover, the
observed inter-device variability of Aeroneb output has a
moderate effect on aerosol-cell delivery characteristics
of the ALICE-Cloud technology.
Acknowledgement: We thank U. Schuschnig and T.
Selzer, Pari Pharma GmbH, Gräfelfing, Germany, for
aerosol size measurements using laser diffraction.
Lenz, A.-G., Stoeger, T., Cei, D., Schmidmeir, M.,
Semren, N., Burgstaller, G., Lentner, B., Eickelberg,
O., Meiners, S., Schmid O., Am. J. Resp. Cell Mol.
Biol., 51, 526–535, 2014.
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Is there any synergy in the observed health effects due to exposure to particles and
noise? Results from DINO study - controlled chamber exposure
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In urban environment exposure to airborne particles and
noise coincide due to the same source – traffic.
Epidemiological evidence shows that particulate air
pollution as well as noise are important risk factors for
cardiovascular diseases. A few studies combine particles
and noise exposure when studying observed health
effects. Mechanisms behind the observed health effects
and possible synergistic effects are not fully understood.
The overall aims of the DINO study (“Health
effects of combined exposure to diesel and noise”) was
to determine influence of combined exposure to diesel
exhaust (DE) particles and traffic noise on measurable
human physiological response in order to understand the
mechanisms behind observed health effects and to
determine if combined exposure to DE and traffic noise
can have synergistic effect on human health.
Eighteen test subjects were exposed to four
different conditions: 1) Reference exposure (R): filtered
air with low particle concentration (~2 g m-3) and low
traffic noise (46 dB(A)), 2) Diesel exposure (D): high
particle concentration (~300 g m-3) and low traffic
noise, 3) Noise exposure (N): low particle concentration
and high traffic noise (75 dB(A)), 4) Diesel and noise
exposure (DN): high particle concentration and high
traffic noise. Exposure took place in a 22 m3 stainless
steel chamber, three test subjects stayed in the chamber
at each session (Wierzbicka et al., 2015)
The diesel exhaust was generated by an idling
Volkswagen Passat (1998) placed outside the laboratory.
Diesel exhaust was diluted in a specifically designed two
stage system. Detailed characterisations of both particle
and gas phase were carried out. Particles were
characterised by means of mass concentration (TEOM,
model 1400a, R&P Inc.), number concentration and size
distribution (SMPS 3934 TSI Inc. USA), effective
density (DMA-APM system), particulate PAH and
organic and elemental carbon analysis and electron
microscopy images. Concentrations of the following
gases were monitored on-line: CO, CO2, NO, NO2. Gas
phase concentrations of VOC, PAH, benzene, 1.3butadiene, formaldehyde and acetaldehyde were

determined via off lines methods (Wierzbicka et al,
2015).
Peak expiratory flow measurement for lung
function assessment were conducted before, during and
after the exposure. Before and after each exposure as
well as in the morning the day after exposure samples of
venous blood were taken for analysis of markers of
oxidative stress, inflammation and DNA damage.
Short-term exposure to DE at ~300 µg/m3 caused
temporary decline in peak expiratory flow in healthy
subjects and the increase in leukocyte cell counts in
peripheral blood indicated a systemic inflammatory
responses (Xu et al., 2013). After DE exposure gene
expression markers of inflammation, (interleukin-8 and
tumor necrosis factor), oxidative stress (heme oxygenase
(decycling-1)) and DNA repair (8-oxoguanine DNA
glycosylase (OGG1)) were unaltered in peripheral blood
mononuclear cells (PBMCs). No significant differences
in DNA damage levels, measured by the comet assay,
were observed after DE exposure, whereas exposure to
high noise levels was associated with significantly
increased levels of hOGG1-sensitive sites in PBMCs
(Hemmingsen et al, 2015).
In this study, among the analyzed results and
presented above, a synergistic effect due to combined
exposure to particles and noise was not observed.
This study was financed by the Swedish Research
Council FORMAS.

Hemmingsen
et.
al.,
2015.
Mutation
Research/Fundamental
and
Molecular
Mechanisms of Mutagenesis, 775, 66-71
Wierzbicka et al., 2014. Atmospheric Environment,
86, 212-219
Xu et. al., 2013. Particle and Fiber Toxicology,
10:60
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Gas-phase fabrication of biomedical nanomaterials for theranostics
Georgios A. Sotiriou
Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet,
Solna, 171 76 Stockholm, Sweden.
Keywords: aerosol, flame synthesis, plasmonic, superparamagnetic, biosensor.
Presenting author email: georgios.sotiriou@ki.se
Nanoscale materials show great potential in the
biomedical field as they can serve as superior
bioimaging contrast agents, diagnostic and therapeutic
tools. The small size of nanoparticles allows for: (i) their
facile interaction with similarly-sized biological entities
such as proteins and viruses or larger ones such as cells,
and (ii) their integration in multi-scale systems (Teleki et
al., 2016) for the efficient diagnosis (biosensors) and
therapeutic intervention of diseases. A key element for
the successful implementation of nanoscale materials in
clinical applications is multi-functionality (Sotiriou,
2013). Here, I will showcase a few examples of how
nanoscale materials made by high-temperature gas-phase
aerosol processes may be employed to tackle specific
medical problems spanning from diagnosis (as
biosensors) to potential therapeutic interventions. A
specific focus will be placed on the potential of surface
functionalization (Sotiriou et al., 2016) with
biomolecules (e.g. proteins, antibodies) of such
nanomaterials in order to target specific sites/organs in
vivo.
For example, plasmonic (e.g. Ag, Au)
nanoparticles may be combined with a magnetic material
(Fe2O3) and in-situ coated with a nanothin layer of
amorphous SiO2 forming, therefore, hybrid nanoparticles
(Sotiriou et al., 2011). Such hybrid nanoparticles can
also be detected by magnetic resonance imaging (MRI),
with which small magnetic nanoparticles can be used as
contrast agents. Furthermore, the hermetic SiO2 coating
on the surface of such nanoparticles facilitates their
aqueous dispersion and surface bio-functionalization
(Sotiriou et al., 2010) and further prevents their magnetic
particle-particle interaction and flocculation (Sotiriou et
al., 2011). Furthermore, by finely tuning the plasmonic
interparticle distance using the SiO2 film thickness (or
content) the plasmonic coupling can be finely controlled
bringing their optical absorption to the near-IR that is
most important for human tissue transmittance (Sotiriou
et al., 2014). Their effectiveness as photo-thermal agents
is demonstrated by killing human breast cancer cells
with a short, four minute near-IR laser irradiation (785
nm) at low flux (4.9 W cm-2).
Figure 1 shows the optical absorption spectra of
SiO2-coated Au/Fe2O3 nano-aggregates for various
average interparticle distances x (twice the SiO2 shell
thickness). An interparticle plasmonic coupling occurs
that broadens the spectra, which becomes stronger as x
decreases. The spectra at 550 nm demonstrate that for
thicker coatings, the Au nanoaggregates behave like
single, non- interacting Au nanospheres. The spectra at

785 nm indicate that thinly coated Au nanoparticles in a
highly aggregated state are most attractive for the
photothermal treatment of cancer cells.
Furthermore, the small size of nanoparticles gives
them ultra-high surface-to-volume ratios, that is often
important for biosensing specific biomolecules (e.g.
proteins). We show also here how we can engineer the
nanoparticle size during their flame synthesis in order to
maximize their biosensing performance.

0 1.4 2.8 5.2 11.8 nm = x

x

N-IR
Au

Fe2O3
SiO2

Interparticle
distance x
0 nm
1.4 nm
x

2.8 nm
5.2 nm
11.8 nm
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Drug delivery by aerosol is one of the most powerful
tools used to treat lung diseases and also nasal cavity
inflammations and infections. Drug delivery through the
nose presents the advantage of targeting the zones of
interest, thus allowing direct treatment and avoidance of
the first-pass metabolism.
Improving the efficiency of nasal nebulizers
consists of optimizing deposition in specific anatomical
regions. The aim of this work was to study the influence
of the particle size and the air flow rate during inhalation
and exhalation process on nasal aerosol deposition.
In order to carry out this cartography, a nasal cast
model was built from epoxy plastic based on CT-scans
from a plastinated human head model (Durand et al,
2001). The nasal cast was dismantled in 4 parts and
aerosol deposition was measured in different anatomical
regions of the nasal cavity.
Aerosol was generated during 5 to 10 min using 3
different types of jet nebulizers loaded with fluorescein
solution.
During the inhalation process, the nebulizer was
connected to one nostril, while the second nostril was
closed. A vacuum pump connected to an airflow meter
was then connected to the nasopharynx through a filter
to generate the inhalation flow rate. The tested flow rates
and MMAD (mass median aerodynamic diameter) were
2; 7 and 15 L/min and 2 µm, 4.5 µm and 9.5 µm
respectively.
During the exhalation process, a compressed air
bottle connected to a humidifier and to a heater was used
to achieve the exhalation flow rate via a T-piece
connected to the nasopharynx. The nebulizer was
connected to the model through the third entry of the Tpiece. A nasal plug collected the non-deposited aerosols
on a filter. The tested flow rates and MMAD were 2; 15
and 90 L/min and 1.1, 4.7 and 9.8 µm respectively.
Finally, fluorescein marker was used as a tracer and the
deposited concentration was deduced by measuring the
absorbance with a spectrophotometer. Particle size
penetrating into the maxillary sinuses was measured
using a low flow cascade impactor.
A statistical study allowed the evaluation of the
values allowing the maximum deposition in each nasal
zone. Aerosol deposition distribution during inhalation
and exhalation were found to be different. During
inhalation, a maximal deposition was obtained in the
nose and the nasal valve for the higher MMAD (9.5 µm)
and lower flow rate (2 l/min). While during exhalation

higher MMAD and flow rates (9.8µm and 90l/min) are
recommended for a maximal nasal cavity deposition.
The maximum deposition in the turbinates region was
obtained for higher flow rates and MMAD during
inhalation and exhalation. Finally the deposition in the
sinus and ethmoids could not be predicted by using flow
rate and particle size. The particle size penetrating into
the maxillary sinuses of the nasal cast model had a
constant 2µm MMAD size, whatever the flow rate.

Figure 1 : Deposited mass in the nasal cast during
exhalation

This work was supported by DTF Medical and Aptar
Pharma.
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Figure 1. CAD-model of the MIP®, length = 250 mm,
nozzle head diameter = 15 mm, nozzle head orifice
diameter = 0.2 mm.

240

24.00
q₃* (PSD₃)

q₀* (PSD₀)
180

18.00

120

12.00

60

6.00

0

Performed in-vivo animal experiments by tissue
penetration depth measurements (Khosrawipour et al.,
2015) have shown that the local drug distribution is not
as homogenous as predicted previously (Solass et al.,
2012) and that can be explained by unsuitable aerosol
properties. Based on the lack of knowledge regarding the
operating principle of the MIP® and the corresponding
aerosol characteristics ex-vivo granulometric analyses on
the performance of the MIP® were performed by means
of laser diffraction spectrometry (HELOS/KR-H2487,
Sympatec GmbH, Germany). The conclusions based on
laser diffraction spectrometry regarding the droplet
deposition were verified by additional gravimetric
analyses.
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Results show, that the aerosol generation process
consists of an initiation phase, a steady state phase and a
shutdown phase whose duration strongly depend on the
adjusted liquid flow rate. At standard operation
conditions in steady state phase, the MIP® provides a
bimodal aerosol (see Fig. 2) with volume-weighted
median droplet diameter of x50,3 = 25 µm. Considerations
regarding the deposition mechanisms lead to fact that
more than 97.5 vol.-% of the supplied chemotherapeutic
solution directly deposits in spray direction with the
peritoneum due to gravitational settling and inertial
impaction, whereas less than 2.5 vol.-% of the supplied
solution forms an aerosol cloud that can reach lateral and
upper regions within the capnoperitoneum.

transformed distribution density,
weighted by volume q3* [-]

Pressurized IntraPeritoneal Aerosol Chemotherapy
(PIPAC) is a new approach for the treatment of peritoneal carcinomatosis (Solass et al., 2012). During PIPAC,
the chemotherapeutic solution is delivered as an aerosol,
which is generated within the capnoperitoneum by an
approved single fluid nozzle (Fig. 1) called micro injecttion pump (MIP®, Reger Medizintechnik, Germany). At
standard operation conditions, 150 mL of the chemotherapeutic solution is supplied with a volumetric liquid
flow rate of 30 mL/min at a fixed MIP® position with a
distance to the peritoneum of 5 cm – 15 cm.

0.00
1000

droplet diameter x [µm]

Figure 2. Droplet size distribution weighted by number
and volume in steady-state phase at standard MIP®
operation conditions.
The presentation will give detailed information on
the PIPAC-approach, the operation principle and performance of the MIP® based on granulometric and
gravimetric analyses.
Khosrawipour et al. (2015) Ann. Surg. Oncol. 23, 12201224.
Solass et al. (2012) Surg. Endosc. 26, 1849-1855.
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Fungal fragments: additional exposure burden in Norwegian sawmill industry
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Exposure to high levels of fungal spores has been
associated with allergic alveolitis in workers from various
occupational settings (Eduard 2006), including sawmills
(Halpin, Graneek, Turner-Warwick, et al. 1994; Halpin,
Graneek, Lacey, et al. 1994). Although a few studies have
included quantification of fungal hyphal fragments in
occupational exposure studies (Halstensen et al. 2007;
Madsen et al. 2015) fungal exposure assessment has
mostly been limited to spores or colony forming units.
However, the fungal exposure may have been
underestimated since in vitro aerosolization experiments
of fungal cultures have shown release of fungal fragments
of different sizes including large fragments (>1µm) and
fragments in the submicrometer range (<1µm) in addition
to spores (Górny et al. 2002; Madsen et al. 2005; Afanou
et al. 2014). Exposure to fungal submicronic fragments
has been suggested to worsen the health outcomes of fungi
(Górny et al. 2002; Cho et al. 2005), but their
discrimination in complex bioaerosols has not been
possible until recently (Afanou et al. 2015). The aim of
this study is to assess the personal exposure to fungal
particles including submicronic fragments in Norwegian
sawmills using immunodetection with field emission
scanning electron microscopy (FESEM).
Full-shift personal samples of thoracic dust were
collected using GK2.69 BGI cyclones at a flow of
1.6L/min in combination with standard aerosol cassettes
loaded with polycarbonate filters (37mm, pore size
0.8µm). Collected particles were immobilized on the filter
with poly-L-Lysine and vapor-fixed with glutaraldehyde
before being subjected to immunolabeling as described by
Afanou and coauthors (Afanou et al. 2015). Spores, larger
and submicronic fragments were quantified using
FESEM.
Preliminary results based on samples from four
workers reveal the presence of fragments containing
fungal antigens (Figure 1). The concentrations of larger
fungal fragments were similar to that of fungal spores in
the samples analyzed so far (Table 1 & 2). The percentage
of submicronic fragments was below 1% (Table 2).
Table 1: Exposure of sawmill workers to fungal spores
and fragments during one day shift
Worker
number
1
2
3
4

Spores
3,7
10
0,7
0,7

Particle concentration (x 105 m3)
Submicronic
Larger
fragments
fragments
Total
(0.2-1 µm)
(>1 µm)
Fragments
0
3,7
3,7
0,2
6,6
6,8
0
0,5
0,5
0
0,8
0,8

Total
Particles
7,4
17
1,2
1,5

Table 2: Distribution of fungal spores and fragments
Worker
number
1
2
3
4

Spores
50
59
58
47

Percentage (%)
Submicronic
fragments
Larger fragments
(0.2-1µm)
(>1 µm)
0
50
1
41
0
42
0
53

Figure 1: Micrographs of immunolabeled fungal
fragments from air sampled at a Norwegian sawmill
(white spots are the labelling nanogold particles)
To the best of our knowledge, this is the first study
assessing the exposure levels of fungal fragments
including submicronic fragments in an occupational
setting. The results indicate that exposure to large fungal
fragment particles (>1 µm) in sawmills is at a similar level
as exposure to spores, and suggest that the total fungal
exposure is twice as high as when quantifying spores only.
Furthermore, hyphal fragments have been shown to have
different toxicity than spores in in vitro studies. The
fungal particle exposure of sawmill workers in different
departments and seasons will be presented at the
conference.
The present study is a part of the project:”
Respiratory and inflammatory effects from wood dust
and other exposures in sawmill workers” which is
financially supported by Norwegian Research Council
Project no. 218232/H20.
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Table 1. The list of genus of bacteria which changed
during the strong north wind. Group 1 was the genus of
bacteria decrease during the wind. Group 2 was the
contrary.
Group 1
Aerococcus

Group 2

Lactobacillus Atopobium
Oscillatoria
Candidatus
Bacteroides
Prevotella
Rubrobacter
Solibacter
Clostridium Streptococcus Chloroflexus Thermoleophilum
Faecalibacterium Fusobacterium Cytophaga
Microlunatus
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Figure 1. The variation trend of relative abundance of
each genus of bacteria, wind speed and PM2.5 in 2013.
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Airborne microorganisms are ubiquitous in the
atmosphere and may have substantial impacts on
atmospheric physics, chemistry, ecosystems and human
health. On the other hand, airborne microbes may also be
affected by other factors in the atmosphere. However,
how microbial community is shaped in the atmosphere
remains unclear.
In this study, we examined the response of
microbial communities to meteorology parameters,
gaseous pollutants and certain chemical components in
particulate matter. Twenty-three daily PM10 samples
were collected in Beijing during the winter of the past
three years. Airborne microbial communities were
characterized by 16S rDNA sequencing.
It was found that the structure of airborne microbial
community in Beijing had a significant change a strong
north wind. Moreover, the north wind result in similar
changes in microbial community structure in each year.
So how the wind affect airborne microbial community?
We assumed that the strong wind could cause more
fugitive dust emissions from local place which may
contain microorganisms, or that the wind could bring
microorganisms from upwind area north of Beijing. To
prove these hypothesis, we collected seven fugitive dust
samples and went to Baochang, Inner Mongolia which is
230 km northwest from Beijing.
The ground was covered with snow during the
whole winter in Baochang. When strong wind blew
through Baochang, the number concentration of aerosol
particles measured by APS there was one or two orders
of magnitude larger than that in Beijing. Thus, the
ground covered with snow has the potential to be a
source of airborne microorganisms. Four snow samples,
two TSP samples and two PM10 samples were collected
in Baochang.
DNA was extracted from samples collected in
Baochang and the fugitive dust samples in Beijing. 16S
rDNA sequencing was used to characterize microbial
communities. The result may reveal the cause of the
changes during strong north wind.
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Figure 1. The variation trend of relative abundance of
each genus of bacteria, wind speed and PM2.5 in 2015.
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Pollutant gases and particles coexist in the same
medium, the atmosphere, with the possibility of
interacting with each other and increasing their adverse
impacts due to synergistic effects. Focusing on
particulate matter, a wide variety of biogenic particles
with a broadly open size distribution (from tens of
nanometers to a few hundred micrometers) is present in
the atmosphere. These biogenic aerosols are very active
for diverse potential diseases. Among them, pollen
should be highlighted due to allergy effects (FernándezGonzález et al., 2010). According to Sénéchal et al.
(2015), atmospheric pollutants may have the following
direct effects on pollen: i) increase in their potential
health hazards; ii) alteration of the physicochemical
characteristics of the pollen surface, iii) change in the
allergenic potential, and iv) decrease in viability and
germination.
This study aims to investigate the relationship
between the atmospheric concentration of pollen and the
different air pollutants in the city of León (Spain). With
this aim, a monitoring campaign was carried out between
8 and 22 July, 2012 at the university campus of León,
Spain (42° 36’ 50” N, 5° 33’ 38” W, 846 m asl). The city
is located in the Northwest of Spain, with a
Mediterranean Pluviseasonal-Oceanic bioclimate.
The following instruments were used: i) a Hirsttype volumetric trap VPPS2000 (Lanzoni©) for hourly
collection of pollen grains; ii) a Multivial Cyclone
Sampler (Burkard©) to collect the aeroallergens; iii) an
optical particle counter (PCASP-X) for the continuous
monitoring of particle size distributions; iv) a low
volume sampler TCR TECORA to collect PM10 samples
onto pre-baked (6 h at 500 °C) 47 mm diameter quartz
filters; v) an IAQ-CALC monitor (model 7545) from TSI
for continuous measurements of temperature, relative
humidity (RH), CO2 and CO; vi) Radiello® diffusive
passive tubes (cartridge code 165) for VOCs and
carbonyls sampling (from Monday to Friday) and vii)
diffusion tubes supplied by Gradko for NO2 sampling
(from Monday to Friday). Furthermore, a Davis Weather
Station was used for continuously registering the
temperature and humidity at the sampling place.
Additional data provided by the regional air quality
network (http://www.medioambiente.jcyl.es/) related to
PM10, O3, SO2, maximum and minimum temperature,

relative humidity, NO2 and precipitation were also taken
into account.
The gravimetric determination of the PM10 mass
was carried out under controlled temperature and relative
humidity conditions. Each filter was subjected to three
different analyses: (1) organic and elemental carbon (OC
and EC); (2) carbonates and (3) water-soluble inorganic
ions (Na+, NH4+, K+, Mg2+, Ca2+, Cl−, NO3-, PO43- and
SO42−).
The samples of pollen were prepared and
analysed following the procedure recommended by the
Spanish Aerobiology Network and the profilin content in
extracted samples was quantified using a double
antibody sandwich ELISA method.
For pollen analysis, hourly optical microscopic
counts were carried out, looking for 63 different taxa. As
expected in this period, Poaceae and Castanea were
predominant. The analysis of the Ole e 2 profilin was
done by immunochemical technique, and shows that
their presence in the atmosphere is scarce or null in this
time of year.
The relationship between the different variables
was studied, trying to identify the main factors affecting
pollen concentration in the atmosphere. This kind of
interdisciplinary studies is needed to better understand
the complex interactions between plant, atmosphere,
soil, and meteorological conditions. In this way, it will
help to mitigate the effect of these interactions on health.
This study was partially supported by the Spanish
Ministry of Economy and Competitiveness (Grant
TEC2014-57821-R), the University of León (Programa
Propio 2015/00054/001), the LIFE programme
(AIRUSE, LIFE 11/ENV/ES/000584) and AERORAIN
project (Ministry of Economy and Competitiveness,
Grant CGL2014-52556-R, co-financed with FEDER
funds).
Sénéchal H., Visez N., Charpin D., et al. (2015).
Scientific World J., Article ID 940243, 29 pages.
Fernández-González D, González-Parrado Z, VegaMaray AM, et al. (2010). Clin Exp Allergy, 40,
1701–1708.
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The dependence of UV induced degradation rates of bacterial on aerosol particle size
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Solar UV light driven degradation of the viability of
airborne disease causing organisms is critical to
accurately simulating the threat from a deliberate
biological weapons release.
Such simulations are
essential for understanding the extent of biological
weapons releases as well as planning the civil response,
Stuart et al, (2005).
The rate of UV inactivation as a function of
available UV wavelengths as well as organism containing
particle size are necessary for reasonable estimation of
inactivation rates, Kesavan et al. (2014). Previous
measurements of the action spectrum, or fraction of
spores killed as a function of given photon dosages as a
function of wavelength, have not investigated the
influence of particle size, Munakata et al. (1996), Griego
and Spence (1978), and Chen et al. (2009). Conceptually,
particle size is essential in that dead organisms on the
outside of a larger aerosol particle can shield organisms
within the particle core.
To characterize kill rates as a function of particle
size and UV wavelength, we measured the kill fractions
of monodisperse spore containing particles deposited on a
surface with known exposures for discrete wavelengths at
285 nm, 295 nm, 310 nm, and 365 nm. We used vaccine
grade Bacillus anthracis var. Sterne rather than simulants
such as Bacillus atrophaeus (BG). To perform calibrated
dosages on particles of known size, an Inkjet Aerosol
Generator (IJAG) was used to create known numbers of
particles at a known, monodisperse size. Particles were
collected onto a nanopore filter which is smooth on the
length scale of the particles. SEM microscopy was used
to characterize deposition. For single spore preparations,
known volumes of dilute suspensions of spores were
deposited on the exposure area.
UV LEDs were used to generate light at specific
wavelengths, with full width half max emission bands of
10-12 nm in wavelength. A plano-convex silica lens was
used to defocus the LED emission before passage into a
silica homogenizing rod. The resulting UV spot at the exit
of the rod was uniform UV illumination across the cross
section of the rod. UV illumination was measured with a
calibrated UV meter.
For small particles, especially single spore
particles, complete kills were approached at long
exposure times for all UV wavelengths. As expected, a
finite amount of spores survived regardless of exposure
times for larger particles. Using these measurements, we
expect to enable prediction of solar UV organism
inactivation at any location, time of day, cloud cover, and
ozone column.
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Design and Performance of Personal Electrostatic Bioaerosol Sampler (PEBS)
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The goal of this project is to develop a self-contained
battery-operated personal electrostatic bioaerosol
sampler (PEBS) featuring high collection efficiency. In
addition, to be suitable for bioaerosol collection, the
sampler had to produce low ozone concentrations so as
not to affect the properties of collected microorganisms
needed for their identification and quantification. Such a
sampler is easy to wear and can be applied for
occupational and environmental studies and field
deployments.
In this sampler, bioaerosols are drawn into an
open channel collector, electrically charged and
deposited onto a removable metal plate covered with a
superhydrophobic substance. To achieve high collection
efficiency with low ozone production, the sampler
features a novel wire-to-wire charger, where a 1-inch
long tungsten wire (0.003 inches in diameter) is
positioned in the center of the charging chamber (i.e.,
1-inch cylinder) and connected to high voltage; a ring of
stainless steel wire (0.015 inches in diameter) is the
affixed to the cylinder wall perpendicular to the tungsten
wire and grounded. The mixing of incoming particles
and produced ions is enhanced by using a novel static air
blender positioned at its inlet.
The PEBS itself has a shape of a cylinder of 1
inch (2.54 cm) in diameter, is 5 inches (13 cm) long, and
is made of a static dissipative material (Delrin). The air
mover and batteries are incorporated in one sampler
body. At this stage of development, the sampler was
tested in the laboratory at different charging and
sampling voltages when challenged with polystyrene
(PSL) particles ranging from 0.025 nm to 3 µm in
diameter and at flow rates of 10 L/min and 30 L/min.
Investigated sampling times ranged from 10 min to 4
hours. The sampler’s collection efficiency was
determined by measuring the amount of particles
deposited on the collection plate relative to the particle
concentration upstream of the sampler.
Due to the unique charger configuration,
satisfactory sampler performance was achieved at
relative low charging voltages of approximately +5.5
kV, while collection voltage was set to -7 kV. For the
investigated particles, including the nano-sized ones, the
collection efficiency was 70-90%. The observed
collection efficiency did not vary significantly as a
function of sampling time. Even at the longest

investigated sampling time of 4 hours, the collection
efficiency of ~70% was achieved. More importantly, the
unique wire-to-wire charger resulted in ozone production
below 10 ppb. This concentration is much lower than
observed in other electrostatic collectors featuring
ionizers.
Some experiments have also been performed with
airborne biological particles (bacteria) and the sampler
showed collection efficiencies in the 70-80% range.
Overall, the new sampler concept is showing good
potential as a personal bioaerosol sampler. Due to its
high concentration rate, it will allow a more accurate
monitoring of personal exposures to even low
microorganism concentrations and thus improve the
ability to identify the exposure risks and protect affected
populations.
Acknowledgement
This work was supported by the Centers for Disease
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Aeroparticles are potential contributing factors to the increasing prevalence of allergies. For
example, diesel exhaust particles (DEP) are found to act as adjuvants during allergic sensitization.
Oxidative stress is assumed to play a key role in these adjuvant effects (Li et al., 2015), but the
exact chemical processes and signaling pathways remain unclear. Our study is aimed to unravel
the chemical mechanisms of adjuvant effects of aeroparticles on allergies. In particular, we
investigated how particulate matters affected epithelial cells, macrophages and antigen presenting
cells in the triggering and modulating immune responses to allergens. We use human monocytesderived dendritic cells as APC precursors to investigate the influence of diesel and toner particles
on the maturation and presentation of APC. By using lung epithelial cells, the role of epithelial
cells in allergy development and enhancement is also studied. The effects of these carbonaceous
particles and organic aerosol components on THP-1 macrophages are studied with regard to the
activation of kinases, the modification of lipids and proteins, and the generation of damageassociated molecular patterns (DAMPs). In ovalbumin stimulated THP-1 macrophage cells, dosedependent increased expressions of interleukin-6 and TNF-alpha were found during the
simultaneous stimulation with DEP. The results obtained can contribute to the understanding of
molecular mechanisms of allergy development and deterioration caused by aeroparticles.
Reference:
Li, N., Buglak, N., Convergence of air pollutant-induced redox-sensitive signals in the dendritic cells
contributes to asthma pathogenesis, Toxicology Letters, 237(1), 2015
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This works aims to examine the relationship between
ultrafine particle (UFP) dose and respiratory health in
school children, aged 8-11 years old.
This paper utilises the collected data on children’s
personal UFP doses (based on the measurement with
Philips Aerasense Nanotracer), personal daily activity
diaries, respiratory health and questionnaires on the
home environments in the Brisbane Metropolitan Area,
as part of a large epidemiological project; Ultrafine
Particles from Traffic Emissions and Children’s Health
(UPTECH):
http://www.qut.edu.au/research/researchprojects/uptech/. The health measures used in this work
are spirometry (FEV1, FVC and FEV1/FVC), forced
exhaled nitric oxide concentration (FeNO in ppm:
marker of airway inflammation, and atopy (students’
predisposition to inflammation) (Ezz et al. 2015).
Inhaled particle surface area (IPSA) doses were
calculated for 89 students with a full 24-hr activity diary
and personal exposure data (Mazaheri et al. 2014).
Bayesian linear models were fit to model the
variation in the respiratory health outcomes, as log
FEV1, logit FEV1/FVC, and log FeNO, transformed to be
Normal. For each model, the explanatory variables were
24-hr IPSA dose (the main effect), and the following
covariates: age (in years, centred at 10), sex, height (cm,
centred at 130), atopy and the presence or absence of the
following home environment factors: air conditioning,
carpet, gas cooking, gas heating, an attached garage, a
pet, flooding and mould within the last 12 months. An
interaction term for 24 hr IPSA dose by atopy was also
included to test for effect modification. Weakly
informative priors were employed, and 30000 posterior
samples were drawn in rjags (Plummer 2015) for
inference after discarding 5000 burn-in samples.
Table 1 presents the estimated effect (posterior
means and 95% credible intervals, CrIs) of 24-hr IPSA
dose on lung function.
For a covariate to be considered to play a role in
explaining variation in the health outcomes, its
associated parameter 95% posterior CrIs should not
contain zero. 24-hr IPSA doses were not found to be
associated with changes in FEV1, FEV1/FVC ratio or
FeNO for either atopic or non-atopic students (Table 1).

Table 1 Effect of UFP dose on lung function by atopic
status. Posterior means and 95% CrIs from the Bayesian
modelling.
Outcome
FEV1
FEV1/
FVC
FeNO

Atopic
status
atopic
non-atopic
atopic
non-atopic
atopic
non-atopic

2.5%
-0.017
-0.021
-0.076
-0.107
-0.051
-0.100

Mean
-0.008
-0.005
-0.003
-0.036
0.012
0.020

97.5%
0.001
0.012
0.102
0.033
0.073
0.141

In conclusion, no effect of dose was observed (at a 95%
credibility level) for each health outcome, regardless of
the atopic status of the students.
This is a very small cohort for an epidemiological study
and the authors recommend more comprehensive
personal monitoring in future studies seeking to establish
a link between personal doses and respiratory health
outcomes.
This work was supported by the Australian Research
Council (ARC), QLD Department of Transport and Main
Roads and QLD Department of Education, Training and
Employment through a Linkage Grant LP0990134.
Ezz, W., M. Mazaheri, P. Robinson, G. Johnson, S.
Clifford, C. He, L. Morawska and G. Marks (2015).
"Ultrafine Particles from Traffic Emissions and
Children’s Health (UPTECH) in Brisbane, Queensland
(Australia): Study Design and Implementation."
International Journal of Environmental Research and
Public Health 12(2): 1687-1702.
Mazaheri, M., S. Clifford, R. Jayaratne, M. A. Megat
Mokhtar, F. Fuoco, G. Buonanno and L. Morawska
(2014). "School Children’s Personal Exposure to
Ultrafine Particles in the Urban Environment."
Environmental Science & Technology 48(1): 113-120.
Plummer, M. (2015). rjags: Bayesian Graphical Models
using MCMC.
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The market of the nanomaterials in the construction
industry (TiO2, NTC, SiO2, Ag, …) is growing
exponentially (van Broekhuizen et al., 2009, Som et al.,
2011). However, many questions are still open
concerning the impact of these nanomaterials on human
health and environment. The degradations induced by
the abrasion mechanisms of nanocomposite materials
could induce the release of nanoparticles into the
environment and today the chemical nature, size and
concentrations are unknown. Moreover, the health
impact of these particles are unknown. As nanoparticles
inhaled through the nose can translocate to the brain
directly via the nerve endings of olfactory neurons, an
impact on the nervous system can be suspected,
especially in case of chronic exposure (Bencsik 2014).
The
aims
of
the
research
project
“Release_NanoTox” is to determine by a realistic
approach, the impact on the central nervous system of
particles released from nanocomposite materials under
stress use. The project is structured in three main tasks:
-

Characterization of aerosol emissions from
nanocomposite materials under stress use;

-

Characterization of the setup of exposure;

-

In vivo study of neurotoxicity in rodents after
chronic inhalation exposure to released
particles.

The main originality of the project consists in the
convergence work on particle released from
nanocomposite materials and the study of the in vivo
toxicity of nano-objects. Indeed, the work on toxicity is
to date focused on the impact of nano-objects only.
However, it has been shown that the wear of a
nanocomposite material leads to the production of
polymorphic particles in size and composition, with a
majority of particles consisting of nanoparticles
encapsulated in the matrix material. The chemical
composition of the nanocomposite material’s matrix is a
factor that is not taken into consideration in toxicology
studies. Similarly, no study has focused on the toxic
effect of particles from a nanocomposite material.

This poster presentation aims at presenting the
Release_NanoTox project with a focus on the
metrological characterization of the experimental set-up
used for aerosol generation, from the generator up to the
exposure chamber. First results concerning the
characterization of aerosol generation system will be
presented.
Release_NanoTox has been awarded a grant by the
French Agency for Food, Environmental and
Occupational Health & Safety (ANSES) in 2015 for
3 years.
van Broekhuizen, F.A. and van Broekhuizen, J.C. (2009)
Nanotechnology in the European Construction
Industry, State of the art, Executive Summary.
European Commission.
Som, C. et al. (2011) Environment International, 37,
1131-1142.
Bencsik A. Is the brain protected from the impact of
nanomaterials exposure? (2014) Biol Aujourd’hui
208(2),159-165.
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Introduction
Many epidemiological studies have revealed the
involvement of airborne particulate matter (PM) in
increasing of respiratory and cardiovascular mortality
and morbidity. It has been shown in humans, a
correlation between exposure to particles and an increase
in pulmonary arterial pressure. The pulmonary
circulation could be one of the primary targets of inhaled
particles and people with pulmonary hypertension (PH)
could be a population at risk. Despite the main role of
calcium signaling and oxidative stress in the
pathogenesis of this disease, the effect of particulate
pollution on these cellular targets is poorly described.
In this context, the objectives of this study are to
evaluate, on pulmonary vascular cells, under no stretch
or cyclic mechanical stretch that mimic wall pressure
found in PH, the effects of particles (particulate MatterPM2.5 and nanoparticles-NP) on the biological responses
such as calcium signaling, oxidative stress and proinflammatory response.
Methods
Human Pulmonary Artery Endothelial Cells (HPAEC)
are cultured in physiological (0% to 5% stretching and
normoxia: 21% O2) and pathological conditions that
mimic the PH (stretch system: 30 cycles/min and 15%
stretching and hypoxia: 1% O2), using STREX®, Bbridge International:system. HPAEC cells are exposed
for 4h or 24h to PM2.5 or NP (carbon black-FW2) from 5
to 20 µg/cm². Different endpoints are studied (i)
production of reactive oxygen species by a fluorescent
probe (H2DCF-DA) or electronic paramagnetic
resonance, (ii) calcium signaling using the fluorescent
indicator dye Fluo-4 and confocal microscopy analysis,
(iii) pro-inflammatory response by measuring the release
of various cytokines (IL-6, IL-8) by ELISA.
Results
In HPAEC, a 4h-exposure to both nanoparticle (FW2)
and PM2.5 (5 - 20 µg.cm2) induced a concentrationdependent increase of intracellular ROS levels. PM2.5
and FW2 NP induced also, after 24h exposure, a proinflammatory response characterized by an IL-8 and IL6 secretion. In addition, after a 24h-exposure to HPAEC,
FW2 attenuated, in a concentration-dependent manner,
the ATP (10-5M)-induced increase in intracellular
calcium ion level ([Ca2+]i,) (Figure 1).

Figure 1: Intracellular [Ca2+] (ATP response)
in normal and pathological conditions.
A 24h-exposure to FW2 NP (10 µg/cm²), induced a modification of the
intracellular Ca2+ level. These modifications appear to be more
significant in pathological condition. Indeed, there is a significantly
decrease for the ATP response: 28% p<0.05 (*) in normoxia condition,
against a very significantly decrease in stretch and hypoxia condition
37.2% p<0.001 (***). T means control.

When cells are treated with both FW2 NP and
thapsigargin (known to deplete endoplasmic reticulum
Ca2+ stores), we show a significant decrease of the
calcium response as compared to control cells
suggesting an effect of these particles on the
intracellular calcium release from the endoplasmic
reticulum.
A 1h-pretreatment with polyethylene glycol (PEG)superoxide dismutase (300 U/ml) and polyethylene
glycol (PEG)-catalase (600 U/ml), significantly
decreases the modifications of intracellular Ca2+ level
induced by FW2 NP. Thus, the perturbation of
intracellular calcium homeostasis induced by particles
seems also to be correlated to oxidative stress.
Conclusion
In conclusion, the present study shows that, in HPAEC,
particulate pollution (i) produces reactive oxygen
species, (ii) induces a pro-inflammatory response
characterized by an IL-8 and IL-6 secretion and (iii)
impairs calcium homeostasis. In conditions that mimic
PH, the perturbation of intracellular calcium homeostasis
induced by particles could be correlated to a
deterioration of the endoplasmic reticulum stocks and to
oxidative stress.
This work was supported by the ADEME (n°12 62 c 0037 and
ANSES (2012-2-013).
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1

Figure 1. PM2.5 and Ni concentrations comparisons
between workday and non-workday from 2004 to 2013.
Moreover, the health risk assessment showed that
non-cancer risk of Ni can be ignored in Xi’an, but not for
cancer risk (Figure 2). Although Ni incremental lifetime
cancer risk was relative significance on workday period
in Xi’an, Ni showed a distinct decline for both workday
and non-workday periods from 2006, due to more and
more strict air pollution control policies (Cao et al.,
2012).

Age

A large data set of PM2.5-bound nickel (Ni)
concentration has been produced from filter samples
collected in urban environment of Xi’an, Northwestern
China, over 10-year period (2004-2013), in order to
determine the trend of Ni pollution status, its potential
sources and health risks. The average concentration of
Ni measured during the whole study period was 5.9±5.5
ng m-3, ranging from <0.08 (MDL) to 88.1 ng m-3.
Annual average Ni concentration increased firstly and
then decreased obviously (The turning point was 2008)
(Table 1), owing to changes in strengthening
management and improvement techniques in industrial
sources and motor vehicles (Tian et al., 2012).
Table 1. A statistical summary of Ni concentrations over
ten years (2004-2013).
Ni (ng m-3)

21~71

non-workday
21~71
workday

16~21

16~21

11~16

11~16

6~11

6~11

Average

Stdeva

Range

3~6

3~6

2004

6.5

5.0

0.44- 53.8

1~3

1~3

2005

6.6

5.3

MDLc-32.8

2006

7.3

6.6

MDL-88.1

2007

7.7

8.3

0.76-76.6

2008

6.2

5.2

0.90-56.6

2009

7.0

7.1

MDL-59.4

2010

5.8

5.1

1.20-41.9

2011

4.8

4.2

0.43-59.5

2012

4.2

5.4

0.13-70.9

2013

3.0

2.6

0.44-19.6

Year

PM2.5 (μg m-3)

To assess the effect of major sources of Ni on the
long term distribution, comparisons of Ni concentration,
enrichment factor, and potent sources between workday
and non-workday periods were examined over these ten
years. It can be seen that weekend-affected-sources, i.e.,
industrial and motor vehicle emissions (Cempel and
Nikel, 2006), of Ni was reduced obviously (Figure 2).
300

workday
non-workday

150
100
50
0
workday
non-workday

Ni (ng m-3)

15
6
3
0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

<1
0.0

non-workday
workday

<1
0.1

0.2

0.3

Non-cancer (HI)

0.4

0.0 2.0x10-74.0x10-76.0x10-78.0x10-71.0x10-6

Cancer Risk (ILCR)

Figure 2. Comparison of non-cancer (HI) and cancer
(ILCR) risks of Ni for different age groups and for
workday and non-workday periods in Xi’an.
Implementations of motor vehicle and industrial
emissions control policies and advanced technologies
have led to a great healthy benefit, and it can be served
as a positive sign for China air pollution source control
strategies over these years.
This work was supported by the Natural Science
Foundation of China (NSFC) (Grant No. 41503096), and
the Fundamental Research Funds for the Central
Universities (Grant No. XJJ2015035).
Cao, J.J., Xu, H.M., Xu, Q., Chen, B.H. and Kan, H.D.
(2012) Environ. Health Perspect. 120(3), 373-378.
Cempel, M. and Nikel, G. (2006) Polish J. of Environ.
Stud. 15(3), 375-382.
Tian, H.Z., Lu, L., Cheng, K., Hao, J.M., Zhao, D.,
Wang, Y., Jia, W.X., Qiu, P.P. (2012) Sci. Total
Environ. 417-418, 148-157.
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Usefulness of normal or diseased human bronchial epithelial cell models differentiated
at air-liquid interface to study the effects of air pollution-derived PM4
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Air pollution-derived particulate matter (PM) is a
well-recognized human health risk factor (Beelen et
al 2013). Its health effects, observed from indoor
and outdoor environments, have been of great
concern due to the high exposure risk even at low
concentrations (Kim et al 2015). Many scientists,
policy analysts, and governmental agencies
worldwide also believe that current levels of air
pollution-derived PM are deadly causing thousands
of premature deaths annually. However, PM is
generally a heterogeneous and complex mixture of
particles, originating from a myriad of natural and
anthropogenic
sources,
whose
chemical
composition varies over space and time (Loomis et
al 2013). The knowledge of the underlying
mechanisms by which PM exerts its health effects
is still incomplete. Consequently, detailed studies
realized in more relevant in vitro models are highly
needed. Hence, we evaluated the usefulness of
normal human bronchial epithelial (NHBE) or
chronic obstructive pulmonary disease (COPD)
cells differentiated at air-liquid interface (ALI) to
better study the toxicological effects of repeated
exposure to air pollution-derived PM4
ALI differentiated primary cultures of NHBE or
COPD cells were exposed either one or three times
to PM4 (NIST-SRM 2786) at 5µg PM/cm² for 4h,
with 20h-time intervals. Cytotoxicity (i.e. glucose
6-phosphate dehydrogenase, G6PD), oxidative
endpoints (i.e. malondialdehyde, MDA; protein
carbonyl, CO; 8-hydroxy-2’-deoxyguanosine, 8OHdG; total antioxidant status, TAS; glutathione,
GSSG/GSH;
superoxide
dismutase,
SOD),
inflammatory mediators (i.e. tumor necrosis factoralpha, TNF-α; interleukine-1 beta, IL-1 β;
interleukine-6,
IL-6;
interleukine-8,
IL-8;
transforming growth factor-alpha, TGF-α), and
gene expression of some xenobiotic-metabolizing
enzymes were studied 24h after the last exposure.
No cytotoxicity was noted in PM4-exposed NHBE
cells whereas a low cytotoxicity was seen in PM4-

exposed COPD cells (p<0.05), thereby supporting
their expected higher sensitivity. Dose and timedependent oxidative damage were reported in PM4exposed NHBE and particularly COPD cells
(p<0.05). Indeed, early protein-CO and 8-OHdG
formations, on the one hand, and TAS, GSSG/GSH,
and SOD alterations, on the other hand, occurred in
PM4-exposed NHBE and particularly COPD cells
(p<0.05). Only a late MDA production appeared in
PM4-exposed NHBE and particularly COPD cell
models (p<0.05). Highest concentrations of TNF-α,
IL-1 β, IL-8 and TGF-α were observed in nonexposed COPD versus NHBE cells (p<0.05). In
contrast, lower concentrations of IL-6 were detected
in non-exposed COPD versus NHBE cells (p<0.05).
Dose and time-dependent increases of inflammatory
mediators, except interleukin-6, were reported in
PM4-exposed NHBE and particularly COPD cells
(p<0.05). In addition, the transcriptomic profiles of
some xenobiotic-metabolizing enzymes were
differently modified in non-exposed and PM4exposed COPD cells as compared to non-exposed
and PM4-exposed NHBE cells, respectively.
In conclusion, our results supported the usefulness
of primary cultures of NHBE and COPD cells
differentiated at ALI and repeatedly exposed to air
pollution-derived PM4 to better study its health
effects. The use of COPD cells also allows to better
take into account specific pathological sensitivity.
This work was financially supported by the “Institut
National de Recherche contre le CAncer” (INCA)
and “Institut National de la Santé et de la Recherche
Médicale” (INSERM), the Nord/Pas-de-Calais
Regional Council, and Mines Douai.
Beelen, R., Raaschou-Nielsen, O. and Stafoggia, M.
(2013) The lancet 383, 785-795
Kim, K.H., Kabir, E. and Kabir, S. (2015) Environ
Int 74, 136-143
Loomis, D., Grosse, Y., Lauby-Secretan, B. et al
(2013) Lancet Oncol 14, 1262-1263
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Physicochemical characteristics, mutagenicity, genotoxicity and clastogenicity of
atmospheric aerosols under industrial and rural influence
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Particulate matter (PM) toxicity occurs primarily by fine
and ultrafine particles due to their physical and chemical
characteristics. Although exposure to air pollution and
especially to fine particulate matter (PM2.5) is defined as
carcinogenic to humans, toxicity mechanisms and
particularly genotoxic pathways are not fully identified
(Loomis et al., 2014). Therefore, the identification of the
physiological mechanisms showing the carcinogenicity
of PM is crucial in order to aware the population of the
harmful effects of air pollution. The industrial sampling
site is affected by several sources of pollution: cement
factories and quarries, phosphate fertilizer industry,
transport section, and human activities.
The aim of this project was to study genotoxicity
mechanisms involved in the carcinogenicity of PM2.5.
After
sampling
of
atmospheric
particles,
physicochemical analyses were performed and several
parameters were studied in order to identify potential
biomarkers of exposure to atmospheric particulate matter
and effects associated with early events in
carcinogenesis (cytotoxic, genotoxic and epigenetic
effects).
Particles sampling was done by cascade
impaction on two sites under industrial and rural
influence in Northern Lebanon. The size distribution and
morphology of the fine rural (FP-R) and industrial
particulate (FP-I) were characterized by laser diffraction
and scanning electron microscope with energy dispersive
X-ray analysis (SEM-EDX). The inorganic composition
of the sampled particles was determined by both
Inductively Coupled Plasma-Mass Spectrometry (ICPMS) and Atomic Emission Spectroscopy (ICP-AES).
The ionic composition was determined by ion
chromatography, the organic composition by GC/MS
and the elemental analysis was performed by the CHNS
method. Metals, ions and carbon characterization
showed the presence of markers of cement factories
activities and production of phosphate fertilizers, such as
Ca2+, Mg2+, K+, PO43-, and SO42- higher in the industrial
particulate matter. The total carbon content was high in
both sites with a slight increase in the industrial site. The
metals, Ag, Cd, Cu, Pb, Sb, Sc, Se, Sn and Zn,
predominantly from anthropogenic sources, were found
in both sites but with higher concentrations on the
industrial site. Polycyclic Aromatic Hydrocarbon (PAH)

mass concentrations were much higher in the industrial
particles and specific calculated ratios show the possible
influence of diesel combustion, gasoline engine
combustion, cement factories activities, and heavy fuel
used in the energy sector.
The mutagenic potential of the collected PM was
assessed by performing Ames Fluctuation test, a reverse
mutation assay for bacterial mutagenicity done on three
strains of Salmonella typhimurium TA98, TA102 and
YG1041. Different concentrations of each PM were
tested ranging from 0.625 µg/mL to 10 µg/mL with and
without metabolic activation. Industrial PM showed a
higher mutagenic activity in the three different tested
bacterial strains than the rural background sample (FPR). Mutagenicity obtained with Salmonella YG1041
could be linked to higher concentrations of PAHs
quantified in industrial PM and results obtained with
Salmonella TA102 could suggest the induction of
oxidative mechanisms by PM exposure. The genotoxic
potential was also evaluated by the SOS chromotest, a
quantitative bacterial colorimetric assay for DNA
damage measurement in Escherichia coli PQ37.
Different concentrations of FP-R and FP-I were tested
ranging from 0.122 µg/mL till 2000 µg/mL with and
without metabolic activation. The industrial PM showed
a high genotoxicity with a high induction factor, while it
confirmed the lower genotoxicity of the background PM.
Clastogenicity of PM was evaluated on human bronchial
epithelial BEAS-2B cells using γ-H2AX quantification
by flow cytometry analysis and in-cell western assay.
The physicochemical characterization showed
differences in the composition of the two collected PM
samples, especially in the PAH concentrations. Industrial
sample showed higher mutagenicity and genotoxicity
compared to the rural sample. The difference in the
organic composition of these samples could be the
reason.
Loomis, D., Huang, W., & Chen, G. (2014). The
International Agency for Research on Cancer (IARC)
evaluation of the carcinogenicity of outdoor air
pollution: focus on China. Chinese Journal of Cancer,
33(4), 189–196.
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in a human lung cell line
M. Borgie1,2, F. Ledoux1, A. Verdin1, Z. Dagher3, F. Cazier4, P. Shirali1, M. Gualtieri1, H. Greige2,5, D. Courcot1

1

Unité de Chimie Environnementale et Interactions sur le Vivant (UCEIV) EA 4492, Université du Littoral Côte
d’Opale, Dunkerque, F-59140, France
2
Equipe de recherche Molécules Bioactives, Ecole Doctorale des Sciences et de Technologies, Université
Libanaise, Fanar, Lebanon
3
Département de Biologie, Faculté des Sciences-2, Université Libanaise, Fanar, Lebanon
4
Centre Commun de Mesures, Université du Littoral Côte d’Opale, Dunkerque, F-59140, France
5
Département de Chimie et de Biochimie, Faculté des Sciences-2, Université Libanaise, Fanar, Lebanon
Keywords: BEAS-2B cells, chemical composition, fine and ultrafine particles, lung toxicity.
Presenting author email: frederic.ledoux@univ-littoral.fr

Despite their little contribution to air particulate matter
(PM) mass, ultrafine particles (UFP) are very abundant
in the atmosphere (Terzano et al (2010)) and are
currently emerging as the most abundant particulate
pollutants in urban and industrial areas because of their
numerous anthropogenic sources (Keogh et al (2009),
Morawska et al (2008), Zhu et al (2002)). It has been
shown that the smaller the size of the particles is, the
more important their health effects are (WHO, 2013).
However, the process involved in the PM toxicity,
especially concerning UFP remains poorly understood.
Therefore, fine particles (FP) and UFP were
collected at urban and rural coastal sites in Lebanon
using a high volume Staplex® model 236 cascade
impactor and were studied for their chemical
composition and toxicological effects.
UFP were found more enriched in trace elements
(Ag, Cd, Ni, Pb, Sb, Sn and V), secondary inorganic ions
(SO42- and NH4+), total carbon and organic compounds
(PAHs, PCDDs and PCDFs) when compared to FP
collected at the same site.
For toxicological analysis, human bronchial
epithelial cells (BEAS-2B) were exposed for 24, 48 and
72 h to increasing concentrations of FP, water-UFP
suspension (UFPw) and UFP organic extract (UFPorg).
Our findings showed that UFP caused earlier alterations
of mitochondrial metabolism and membrane integrity
from the lowest particle concentrations. Moreover, a
significant induction of CYP1A1, CYP1B1 and AhRR
genes expression was showed after cells exposure to
UFPorg (independently to particle concentration) and to a
lesser extent to UFPw and FP samples (dose-dependent
gene expression) indicating the induction of
metabolizing enzymes expression which may increase
the formation of PAHs-reactive metabolites, leading to
an increase in DNA damages by adduct formation.
Keogh, D., Ferreira, L., & Morawska, L. (2009)
Development of a particle number and particle
mass vehicle emissions inventory for an urban
fleet. Environmental Modelling & Software, 24,
1323-1331.

Morawska, L., Ristovski, Z., Jayaratne, E., Keogh, D., &
Ling, X. (2008) Ambient nano and ultrafine
particles from motor vehicle emissions:
characteristics, ambient
processing and
implications on human exposure. Atmospheric
Environment, 42, 8113-8138.
Terzano, C., Di Stefano, F., Conti, V., Graziani, E., &
Petroianni, A. (2010) Air pollution ultrafine
particles: toxicity beyond the lung. European
Review for Medical and Pharmacological
Sciences. 14, 809-821.
WHO. (2013) Review of evidence on health aspects of
air pollution-REVIHAAP. World Health
Organisation, Regional Office for Europe.
[http://www.euro.who.int/__data/
assets/pdf_file/0020/182432/e96762-final.pdf.
Zhu, Y., Hinds, W., Kim, S., Shen, S., & Sioutas, C.
(2002) Study of ultrafine particles near a major
highway with heavy-duty diesel traffic.
Atmospheric Environment, 36, 4323-4335.
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Many studies on the removal efficiency of inhaled
particles in the nasal region have been performed in the
past, either replicate casts or human volunteers. However,
most of those studies were primarily based on a limited
number of white male subjects (Kim and Hu, 2006).
Kesavanathan and Swift (1998) pointed out that nasal
anatomic and dimensional factor are important in
determining the amount of deposition in the nasal
passage. Studies indicated that Taiwanese have a shorter
craniofacial depth and longer craniofacial width than
Americans, and
Chinese workers have shorter face
length, longer face width and smaller nose protrusion
than Americans (Yu et al., 1996). These facial
differences are likely to affect the anatomical structure of
the upper respiratory tract and, consequently, the
characteristics of particle deposition in this region
between the two ethnic groups. Thus, it is important to
conduct particle deposition experiments to explore the
possible difference between the two ethnic groups.
Three Taiwanese (subjects A~C) and two
Caucasian adults (subjects D~E) were recruited to obtain
the computed tomography (CT) scans of their respiratory
tract extending from the nostril to trachea. The images of
the CT scans were stored in DICOM file (Digital
Imaging and COmmunications in Medicine) to build the
3D computer model using the Mimics and 3 Matic
software package (Materialise, Leuven, Belgium). Then,
based on the 3D computer models, the airway models
were constructed with epoxy by a rapid prototyping
machine. Figure 1 shows one of the models, which
includes nasal cavity, nasopharyngeal and trachea,
constructed and employed in the deposition experiments.
The human respiratory flow rates of 5, 10, 15, and 20
LPM were used to represent different human workload.
The particle sizes for the study ranged from 20 to 500
nm and a Scanning Mobility Particle Sizer (SMPS) (TSI
Inc., Shoreview, MN, USA) was used to measure the
particle sizes and number concentrations.
The results obtained from the respiratory flow
rate of 15 LPM were shown as an example in Figure 2.
As shown, the trend of deposition efficiency in nanosized ranges conforms with the published data, i.e.,
deposition efficiency first decreases with the increasing
particle sizes and, after 100 nm, increases with the
increasing particle sizes. Additionally, deposition
efficiency from Taiwanese is greater than that of from
Caucasians for about 5%. Regarding regional deposition,
all five models showed the same trend, i.e., nasal cavity

Figure 1. Replicate cast of the upper respiratory tract
with separated nasal cavity, nasopharyngeal and trachea

Figure 2. Particle deposition efficiency of Taiwanese
(subjects A~C) and Caucasians (subjects D and E).
is with the highest deposition efficiency and trachea the
lowest. The efficiency difference in the nasal cavity
between Taiwanese and Caucasians can be as high as
7.1%. This constraint of this work is that the number of
subjects is limited.
The work concludes that more subjects in both
ethnic groups are needed and ICRP should be modified
according to ethnic groups.
This work was financially supported by the
National Science Council, Taiwan under NSC102-2221E-327-001.
Kesavanathan, J. and Swift, D.L. (1998) Aerosol Sci.
Technol. 28, 457-463.
Kim, C., and Hu, S.C. (2006) J. Appl. Physiol. 101, 401412.
Yu, C.Y., Yeh, W.Y., Yang, Y.X., and Chang, P.H.
(1996) J.Occup. Safety Health (in Chinese). 4, 31-46.
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The understanding of these really small particles is a
crucial issue for our society, through the environmental
pollution or the aerosol therapy. Moreover, nanometric
particles of aerosols require to take into account in the
models used for bigger particles the possible growth of
particles due to the humidity, which cannot be
neglected any more. Indeed, several studies (Longest,
2011) have shown that the size of initially small
particles in a dry air can become significantly bigger in
the pulmonary conditions. Thus, even if the deposition
area is well known in the nonhygroscopic case, it is not
the case in the hygroscopic one. In our situation, these
deposition areas depend not only on the initial size of
the particles, but also on the initial composition of the
particles and the characterisitics of the inspired air
(temperature and humidity).
Local hygroscopic particle and lung trumpet models
A purely local model is first investigated, in
which we try to improve our understanding of the
physical processes involved in the hygroscopic growth.
The local area of the airways is considered as a tube of
diameter Dtube in which the air remains static and has a
uniform temperature Tair and a uniform water vapor
mass fraction Yv;air. The wall has constant temperature
Twall and relative humidity RHwall, which results in a
constant water vapor mass fraction Yv;wall on the wall.
Similarly as the droplet, both conditions on the wall
and in the air imply two fluxes: qwall, the heat flux due
to the difference of temperature (Tair – Twall), and nwall,
the evaporating/ condensating mass flux of water vapor
due to the difference of water vapor mass fraction
(Yv;air – Yv;wall). We place a density npart of identical
particles. We obtain then four fluxes which can be
summarized in Fig. 1.

particles move in the respiratory tract, with the human
conditions Twall = 37°C and RHwall = 99:5%, and the
following respiration parameters: time of a cycle T =
5 s with 1.75 s of inspiration and 3:25 s of expiration.
The composition of all the droplets is the one from
(Longest, 2011): initial radius rd0 and the massic
fraction of component (NaCl) denoted mfs.
Numerical observations from the models
The influence of the injection time on the
particle size is quite clear on Fig. 2. We can al the time
when a particle reaches its maximum humidity is
reached when the particle is in the last generations of
the upper airways.

Figure 2: Time variation of particle size: Tair (t=0) =
15°C, RHair(t=0) = 50%, rd0 = 60 nm, and mfs = 0.5. In
each test, data 1 to 6 correspond to several injection
times of the nanoparticles (0 s; 2.5 ms, 50 ms, 0.1 s,
0.25 s, 0.5 s, respectively).
Next, when we do not have over-humidity, the
droplets size smoothly increases towards its
equilibrium value, whereas, whenever over-humidity
occurs, the particles can grow significantly bigger than
their equilibrium size before reaching it again.
Eventually, it is important to note that the mfs
of course has an effect on the equilibrium size of the
particles. For instance, with the same experimental data
otherwise, taking mfs = 0.5 and 0.8, the equilibrium
values are respectively approximately 300 or 400 nm.
Longest, P.W. and Hindle, M. (2011) Numerical model
to characterize the size increase of combination drug
and hygroscopic excipient nanoparticle aerosols,
Aerosol Sci. Technol. 45(7):884-899.

Figure1: Temperature and mass water vapor fluxes.
Second, we use the trumpet model of the lung
geometry described in (Martin et al, 2013) to let

Martin, S. and Maury, B. (2013) Modeling of the
oxygen transfer in the respiratory process, ESAIM:
Mathematical Modelling and Numerical Analysis,
47:935-960.
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Physical characteristics of cigarette smoke and e-cigarette aerosol, inhalation conditions
and their implications for dose
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Cigarette smoking produces a complex and dynamic
condensation aerosol from a supersaturated vapour
generated by processes of combustion, pyrolysis and
distillation. Electronic cigarettes (e-cigarettes) also
produce a dynamic condensation aerosol by rapidly
evaporating a simpler formulation containing nicotine
and water with glycerol, propylene glycol (PG) or a
mixture of each.
Areas of regulatory interest may include the
nature and consistency of the device output including
droplet size and concentration, and how these impact on
delivered and retained dose of the formulation
components.
Droplet size distributions were measured by
electrical mobility (EM: Model DMS-500 MkII,
Cambustion, UK) and by laser diffraction (LD: Spraytec,
Malvern, UK). The Smoking Cycle Simulator (SCS:
Cambustion, UK) was used to generate appropriate puff
profiles and to minimise dilution and potential droplet
evaporation.
Volume-weighted median droplet diameters (d50)
for e-cigarette aerosols were typically less than 500 nm
by LD and less than 300-400 nm for EM, versus
equivalent
tobacco
smoke
measurements
of
approximately 150-210 nm. Precision data were product
dependent but less than 4–5% for most e-cigarette
products. This degree of precision meets the acceptance
criteria for droplet size distribution (d50 ± 20% for d50 <
1 µm) for laser diffraction measurements (e.g. European
Pharmacopeia, 2010) for similar aerosol products.
Precision data were similar for tobacco products on a per
cigarette basis, but diameter decreased puff by puff
along the tobacco rod due to reducing time for
coagulation (Adam et al, 2009).
Droplet concentration data for cigarettes and ecigarettes were typically of the order of 109.cm-3 at the
point of generation such that early behaviour is
dominated by coagulation. This supports the hypothesis
that the aerosol chemistry will be homogenous for both
cigarette smoke (Li et al, 2014) and e-cigarette aerosol,
although the latter is significantly less complex.
The dynamic physical and chemical changes of
the droplets during puffing, mouth-hold and within the
lungs during inspiration and expiration are subsequently
described by the aerosol dynamics model ADiC (Aerosol
Dynamics in Containments), which considers
coagulation, conductive and convective heat transport,
diffusive and convective vapour transport, phase

transition and particle deposition (Pichelstorfer et al,
2013). This aerosol dynamics model has been
implemented into the stochastic IDEAL deposition code
to compute particle deposition as well as vapour phase
nicotine deposition in the different airway generations of
the human lung.
The following parameters were simulated:
evolution of the particle size distribution during
breathing, particle concentration as a function of time,
component mass fractions at different times during
inhalation and exhalation, number and mass deposition
fractions as functions of airway generations, and the
distribution of nicotine mass deposited by the liquid and
vapour phase.
Particle number concentration is reduced
primarily by thermal coagulation, depending only
slightly on particle composition. Simulations predicted
number concentration losses in the human respiratory
tract of roughly 95%, about 85% originating from
coagulation. Furthermore, for e-cigarette aerosol, the
mean hygroscopic growth of the particle size distribution
correlates with the fraction of glycerol of the aerosol
particles. Simulations showed that vapour phase
deposition dominates the deposition mechanism of
nicotine (post-evaporation from the aerosol), especially
in the alveolar region. Finally, nicotine mass
concentration within the particles decreased much more
than suggested by evaporation and subsequent
deposition. This is caused by dilution related to
hygroscopic growth of the particles.
In conclusion, key physical events for both
cigarette smoke and e-cigarette aerosol are early thermal
coagulation in the mouth and hygroscopic growth in the
airways. Deposition of nicotine is driven by evaporation
from the droplet and vapour phase deposition, especially
in the alveolar region. Chemical dose is driven by the
very different chemistries of the respective aerosols.
This work was supported by British American Tobacco
(Investments) Ltd..
Adam T, McAughey J, McGrath C, Mocker C,
Zimmermann R. (2009) Analytical and Bioanalytical
Chemistry 394, 1193-1203.
European Pharmacopeia (2010) EP 2.9.31.
Pichelstorfer L, Winkler-Heil R, and Hofmann W.
(2013) Journal of Aerosol Science, 64, 125-142.
Li X, Kong H, Zhang X, Peng B, Nie C, Shen G, and Liu
H. (2014) J Environ Sci. (China). 26, 827-33.
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Floor Dust PAHs inside University Lecture Rooms, Offices and Workshop
A. Maragkidou1, Y. Ma2, O. Jaghbeir3, D. Faouri3, S. Harrad2,
A. Al-Hunaiti4, S. Arar5, K. Hämeri1, T. Hussein 3
2

1
University of Helsinki, Division of Atmospheric Sciences, PL 48, FI-00014, Helsinki, Finland
University of Birmingham, School of Geography, Earth & Environmental Sciences, Division of Environmental
Health & Risk Management, Edgbaston, Birmingham B15 2TT, United Kingdom
3
The University of Jordan, Department of Physics, Amman 11942, Jordan
4
Petra University of Helsinki, Department of Chemistry, Amman, Jordan
5
The University of Jordan, Department of Chemistry, Amman 11942, Jordan
Keywords: PAHs, offices, occupational exposure, floor dust.
Presenting author email: androniki.maragkidou@helsinki.fi

People spend about one third of their time at
work/school, where a vast range of equipment is used
such as printers, photocopiers, computers and etc. These
equipments are considered a considerable source of air
pollutants that settle down into floor dust (Ren et al.,
2006; He et al., 2007; Koivisto et al., 2010; Hussein,
2014). Regarding the content of office floor dust, the
most frequent and hazardous compounds are polycyclic
aromatic hydrocarbons (PAHs). PAHs are products of
the incomplete combustion of organic matters and they
could be either natural or anthropogenic (Kameda et al.,
2005).
According to our knowledge, PAHs analysis in
floor dust have been given little attention in Middle East.
Therefore, in this study we reported the concentrations
of 13 priority PAHs in indoor floor dust collected in
lecture rooms, offices and workshop areas at the
University of Jordan, Amman, Jordan. The floor dust
samples were collected on the 6th of April 2015. The
building itself is naturally ventilated.
GC-MS analysis indicated that the dominant
PAHs from the collected dust in the Department of
Physics were in descending order, fluoranthene
(16.16%), pyrene (13.61%), chrysene (12.66%),
phenanthrene (12.21%), benzo[b]fluoranthene (11.61%)
and benz[a]anthracene (7.82%). The least abundant
PAHs were dibenz[a,h]anthracene, anthracene and
indeno[1,2,3-cd]pyrene with 0.43%, 3.08% and 3.74% of
the total PAHs, respectively.
Results of analysis indicated that both offices 300
and 200, in addition to 1st floor corridor, contained the
highest PAHs concentrations measured at the Physics
building for
fluoranthene, and phenanthrene,
respectively (Figure 1). In particular, the maxim PAHs
concentrations for the office 300 were equal to 969.35
ng/g (total PAHs concentrations = 5246.23 ng/g), and for
the office 200, the maxim PAHs concentrations reached
up to 809.77 ng/g (total PAHs concentrations = 5152.65
ng/g) (Figure 1). 1st floor corridor showed maxim PAHs
concentrations equal to 709.96 ng/g (total PAHs
concentrations = 4363.94 ng/g). These high
concentrations (maxim and total) were documented
mainly due to students’ frequent entry and activities,
smoking occurring inside and outside those areas, as
well as the constant operation of office equipment (copy
machine, computers, etc.).

Moreover, regarding I/O ratios, , the majority of
the I/O ratios (almost 58.12%) were less than 1,
implying that outdoor emissions contributed to the total
PAHs concentrations levels, as well as lowering the
indoor air quality.

Figure 1. Individual PAHs concentrations.
This work was supported by the European Commission
FP7 (FP7- PEOPLE-2012-ITN) Marie Curie ITN project
(no. 315760, HEXACOMM), the Faculty of Scientific
Research of the University of Jordan and the Academy
of Finland Centre of Excellence (grant no. 272041).
He, C., Morawska, L., Taplin, L., (2007). Environ. Sci.
Technol., 41, 6039- 6045.
Hussein, T. (2014). Jordan Journal of Physics., 7, 7383.
Kameda, Y., Shirai, J., Komai, T., Nakanishi, J.,
Masunaga, S. (2005). Science of The Total
Environment., 340, 71- 80.
Koivisto, A.J., Hussein, T., Niemelä, R., Tuomi, T.,
Hämeri, K. (2010). Atmos. Environ., 44, 2140- 2146.
Ren, Y., Cheng, T., Chen, J. (2006). Atmos. Environ., 40,
6956- 6965.
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The development and characterization of a novel cell-based biosensor for the functional
screening of bioaerosols
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Exposure to bioaerosols has been associated with
adverse effects on human health and airborne
transmission of infections. The lack of technology to
determine the exposure-response relationship has
hampered the assessment of health risks and
development of regulatory frameworks associated with
bioaerosol emissions.
Cell-based biosensors have been recognized
as potential leaders in the next generation of functional
biosensing as they provide rapid and useful information
on physiological responses to a variety of bioactive
analytes. We have developed 2D and 3D co-culture
systems which show promise as cell-based biosensors
in a variety of settings.
Alveolar macrophages (AM) are the first line
of
defence
against
airborne
environmental
microbes.ecently, we have described a novel,
continuously growing, non-transformed, model of lung
AMs (MPI cells), a first in the field (Fejer et al, 2013).
This robust system provides an excellent new model
for AMs without restricted availability. To mimic the
in vivo interactions of AMs and alveolar type II
epithelial cells upon exposure to bioaerosols, MPI cells
and a well-established alveolar epithelial cell line were
used to develop a co-culture. For the detection and
characterization of unique inflammatory/molecular
signatures in response to LPS stimulation, cutting-edge
technologies such as SILAC labelling, secretome
analysis using mass spectrometry, Luminex multiplex
platforms, RT-PCRs, Western Blotting were performed.
The results from these experiments strongly
support the potential of this model to study
bioaerosol/LPS associated health hazards. Moreover,
advancement of such a model will allow the future
development of high throughput and potentially ‘infield’ use of cell-based biosensors.

ReferencesFejer G, Wegner MD, Györy , Cohen I, Engelhard P,
Voronov E, Manke T, Ruzsics Z, Dölken L, Prazeres
da Costa O, Branzk N, Huber M, Prasse A, Schneider
R, Apte RN, Galanos C, Freudenberg MA.(2013). Proc
Natl Acad Sci U S A. 11; 110 (24), 2191-8
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The impact of polybrominated diphenyl ethers in the classroom dust on the health of the
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Polybrominated diphenyl ethers (PBDEs) are a class of
brominated fire retardants (BFRs) and man-made nonnaturally occurring chemicals to be recognized as
endocrine disruptors. PBDEs have been utilized
extensively as additives in a wide variety of consumer
products, such as electronic devices, vehicles, building
materials, textiles, carpets, and furniture foam and
upholstery in these three decades. PBDEs are ubiquitous
in the terrestrial and aquatic environment to
bioaccumulate in the plants and animals due to their
environmental and biological persistence (Chokwe et al.
2015, Wang et al. 2015).
The negative effects of human staying indoors are
numerous including the plenty of hazardous pollutants
like PBDEs. Levels of PBDEs are much lower in
outdoor than indoor air and that the source of BFRs
outdoors may be indoor air (Newton et al. 2015).
Humans tend to spend more time indoors than outdoors,
so direct PBDEs exposure is a public health concern.
Recently, it is demonstrated that most PBDEs exposures
are from indoor dust and not food (Kang et al. 2011).
Dust samples were collected in 10 urban
elementary schools in southern Taiwan from September
2014 to February 2015. Classroom dust was collected by
a vacuum cleaner. After the procedure of extraction,
cleanup, and concentration, the final extract including
fourteen PBDEs (BDE-28, 47, 49, 99, 100, 153, 154, 183,
196, 197, 203, 207, 208, and 209) was analyzed by high
resolution gas chromatograph with high resolution mass
spectrometry. The health assessment of the elementary
school children in houses was including daily intake (DI),
non-cancer (hazard index, HI), and cancer (R) risks. The
risk parameters were supported by the US EPA
Integrated Risk Information System (IRIS) (US EPA,
2015a), Exposure factors handbook (US EPA, 2015b),
and the report of the Nutrition and Health Survey in
Taiwan (NAHSIT) from the Health Promotion
Administration of Ministry of Health and Welfare in
Taiwan, between 2005 and 2008 (National Health
Research Institute, 2015) .
Dust Σ14PBDE levels in the classrooms of the
elementary schools with mean and standard deviation
(SD) (n=10) were 370 and 65.8 ng/g, respectively. BDE209 was the predominant congener among 14 BDE
congeners in most of dust samples to show mean±SD
and the percentage composition as 263±46.9 (70.1%).
Non-dietary daily intakes of BDE-47, 99, 153, and 209
for the school-age children via classroom dust in the

elementary schools were 7.74x10-10, 1.53x10-10, 6.97x1010
, and 1.94x10-8 mg/kg/day, respectively. Non-cancer
risks (HQs) for school children were below the critical
values of 1.00 (BDE-47: 1.60 x10-7; BDE-99: 3.15 x10-7;
BDE-153: 7.20 x10-8; BDE-209: 5.73 x10-8). Only BDE209 among 209 BDEs could be assessed for the cancer
risk. The cancer risk from the non-dietary exposure
pathway for Taiwanese children in the elementary
schools were lower than the threshold (R=1×106). The
findings of the present study showed that the classroom
dust concentrations of PBDEs in the elementary schools
were harmful for the school-age children in Taiwan after
the health risks of the children were assessed based on
our results.
Table 1. Heath risks for school children in the
classrooms of the elementary schools.
PBDEs
Health risk
DI (mg/kg/day)
HQ
R
BDE-47
7.74x10-10
1.60x10-7
BDE-99
1.53 x10-10
3.15 x10-7
BDE-153
6.97 x10-10
7.20 x10-8
BDE-209
1.94 x10-8
5.73 x10-8
2.81x10-13
This work was supported by the National Science
Council, Taiwan.
Chokwe, T.B., Okonkwo, J.O., Sibali, L.L. and Ncube,
E.J. (2015). Sci. Pollut. Res. Int. 22: 11922–11929.
Kang, Y., Wang, H.S., Cheung, K.C. and Wong, M.H.
(2011). Atmos. Environ. 45: 2386–2393.
National Health Research Institute. Nutrition and Health
Survey in Taiwan, available at http://nahsit.nhri.
org.tw/node/1 (accessed February 2015).
Newton, S., Sellström, U., de Wit, C.A. (2015). Environ.
Sci. Technol. 49: 2912–2920.
US EPA. Integrated Risk Information System (IRIS).
http://www.epa.gov/iris/search_keyword.htm
(accessed February 2015a)
US EPA, Exposure factors handbook, Chapter 6 Inhalation rate, available at http://www.epa.gov/ncea/
efh/pdfs/efh-chapter06.pdf
(accessed
February
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Wang, J., Liu, L., Wang, J., Pan, B., Fu, X., Zhang, G.,
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coefficient of determination between Sm and Mm was
Objectives :
To date, Environmental Protection Agency
50.2%, 64.3%, 65.2%, and 73.0%, respectively.
monitoring station measurements (EPAm) are widely
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(b) Likelihood
(c) Posterior
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used for characterizing air quality data, but simply using
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variations of PM2.5 in the area, and to build a long term
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databank for conducting exposure and health risk
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Methods :
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The Shalu area, located in the central Taiwan, was
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station was built next to EPA monitoring station. In
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addition, a mobile monitoring station was used to
Figure1. Long term exposure profile of residents at
measure PM2.5 of the area simultaneously in 2013-2014.
Shalu area by Basyien analysis (a)Prior (10 years
Samplings were performed during daytime (7:00-10:00
estimate values) (b)Likelihood (Measure value)
AM) and nighttime (18:00-21:00 PM) on both weekdays
(c)Posterior (ER0. < STD24hr, ER1. STD24hr, ER2. i.e.,
and weekends for one month per season. After
1.0 to 2.5 STD24hr , ER3. 2.5 to 10 STD24hr , ER4.
eliminated high leverage value and outliers, the
>10STD24hr)
correlations of mobile measurements (Mm), stationary
measurements (Sm) and EPAm were examinated, and
Fig 1 shows the profiles associated with resident's
spatial and temporal variations of PM2.5 in the area were
long-term PM2.5 exposures as in comparison with
assessed, and finally a long term PM2.5 databank was
STD24hr using BDA. Results show that residents'
constructed. The Bayesian decision analysis (BDA) were
exposure ratings are the most probably (97.7%) falling to
used for conducting long term exposure and health risk
ER2 (i.e., 1.0 to 2.5 STD24hr). Using the same data sets,
assessment of residents by comparing with EPA PM2.5
this study yields the lung cancer risk associated with
air quality standards (STD24hr).
residents' long-term PM2.5 exposures most probably

Results :
(99.3%) falling to ER4 (i.e., >10-4). The above results
Result indicates that most daytime PM2.5
suggest that both residents' PM2.5 exposures and their
concentrations were significant higher than that of the
resultant lung cancer risk were unacceptable.
nighttime for EPAm, Mm and Sm due to higher traffic

Conclusions :
flow and traffic density occurred during the daytime.
The study show that the use of EPAm, Sm and Mm
Highest PM2.5 concentrations were found in winter
could effectively describe the spatial and temporal
which could be associated with unfavorable atmospheric
variations of PM2.5 of the area, and would be able to
diffusion conditions of the season. Comparing the
build a long term databank for conducting exposure and
results between the Mm and Sm, the former are higher
health risk assessment of residents. Both exposures and
than that of the latter indicating that the height of the
health risk were unacceptable which urges the needs for
stationary monitoring station would lead to the
identifying main PM2.5 pollution sources for initiating
underestimation PM2.5 exposures of residents of the area.
proper control strategies in the future.
Both Mm and Sm are found with higher values than that
of EPAm. The coefficient of determination between
EPAm and Sm was 62.0% in spring, 75.6% in summer,
61.8% in fall, and 83.2% in winter. Corresponding
Decision Probability
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Decision Probability

Decision Probability
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Vertical profile of Primary and Secondary pesticide drift following orchard ground
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Pesticide drift may occur both during application, primary
Drift (PD), and after it, secondary drift (SD). While PD is
in the form of droplets, SD is mostly evaporation based
and is expected to be almost entirely in the form of gas
(Van den Berg et al., 1999). Common PD measurements
using settling, impaction, or even with LIDAR are
insensitive to atmospheric transport of pesticides present
in gaseous phase or in fine aerosols (d<40 μm).
Furthermore, the few drift studies from orchards that had
measured airborne pesticide did so at single height, often
less than 2 m above ground. All these may result in under
estimation of pesticide drift from orchards and of the
consequential human exposure in nearby communities.

There is no standardized method for assessing
pesticide total drift (Bonds and Leggett, 2015). As such,
only a first approximation for pesticides drift rate crossing
the orchard edge was calculated. The drift flow rate was
calculated following the approach presented by (Jensen
and Andersen, 2008). Despite different meteorological
conditions in each application event the normalized drift
during application was for most spraying events around
1%.
As Myclobutanil was applied together with
Spiroxamine the difference observed in their drift
measurements can be attributed to differences in their
physio-chemical properties. PD results show that at very
short distances (7m) the ratio between air concentrations
of Myclobutanil and Spiroxamine was very similar to that
in the original spraying solution (~1:10). Suggesting that
near-field PD itself is less affected by pesticide volatility.
At 20m distance, however, Myclobutanil concentrations
were higher than a tenth of Spiroxamine concentrations.
This may be due to evaporation of the more volatile
Spiroxamine from spray droplets and its ascending above
the sampling heights. Similar trend was observed during
SD.

In this work we aim to better understand both
Primary and Secondary pesticide drift from treated
orchard, by measuring airborne pesticides concentrations
at varying times, heights and distances. The vertical profile
for
two
fungicides
(Spiroxamine, 𝑉𝑝 = 1.7𝑒 −2
𝑃𝑎 @ 20°𝐶
and
Myclobutanil,
𝑉𝑝 = 2.0𝑒 −4
𝑃𝑎 @ 20°𝐶) were examined at two distances, during both
PD and SD. Drift flow rate estimations and the effect of
vapor pressure on Primary and Secondary drift was also
examined.

In summary, the present study provides new
information on the vertical profile of pesticide drift from
orchards, both during application and after it. The obtained
results show the importance of drift measurements at
elevated heights for reliable estimations of pesticide drift,
its atmospheric transport and the resulting human
exposure in nearby communities.

The commercial pesticides were applied in a
peach orchard in 6 different spraying events. Air samplers
and meteorological mast were located east of the orchard
in a fallow field, as westerlies winds are common in the
area. Airborne pesticides were actively collected on
polyurethane foam plugs placed in fabricated glass
holders. The holders were positioned at different heights
using two telescopic pneumatic mast. The first mast was
deployed 7m away from orchard edge with sampling
heights of 2, 4, 6, 8, and 10 m, and the second mast at 20m
distance with the same sampling heights, excluding 2m.

This work was supported by the Israel Science
Foundation and the Environmental Health Foundation.
Bonds, J.A.S., Leggett, M., 2015. Trans. ASABE 58,
1471–1477. doi:10.13031/trans.58.11057

Although trees’ height was ~3m, airborne
pesticides reached the highest measuring points, both
during PD and SD. During PD Spiroxamine air
concentrations varied between 2 − 10 𝜇𝑔 𝑚−3 . In almost
all events a reduction in air concentration with height and
with time was observed at 7m distance. At the farther mast
(i.e., 20 m distance) air concentrations were lower by
about a factor of two and no clear vertical trend was found.

Jensen, N.O., Andersen, H.V., 2008. Environ. Pollut. 156,
193–8. doi:10.1016/j.envpol.2007.12.021
Van den Berg, F., Kubiak, R., Benjey, W.G., Majewski,
M.S., Yates, S.R., Reeves, G.L., Smelt, J.H., van der
Linden, A.M.A., 1999. Water Air Soil Pollut. 115,
195–218. doi:10.1023/a:1005234329622

1

European Aerosol Conference 2016

Tours, France

Page 1020 of 1211

Study of mycotoxins aerosolized during the shaking of hays contaminated with Stachybotrys
chartarum
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Mycotoxins are secondary metabolites produced by
fungi during their development. Their presence in cereals
and subsequent exposure by ingestion has been widely
studied and led to the setting up of regulations regarding
maximal tolerable contents in foods (European
Commission, 2006). However, the development of
toxigenic fungi on other substrates can lead to different
modalities of human exposure and specially exposure to
the contaminants by inhalation due to the handling of
contaminated
materials
and
the
subsequent
aerosolization of toxins. The fodders and especially hays
appeared as a possible important source of airborne
exposure to mycotoxins for people who regularly handle
them (farmers, grooms…).
Among the frequent contaminants of these substrates,
Stachybotrys chartarum is certainly the most important
one in a sanitary point of view. Indeed, it can produce
several toxins belonging to the family of macrocyclic
trichothecenes (TCT). Now, recent studies demonstrated
the recurrent presence of S. chartarum in bioaerosols
from farms (Lanier et al., 2012), suggesting a possible
chronic exposure of farmers. However, the hazard
related to these modalities of exposure to mycotoxins is
still partially documented.
This research focuses on the physical and toxic
characterization of the particles aerosolized during the
handling of artificially infested hays with a strain of S.
chartarum. In order to simulate the handling of hay,
done for the mulching for example, a specific tool has
been developed. An experimental chamber was designed
to provide a facility in which aerosols of mycotoxins
could be measured under safe conditions.
The production of particles during the shaking of
hays showed that contaminated hay emitted more
particles than hay free of contamination (till 200-fold).
This phenomenon could be explained by structure
alteration of the hay by fungi. Additionally, the
granulometry revealed 2 new modes with contamined
hay: 0.9 and 4.5 µm, pretending the presence of fine
fragments and spores associated with the fungal growth
(Figure 1).
Furthermore, the macrocyclic TCT were quantified in
the hay and air with an UPLC-MS/MS method optimized
to measure simultaneously the four major macrocyclic
TCT (Roridin L2, Verrucarin J, Satratoxin G and H).
The total concentration of macrocyclic TCT
measured in hay was 165.3 µg/g versus 8.3µg/m3 for
airborne particles collected. The analysis of fungal

contamination free hay has revealed the absence of
macrocyclic TCT.

Figure 1: MEB observation of S. chartarum structures
Table 1 indicates the concentration of airborne
macrocyclic TCT according to the granulometric range
(Dae).
Dae (µm)
TCT (µg/m3)

0.65-1.1
0.003

1.1-2.1
0.06

2.1-3.3
0.25

3.3-4.7
0.7

4.7-7
2.1

Table 1: Total concentration of macrocyclic TCT
according to the granulometric range (Dae)
Macrocyclic TCT are mostly associated with
supermicronic particles and they have been quantified
even on the particles finer than Stachybotrys spores
whom aerodynamic size has been reported being
4.2-4.6 µm. Then TCT can be carried on particles that
can penetrate deep into the human lungs.
In conclusion, the study produced data for the
evaluation of hazards linked to the mycotoxins’exposure
during the handling of moldy hay. We are now
progressing in the study of cytotoxicity of these toxins
and we are developing strategies and tools enabling the
prevention of personal exposure to mycotoxins.
This work was supported by the French National
Agency for Food, Environmental and Occupational
Health & Safety (ANSES- Aerostachytox project).
European Commission (2006) Regulation (EC) No.
1881/2006 of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Off. J.
Eur. Union L364:5-23.
Lanier C., André V., Séguin V., Heutte N., El Kaddoumi
A., Bouchart V., Picquet R., Garon D. (2012)
Recurrence of Stachybotrys chartarum during
mycological and toxicological study of bioaerosol
collected in a dairy cattle shed. Ann. Agric. Environ.
Med. 19, 61‐67.
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Trace elements bioaccessibility in fine particles from the urban area of Lille (France)
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Air pollution, significantly reduced in recent
decades, continues to exert adverse effects on
human health. A recent meta-analysis, combining
the results of several epidemiological studies,
showed a causal relationship between exposure to
normal levels of air pollution and mortality from
cardio-respiratory causes (Analitis et al., 2006,
Brook et al., 2006). Inhalable atmospheric particles
may contain significant concentrations of trace
elements (TE) that could be one of the causes of the
adverse cardiovascular and respiratory effects
(Donaldson et al., 2002).
Among air pollutants, fine particulate
matter (PM2.5 Particulate matter <2.5μm) is a major
health risk factor. Due to their size, PM2.5 can
penetrate in the deep part of the lung where a
fraction of these inhaled particles persists in spite of
the pulmonary clearance mechanisms and can
exerts toxicological effects (Brauer et al., 2001).
Fine particles TE can be partially or completely
dissolved upon contact with the lung fluids and the
evaluation of this solubility is essential for a better
understanding of the particles’ toxicology (Costa
and Dreher, 1997).
Molecular and cellular mechanisms
involved in the pulmonary air pollutants
pathogenesis
remain
highly
controversial.
Therefore, particle size, shape, chemical
composition and potentially toxic bioaccessible
content are the main characteristics to consider in
the PM-induced biological impacts (Oberdörster et
al., 2005). However, these parameters are not taken
into consideration in toxicological studies.
Bioaccessibility is classically evaluated in vitro, in
water or in solutions mimicking the physiological
fluids (Gamble solution, pH = 7.4 and
≈ 37 °C)
(Caboche et al., 2011) but in absence of any
interaction with human cells. Moreover,
toxicological studies are often performed in
complex cell culture media with specific nutritive
and balanced salt solutions favoring their survival
and their growth under particular physiological
conditions compatible with the cells culture. In this

study, PM2.5 TE bioaccessibility was assessed in
cell culture media in cells presence or absence.
Fine particles were collected in the traffic
influenced urban area of Lille, using high volume
cascade impactors (Tish). Bioaccessible fractions
and total concentrations of a large set of elements,
selected according to their potential toxicity and
their property as source markers (Al, As, Ba, Cd,
Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Ni, Pb, Rb, Sb,
Sr, Ti , V and Zn), were analyzed by ICP-AES and
ICP-MS. In addition, in order to evaluate the
toxicity of the soluble or insoluble TE part of the
fine particles, we measured various parameters like
cytotoxicity measuring G6PD release, cytochrome
P4501A1 activation and inflammation (IL-8, IL-6,
TNF-α).
These
results
indicate
that
the
bioaccessibility may vary depending on the cell
culture media employed. Moreover, the interaction
between the cells and the culture media participate
to the chemical transformation of the pollutants and
should be considered in future toxicological studies.
This work was supported by the “Institut National
de Recherche contre le CAncer” (INCA) and
“Institut National de la Santé et de la Recherche
Médicale” (INSERM), the Nord-Pas-de-Calais
Regional Council, and Mines Douai.
Analitis, A., Katsouyanni, K., Dimakopoulou, K., et
al. (2006) Epidemiology. 17:230-3.
Brauer, M., Avila-Casado, C., Fortoul, TI., et al.
(2001) Environ. Health Persp. 109:1039-43.
Brook, RD., Franklin, B., Cascio, W., et al. (2004)
Circulation. 109:2655-71.
Caboche, J., Perdrix, E., Malet, B., Alleman, L. Y.
(2011) J. Environ. Monit. 13, 621-30.
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The ceramic industry is a growing industrial sector,
which is benefitting from advances made available
through nanotechnology and a number of innovative
industrial
processes.
However,
production of
nanomaterials, including the manufacture and use of
nanoceramics, cannot be considered safe without a
thorough investigation regarding exposure and toxicity
of nanoceramic materials, which is a current research
gap. This requires better knowledge of workers’
exposure in the ceramic sector and during nanoceramics
manufacturing, handling and processing, which will
firstly require the understanding of exposure scenarios.
The comprehensive assessment of occupational
exposure, toxicity and risk during the production and
handling of nanomaterials has only rather recently
become feasible, with the advent of new measurement
techniques and first attempts towards harmonized
measurement strategies (Asbach et al., 2015).
In this framework, our work aims to assess and
improve environmental health and safety (EHS) in the
ceramic industry. The objective of this work is to study
industrial processes and activities which may generate
nanoparticle emissions into workplace air, and to assess
worker exposure by evaluating the particle release
processes, characterizing the emitted particles, and
understanding their toxicity. Two main types of exposure
scenarios will be characterised during the nanoceramic
value chain: (1) nanoparticle emission during production
and application of engineered nanoceramics (e.g., Aldoped zinc oxide, La-based, BaSO4, TiO2 and silica
nanoparticles, and ceramic pigments), and (2)
nanoparticle emission during processes applied in the
ceramic industry with potential for unintentional
nanoparticle release, regardless of whether nanoceramics
are used as input materials (e.g., laser ablation, plasma
thermal projection, laser sintering of ceramic tiles,
physical vapour deposition, and inkjet printing).

Nanoparticle release mechanisms and their
impact on exposure will be characterised in a selected
number of release scenarios, including morphologically
and structurally characterising nanomaterials using stateof-the-art techniques for engineered nanoceramic
particles and also for process-generated nanoparticles
released to workplace air. Toxicity assessments will also
be carried out for selected nanomaterials, with the aim to
address biological interactions of nanoceramics, by
performing in vitro and in vivo studies to provide
insights on MNM toxicity profiles namely on those
related with oxidative stress, inflammatory and
genotoxic responses. Finally, we will develop a tool to
discriminate engineered nanoceramic particles from
background aerosols based on hygroscopicity
measurements, thus innovating in the field of
characterization methods relevant for EHS. Mitigation
measures will also be proposed.
The work is currently ongoing in the framework
of SIINN-ERANET project CERASAFE, which initiated
its activities in January 2016. As project outcomes, a set
of Good Manufacturing and Use Practices for
nanoceramic materials will be established. Results will
be collected in a public database complemented with risk
assessment and including recommendations for industry,
users and stakeholders to ensure the safe production
process for nanoceramic materials.
This work is supported by SIINN, the ERA-NET for a
Safe Implementation of Innovative Nanoscience and
Nanotechnology (project id.:16). Support was also
provided by Spanish MINECO PCIN-2015-173-C02-01.
Asbach, C, et al. (2015) Measurement and Monitoring
Strategy for Assessing Workplace Exposure to
Airborne Nanomaterials in Safety of Nanomaterials
along their Lifecycle - Release, Exposure and Human
Hazards , Florida, US, CRC Press
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Nanomaterials have become a part of our modern
everyday life. People are exposed to particles not only
through pollution but also through the daily use of
various products containing nanomaterials. For example,
around 105 tons of ZnO is produced annually for
sunscreens, catalyst etc. (Colvin, 2003; Klingshirn,
2007).
Based on the studies the particle size has been
regarded as the dominant factor determining the
toxicological effects of nanoparticles (Becker et al.
2003). However, particle composition plays has also
been shown to play an important role (Schwarze et al.
2006). This is supported by our results showing different
inflammatory, genotoxic and cytotoxic responses in
immunotoxicological cells to different wood combustion
particles of similar size (Jalava et al 2009).
In the current study the physico-chemical
properties of Zn containing nanoparticles and their
relationship to induced toxicity was investigated. The
particles were synthesized using aerosol methods, while
ZnCl2 was used as a reference. The solubility of the
particles in cell culture medium was measured with
atomic absorption spectroscopy and modelled using a
Pitzer ion interaction model. The toxicity of the particles
was studied with a RAW 264.7 mouse macrophage cell
line. Cells were exposed for 24 h to the NPs containing
similar amounts of Zn.
Table 1 shows the properties and composition of
the particle samples used in the toxicological studies.
The particles consisted of zinc containing species with
varying composition. The agglomerate size of the
particles was between 35 nm and 44 nm. The shape of
the particles varied from irregular (CVS-1), and
spherical agglomerates (CVS-2, CVS-3) to rod shaped
particles (FSP-1).
The solubility of the species in the cell culture
medium depended on their composition. The particles
consisting of Zn salts were fully soluble in pure water.

However, the high carbonate concentration in the cell
culture medium resulted in a conversion of zinc to ZnO
and ZnCO3 and subsequently in the precipitation of the
Zn species. The ZnO nanoparticles (CVS-1 and FSP-1),
on the other hand, had low solubilities in both water and
cell culture medium.
It was found that the toxicological profiles of zinc
containing nanoparticles and ZnCl2 were dependent on
the size, shape and solubility of the particles. The
observed release of Zn2+ in the cell culture media was
consistent with the cytotoxic effects of the studied Zn
compounds on RAW 264.7 cells (Figure 1).

Figure 1. Cytotoxicity was evaluated using the
propidium iodide (PI) exclusion test (n = 3). Each
whisker represents the standard error of the mean
(SEM).
References:
Becker, S. (2003) Exp. Lung. Res. 29, 29-44.
Colvin, V.L. (2003) Eur. J. Pharmacol. 479, 171-185.
Jalava, P. et al. (2009) Inhal. Toxicol. 21, 994-1006.
Klingshirn, C. (2007) Chem. Phys. Chem. 8, 782-803.
Schwarze, P.E. (2006) Hum. Exp. Toxicol. 25, 559-579.

Table 1. Properties of the produced particles and their toxicological effects.
Powder
Composition
Crystalline size [nm]
Solubility in cell
MIP-2 [pg/ml]***
*
culture medium [%]
CVS-1
ZnO
n.a.
1.0
500
K2SO4
29
CVS-2
ZnO
34
C4H4O4Zn
33
n.a.
1600
K2SO4
~39
CVS-3
75
K2Zn(SO4)26H2O
~63
1.97**
1300
C6H8O7
~50
K2SO4
FSP-1
ZnO
56
0.11
800
ZnCl2 ref.
ZnCl2
na.a
2.12
200
*
values from Pitzer model, **without ZnCO3 formation Zn is fully soluble, *** control value 400 pg/ml.
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Waste sorting activities are source of
occupational bioaerosol exposure that were associated
with several health disorders such as rhinitis, asthma and
hypersensitivity pneumonitis. So far, the microbial
biodiversity data published in this occupational
environment were obtained by cultivation of
microorganisms on nutrient media prior to identification.
Due to the well-known limits of cultural methods, these
biodiversity measurements underestimate the real
microbial taxon richness. Recent advances in molecular
biology provided powerful methods for biodiversity
studies such as high-throughput sequencing.
The first aim of the study was to evaluate the
suitability of high-throughput sequencing for the
assessment of bioaerosol biodiversity in a waste sorting
plant (WSP). The second one was to calculate the
uncertainty of the global measurement process.
Bioaerosol biodiversity was assessed in a French
WSP sorting journal newspapers, papers, cardboards,
food packaging and other sorting wastes (4000 tons per
month). The WSP employed about 50 workers mainly
dedicated to manual sorting in three cabins. In one cabin,
three stationary parallel samples were collected by
filtration of the air through polycarbonate membrane (0.8
µm) using closed-face cassette (Milipore, France), at 10
L/min and for five hours. An outdoor reference sample
was also collected by the same way. After DNA
extraction (FastDNA®SPIN kit for soil, MP Biomedicals,
USA), eukaryotic rDNA 18S and bacterial rDNA 16S
were sequenced by an external provider (INRA
Transfert, France). Bioinformatic sequences analysis was
performed using two pipelines developed by INRA
Transfert using Mothur software (Schloss and Westcott,
2009). To evaluate uncertainty of measurement process,
the results of bacterial biodiversity were compared and
statistical parameters were calculated.
All DNA extracts from samples had suitable
concentration for the sequencing (mean: 6ng/µL).
Biodiversity was different in the sorting cabin compared
with the outdoor reference (figure 1). For bacterial
biodiversity, more than 80% of sequences were
identified at the phylum rank whereas only 50% of the
sequences were identified at the genera rank. Bioaerosols
were dominated by four main phyla: Firmicutes,
Actinobacteria, Bacteroidetes, and Proteobacteria. The
ten dominant fungal OTU (Operational Taxonomic Unit)
in sorting cabin samples represented 95% of eukaryotic
sequences with a predominance of Penicillium genera

(60%). This agrees with previous findings using the
culture method (Breum et al., 1999). In the outdoor
reference, Cladosporium spp. was the main genera
(45%).
100,0
90,0
80,0
70,0
60,0

OR

50,0

SC1

40,0

SC2

30,0

SC3

20,0
10,0
0,0
Firmicutes

Actinobacteria

Proteobacteria

Figure 1. Main bacterial phyla in bioaerosol emitted in a
sorting cabin and the outdoor reference. OR : outdoor
reference, SC1: sorting cabin sample 1, SC2: sorting
cabin sample 2; SC3: sorting cabin sample 3
Uncertainty decreased as the proportion of taxon
increased, the more the taxon was present, the less the
difference between the three repetitions was important. It
would be used to define the taxa which could be studied
to provide robust results. The results and the calculation
method of uncertainty will be described in the
presentation. Shortly, this method allow to demonstrate
that Firmicutes proportion was four times higher in the
sorting cabin than in the reference and that
Actinobacteria were also predominant in the sorting
cabin. Proteobacteria were predominant in the reference.
The study shows that high-throughput sequencing
is a suitable method for the assessment of bioaerosol
biodiversity emitted in WSPs. The calculation of
uncertainty allowed discriminating bioaerosols sampled
in different situations and gave information about the
repeatability of biodiversity measurements. These results
provide the first record about biodiversity in bioaerosols
from WSPs using high-throughput sequencing and an
original method for uncertainty calculation from the
subsequent data. The methods will be used to assess
parameters that will have an influence in variation of
biodiversity in bioaerosols emitted in waste sorting plant.
Breum, N.; Würtz, H.; Midtgaard, U. and Ebbehøj, N. (1999) Waste Manage.
Res.17, 100-108.
Schloss, P. and Westcott, S. (2009) Appl. Enviro. Microb. 77, 3219-3226.
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m commonly
y used after w
water
Concrete is thhe material most
in the worrld which has
h
always lead to a hhigh
consumptionn of raw matterials. In add
dition it leadds to
enormous CO
O2 emissions. The producttion of cemennt is
responsible for 6.5% of
o the total carbon diooxide
That is about three timess the amounnt of
emissions. T
carbon dioxidde emitted byy global aviatio
on.
Due to corrrosion the seervice life off steel-reinfoorced
concrete sttructures reemains far behind eaarlier
expectations.. The vision of the project C³ - Carrbon
Concrete Coomposite is too establish a new
n
way to bbuild
by using conncrete reinforcced by carbon
n fibre compoosite.
This carbon concrete can replace steel in the long teerm.
which
Since carbonn does not russt, most of thee concrete, w
is only used to protect the steel from corroding,
c
cann be
spared. Carrbon reinforcced concretee is sustainaable,
environmentaally friendly, saves materiaal and weighs less.
This offers a wider varietyy for architectu
ural designs.
Neverthelesss materials containing
c
fib
bres like carrbon
composites ccan come undder criticism for
f the releasse of
fibres duringg handling andd machining. Typical
T
proceesses
for the macchining of cooncrete are cutting
c
and core
drilling. Witthout water drilling
d
fluid circulation th
these
processes em
mit a huge am
mount of dustt, leading to hhigh
particle conccentrations in the vicinity of the machinning
process. Due to the facct, that the carbon
c
reinfoorced
t dust aerosol maybe doees as
concrete conntains fibres, the
well.

project of C3 addresses thee question, too
Theerefore a subp
whaat extent the dust partiicles emitted
d during thee
macchining of carbon concretee can show adverse
a
healthh
effeects. This is done using several toxiccological andd
phy
ysical measureement techniqu
ques.
n presents the actual state of
o knowledgee
Thee contribution
of the project. It discussess the results of differentt
meaasurement tecchniques emplloyed to deterrmine the sizee
disttribution of dust particles during cutting of concretee
and
d the influencee of sample ppreparation an
nd dilution onn
the measured sizee distribution..
Thiis work wass supported by the Gerrman Federall
Min
nistry of Educcation and Ressearch.
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Figure 1. Sizze distributionn of dust particcles generatedd by
cutting cconcrete with and without carbon
c
fibres.

Fiigure 2. Fragm
ment of a carboon fibre precip
pitated from
dust em
mitted during cutting concrete.
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The RIVM history in inhalation toxicology research started in the 1980’s. The first
years the research focused on the toxicity of air pollution gases as Ozone and
Nitrogen-oxides (Rombout et al 1989, van Bree et al 2001). From approximately
1995 the focus was on the effects of Particulate Matter. Since 1997 we use a mobile
laboratory (MAPCEL) to do inhalation studies on locations with high air pollution
or close to the (medical) facilities of academic hospitals for collaboration projects.
Inside the MAPCEL small laboratory animals, healthy volunteers or patients have
been exposed to e.g. outdoor, size fractionated, particulate matter (PM) ( Cassee et
al 2005, Mills et al 2008, Gerlofs et al 2010), diesel engine exhaust (Mills et al
2011) and nanomaterials (Raftis et al 2015).

Amount of Gold (ug) detected in organs of
rats (n=8)
1,E+02
1,E+01
1,E+00
1,E-01
1,E-02
1,E-03
1,E-04
spleen

kidney

liver

lung

blood

Figure 3. Results of a study in which 8 rats were exposed for 2 hour to (nonradioactive) 20 nm nano-gold particles and in which organs were collected after 24
hours for gold determinations by neutron activation analysis at TU-Delft.

Figure 1A. Generation and analysis setup for NP exposure,
1B. volunteer fit with facemask on exercise bike during NP exposure.
Nanomaterials (NM) studies are performed within our laboratory since
2010. For NM the inhalation route is a major concern for both workplace and
indoor/outdoor environment. Exposure characteristics like particle size, shape,
number, charge and surface area can have a major impact on the site of deposition
inside the respiratory tract. When inside the bloodstream the NM can be distributed
to other parts of the body depending on their characteristics.
A good insight in the distribution of the NM over the body in time can be
performed with radiolabeled nanoparticles as this has usually very low detection
limits and overcomes issues of back ground levels of a given material in de body.
The setup of equipment to perform biokinetics studies was described by Kreyling et
al 2002. It is moved from the Helmholtz Institute of Radiobiology, Neuhergeberg,
DE to the RIVM where it will be used in the next years.

Figure 2 Schematic exposure setup for biokinetics studies. Anaesthetized animals
inhale (radiolabeled) NM for 1 or 2 hours in a closed system with controlled
ventilation by pressure changes inside the plethysmograph. (from: Kreyling et al
2002).

With this setup, four animals (mice, rats) can simultaneously be exposed,
while (isoflurane) anaesthetized, to radiolabeled NM of different sizes (by waylength and heat treatment) through a trachea-cannula. The breathing pattern of the
rats is harmonized by an alternating negative/ambient pressure change inside the
plethysmograph, so the frequency of breathing and the volume per breath is
controlled. At different time points after exposure, the uptake/translocation of NM
can be measured in the organs of the animals. The radiolabeled NM make it possible
to measure over 4 order of magnitude. With some modifications, this system can
also be used for future in vitro exposures to NM.
References:
Rombout PJA, van Bree L, Heisterkamp SH and Marra M, The need for an eight
hour ozone standard, 1989, T.Schneider (Ed) Atmospheric Ozone research
and its Policy Implications, pp 701-710
Van Bree L, Dormans JAMA, Boere AJF, Rombout PJA, Time study on
development and repair of lung injury following ozone exposure in rats.
2001, Inh Tox 13:703-717
Cassee FR, Boere AJF, Fokkens PHB, Leseman DLAC, Sioutas C, Kooter IM,
Dormans JAMA, Inhalation of concentrated particulate matter produces
pulmonary inflammation and systemic biological effects in compromised
rats. 2005, J.Tox Env Health part A 68; 773-796
Mills NL, Robinson SD, Fokkens PHB, Leseman DLAC, Miller MR, Anderson D,
Freney EJ, Heal MR, Donovan RJ, Blomberg A, Sandstrom T, MacNee W,
Boon NA, Donaldson K, Newby DE and Casse FR. Exposure to
concentrated ambient particles does not affect vascular function in patients
with coronary heart disease . Env Health Persp. 2008, 116; 709-715
Gerlofs ME, Totlandsdal AI, Kilinç E, Boere AJF, Fokkens PHB, Leseman DLAC,
Sioutas C, Schwarze PE, Spronk HM, Hadoke PWF, Miller MR, and
Cassee FR Pulmonary and cardiovascular effects of traffic-related
particulate matter: 4-week exposure of rats to roadside and diesel engine
exhaust particles, 2010, Inh Tox 22(14) 1162-1173
Mills NL, Miller MR, Lucking AJ, Beveridge J, Flint L, Boere AJF, Fokkens PHB, .
Boon NA, Sandstrom T, Blomberg A, Duffin R, Donaldson K, Hadoke
PWF, Cassee FR, and Newby DE, Combustion-derived nanoparticulate
induces the adverse vascular effects of diesel exhaust inhalation 2011,
Heart 97, 544-550
Raftis J, Miller MR, Langrish J, Krystek P, Campbell C, Donaldon K, Cassee FR,
Newby DE, Mills NL, Duffin R. Gold nanoparticles translocate from the
lung into the blood in man and accumulate at sites of vascular
inflammation in apolipoproteinE knockout mice. 2015, Eur Respir Journal,
(abstract) vol 46, sup 59.
Kreyling W.G, Semmler M, Erbe F, Mayer P, Takenaka S, Schulz H. Translocation
of ultrafine insoluble Iridium particles from lung epithelium to
extrapulmonary organs is size dependent but very low. 2002, J Tox Env
Health Part A 65:1513-1530.
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Particulate matter measurements in Macedonia for health impact assessment
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Solid fuel combustion is a common heating source in
Macedonia. Small scale combustion in combination with
lacking legislation for other emissions lead to high air pollution
levels in the Skopje valley. It is suspected that current air
quality has significant impact on the population health. To
investigate this topic further, risk assessment investigations
have been introduced within the EU-funded Twinning project
“Further strengthening the capacities for effective
implementation of the acquis in the field of air pollution” (MoE
2016). Measured monthly mean concentration of particulate
matter (PM) will be used in a pilot study on health impact
assessment. The aim of the present work was to assess the
correlations between the measured monthly particulate matter
mass concentrations (PM2.5 and PM10) from different air
quality monitoring stations, in order to evaluate their usability
in the health impact assessment study.
Method
Monthly PM data were available from the national air quality
monitoring network for the period of January 2012 to February
2016. PM2.5 was measured at two stations only (both within the
city of Skopje) and PM10 at nine stations (4 Skopje city, 1
Skopje region, 4 outside Skopje region). Missing monthly
values were imputed using the average PM2.5 or PM10
concentration calculated from measurements in the
corresponding month of the other years at the same monitoring
station. In addition, the average monthly ratios PM2.5:PM10
were calculated for the two stations in Skopje having parallel
measurements of these two PM parameters with continuously
acting instruments.
Results
A summary description of the monthly PM2.5 and PM10 data for
the whole monitoring period of Jan 2012 – Feb 2016 is shown
in Table 1. The PM2.5:PM10 ratios at the two stations within
Skopje city ranged between 0,61 in spring and 0,67 in autumn.
Overall, the correlations in PM data between the different
monitoring stations were high (Table 2). The correlation in
PM2.5 between the two stations in Skopje was excellent
(R2>90%): The same applied to the PM10 stations within the
city of Skopje, where only one monitoring station showed
correlation lower than 90% with the others (Gazi Baba;
R2>80%). all the Skopje region monitoring stations as well as
the monitoring stations outside Skopje region showed generally

intercorrelations higher than 70%. Only PM10 data from the
station of Kavadarci, correlated poorly with the other stations.
The rural background station of Lazaropole, located on a
mountain, showed an inverse correlation with all the other
monitoring stations.
Table 1. Summary of the monthly PM data (in µg/m3) measured in Jan
2012-Feb 2016 at Macedonian air quality monitoring stations.

UT – urban traffic site, UB – urban background site, SU - suburban site, RB - rural background
site, HT – heavy traffic, R - refinery

Conclusions.
The limited size of the newly started national air quality
monitoring programme in Macedonia poses challenges for air
pollution exposure assessment. High PM2.5 and PM10
intercorrelations, however, suggest that the PM10 data can be
used to improve spatial coverage of PM exposures. Most likely
due to same sources, PM pollution levels have similar monthly
profiles to those in Skopje city also at the three urban
monitoring sites outside Skopje.
This work was supported by the EU Twinning Programme,
Academy of Finland, Nordforsk, Juho Vainio Foundation, and
by the participating institutes.
References
MoE, 2016 http://airquality.moepp.gov.mk/?lang=en#
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Table 2. Correlation matrix of the arithmetic means of the measured PM (Jan 2012 – Feb 2016). UT – urban traffic site, UB – urban
background site, SU - suburban site, RB - rural background site; HT – heavy traffic, R -refinary
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Endothelial responses of the alveolar barrier in vitro in a realistic dose-controlled exposure to
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Exposure to fine and ultra-fine environmental particles
is still a problem of concern in many industrialized
parts of the world and the intensified use of
nanotechnology may further increase exposure to small
particles.
The response triggered by air pollutants is not
limited to local effects of the respiratory system but is
often systemic, resulting in endothelial dysfunction or
atherosclerotic malady. The link between air pollution
and cardiovascular disease is now accepted by the
scientific community, but the underlying mechanisms
responsible for the pro-atherogenic potential still need
to be unravelled in detail.
A complex tetraculture system was developed
(Figure 1) and consists of the alveolar type-II cell line
(A549), differentiated macrophage-like cells (THP-1),
mast cells (HMC-1) and endothelial cells (EA.hy 926),
seeded in a 3D-orientation on a microporous membrane
to mimic the cell response of the alveolar surface in
vitro in conjunction with native aerosol exposure
(VitrocellTM chamber).

Diesel particle exposure led not to an
upregulation of the anti-oxidant or inflammatory target
genes, but to clear nuclear translocation of Nrf2
(Figure 2).

Figure 2. Nrf2 translocation in endothelial cells
observed after 4 hours of exposure.
The endothelial cells responded to the
treatment also with the upregulation of CYP1A1
mRNA and nuclear translocation of AhR.
Overall, exposure triggered a response in the
endothelial cells after indirect exposure of the
tetraculture system to low doses of particles,
underlining the sensitivity of ALI exposure systems.
The use of the tetraculture together with the
native aerosol exposure equipment may finally lead to
a more realistic judgment regarding the hazard of new
compounds and/or new nano-scaled materials in the
future.
Klein, S.G., Serchi, T., Hoffmann L., Blömeke B.,
Gutleb A.C. (2013) Part Fibre Toxicol 10:31.

Figure 1. Representative organization and composition
of the tetraculture system exposed to diesel exhaust
particulate matter. Klein et al (2013).
After exposure the expression of different antioxidant target genes and inflammatory genes such as
HMOX1, NQO1, ICAM1 or VCAM1 as well as the
nuclear translocation of Nrf2 was evaluated.
In addition, the potential of diesel particles to
induce the upregulation of CYP1A1 mRNA in the
endothelium was analysed.
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PM2.5 mass concentrations and lung functioning of factory workers
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1

Indoor air quality in work place environments is critical for
workers’ health. Exposure for extended periods to high
concentration of PM2.5 is strongly associated with the
cardiovascular mortality and morbidity and lungs
malfunctioning.
The present study investigated PM2.5 (24 hours)
indoor/outdoor and lung function among workers at three
sites (Site A: Quetta Textile Mills Pvt. Limited. Site B:
Century Paper & Board Mills Limited. Site C: Ittehad Oil
Ghee and General Industries Pvt. Limited) in Lahore,
Pakistan. In the indoor environment PM2.5 was monitored
by a DustTrak DRX Aerosol Monitor (Model 8533, TSI
Inc.) while in ambient air PM2.5 was assessed parallel to
indoor monitoring using a real time monitor (DustTrak,
Model 8520, TSI Inc.). Pulmonary function was
determined by spirometry (Newspirolab).
The ambient PM2.5 levels were found to be elevated as
compared to indoor levels. Peaks indoors and outdoors
were observed simultaneously which suggest similar
sources. Hourly mean values of PM2.5 were at their peak
when there was maximum working in all sections (table 1).

and found a higher decline in cotton yarn workers than in
the weaving and slashing section. During dusting a large
amount of cotton dust was removed by the exhaust systems
causing possible elevations in ambient PM levels. The
decline in lung capacity was steeper in smokers than
nonsmokers.
All machines generated maximum PM pollution in form of
cotton dust. Minimum levels were observed during nonworking hours. Maximum hourly means of all size
fractions were observed during the warping step which
ends with knitting (Muezzinoglu, 1998) and so less PM
was in the folding section.
A decline in lung function with exposure duration and age
was observed. A similar decline was reported by
Glindmeyer (1994). . They also concluded that smokers
should not be allowed to work in the yarn manufacturing
unit of textiles. The ambient PM2.5 fraction was a minimum
in folding section as there were no synthetic processes
taking place. There was only quality checking and packing
of cloth in bundles for exportation. In ambient air there
were higher levels of PM during dust storms.

Table 1. Comparison of hourly means of PM2.5 and spirometry
Sections
(Sites)

Warping
(A)
Sizing
(A)
Weaving
(A)
Folding
(A)
Paper
mill
(B)
Oil mill
(C)

PM2.5
(In)
Hourly
Mean
± S.D
468
±224

PM2.5
(Out)
Hourly
Mean ±
S.D
675
±188

FVC

FEV1

FEV1

PEF

Mean
± S.D

Mean ±
S.D

Mean ±
S.D

Mean ±
S.D

87
±05

100
±08

120
±04

88
±09

190
±109
399
±218
220
±73
300
±203

673
±114
587
±69
557
±28
657
±167

75
±10
80
±16
89
±14
74
± 16

90
±10
92
±15
103
±15
87
±14

123
±02
121
±07
121
±04
122
±9

72
±04
89
±26
79
±20
63
±22

459
±198

621
±55

88
±21

98
±20

116
±10

73
±15

When the mean values of FVC, FEV1, FEV1% and PEF
were compared with the indoor PM2.5 fractions it was
observed that there was not a specific order of change in
spirometry values with increase in PM2.5. The lowest
values of FVC, FEV1 and PEF were observed in paper mill
workers. There was significant change in FEV, FEV1 and
FEV in textile industry workers. The lowest value of FEV1
was observed in the sizing and weaving section than in the
folding and warping section. Glindmeyer et al. (1991)
observed FEV1 values in different sections of cotton mills

Glindmeyer H. W., J J Lefante, R N Jones, R J Rando, and H Weill. 1994.
Cotton dust and across-shift change in FEV1 as predictors of annual
change in FEV1. American Journal of Respiratory and Critical Care
Medicine, 149:584-90.
Glindmeyer H.W., J.J. Lefante, R.N. Jones, R.J. Rando, H.M. Abdel
Kader, and H. Weill 1991. Exposure-related declines in the lung function
of cotton textile workers: relationship to current workplace standards.
American Review of Respiratory Disease, 144: 675-683.
Muezzinoglu, A., 1998. Air Pollutant Emission Potentials of Cotton
Textile Manufacturing Industry. Journal of Cleaner Production 6 (339347).
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T. Jankowski1, M. Młynarczyk2
1

Department of Chemical, Aerosol and Biological Hazards, Central Institute for Labour Protection - National
Research Institute, Warsaw, 00-701, Poland
2
Department of Ergonomics, Central Institute for Labour Protection - National Research Institute, Warsaw, 00701, Poland
Keywords: air quality, hospital staff, operating room, ventilation.
Presenting author email: tojan@ciop.pl
Indoor air quality in the operating rooms of hospitals is
important for the engineers of air conditioning and
ventilation (HVAC) system due to the health and live of
patients. Microclimate operating rooms consist of not
only the right conditions for thermal comfort, but above
all the creation and preservation zones controlled purity.
The most important parameters of the
microclimate, which determine thermal comfort are air
temperature, relative humidity and velocity. The
influence of humidity, as compared to the temperature
and velocity on the human sense of comfort is low
because people feel well in a wide range of values. They
are permissible fluctuations of humidity in the range of
30 - 70%. The specificity of the operating rooms,
however, requires a narrow range of relative humidity.
HVAC system should ensure values of air humidity
close to 50% at internal air temperature of 20 0C.
The paper presents some aspects of application of
the adsorber in the HVAC system to stabilize the air
quality parameters in operating rooms. Measurements
were taken with the use of Testo 435-4 Transducers.
On the basis of conducted tests without adsorber
it may be stated that cyclic operation of the HVAC
system does not influence the fluctuations in the value of
air velocity and temperature at the measuring points. The
fluctuations of air humidity are present in all points.
When switching the unit followed by a decrease
humidity, but when it turns off was observed increase in
its value. The further away from the air supply diffuser,
the smaller the fluctuation range of humidity: from
25.67% to 79.41% (supply diffuser) and from 33.67% to
40.24% (breathing zone). When using absorber was
found stability and does not exceed the value of 50%
relative humidity during operation of the HVAC system.

Figure 1. Changes of air velocity at operating room using
various ventilation settings.

Figure 2. Changes in the relative air humidity at different
distances from air supply ventilation without adsorber.

Figure 3. Changes in air humidity, temperature and
velocity at operating room using air conditioning system
with application the tubular adsorber.
This paper has been prepared on the basis of the results
of research task II.P.03 carried out within the National
Programme “Improvement of safety and working
conditions” partly supported in 2014-2016 within the
scope of research and development by the Ministry of
Science and Higher Education. Central Institute for
Labour Protection - National Research Institute has been
the Programme main coordinator.
Uścinowicz, P., Chludzińska M. and Bogdan, A. (2015)
Building and Environment 94, 296-304.
ASHRAE Standard 170-2013, Ventilation of Health
Care Facilities.
DIN 1946-4:2008, Ventilation and air conditioning Part 4: VAC systems in buildings and rooms used in
the health care sector.
FprCEN TR 16244:2011(E) Ventilation for hospitals.
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UV-C decontamination of aerosolized and surface bound single spores and bioclusters
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Biological particles are rarely individual organisms, but
are clusters of organisms physically bound to one
another, or bound to other material present in the
environment.
The size and composition of these
bioclusters contribute to the protection of the organisms
within the core of cluster from the harmful effects of
ambient UV light. The use of ultraviolet irradiation has
been evaluated in the past as option for decontaminating
surfaces and air; however, previous studies were
conducted with single spores, or poorly characterized
polydispersed aerosols making comparisons between
studies difficult. This study is intended to evaluate the
effect of UV-C irradiation on monodispersed particles of
spore clusters with mean diameters of 2.8 µm and 4.4
µm, and single spores of Bacillus atrophaeus subspecies
globigii (BG) on fixed surfaces and as aerosol.
Ink jet aerosol generator produced clusters and
pipetted single spores were deposited on surfaces and
were exposed to UV-C irradiation. Similarly, Sono-tek
and Collison aerosol generator produced particles in air
were exposed to UV-C irradiation. The amount of
organism kill was determined after exposures. The D90,
the UV-C irradiation doses at which 90% of the colony
forming units were rendered non-culturable, for single
spores and spore clusters of 2.8 and 4.4 µm diameter on
surfaces and in air are provided in Table 1. The decay
curves for BG on surfaces and in air are provided in
Figures 1 and 2, respectively. The first stage decay rate
constant for the surface exposure ranged from 0.012 for
single spores to 0.003 for 4.4 μm clusters. Similarly, the
aerosol decay rate constant ranged from 0.12 for single
spores to 0.04 for 4.4 μm clusters. The results show that
single and clustered spores are more rapidly killed when
aerosolized than when fixed to a surface. The decay rate
of spores contained in clusters is proportional to the
overall particle size, and that it is harder to inactivate
large clusters on surfaces. Therefore, decay rate based on
UV irradiation should consider the following factors: the
physical state of the spores, spectrum of light, intensity
of irradiation, organism and strain used, and the particle
size.
Table 1. The Fluence Values for 90% Kill (D 90) of BG
spore clusters (2.8 and 4.4 µm) and individual spores on
surfaces and in the air.
D90 values for
D90 values for
Surface, J/m2
Aerosol, J/m2
Single Spores
138
27
2.8 µm clusters

725

42

4.4 µm clusters

1128

86-94

Figure 1. UV-C Survival Fraction (+ standard deviation)
curves for the single and BG cluster particles (2.8 and
4.4 µm) deposited on membrane filter surfaces. (Top)
survival fraction for fluence up to 1,000 J/m2. (Bottom)
survival fraction for fluence up to approximately 25,000
J/m2.

Figure 2. The Survival Fraction (+ standard deviation)
curve for aerosolized single and BG clusters (2.8 and 4.4
µm).
This work was supported by the US Army Edgewood
Chemical Biological Center, Aberdeen Proving Ground,
Maryland.
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Characteristics of particles concentration in a paediatric intensive care unit (PICU)
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The PICU provides intensive care services to critically ill
neonates, infants, and children. However, unlike other
indoor environments, the understanding of indoor air
quality within the PICU is very limited.
We aimed to investigate indoor particle sources, the
spatial distribution and variation of particle
concentrations within an Australian hospital PICU
(Royal Children’s Hospital, Brisbane) which had two
isolation beds and 6 beds in an open plan arrangement.
Methods:
• Measurement: Indoor/outdoor total particle number
(PN) concentration by TSI CPC 3787s, PM10
concentration by TSI DustTraks, PN concentration in
various locations by TSI P-Trak and CPC 3007.
• Two week measurements were conducted in August
2014.
Results:
• Both 24-hour average indoor PM10 (0.6 – 2.2 µg m-3,
median: 1.1 µg m-3) and PN (0.1 – 2.8 ×103 p cm-3,
median: 0.67 ×103 p cm-3) concentrations are
significantly lower (p <0.01) than the outdoor
concentrations (6.7 – 10.2 µg m-3, median: 8.0 µg m-3
for PM10 and 12.1 – 22.2 ×103 p cm-3, median: 16.4
×103 p cm-3 for PN).
• Based on daily 24-hour average indoor and outdoor
PM10 and PN concentrations, the relationships
between indoor and outdoor concentrations for both
PM10 and PN were very weak (R2 = 0.08). This
implies that indoor concentrations were mainly
affected by indoor sources, and not by outdoor air.
• The overall average PN concentration of the supply
air ranged from 1.9 p cm-3 to 329 p cm-3, with a
median value of 20.6 p cm-3.
• The overall filtration efficiency of the two stage
filters (primary filter: fabric bag; secondary filter:
high efficiency particulate air filter) was 99.99%,
which is very close to the designed standard value of
100%.
• There were very strong indoor particle sources in the
PICU, which could increase indoor PN and PM10
concentrations from about 0.1 × 103 (p cm-3) to above
100 × 103 (p cm-3), and from about 2 µg m-3 to 70 µg
m-3, respectively (see Figure 1).

Figure 1. An example of time series of indoor PN
and PM10 concentrations in the PICU.

• The main indoor sources for particle generation
identified in the PICU were nebulisation therapy,
tracheal suction and cleaning activities.
• Based on multipoint measurement data, the spatial
variation of particle concentration in the PICU was
weak because particles generated at each location
could quickly be transported to other locations (< 5
minutes) (see Figure 2).

Figure 2. Time series of indoor PN concentrations
at 4 locations (Centre, Bed 2, Bed 5, Bed 7), with
particle source information (at Bed 2).
This study provided PN and PM10 concentration and
particle sources in a PICU for the first time and
demonstrates that the major source of particles came
from internal sources. Further investigation is required to
assess the clinical implications.
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Environmental exposures to asbestos fibers could occur
in buildings with altered asbestos containing materials
(ACM). These materials could emit short asbestos fibers
(SAF: length (L) < 5 µm) and long asbestos fibers (LAF:
L ≥ 5 µm). Only LAF, as defined by the World Health
Organization (WHO): L ≥ 5 µm, Diameter (D) < 3 µm,
L/D > 3, are targeted by the legislation. However, recent
reviews argued that the pathogenicity of SAF cannot be
completely ruled out (Dodson et al (2003), Boulanger et
al (2014)).
The objective of this study was to perform air
sampling in buildings with ACM, mainly asbestos floor
tile, to provide a first overview on indoor air SAF levels
and to compare them with indoor air LAF levels.
Forty-seven buildings (schools, one university,
one nursery, apartments, hospitals, offices) were
monitored between December 2011 and July 2014, with
air sampling performed during occupancy only, for a
week, on cellulose-ester membranes at a flow rate of
7 L/min. The membranes were ashed in a low
temperature asher and the ashes were transferred onto
grids (indirect method) for Analytical Transmission
Electron Microscopy (ATEM) analyses. All asbestos
fibers, LAF and SAF, were identified and counted.
A total of 131 measurements were performed.
Short asbestos fibers were detected in around 50% of all
samples, long fibers in only 16%. The type of asbestos
was always chrysotile. No relationship was identified
between short and long fiber concentrations in indoor
air.
The median concentration, mean concentration
and standard deviation of SAF were respectively below
the limit of detection, 17.2 fibers per liter (f/L), and 117
f/L (Table 1). The maximum concentration was 1343
f/L, and was measured in an apartment. The SAF
concentrations were highly variable, with schools
(median concentration: 3.6 f/L) having the highest
median levels (if we except the maximum value). Since
in most of the situations, the material containing asbestos
was floor tiles (127 rooms out of 131), it is assumed that
the indoor concentration is higher in rooms with a higher
density of occupants, who amplify the floor wear.
The presence of LAF in air samples was very
scarce during current activities. All the median values
were below the limit of detection. The maximum value
was 14.9 (in the same apartment where the maximum
SAF concentration was measured). The French threshold

for indoor LAF level, 5 f/L, was exceeded once (in this
apartment) whereas there is no mandatory limit for SAF.
More than 90% of asbestos fibers had very short
dimensions, with a length between 0.2 µm and 2 µm and
a diameter less than 0.2 µm.
In summary, in buildings with asbestos floor tiles,
airborne SAF are present in one out of two. It is a sign of
material degradation. Toxicity of these fibers is difficult
to estimate but cannot be ignored and further research is
needed to identify the determinants of SAF in indoor air.
Table 1. Indoor air levels of SAF (f/L)
Type of building
(numbers of
buildings;data)
All types (47;131)
Apartments (12;20)
Offices (14;47)
Nursery (1;2)
Schools (15;32)
Middle school (1;7)
High school (1;8)
University (1;9)
Hospitals (2;6)

median
level

mean
level (+/-)

Max
level

< LOD
< LOD
< LOD
/
3.6
< LOD
< LOD
< LOD
1.6

17.2 (117)
67.9 (300)
4.3 (14.2)
2.3 (/)
22.7 (47.4)
1.1 (1.4)
2.5 (4.1)
< LOD
5.7 (8.1)

1343
1343
97
3.6
207
4
11.5
<LOD
19.5

LOD: limit of detection (0.99 f/L)

This work was supported by the French ministries of
Housing and Health, as well as the French Agency for
Food, Environmental and Occupational Health and
Safety (ANSES).
Boulanger G., Andujar P., Pairon J.C., Billon-Galland
M.A., Dion C., Dumortier P., Brochard P., Sobaszek
A., Bartsch P., Paris C., Jaurand M.C. (2014)
Quantification of short and long asbestos fibers to
assess exposure: a review of fiber size toxicity.
Environmental Health, 13, 1-18.
Dodson R.F., Atkinson M.A., Levin, J.L. (2003)
Asbestos fiber length as related to potential
pathogenicity: A critical review. American Journal of
Industrial Medicine, 44, 291-297.
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Multi-zone measurement of particle number/mass and black carbon concentrations in a
HVAC building equipped with a printer room
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Indoor air quality in office environments has great effect
on human comfort and work performance. Pollutants
may originate from indoor sources, most notably
hardcopy devices (He et al., 2007) or from outdoors
where mechanical ventilation plays a key role on indoor
concentrations (Chatoutsidou et al., 2015).
The present study examined particle number/mass
and black carbon concentrations in a multi-zone HVAC
building with massive printer emissions. The objective
was to evaluate the impact from human occupation in
different locations of the building. Therefore, three
offices and a printer room were selected to perform the
measurements, whilst mechanical ventilation was turned
off during the campaign.
The physical presence of the occupants had great
impact on indoor PM10 concentrations on workdays due
to resuspension activities. On the contrary, when the
offices were not occupied (night, weekend) the main
contribution on indoor PM10 originated from outdoors.
Daily median concentrations varied between 9-43 µg/m3,
where lower concentrations obtained during no sources
periods. Moreover, I\O ratios preserved high estimates
for all offices ranging between 0.47-1.63, suggesting the
presence of indoor sources, whilst increased ratios
during no sources periods were associated with the
absence of mechanical ventilation.
Emissions from printers had dominant effect on
sub-micron particle number concentration in the printing
room as shown in Figure 1. However, the sharp increase
observed early in the morning and before any printing
activity on workdays was due to cleaning activities.
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Furthermore, sub-micron particles originated
from the printer room influenced particle number
concentration in the three offices due to particle
transport. Figure 2 presents the correlation of indoor
particle number concentration between the printer room
and a selected office. It suggests that sub-micron particle
transport indoors is important. Lastly, black carbon
preserved low concentrations and was not associated
with printer emissions (Table 1). On the contrary, good
correlation with indoor PM concentration was found
(PM1, R2=0.52) which suggests origin from the outdoor
environment.
Number concentration in office A (cm-3)
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1:1 line
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Figure 2: Correlation of particle number concentrations
between printer room (PR) and office A.
Table 1: Mean (± SD) concentration of black carbon in
the printer room and office B for occupied hours (OH)
and not occupied hours (NOH).
Printer Room
Office B
OH
NOH
OH
NOH
0.24±0.06
0.25±0.03
0.38±0.15
0.32±0.09
In summary, indoor particle number concentration was
influenced by cleaning and printing activities, with
particle transport playing an important role, whereas
indoor PM10 concentration was influenced by
resuspension activities due to human occupation.
This work was supported by the European Union 7th
framework program HEXACOMM FP7/2007-2013
under grant agreement Nº 315760.

00: 00
25/05

Figure 1: Number of printed pages and sub-micron
particle number concentration in the printer room. The
highlight area corresponds to weekend.

Chatoutsidou, S.E., Ondráček, J., Tesar, O., Tørseth, K.,
Zdimal, v. and Lazaridis, M. (2015). Build. &
Environ. 92, 462-464.
He, C., Morawska, L. and Taplin, L. (2007) Environ. Sci.
Technol. 41, 6039-6045.
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Aerosol and gaseous emissions from a desktop 3D printer
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of gases and volatile compounds were shown to be low
or negligible in this case. Further details on emission,
concentrations and aerosol characterization will be
discussed along with the results, which were
significantly distinct from previous studies (Mendes et
al., submitted).
10 8

Ntotal , [cm-3 ]

Additive Manufacturing or 3D printing (3DP) has
received great attention in recent years. Low-cost
printers for professional, educational and recreational
purposes are now widely available to the general public.
The use of these devices in non-ventilated areas may
pose health risks, regarding air quality issues.
Desktop 3D-printers have been shown to emit
significant amount of nanoparticles, and gaseous
compounds (Kim et al., 2015; Stephens et al., 2013), but
studies are still scarce. Exposure to nanoparticle may
lead to adverse health effects (Pope & Dockery, 2006),
and compounds like styrene and formaldehyde can also
be harmful at high concentrations (WHO, 2010). Further
studies on emissions from 3DP are of utmost importance
to assess users’ exposure, and determine the need for
product design improvements and user guidelines, in
order to minimize possible health effects.
This study aimed to characterize both particle and
gaseous emissions from a desktop 3DP based on the
Fused Deposition Modeling (FDM) technology. We
used the two most common printing polymers:
Acrylonitrile Butadiene Styrene (ABS) and Poly-Lactic
Acid (PLA). The experiments were performed both
inside an air-tight chamber and a full scale room,
ventilated by filtered air, allowing analysis with minimal
background concentrations. Both online and offline
analysis were performed.
For the first time in 3DP studies, the size resolved
particle concentration was measured in the size range of
1 nm to 30 µm. In addition, a Volatility Tandem
Differential Mobility Analyser was used to determine the
particle volatility and the mixing state, and samples were
collected for Transmission Electron Microscopy
analysis. Gases and organic compounds were also
measured, namely formaldehyde, 1,3-butadiene, styrene
and hydrocarbons.
Particle emission rates were estimated both by direct
measurement and particle modelling. The results show
that emissions from 3D printers may lead to high indoor
particle concentrations, mostly nanoparticles originating
from the extrusion process, as shown in Figure 1 for a
printing event using ABS. The measurement results
yielded significant differences in emissions for different
printing materials and operating temperatures. Emissions

printing

10 6
10 4

10 2
10 0
00:00

00:30

01:00
01:30
02:00
Time [min]
Figure 1. Total particle number concentration (10-420 nm) inside the
chamber, measured by a NanoScan (TSI Inc.) during printing using
ABS.

We conclude that 3DP based on FDM is likely to emit
significant nanoparticle quantities, comparable to those
emitted by laser printers or cooking activities.
Precautionary measures should be taken both by users
and manufacturers.
The study was supported by Finnish Work Fund
(project numbers 114337, 114406, 114374), in
collaboration with the FP7 Marie Curie ITN project
HEXACOMM (grant no. 315760).
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Indoor epidemiological study: effects of pollutant on respiratory diseases
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Indoor air pollution (IAQ) is a major problem for public
health, with major social and economic implications,
many chronic diseases are related to different aspects of
IAQ and the economic and social damage attributable to
indoor air pollution in Italy, is relevant.
The indoor air pollution can cause side effects
ranging from sensory discomfort to serious
consequences on the state of health of people.
In this study we researched the correlation between
two respiratory diseases (asthma and rhinitis) and
exposure to indoor pollutants, including allergens:
FelD1, CanF1, CanF2.
We examined a sample of 100 people with asthma
with a mean age of 47 years, residing in a rural area of
southern Italy, 62% of all patients have rhinitis.
For each person was carried out a social, clinical
and environmental investigation.
Through the social investigation, we found the
following information: 7% of the people are farmers and
is exposed to bio-allergen and pollen outside, in addition
to indoor pollutants; 93% of people spend more than
80% of the average daily hours in the house, 14% of the
sample is smoker and 28% has a history of smoking.
Clinical tests performed at hospital are: prick test,
blood test, calculation of IgEtot, simple spirometry; tests
of bronchial hyper-reactivity to methacholine.
Patients were divided into two groups: WP1
(patients living with pets) and WP2 (people who do not
have pets) and for which there is no daily exposure to
allergens: FelD1, CanF1, CanF2.
The values of IgE, Rhinitis and Atopy are greater in
patients who lives with pets, the Table 1 shows the
clinical results obtained for the two groups of patients.
WP1
WP2
IgE
302 UI /mL
230.5 UI /mL
Rhinitis
71.4%
57%
Atopy
60%
55.2%
Table 1. Clinical analysis, comparison between patients
with pets and without pets.
Through environmental analysis we investigated the
type of heating: wood fireplace, stoves, radiators, pellet,
gas stove.
Inside the houses with a fireplace, the concentrations
of respirable dust are between 1 and 14 mg /m3, CO
average concentrations are about 21 ppm and about 280
ppb of benzene (V. Gennaro, Epidemiol Prev, 2012).

62.4% of people in our sample use the fireplace as a
heating, we split the sample into two groups: UC1
(fireplace) and UC2 (other heating), for each group we
calculated the absolute values of eosinophils, E% (3.4%
vs 4.3%) and Igetot (272 UI/mL vs 248 UI/mL) to study
the correlations between the clinical data and respiratory
diseases.
The percentage and absolute eosinophils (0.26∙109/l
vs 0.48∙109/l) are lower in people who use the fireplace.

Figure 1. This is a comparison between UC1 and UC2
eosinophils and IgEtot.
Seasonal rhinitis is higher in people using fireplace
(13% vs 8%); 59% of people with rhinitis, use wood
burning fireplace, we concluded that fireplace can be a
risk factor for rhinitis.

I.Salimbene, D.F. Affuso, O.Salimbene, S. Marasco,
C.Schettini (2015), Asthma and rhinitis: Clinical and
physiological correlation, possible environmental
factors; European Respiratory Journal 46 (suppl 59).
V. Gennaro, Epidemiol Prev, 2012; 36 (1): 16-26.
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Particulate matter concentrations and chemical composition in the European
underground transport system
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The air quality in the subway system (the subway
platform, subway cars, the station environment) may be
worse than outdoor air. In major cities all over the world
a large number of commuters use the subway to move
every day and they are exposed for a variable percentage
of time to the pollutants present in the air. Over the last
15 years a hundred papers on air quality in the subway
systems has been published. One of the main interests of
the scientific community is to know the characteristics of
the PM in the subway because the assessment of
exposure to air pollution in different microenvironments
dedicated to the carriage of persons is of remarkable
interest for the protection of human health.
Starting from a broader analysis of the current
knowledge in the scientific literature, in this work we
focused on particulate sources, levels, size distribution,
and composition in European subway systems.
We found large difference among studies design. Most
of the papers focuses on the mass concentration of
various fractions of PM (PM10, PM5, PM2.5, PM1), their
physical and chemical characterization, and the
estimation of metals enrichment factors. Several papers
report results on particle number concentration and size
distribution. Moreover, since each subway system has
unique features, it is particularly complex to compare the
results of different studies. In Table 1 the main features
of some European undergrounds are presented.

metrosystem specificity. A synthesis of averages PM
levels is provided in table 2.
Table 2: PM10 and PM2.5 levels in European subways
City

Platform

Stockholm

City
Amsterdam (1977)

31,4

59,5

Athens (1904)

84,7

493,8

61

Barcelona (1924)

102,6

369,9

141

Budapest (1896)

38,2

302,4

52

Helsinki (1982)

21,1

62,1

17

London (1890)

402

1260

270

Madrid (1919)

294

557,9

301

Milan (1964)

100

419,8

110

Paris (1900)

214

1527

303

Prague (1974)

65,2

589,2

61

58,6

279

73

105,7

328

100

Rome (1955)
Stockholm (1950)

33

A detailed comparison of PM10 PM2.5 levels and their
metal contents, in platforms and inside trains in
European subways was carried out, trying to link the
differences founded to the study design and the

1000-1500

270-480
258

-

47-60

Prague

102.7

-

Rome

409

-

Budapest

155

51

200-320

61-93

394

137

-

20-91

Paris
Amsterdam
Barcelona

105-283

-

Inside trains London

Milan

-

130-200

Helsinki

-

21

113.7

-

-

20-99

230-600

-

Prague
Barcelona
Athens

Stations
(number)

PM2.5
(average or
range, µg/m3)

469

Helsinki

Table 1: characteristic of some European subway
System length Ridership
(km) (millions)

London

PM10
(average or
range, µg/m3)

The observed concentrations levels suggest that inside
urban microenvironments such as metro systems, intense
particles and metals short-term exposures could arise,
contributing significantly to the daily total exposure,
allowing for suppose differential exposure pattern among
commuters using or not the subway systems. However,
little is known on such exposures and the role they could
play, probably due to the challenges that the exposure
assessment pone, since individuals move through
multiple urban microenvironments and transport modes,
with large differences among cities and within the same
city as well. To this purpose, studies endeavoured to
monitor the microenvironmental exposure of individuals
(and not only concentration levels) based at least on the
“time averaged approach”1 including metro systems
transport modes are needed.
1

A time averaged approach estimates the microenvironmental
exposure using average pollutant concentrations and the total
time spent in each microenvironment
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Source strengths of fine particulate matter during various domestic activities
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The indoor environment harbours a range of
particulate matter (PM) sources and studies have documented
them and their emission rates. The indoor sources of PM may
be less variable, than those outdoors, on a global scale
however the resultant levels are dependent on build types and
use, which are influenced by range of socio-environmental
factors. Knowledge of the contribution of various household
activities to indoor PM is vital to advance exposure estimates
The present study was part of a larger study (Sidra et
al., 2015) and monitored levels of PM2.5 during different
household activities in residential built environments of
Lahore, Pakistan. Thirty households were selected from all
over the metropolis and real time monitoring of fine
particulate matter was conducted using a DustTrak aerosol
monitor (model 8520, TSI Inc.). Monitoring was conducted
for a period of 72 hours in the kitchens and living rooms of
each sampling site and the occupants were required to
maintain an activity diary as well to document the various
activities during the day.
The source strengths of PM arising from different
activities were determined by identifying the time period
during which a specific activity was performed and
calculating the average levels of PM2.5 during that time. The
major activities identified included cooking, cleaning,
material movement such as making beds and shifting of items,
presence of people, space heating during winters and cigarette
smoking. In Pakistan, cooking involves heavy frying
particularly during breakfast preparation so the cooking
activity was further divided into two categories: cooking
including extensive frying (during breakfast), and cooking
with little or no frying (during lunch and dinner). Cleaning
activities included both floor sweeping and dusting of
surfaces. Gas heaters were employed during the winter season
for space heating and PM levels during the usage period were
also isolated to determine its impact on indoor air quality. The
average PM2.5 along with maximum and minimum levels
generated while performing different activities is summarized
in table 1.
The average time spent in performing each activity
was also noted. It was observed that cooking consumed most
time of the day as preparation of three square meals took an
average of 4-5 hours. Cleaning consumed 30-45 minutes per
day, while movement of people while getting ready for work
or school, material movement or to perform any other activity
was random. On questioning the occupants, it was revealed
that 62% females spent more than 17 hours at home. Since the
major proportion of domestic chores is carried out by women
in Pakistan, it was also speculated that their exposure was
higher than other members of the family.

Table 1: Levels of PM2.5 recorded during various activities in
residencies of Lahore, Pakistan
Type
activity

of

No. of
activities
(N)

Ave
(µg/m³)

Max
(µg/m³)

Min
(µg/m³)

St. Dev
(µg/m³)

Kitchen
Cooking
Breakfast

30

884

5779

86

1138

Cooking
Lunch/Dinner

30

481

1527

66

390

Cleaning

30

279

866

61

185

94

340

Living room
Activities
people

of

23

420

2257

Cleaning

30

320

1900

90

348

Smoking

4

1022

1821

222

513

Space heating

3

626

1118

354

226

Indoor air quality is a much ignored issue in Pakistan
as people are unaware of the looming hazards in the indoor
environments. According to recent figures, PM2.5 levels in
Pakistan are the cause of more than 9,000 premature deaths
per annum which represent 20% of acute lower respiratory
infection (ALRI) mortality among children under five years of
age, 24% of cardiopulmonary mortality, and 41% of lung
cancer mortality among adults in the major cities of the
country. About 12% of the deaths occur in children below five
years of age and 88% are among adults (Sánchez-Triana et
al., 2014). There are relatively few studies investigating
indoor air quality in Pakistan and people believe indoor air to
be much cleaner and safer than that outdoors. Moreover,
source appointment and source strength also needs to be
investigated at larger scales so that suitable prevention
measures may be taken.
References
Sánchez-Triana, E., Enriquez, S., Afzal, J., Nakagawa, A.,
and Khan, A.S. 2014. Cleaning Pakistan’s Air: Policy Options
to Address the Cost of Outdoor Air Pollution. Washington,
DC: World Bank. Doi: 10.1596/978-1-4648-0235-5. License:
Creative Commons Attribution CC BY 3.0 IGO.
Safdar Sidra, Zulfiqar Ali, Sikander Sultan, Shakil Ahmed,
Ian Colbeck, and Zaheer Ahmad Nasir. 2015. Assessment of
Airborne Microflora in the Indoor Micro-Environments of
Residential Houses of Lahore, Pakistan. Aerosol and Air
Quality Research 15: 2385–2396.

European Aerosol Conference 2016

Tours, France

Page 1040 of 1211
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Simulation and Experimental Results
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Several studies have pointed out that knowledge of
localised deposition of inhaled particles in the lungs is
important, as the high particle concentration participates
on the development of diseases such as bronchial
carcinoma (Churg and Vedal, 1996 or Hofmann, 2011).
The localised deposition can be predicted by numerical
simulations nowadays, however, reliable experimental
data for validation is difficult to obtain.
We developed a realistic replica of human
airways consisting of the oral cavity and the
tracheobronchial tree down to the seventh generation of
branching. The identical geometry exists as a physical
replica for experimental work and as a digital geometry
serving for numerical simulations (Lizal et al., 2012).

Numerical simulation
Numerical simulations were performed using
commercial solver Star-CCM+. Airflow was calculated
using steady RANS method with SST Menter´s k-ω
model of turbulence with treated boundary layer, which
satisfies the conditions for low Reynolds number.
Particle deposition was simulated using Lagrangian
multiphase
model
with
10,000
parcels.

Figure 2. A comparison of experimental data and
the simulated deposition.

Figure 1. The replica of human airways with designation
of segments.
Experimental setup
The measurement of particle deposition was
performed using positron emission tomography (PET).
Monodisperse particles in sizes of 2.5 and 4.3 µm were
tagged by 18F. Two constant inhalation flowrates
(15 L/min and 30 L/min) were measured. The replica
was scanned using Siemens Biograph 64 Truepoint PETCT scanner immediately after the exposure. The amount
of radioactivity was analysed using Carimas 2.4 (Turku
PET Centre, Finland) software and transformed into the
deposition fraction, efficiency and density. For details
please see Lizal et al. (2015).

Comparison
Relatively good agreement was found between
experiments and simulation for the lower flowrate and
segments with multiple bifurcations. Simulated
deposition was systematically higher for segments 1 –
12. On the contrary, the first 12 segments agree well for
the higher flowrate, however, the deposition in the
multiple bifurcation segments was underestimated by the
simulation.
Acknowledgement
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where PF and PL are the particle penetrations through the
filter and leak, respectively. The TIL accounts for both
particle fluxes: through the filter and the leakage.
For the numerical study, we chose a circular cross
section with an area equal to the one of a typical HVAC
filter, 20ʺ×20ʺ (0.26 m2). The permeability of a porous
filter layer was obtained from the Darcy law as
k=Qhµ/SF∆p, where h is the filter layer depth, µ is the
air viscosity, and Δp is the pressure drop. For the MERV
11 grade filter with h=0.025 m, Q=0.41 m3/s, and
Δp=89 Pa, we found k=7.83×10-9 m2.
The newly-developed model was deployed to
simulate the fluid flow for different filter materials
(determined by PF) and different ratios of the leak area,
SL, to the filter area, SF. The calculated TIL values are
presented in Fig. 1 as a function of Δp for various SL/SF
and PF. For smaller leaks (SL/SF=0.1%), TIL is a constant
entirely determined by the PF value. As the leak size
increases (e.g., to SL/SF=1%), TIL increases reflecting the
bypass flow, and TIL becomes a non-linear function of
Δp, which depends on the flow rate.
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The filter-based Heating, Ventilation and AirConditioning (HVAC) systems are commonly used to
remove aerosol particles indoors. The ASHRAE (1999)
standard classifies filters according to their efficiency
based on the performance of filter material, assuming
that there is no bypass leakage. This assumption can be
easily challenged given that a conventional HVAC filter
housing assembly is not tight, which allows the aerosol
particles to penetrate through a gap along the filter
frame. Studies reported that this bypass flow can be
significant, thus reducing the particle removal efficiency
(Braun, 1986; Ottney, 1993; Stephens & Siegel, 2012).
In this effort, the effect of bypass leakage on the
HVAC performance was investigated theoretically with
a Computational Fluid Dynamics (CFD) model utilizing
axisymmetric viscous flow equations in free fluid and
porous zones, which were numerically solved by
ANSYS FLUENT. Additionally, a full-scale experiment
was conducted to measure the aerosol penetration sizeselectively for different leak dimensions.
The total air flow rate, Q, through an HVAC filter
system is a sum of the air flow rates through the filter
media, QF, and the leakage, QL. The Total Inward
Leakage, TIL, which quantifies of the overall efficiency
of a filter assembly, is defined as the ratio of the particle
concentration downstream of the filter layer, C, to the
initial particle concentration, C0, upstream:
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Figure 1. TIL as a function of Δp calculated for different SL/SF and PF.

To experimentally verify the TIL values predicted
by the model, a specially designed laboratory facility
simulating an HVAC assembly was used. The NaCl
aerosol was generated and measured upstream and
downstream of a commercial 20ʺ×20ʺ MERV 11 grade
filter using a NanoID (Particle Measuring Systems,
Boulder, CO, USA) and an ELPI (Dekati, Kangasala,
Finland) operating in parallel. The tests were conducted
at three SL/SF ratios: 0 (filter sealed, no external leak
around the frame), 0.1 and 1%. It was found that the
assembly with the smaller leakage (SL/SF = 0.1%)
removed the particles almost as efficiently as the one
with a perfectly sealed filter frame; however, the larger
leakage (1%) significantly reduced the particle removal
efficiency. These findings are consistent with the trends
obtained with the CFD model. The tests also revealed
that, in addition to the external leakage, there is an
internal one caused by a poor seal between the filter
material and the frame; eliminating the internal leakage
decreased the particle penetration approximately twice.
The results of these theoretical and experimental
studies suggest that the filter-based HVAC systems may
be substantially enhanced by minimizing the bypass
leakage as well as by improving the filter-to-frame seal.
This effort was performed in the frameworks of
the Russian Government Program of Competitive
Growth and supported by the Russian Foundation for
Basic Research under grant 15-01-06135.
ASHRAE (1999) Standard 52.2, American Society of
Heating, Refrigerating, and Air-Conditioning Engineers.
Braun, R. H. (1986) ASHRAE Trans. 92, 385–389.
Ottney, T. C. (1993) ASHRAE J. 35, 26–34.
Stephens, B., Siegel, J.A. (2012) Aerosol Sci. Technol.
46, 504–513.
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Numerical Investigation on Airborne Transmission of Expiratory Droplets between Two
Standing Manikins
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Considerable uncertainties remain about the relative
importance of airborne, large droplet and contact
transmission of respiratory viruses. Occurrence of
infection close to the proximity for influenza and other
respiratory diseases is often cited as evidence for large
droplet and/or close contact transmission.
Using computational fluid dynamics simulations, we
explore the interpersonal exposure of exhaled droplets
and droplet nuclei of two standing people as affected by
distance, humidity, and ventilation and breathing mode.
We find a substantial increase of airborne exposure to
droplet nuclei exhaled by the source patient when a
susceptible person is close to the source patient within
1.5 m, which is referred to as the proximity effect. The
threshold distance of about 1.5 m distinguishes the two
basic transmission processes of droplets and droplet
nuclei, i.e. short-range modes and long range airborne
route. The short range modes include both the
conventional large droplet and the new short range
airborne transmission. The droplet dispersion also varies
with humidity, thus impact on the interpersonal
transmission. With the same initial size, droplets could
form droplet nuclei sufficiently fine enough to be
suspended in air for a substantial length of time for the
relatively dry air (e.g. relative humidity 35% and 23°C
as studied here), while droplets could also evaporate 10
times slower and settles down rapidly in the humid air
(e.g. at relative humidity 95% and 23°C). We thus reveal
that transmission occurring in close proximity to the
index patient includes both droplet-borne (large droplet)
and short-range airborne routes, in addition to the direct
deposition of large droplets on other body surfaces
which may lead to indirect contact transmission.

20 seconds

30 seconds

100 seconds
(a)
The mechanisms of droplet-borne and short-range
airborne routes are different; and their effective control
methods are also different. Both the existing droplet
precaution and dilution ventilation does not prevent
short-range airborne transmission, and new control
methods are needed.

Chao CYH et al 2009 Characterization of expiration air
jets and droplet size distributions immediately at the
mouth opening. J Aerosol Sci 40 (2):122-133
Duguid, J.F. (1945) The numbers and the sites of origin
of the droplets expelled during expiratory activities,
Edinburg Med. J., 52, 335–340.
Duguid, J.F. (1946) The size and duration of air-carriage
of respiratory droplets and droplet-nuclei, J. Hyg.,
4,471–480.
Effros, R.M., Wahlen, K., Bosbous, M., Castillo, D.,
Foss, B., Dunning, M., Gare, M., Lin, W. and Sun,
F. (2002) Dilution of respiratory solutes in exhaled
condensates, Am. J. Resp. Crit. Care. Med., 165,
663-669.
Nicas, M., Nazaroff, W.W., and Hubbard, A. (2005)
Toward understanding the risk of secondary
airborne infection: emission of respirable pathogen,
J. Occup. Environ. Hyg., 2, 143-154.
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A study on exposure levels to aerosol particles during the journey of a subway passenger
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Particulate matter (PM) penetrated deep into the lungs
according to their size has a high alveolar deposition rate.
In particular, fine particles become factors degrading
lung function of the human body and increasing the
occurrence of lung cancer. The purpose of this study is
to understand the characteristics of particle sizes inhaled
by a passenger depending on the location of subway
passengers. We measured the size distribution of aerosol
particles following the journey route of the subway as
outdoor (A), concourse (B), platform (C) and inside train
(D).
This study was performed at two major transfer
stations of Seoul in 2015. The first measurement was
conducted in jongno 3-ga station on October 7-8. The
second measurement were executed at City Hall station
in the same way. The PM number concentration was
measured by Optical Particle Sizer (TSI, Model 3330).
An investigator carried a lightweight portable backpack
loaded an OPS and it set up to collect the size
distribution data every 5 second. The total measurement
time was approximately 40 minutes for one journey.
As shown in Fig 1(a), the number concentration
of submicron particles (0.3-0.5 ㎛ ) was the highest in
outdoor (A). The number concentration decreased as
approaching to the station inside (B, B’), whereas it
increased abruptly when passenger boarded on the train
(D). The value of inside trains (D) was higher than in the
concourse (B) and platform (C, C’).
450

particle number concentration (#/cm3)

(a) 0.3 - 0.5 um
400

Table 1. Inhalation rates of particles per minute at 4
journey locations.

Point

Main
activity

A Outdoor
B Concourse
C Platform
D Inside train

Walking
Walking
Standing
Standing

Inhalation rate of particles
(#/min)
0.3-0.5 ㎛
4,257,544
2,989,338
1,538,794
1,821,398

1-10 ㎛
54,069
41,734
39,900
87,106

This work was supported by the Railway Technology
Development Program (14RTRP-B067918-02) funded
Korea Ministry of Land, Infrastructure and Transport
(MOLIT).

350

Rick, B., Graham, B. (1999) Criteria For The Design Of
Emergency Refuge Stations For An Underground
Metal Mine, Journal of the AusIMM. p.1-12

300

250
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(b) 1 - 10 um
particle number concentration (#/cm3)

In case of the larger particles (1-10 ㎛), number
concentration of outdoor and concourse (A, B, B’)
showed the lowest level. It increased sharply in the
platform (C) and showed the highest value in a train (D)
as shown in Fig 1(b).
We estimated the exposure level to different sized
particles during the journey time. To calculate the
exposure value based on inhalation rate, the average air
breathing rate of an adult presented by Rick and Graham
(1999) was used (walking: 14L/min, standing: 7.5
L/min). A passenger takes the highest number of
submicron particles in the outdoor during the walk. On
the other hand, a passenger takes the highest number of
larger particles in the inside train during the transport
(Table 1).
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Figure 1. Change of particle number concentration
during the journey of passengers for particle sizes of (a)
0.3-0.5 ㎛ and (b) 1- 10 ㎛
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Introduction

As part of new automobile developments and driven by
the awareness of people regarding the high pollution
level of PM and ultrafine particles in cities, in-car filter
efficiencies are of increasing interest. Audi AG together
with Grimm Aerosol Technik GmbH and the Laboratory
for Environmental Measurement Techniques at
Duesseldorf University of Applied Sciences carried out a
measurement campaign at Beijing in march, 2015. For
the first time car filter efficiencies have been
investigated with real urban aerosols under different air
pollution levels and different settings of the heating
ventilation air conditioning system (HVAC).

always cars of similar segments were investigated during
one measurement cycle. Figure 2 shows filter
efficiencies for segment B. Settings of the HVAC were
the same for all cars during one cycle, in this case fresh
air flow. Strong differences of in-car filter efficiencies
for PM10, PM2.5 and PM1 were measured.

Objectives

The main objectives of the campaign were the
determination and comparison of in-car filter efficiencies
of different car segments for mass fractions as PM10,
PM2.5 and PM1 but also for different particle sizes. The
comparison should result in valuable and useful
information about the filter efficiencies for real urban
aerosols depending on different set-ups of the HVAC
system as airflow, air conditioning and ionization, the
status of the filter (new-used), the driving conditions
(dynamic-static) and last but not least depending on the
pollution level of particles outside the car.
Instrumentation and set-up

The instrumentation were aerosol spectrometers of
GRIMM, a wide range aerosol spectrometer (MINIWRAS) for particle size distributions between 10 nm
and 35 µm in 41 sizes channels and two optical particle
counters (OPC) measuring particles from 250 nm to 35
µm. Figure 1 shows the set-up of the two OPC outside
and inside the car.

Figure 2: In-car filter efficiencies for PM10, PM2.5 and
PM1 (fresh and low air flow)
Fresh air flow caused most often significant higher
particle concentrations in comparison to recirculating air
flow. In the best car of segment B (figure 3, solid curve)
as an example, the particle number concentration
strongly decreased from approx. 45000 P/cm³ outside to
140 P/cm³ inside. PM10 also decreased from 195 µg/m³
to 0,5 µg/m³. The low values are close to the detection
limit of the devices.

Figure 3: In-car filter efficiencies (recirculated air flow)
Conclusions

Figure 1: Setup of devcices
Measurement results

Over 100 measurement cycles with cars of three
manufactures (Audi, BMW, Mercedes) and different
segments have been carried out. For comparable results

Significant differences have been observed between cars
of different manufactorers and different set-ups of the
HVAC. Recirculating air flows have often shown lower
particle mass and particle number concentrations inside
the car in comparison to fresh air flows.
An automatic control of the HVAC system depending on
onbord measurements of real aerosol concentrations
outside and inside the car should be a major objective for
future automotive developments.

European Aerosol Conference 2016

Tours, France

Page 1045 of 1211

Nanoparticle fraction of the inhalable dust in gas tungsten arc welding of stainless steel
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Nanoparticles are released into workplace air in many
processes, such as welding and grinding (e.g., Zimmer
and Maynard, 2002; Elihn and Berg, 2009), but their
fraction of the inhalable dust is rarely determined,
especially from the breathing zone. This is partially due
to lack of appropriate methods and devices to measure
nanoparticles.
Here, nanoparticle fraction of the inhalable dust
was determined using a customized cyclone before a
conventional IOM-sampler (SKC Inc., USA). The
cyclone cuts off particles with aerodynamic diameter
(Da) > 0.5 μm. Workers carried both conventional and
modified IOM-sampler, and a diffusion size classifier
(DiSCmini, Matter Aerosol AG, Switzerland). DiSCmini
has an impactor that removes > 0.7 μm particles.
The measurements were performed in two
workshops. The first is a welding workshop with a gas
tungsten arc welding (GTAW) as a main welding
technique. The welder studied processed stainless steels
(SS) (1.4307/304L and 1.4404/316L). The second
workshop manufactures hydraulic cylinders. The worker
studied was a machinist whose work included a lot of
steel (355 SBMX) grinding with a handheld, pneumatic
belt sander.
IOM-samples were collected on nitrocellulose
membranes (pore size 0.8 μm) (Merck Millipore Corp.,
Germany) using a flow rate of 2.0 litres per minute. Flow
rates were calibrated before and during each
measurement day with a Gilibrator (Sensidyne, USA).
1
GTAW, DAY 1
0.9

Mass concentration [mg/m3]

0.8

GTAW, DAY 2

GRINDING, DAY 1
GRINDING, DAY 2

0.7
0.6
0.5

The mass concentrations of nanoparticles and
inhalable dust are shown in Figure 1. The mass
concentration of nanoparticles was similar in both works
but nanoparticle fraction of the inhalable dust was higher
in the GTAW. In the GTAW, the nanoparticle fraction
was 36 % and 28 % on day 1 and day 2, respectively. In
the grinding, it was 20 % of the inhalable dust on both
days.
Averaged lung deposited surface area (LDSA)
and number (Cn) concentrations, and mean size (Dp) of
particles with Dp < 0.7 μm measured with the DiSCmini
are presented in Table 1. The GTAW of SS produces
approximately 28 times higher Cn and 15 times higher
LDSA concentration of < 0.7 μm particles than the
grinding.
Table 1. Lung deposited surface area (LDSA) and
number (Cn) concentrations, and mean size (Dp) of
particles (< 0.7 μm) produced in the GTAW of SS and
grinding of steel. The values are averages of 3-5 periods
of 4 minutes with standard deviations.
Work
GTAW
grinding

LDSA
(μm2/cm3)
(3.0±1.5)*103
(0.19±0.09)*103

Cn
(1/cm3)
(25±10)*105
(0.9±0.4)*105

Dp
(nm)
28±2
42±16

The results show that nanoparticle fraction can
comprise up to one third of the inhalable dust in the
GTAW workshop. The LDSA concentration of the
particles produced in the GTAW of SS is also higher
than in the grinding of steel with a handheld, pneumatic
belt sander. Both of the measured dusts contain metals
and nanoparticles, thus the use of the appropriate
respiratory protective equipment is recommended.
This work was supported by the Finnish Work
Environment Fund under grant 115172.

0.4
0.3

Elihn, K. and Berg, P. (2009) Ann. Occup. Hyg. 53, 475-484.
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Zimmer, A. T. and Maynard, A. (2002) Ann. Occup. Hyg. 46,
663-672.

0.1

0
NANOPARTICLES (Da < 0.5 μm)

INHALABLE DUST (Da < 100 μm)

Figure 1. Mass concentrations of nanoparticles and
inhalable dust in the GTAW of SS and grinding of steel
at two different measurement days at each workshop.
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Impact of train braking systems on PM10 mass concentrations in the Paris subway
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Paris Public Transport (RATP) services include sixteen
subway lines and parts of the Paris regional express
railway network. In subway stations, high levels of
particle concentrations have been observed by Delaunay
et al (2010). These levels can be explained by the
particulate sources in subway systems : wear of rail
tracks, wheels and braking pads. The station
characteristics (area, volume), the air change rate and
train traffic are decisive parameters on particulate matter
levels in subway system.
In railway environments, the mechanical braking
of trains is one of the main particulate sources. This
source decreases with the renewal of rolling stock, the
new trains have another brake type : the electrodynamic
braking. This technology avoids the mechanical braking
and this one is more and more efficient on new trains.
When the electrodynamic braking is performed, the
motors operate as generators and convert the kinetic
mechanical energy into electrical energy.
Both braking modes were studied on a part of the
subway line 2 between October 3 and December 19,
2013 on subway platform at Colonel Fabien station.
Monitoring of PM10 and PM2.5 were performed using
tapered element oscillating microbalance instruments
(TEOM). The chemical composition of the fine particle
fraction (PM2.5) and the coarse fraction (PM10-2.5) is
measured by PIXE method (Particle Induced X-ray
Emission). Metals analyzed by this method are : Cr, Mn,
Fe, Ni, Cu, Zn, As, Sr, Cd, Zr, Mo, Sn, Sb, Ba and Pb.
Two stages have been planned to study the brake
type impact on particulate air pollution (I : with
electrodynamic braking ; II : without electrodynamic
braking). PM10 and PM2.5 mass concentration means
during the campaign are summarized in Table 1.
Table 1. PM10 and PM2.5 mass concentration means for
each stage.
Stage
I
II

PM10
(g/m3)
220
960

PM2.5
(g/m3)
110
380

PM10 mean concentrations were higher without
the electrodynamic braking (II) compared to the stage I

by a factor 4.3. PM2.5 mean concentrations were also
higher without electrodynamic braking (II) by a factor
3.4. Therefore the electrodynamic braking has a greater
impact on the reduction of PM10 mass concentration.
The chemical composition of the fine particle
fraction (PM2.5) and the coarse fraction (PM10-2.5) for
each stage highlights the large presence of iron in the
mass percentage. This large presence of iron can be
explained by a previous study. According to Fischer
(2003), wear of braking pads reveals the preponderant
presence of iron (between 50 and 80% of the dust mass).
Copper, barium, manganese, silicon, calcium and sulfur
are also present in the studied breaking pads.
The mass percentage of iron in each stage is presented in
the Table 2.
Table 2. Mass percentage of iron in the coarse fraction
and the fine particle fraction
Stage
I
II

PM2,5-10
(%)
38
33

PM2.5
(%)
38
28

The results reveal a mass percentage of iron
higher in the coarse fraction compared to the fine
fraction in the stage II unlike the stage I. Therefore the
mechanical braking of trains is responsible of the iron
mass percentage higher in the coarse fraction.
Furthermore this particulate source has also a greater
impact on the particle levels.
The renewal of rolling stock with an electrodynamic
braking optimized on the new trains is carried out on
several subway lines.
The authors acknowledge the valuable assistance from
the Rail Rolling Stock team (RATP).
Delaunay, C., Mazoué, S., Morawski, F., Goupil,
G., Ravelomanantsoa, H., Person, A. (2010).
City-dwellers exposure to atmospheric pollutants
when commuting in Paris urban area.
Primequal/Predit (RATP, LCPP, LHVP).
Fischer, N. (2003). PhD, compréhension des mécanismes
d’aérocontamination croisés (gaz et aérosols) dans
les espaces d’une station du métro parisien.
Université Paris-Est Créteil Val de Marne.
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Semi-volatile organic compounds may be taken up by
aerosol particles through adsorption to the particle
surfaces. Benning et al. (2013) showed with off-line
techniques that Di-(2-ethyl-hexyl) phthalate (DEHP),
a known endocrine disruptor is readily taken up by
ammonium sulfate particles when these particles
passes above vinyl flooring containing DEHP. This
uptake also led to increased emission rates of DEHP
from the flooring, which is of relevance for exposure
to DEHP and other semi-volatile compounds in indoor
air. Another experimental situation where uptake of
SVOCs on particles is of importance is contamination
of particle surfaces when flowing through conductive
silicone tubing (Yu et al. 2009) or tygon tubing in
experimental set-ups.
Here we used real-time electron ionization
Aerosol Mass Spectrometry (AMS) to follow the
dynamics of the uptake of DEHP onto aerosol
particles when passed above vinyl flooring in a wellcharacterized small chamber. In the chamber the
aerosol flows between two vinyl flooring surfaces.
The chamber dimensions are 0.45 m x 0.25 m x 0.019
m (volume 1.2 dm3). The chamber has been modified
to improve internal mixing and reduce the sink effect
(Wu et al. 2016). PVC flooring containing DEHP (1523%) as the sole phthalate compound was chosen as
the source material as it has proved to be a stable and
constant emission source for DEHP.
The AMS is an online technique for
determination and quantification of aerosol
composition. It allows high time and mass resolution,
as well as separation of most ions with the same m/z
ratio. As a first step, calibration of DEHP was carried
out on size selected particles using a condensation
particle counter (CPC) and the AMS in parallel. The
relative ionization efficiency (RIE) of DEHP with
respect to ammonium nitrate was derived to be 4.4 ±
1.0. The RIE of a compound describes the sensitivity
of the AMS towards this compound compared to
nitrate which is the main calibrant.
Ammonium sulfate (AS) particles in
concentrations of 40-160 µg m-3 were passed through
the chamber (20 °C) at flow rates of 0.2-0.6 L min-1
resulting in average retention times of 2-6 min in the
chamber. The calibration of DEHP formed basis for
the quantification of DEHP uptake on AS particles.
The intensity at the m/z ratio of 149, which is specific

for DEHP, to the total signal of the entire molecule
was applied to quantify DEHP. In Figure 1 a time
series of repeated cycles, where AS particles are
passing through the chamber, is shown. In these
preliminary experiments we found a weak background
signal of DEHP in the AS particles (about 0.2%)
bypassing the chamber. A strong increase in the DEHP
concentration was observed when AS particles passed
the chamber. After around 15 minutes a plateau was
reached, suggesting that the AS particles reaches a
stage of saturation to DEHP. The uptake of DEHP on
AS particles ranges from 1.5-2.1% of the AS mass.
Approximately 30% of the AS mass was lost when
passing through the chamber.

Figure 1 Time series showing repeated cycles with
Ammonium Sulfate passing the chamber.
Results from this study show that the AMS has
a four times higher sensitivity to DEHP compared to
nitrate. This was used to quantify the uptake of DEHP
on AS particles which ranged from 1.5-2% by mass.
These results will form basis to develop a
controlled method to expose humans to study and
quantify the uptake of phthalates into the human body.
The results will help improving health risk assessment
for the phthalate uptake.
This study was financed by the Swedish Research
Council FORMAS.
Benning, Jennifer L., et al. (2013) Environmental
science & technology 47.6, 2696-2703.
Yu, Yong, et al. (2009) Atmospheric Environment
43.17, 2836-2839.
Wu, Yaoxing, et al. (2016) Building and Environment
95, 126-132.

European Aerosol Conference 2016

Tours, France

Page 1048 of 1211

Cigarette smoke dose equivalence : human airways versus the in vitro air-liquid
interface
John McAughey1, Jason Adamson1 and Caner U Yurteri1
1

British American Tobacco, Group Research & Development, Southampton, SO15 8TL, UK
Keywords: cigarette smoke, dose, air-liquid interface.
Presenting author email: john_mcaughey@bat.com

Dose is a combination of concentration, location and
duration. The fractional and regional deposition of
cigarette smoke toxicants in the lungs has implications
for the assessment of relative risk arising from smoking
cigarettes or using alternative nicotine products.
Cigarette smoke dosimetry offers significant challenges
for measurement and modelling given the chemical
complexity and physical dynamics of the smoke.
Published data suggest different deposition mechanisms
for vapour and particle phase fractions of the smoke
(Baker & Dixon, 2008, St Charles et al, 2013). In turn,
regional deposition will be influenced by these physical
behaviours, but more significantly by the available
surface area in each region of the lung, that is, the extrathoracic (ET), bronchial / bronchiolar (BB/bb) and
alveolar-interstitial (AI) regions. Further differences
will arise from different mechanisms and rates of
clearance. The subsequent challenge is to re-create
representative doses at the air-liquid interface (ALI) for
in vitro exposure systems.
A study of volunteer smokers used real-time
measurement of puffing, respiration and puffed/exhaled
smoke particulate to generate data which were then
incorporated into a compartmental model for particle
deposition in the human respiratory system. Total
deposition and regional deposition of smoke particles
from a range of commercial products with different ISO
tar yields, formats and filter types, under different
smoking regimes was assessed.
Nine volunteers smoked seven different products
with their normal puffing regime at three different selfperceived but measured inhalation regimes: mouth hold
only, shallow inhalation and normal inhalation.
Measurements of puffing behaviour, respiratory
behaviour, and physical and chemical measurements of
puffed and exhaled smoke (solanesol content, tar,
particle size) were recorded.
Results showed that product type had a
significant effect on puffing behaviour but did not have a
significant effect on respiratory behaviour. ISO tar yield
also had a significant effect on deposition fraction,
potentially due to changes occurring to the particles post
mouth hold.
There was evidence of coagulation and
hygroscopic growth of smoke particles, with mouth hold
time having an effect on coagulation, and with product
having an effect on hygroscopic growth factor.

For particle phase, data from these deposition studies
combined with regional deposition estimates from
radiotracer studies (McAughey et al, 1997) gives
calculated daily tar depositions for smokers of 27–82
µg.cm-2 (ET: extra-thoracic), 0.6–1.2 µg.cm-2 (BB/bb:
bronchial, bronchiolar) and 0.04–0.08 µg.cm-2 (AI:
alveolar). These data can also be expressed as surface
area and number weighted doses, the surface area doses
for the BB/bb region being similar to reported proinflammatory threshold values of 1-10 cm2.cm-2
(Monteiller et al, 2007).
For vapour phase, published model estimates of
daily aldehyde exposures in the BB/bb region of smokers
suggest daily doses up to 50 µg.cm-2 (acetaldehyde), 2.0
µg.cm-2 (acrolein) and 0.2-0.3 µg.cm-2 (formaldehyde)
(Corley et al, 2015).
Published data for in vitro exposure systems at
the air-liquid interface at various dilutions report particle
phase doses of 0.22–25.75 µg.cm-2 using a quartz crystal
microbalance (Adamson et al, 2012).
Published data for measured vapour phase
carbonyl species suggest ALI exposures up to 75 µg.cm-2
(acetaldehyde), 2.0 µg.cm-2 (acrolein) and 1.0 µg.cm-2
(formaldehyde) can be readily achieved (Majeed et al,
2014). The ratio of vapour : particle phase dose is
enhanced relative to measured smoke yields (Ishikawa et
al, 2016) consistent with the deposition mechanisms of
diffusion and sedimentation dominating vapour and
particle phases respectively.
In conclusion, systems designed for smoke
exposure at the air-liquid interface can achieve doses
representative of daily dose estimates in smokers for
both vapour and particle phases.
All authors are employees of British American Tobacco
(Investments) Ltd..
Adamson J, et al, (2012). Chem Cent J 6, 98.
Baker RR and Dixon M (2006) Inhalation Toxicology
18, 255-294.
Corley R, et aI, (2015) Toxicol Sci.146, 65-88
Ishikawa S, et al, (2016) Contributions to Tobacco
Research 27, 20-29.
McAughey J, et al, (1997) Ann, Occup. Hyg. 41, 719723.
Majeed S, et al (2014) Chem Cent J. 8, 62.
Monteiller et al, (2007) Occup Environ Med. 64: 609.
St Charles FK, et al, (2013) Inhalation Toxicology 25,
383-397.
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Attrition and dustiness of silicon carbide particles in solar energy capture and storage
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Silicon carbide (SiC) powders have been recently
adopted as a heat transfer and storage fluid (HTF) for
concentrated solar thermal plants (CSP), potentially
allowing the plants to generate steam at supercritical
levels unlike the conventional HTFs such as molten salts
or oil (Benoit et al 2015). SiC is used for its favourable
physical and mechanical properties of high strength,
durability and heat capacity with good availability at
relatively low cost.
Particle suspensions used as HTF may undergo
different kinds of stresses in a closed loop circulating
system including mechanical stresses due to screw
feeder or rotary valves and kinetic stresses due to highvelocity jets, conveyors, and collision with tubes, baffles
and cyclones. These stresses can cause unwanted
attrition leading to change in powder properties and
generation of aerosol, which can potentially be released
in the atmosphere, in the case of a leak in the circulating
loop operating at high pressure and flux rate. Exposure
to potentially hazardous SiC dust in occupational
settings has been associated with increased rate of
chronic bronchopulmonary diseases and bronchial
hyper-reactivity in industrial workers (Governa et al
1997; Petran et al 2000). The dust generated by a
powder is related to its physicochemical properties such
as particle size, distribution, interparticle cohesive forces
among others. Thus, it is important to characterize the
powder properties and their role in generating dust
particles while selecting novel HTFs such as SiC
powders to evaluate the risk associated with control and
handling such materials.
In this study, we present the experimental results
obtained from the dustiness tests on two different
samples of SiC powders with median particle diameters
of 36µm and 70µm, using a vortex shaker dustiness
tester (Le Bihan et al 2014; Morgeneyer et al 2013). The
mass and number dustiness indices for the SiC powders
were measured and compared for the respirable fraction.
Both powders were found to release respirable fraction
of dust particles when agitated. Figure 1 shows the
average particle concentration of the aerosol released in
the first hour of vortex shaker operation, measured using
the CPC (size range of 4nm to 3µm).
The powders were characterized by their particle
size distribution, sphericity and morphology before and

after the six-hour vortex shaker duration. Using an APS
and a CPC, the number concentration and size of the
aerosol generated was measured and evaluated with
respect to the change in sphericity of the particles in the
bulk sample. The results obtained highlight the effect of
particle-particle and particle-wall interaction on the
shape of the particles and its role in aerosolization of fine
dust particles.

Figure 1. Average number particle concentration as
measured by the CPC (for t=1 hour)

Figure 2. TEM micrographs for: a) SiC F220 (left),
b) SiC F320 (right)
This work was supported by the EU’s FP7 Marie Curie
ITN T-MAPPP under the grant agreement no
ITN607453 and by the Programme 190 (French Ministry
of Environment).
Benoit, H., Pérez López, I., Gauthier, D., Sans, J.-L., and
Flamant, G. (2015) Solar Energy 118, 622–33.
Le Bihan, O., Ustache, A., Bernard, D., Aguerre-Chariol,
O., and Morgeneyer, M. (2014) J. Nanomater. 7.
Governa, M., Valentino, M., Amati, M., Visonà, I.,
Botta, G. C., Marcer, G., & Gemignani, C. (1997)
Toxicol. Vitr. 11:3, 201–207.
Morgeneyer, M., Le Bihan, O., Ustache, A., & AguerreChariol, O. (2013) Powder Technol. 246, 583–589.
Petran, M., Cocarla, A., & Baiescu, M. (2000) Occup.
Med. 50:2, 103–106.

European Aerosol Conference 2016

Tours, France

Page 1050 of 1211

Numerical study on the interpersonal exhaled droplet transport in a classroom
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Human expiratory droplets that carry microoganisms are
capable of transmitting disease (Xu et al, 2015). The
transport of human expiratory droplets in indoor in
highly occupied indoor environment, like a classroom,
may cause susceptible people get infection. A
PRIMEQUAL program was proposed to study the
environmental determinants of viral exposure by both
experimental and numerical methods. This paper
presents the simulation model and investigates the
dispersion and deposition of the exhaled droplets in a
classroom.
The geometry of the numerical model is shown in
Figure 1, which is based on a full-scaled controlled
classroom. Five “seated” cylinders (in grey), named
MATEO in the measurement, are located with desks and
seats to represent the students. MATEOs and four
rectangular lamp boxes are the heat sources. Two
ventilation diffusers are mounted on the ceiling, and the
exhaust part (in purple) is below the door (in green). A
jet source is adopted to represent a student’s mouth
during talking (Xie, 2008), which generates warm
saturated moist airflow and monodispersed droplets.

Figure 1 geometry
An Eulerian- Lagrangian approach is used to
describe the airflow and the droplets (Xie, 2007; Zhang
et al, 2012). Droplet evaporation is included and droplet
residues are formed when the droplet diameter shrinks to
its equilibrium diameter. The droplets are averaged
packed into 3600 parcels. Discrete random walk (DRW)
model is adopted to present the turbulent dispersion of
the particles.
The results show that a well-mixed air pattern can
be noticed except the local region of the source.
The droplets evaporate very fast in the air. Most
of droplets turn into the residues in a short distance.
Some droplets/residues are deposited very fast but other
ones remain airborne for prolonged periods in the
classroom. The total airborne period of the droplets and

residues ranges from several seconds to over nine
hundred seconds.
MATEO 2 has the largest exposure to the
droplets/ residues. It also shows an exposure of almost
20% larger than the droplets/residues with an initial
diameter of 40 μm, compared to that with an initial
diameter of 22 μm, as shown in Figure 2.

Initial diameter is 40μm

Initial diameter is 22 μm
Figure 2 Deposition distribution of the particles
This study was conducted in the frame of the
PRIMEQUAL
program
entitled
“Study
of
Environmental determinants of viral exposure”, and
founded by the French Ministry of Ecology, Sustainable
Development and Energy.
Xu,C., Nielsen, P. V., Gong, G., Liu, L., and Jensen, R.
L. (2015). Indoor air.25, 188-197
Xie, X., Li, Y., Chwang, A. T. Y., Ho2 P. L. and Seto,
W. H. (2007). Indoor air.17, 211-225
Xie, X. (2008). Ph.D. Thesis. The University of Hong
Kong, Hong Kong.
Zhang, L. and Li, Y. (2012). Build Environ.47,58-66.
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PMx is a major indoor pollutant with adverse effects on
human health. Correlation between i) indoor emitting
activities; ii) ventilation rates; iii) outdoor PMx levels;
iv) deposition fluxes; v) secondary aerosol formation and
interparticle coalescence with vi) indoor PM
measurements is a challenge modelling task. Workers
can spend 8 or more hours per day in indoor spaces with
air pollution levels above those observed outdoors.
Hourly measurements of PM1.0 and PM2.5 over 24
hours in a copy centre shop (Figure 1) are interpreted
through Computational Fluid Dynamics (CFD)
modelling with the observed/measured average Air
Exchange Rates (AER) of 0.4 h-1. This parameter was
estimated by the CO2 decay method (Alves et al. 2013).
Higher PM levels have been registered between 23h00 to
01h00, which was not due to direct emissions from copy
machines. Details of the measurement methodology can
be found in Vicente et al. (2016), namely air temperature
and humidity and observed hourly levels of CO2, CO,
formaldehyde, ozone and TVOC. High levels of
nanoparticles on copy centres have also been reported by
Martin et al. (2015).
CFD simulations of the indoor space were
performed through OpenFOAM with RANS, more
specifically, k-e model. Dispersion of PM was simulated
by a eulerian-lagrangian approach for the continuous and
particulate phases. The room volume of 268 m3 was
discretised in 6 million computational cells in order to
achieve a spatial resolution smaller than 6 cm.
Simulations considered both mechanical (fan) and
natural ventilations. Natural ventilation was only
performed through the open door during the working
hours as no windows are present in the copy centre.
Different imposed boundary conditions (mass
flow rate inlet) revealed high sensitivity of indoor PM
levels to extreme (high or low) air ventilation rates.
Indeed, results for different ideal simulation scenarios
revealed that simple modifications in the layout on the
mechanical ventilation and operation of the copy centre
can induce significant improvements in IAQ,
contributing to a healthier building. The uncertainties
and practical modifications in the mechanical ventilation
were also analysed in order to improve the IAQ for
benefiting both workers and clients.

Figure 1. Indoor hourly mean PM1 and PM2.5
concentrations measured in a copy centre
Acknowledgments. The authors are grateful to the copy
centre’ owner and employees for their collaboration.
Vicente ED, Ribeiro JP, Custódio D, Alves CA. (in
press).
Air
Qual
Atmos
Health.
doi:
10.1007/s11869-016-0401-8.
Alves C, Nunes T, Silva J, Duarte M (2013) Aerosol Air
Qual Res 13:1521–1535.
Martin J, Bello D, Bunker K, Shafer M, Christiani D,
Woskie S, Demokritou P (2015). J Hazard Mater
298:351–360.
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This clearly shows that the incense smokes from Taiwan
have a higher percentage of geraniol compared with
those from Thailand. By percentage of geraniol, the
samples were in the order of SC > LST > Thai B > Thai
Y. In addition, the content of anisyl alcohol was lower
than geraniol, with an average concentration ranging
between 9.55 ± 0.77% and 18.53 ± 1.73%. The incense
samples from Thailand have a higher percentage of
anisyl alcohol content than those from Taiwan, with Thai
Y accounted for the highest percentage. As for the (+)limonene, linalool, β-citronellol, and cinnamyl alcohol
content, the average concentration ranged between
2.01% and 24.12%. The incense smokes from Thailand
have a higher percentage of these components compared
with those from Taiwan.

100
Thai B
Thai Y
LST
SC

90
80

Percent (%)

When people are exposed to indoor environments
where burning incense produces highly concentrated
smoke that lingers, they are at an increased risk of
inhaling allergens or absorbing them through skin
contact. Because of the prevalence of Buddhism in both
Taiwan and most of Asian countries, the allergens
produced by incense smoke are likely to generate
hydroxyl radicals through terpene ozonolysis (Waring
and Siegel, 2013). Therefore, hydroxyl radicals reacting
with organic compounds can spontaneously produce
other potential toxins and residuals of second-hand or
third-hand fragrances. These can cause an allergic
reaction through direct contact with the skin or
inhalation. Therefore, exposure to incense smoke is an
ongoing concern.
This study examined four types of incense that are
the most prevalent in Taiwan and Thailand: Shang Chen
(SC), Lao Shang Tou (LST), Thai B, and Thai Y.
Incense samples were placed in a test chamber (1.0m (L)
×0.5m (W) × 0.65m (H)), and the following conditions
were simulated to collect PM2.5 particles: (a) Samples
were collected immediately upon burning; (b) Samples
were placed in the dark; and (c) Samples were exposed
to light (Kuo et al., 2015). A PM2.5 sampler was
employed to collect the PEM2.5 aerosol particles
produced by the incense smoke. The emission coefficient
of the terpenols (including (+)-limonene, linalool, βcitronellol, geraniol, anisyl alcohol, and cinnamyl
alcohol) was measured from the PM2.5 particles in the
smoke, and the photochemical reactions of carboxylic
acid from the burning incense were compared under light
condition.
Figure 1 shows the average concentration and
percent composition of the terpenols in the PM2.5
particles of the smoke from the incense sample that was
collected immediately upon burning. The figure shows
that, among the four incense samples, the mass
percentage of undetermined organic carbon (OC) in the
PM2.5 particles ranged between 96.36 ± 0.19% and
96.88 ± 0.60%, indicating that the four samples differed
only slightly. The mass percentage of clove phenols and
terpenols in undetermined OC ranged between
2.74 ± 0.13%
and
3.33 ± 0.38%
and
between
0.31 ± 0.09% and 0.40 ± 1.67%. These results indicate
that according to the incense samples from Taiwan have
a higher percentage of terpenols than those from
Thailand; moreover, the LST incense had the highest
percentage of terpenols among the four samples. Among
the terpenols in the PM2.5 particles, geraniol accounted
for the highest percentage, with an average concentration
ranging between 66.33 ± 0.11% and 83.48 ± 14.59%.
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Figure 1. The composition percent of the terpenols
burning incense in PM2.5 emitted from incense burning.
This work was supported by the Ministry of Science and
Technology, Taiwan under Grant Nos. MOST 104-2221-E-041
-001-MY2 and MOST 102-2221-E-041-003-MY3.
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Local Exhaust Ventilation (LEV) is an Engineering
Control (EC) that is one of the primary methods to
reduce employee exposure to airborne contaminants
(dust, mist, fume, vapour, gas or Engineered
Nanomaterials, ENMs) in the workplace. The emission
at the source is captured and carried away to a safe
emission point or to a filter/scrubber.
Its efficiency has been widely studied against different
contaminants. However, due to the increased use of
nanomaterials in the industry, its efficiency against
particles below 100 nm must be validated. Nanoparticles
and ENMs move faster than larger particles, and its
movement is not only due to external factors such as the
flow rate, but other forces modify their path, such as
Brownian motion or electrostatic forces. Thus, the
characteristics to efficiently capture micron-sized
particles might not be applicable to ENMs.
An in-depth study of the LEV efficiency in
removing ENMs was performed both in laboratory and
at industrial locations. A set of Standard Operating
Protocols (SOPs) were developed for ENMs efficiency
and containment testing of the LEVs. In the first place
efficiency testing was performed in the laboratory using
the developed SOPs. In the second place industrial
activities handling ENMs were simulated in the lab with
and without the use of LEV. In the third place
nanoparticle exposure was measured before and after the
implementation of LEVs at two industrial facilities.
The efficiency of a capture hood was determined
using 50 nm NaCl generated nanoparticles inserted
through diffuser pipes in a particle free test chamber
(figure 1). With a tilted hood LEV effectiveness
decreased as a function of distance to the source. With a
hood positioned on top significant disturbances were
noticed above the working area.

A partial enclosure was tested using a customized
version of standard EN 14175-3. The SF6 was replaced
with 50 nm NaCl nanoparticles and the partial enclosure
was positioned in a particle free test chamber.
Simultaneous injection of NaCl and measurement

of particle number concentration in a sampling grid
(9 CPCs) was performed at six positions inside the
partial enclosure. The average efficiency was 99%,
however efficiency strongly depended on the
position inside the enclosure.
Sieving of nano SiO2 was simulated inside
the particle free test chamber with and without
LEV. A reduction in particle number concentration
of 74% was achieved as well as a reduction in mass
concentration of 88%.
Nanoparticle exposure was measured before
and after the implementation of LEVs at two
industrial processes:
1. Extrusion with Thermo-plastic Elastomer
(TPE) and nanoGraphene (figure 2)
2. Weighing and bagging of nanoGraphene

Figure 2. Extrusion line with ventilation on top

The release of Graphene nanoparticles was reduced
up to 46%. A good ventilation design to maximize
performance and proper positioning of the capture
hood are crucial.
This work was supported by the LIFE/NanoRisk project
(LIFE12 ENV/ES/000178).
Figure 1. Diffuser pipes with capture hood inside particle
free test chamber

EN 14175-3:2003 Fume cupboards. Type test methods
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People face various degrees of exposure to
nanoparticles—both natural and caused by human
activity
(engineered
and
non-engineered
nanoparticles)—on a daily basis. However, there is still a
lack of both theoretical and practical understanding of
the impact of nanoparticles on human health and
possible mechanisms of their interaction with biological
objects. Recent developments in the use of
nanotechnology and discussions about it in the scientific
community have resulted in the new science of
nanotoxicology, specializing in research on nanodevices
and nanostructures in living organisms (Sellers et al.,
2009). In order to determine the potential risks and safe
levels of human exposure to nanoparticles, it is
necessary to develop reliable methodologies for the
identification of potential hazards.
Three different environments (three case studies)
were chosen in order to perform pilot measurements for
this study: an office environment (without printing and
copying processes) to assess the background level (level
without nanoparticles generated by human activity
during work processes) and distribution of nanoparticles;
the metalworking industry to assess the processes
involving welding (shielded metal arc welding) and
grinding, which emit a significant amount of particles at
the nanoscale range (<100 nm), and the woodworking
industry to assess particles of mainly biological origin.
The particles were collected by electrical lowpressure impactor (ELPI+, Dekati Ltd, Finland) on
aluminium (Al) substrate foils for SEM (scanning
electron microscopy with a Nova NanoSEM 650)
analyses and a 14-stage cascade impactor was used for
air quality measurements to measure the particle size
distribution, number, surface area, and mass.
The measurements of the total particle number
concentration (particles/cm3) showed a very high
concentration
level
of
particles
[272,370
particles/cm3 with a counted median diameter (CMD) of
particles of 54 nm] in workplaces in the metal industry
(welding and grinding) and almost four times lower
concentration (80,510 particles/cm3, CMD = 12 nm) in
workplaces in the woodworking industry (grinding and
polishing). The particle number concentration level in
the office environment (11,707 particles/cm3,
CMD = 39 nm) showed very low concentrations.
There is also a similar tendency for the analysis
of total mass (mg/m3) data, where the results show the
lowest total mass of particles in the office environment
(0.17 mg/m3, CMD = 4.4 µm) even though it exceeds the
recommended
limit
value
of
0.015 mg/m3 of
the Government of Alberta (2009), while the highest
total masses were detected in workplaces in the metal

industry (4.17 mg/m3, CMD = 3.5 µm), and the results
for these particular workplaces also exceeded the
occupational exposure limit value for Latvia (Rule no.
325, 2007), which is set at 4.00 mg/m3 . The total mass
concentrations were unexpectedly low in workplaces of
the
woodworking
industry
(0.52 mg/m3,
CMD = 6.6 µm), where they did not exceed the
occupational exposure limit value for Latvia, which is
set at 6.00 mg/m3. This could be explained by the wood
dust characteristics, with most of the particles exceeding
10 µm in size, so additional further analyses by field
measurements by ELPI+ and total dust mass detection by
gravimetric methods are required to describe the wood
particle mass concentration distribution by particle size
as related to total mass concentrations.
The measurements for workplace particles across
the three different environments described above were
also analysed by SEM. It was detected that particles
consisted of several inorganic elements, and there were
some differences in their chemical compositions.
Particles from the metal-working industry comprised Fe
˃ C ˃ Si ˃ Ca ˃ Zn ˃ Cr ˃ Mn (in decreasing order),
while particles from workplaces in the wood-processing
industry comprised C ˃ Si ˃ Ca ˃ Fe ˃ Mo ˃ Na (in
decreasing order).
The results obtained by an electrical low-pressure
impactor (ELPI+) in this study show that the particle
number concentration and surface area are significantly
higher in workplaces of the metal- and wood-working
industries but concentrations of mass are lower.
Therefore, the characteristics of mass should not be used
on their own as a representative parameter for the
description of occupational exposure and cannot be used
for occupational risk assessment as a single parameter.
The nanoparticles ratio together with occupational
exposure limits could possibly be used as the
background for occupational risk assessment. At the
same time, it is essential to mention that the nanoparticle
ratio alone is insufficient and parameters like
concentration levels, chemical composition, and shape
characterization must also be taken into account,
especially in occupational toxicology studies done in the
future.
This work was supported by the project “The
development of up-to-date diagnostic and research
methods for the risks caused by nanoparticles and
ergonomic factors at workplaces”, Agreement No.
2013/0050/1DP/1.1.1.2.0/ 13/APIA/VIAA/025
Sellers, K., Mackay, C., Bergeson, L.L., Clough, S.R.,
Hoyt, M., Chen, J., Henry, K., Hamblen, J. (2009)
Nanotechnology and the Environment, CRC Press
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Heating and air-conditioning system in subway is run
almost all the time in summer and winter and energy loss
due to frequently opened door is significant. In addition,
air-quality in subway station is often reported as poor.
Thus, thermal effieiciency and indoor air-quality in
subway are experimentally characterized in this study. In
addition, an air curtain is added into the system and
verified whether it could enhance thermal efficiency and
prevent contaminants from entering a subway.

Figure 1. Specification of tested subway model.
For experiments, 30 times smaller model was
constructed and Figure 1 displays the schematic. The
detailed dimensions were determined using laws of
similarity and the Reynolds number was used.
According to ANSI/ASHRAE 55-1992, temperatures
were measured 0.003(ch1), 0.02(ch2), 0.036 (ch3) and
0.056(ch4) m above the bottom of the model. Tested
wind speed due to the movement of subway was 0.3 m/s.
30° and 90° angles of air curtain were tested and the test
result with vertically downward case (90°) was shown as
a representative.
Table 1. Temperature comparison between no presence
of air curtain (a) and presence of vertically downward air
curtain (b).
(a)

(b)

As shown in Table 1, temperature in the subway
was continuously increased when there was no air
curtain. Initial temperature was approximately 22 °C and
temperature after 300 sec was about 26.3 °C. However,
subway’s inner temperature remained with the presence
of air curtain. Temperature was approximately 22.5 °C
throughout the experiment.
As near future works, 3 μm polystyrene latex
particle will be measured in the subway model with and
without presence of two types of air curtain. Its
efficiency will be reported in the EAC conference.
This work was supported by Kumoh National
Institute of Technology.
An, J., Kim, C. and Park, D. (2004) Proc. Korea
Railroad Conference, 41-48.
Kim, Y., Kim, J., Jung, S., Han, B., Hong, J. and Kim, H.
(2009) Proc. Korea HVAC, 117-117.
Lee, K., Moon, J. and Kim, G. (2013) Transaction of
KSME, 37-38
Yoon, K., Lee, S., Lee, J., Moon, I. and Seo, S. (2015)
Proc. Korea Railroad Conference, 1272-1277.
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These results indicate that bigger particles experience
limited surface roughness due to their size and due to a
relatively broad distribution of adhesive forces used in
this set of data ( σ = 10.4 ): a common contact area is
created between the particle and the surface, where
particles are considerably deformed. On the other hand,
smaller particles interact more strongly with surface
roughness and they rest on top of asperities.
experimental data

model with flattening
1.0
(a)

1.0

Fraction remaining

Resuspension describes the physical process that leads to
particle detachment from a surface and eventually its
suspension in the ambient air due to the act of an
external force. On the other hand, intermolecular
interactions describe purely physical interactions that are
essentially of electromagnetic origin and involve
attractive or repulsive forces between the bodies.
Adhesion is closely related with these forces. Adhesive
forces bind the particles on the surface and arise when
the two bodies are in close contact. The contact
characteristics arise from the elastic properties of the
materials involved.
The present study evaluated intermolecular
interactions and the role of particle size and surface
roughness during particle resuspension from a turbulent
flow. A model was used to employ both intermolecular
interactions and external excitations. Particle-surface
interactions were modelled via the integrated LennardJones intermolecular potential. Modelled interactions
include particle deformation due to elastic flattening and
no particle deformation. In the first case, the contact
geometry involves a common contact area created
between the particle and the surface due to particle
deformation, whereas, in the second case the particle was
considered to rest between the asperities of the surface.
The resuspension rate was estimated by a numerical
procedure of force-balance approximations using the
kinetic approach proposed by Reeks and Hall (2001),
neglecting resonant energy transfer. Accordingly, the
bound particle moves quasi-statically in the potential
well under the influence of the external flow. When the
instantaneous joint contribution from the lift and drag
forces (moments) exceeds the adhesive force (moment),
the particle resuspends. Surface roughness was
incorporated into the model by introducing a log-normal
probability density function characterized by a reduction
and a spread ( σ ) in the adhesive force.
The model was applied to two experimental data
sets. Figure 1a presents model predictions with and
without elastic flattening applied for 20 µm alumina
particles on a stainless steel surface. It suggests that at
low friction velocity (<0.5 m/s), where big and weakly
adhered particles resuspend, the elastic flattening
contribution is important and the model with elastic
flattening reproduces the experimental data. On the
contrary, at higher friction (where smaller and strongly
adhere particles resuspend) particle deformation
becomes insignificant and the model without particle
deformation is in agreement with the experimental data.

Fraction remaining
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Figure 1: Comparison of model predictions with a) 20
µm alumina particles on a stainless steel surface (Reeks
and Hall 2001), and b) 70 µm stainless steel particles on
a glass surface (Ibrahim et al. 2003).
For the second set of data particle deformation
due to elastic flattening does not seem to be important.
This behaviour is associated with particle size. Higher
particle size (70 µm) together with the surface roughness
the particle feels due to its size has significant impact on
particle resuspension. The results imply that the particles
are big enough to rest between the asperities on a surface
which is characterized by higher roughness ( σ = 2 in
these data).
In summary, the present study highlighted the
importance of particle size and surface roughness to
particle resuspension. Particle size and the associated
surface roughness the particle feels due to its size
determine contact characteristics, thus have great impact
on resuspension.
This work was supported by the European Union 7th
framework program HEXACOMM FP7/2007-2013
under grant agreement Nº 315760.
Ibrahim, A.H., Dunn, P.F., and Brach, R. M. (2003). J.
Aerosol Sci. 34, 765-782.
Reeks, M.W., and Hall D. (2001). J. Aerosol Sci. 32, 131.
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In nuclear installations, radioactive contamination is
often carried by aerosol particulates. Because of the
ionizing radiation of the radionuclides they contain,
radioactive aerosols can naturally self-charge, making
them liable to electrostatic forces. However, despite the
efforts devoted to the study of aerosols entrainment
mechanisms such as airflow, electrostatic interactions
are often ignored.
In this study we designed an experimental set-up to
assess the electric field strength required to overcome the
adhesive forces of micron size powdery materials laying
on a surface. To do so, two circular stainless steel
electrodes of 16 cm in diameter were placed in parallel
and separated by a 4 mm gap. The top electrode was
hooked to a high voltage source while the bottom one
was earthed. A layer of particles was spread out on the
top electrode near the extraction hole. Then, increasing
electric field (E) strengths were applied to the particles
from 0 to 27.5 kV/cm by steps of 2.5 kV/cm. For each
applied E, the lifted particles were pumped up to a
Palas® Welas 2100 particle counter that measured the
particle number concentration.
Three polydispersed powdery materials of different
mean diameter (D50N) and electrical properties were used
in our experiments: aluminium oxide (Al2O3) that is
insulating material, silver that is conductive material,
and tungsten particles that are supposed to be conductive
as well. Our results are displayed as normalized
cumulative fractions relative to the applied electric field
strength (fig.1). For all the tested powders, the number of
entrained particles increases undoubtedly with the
electric field strength. For the silver conductive particles,
one can observe a significant effect of the particles size.
Indeed at 15 kV/cm, the cumulative collected silver
particles are nearly 10%, 60% and 80% for 0.5 µm,
0.64 µm and 1.8 µm mean diameters respectively. This
result shows that larger particles are detached more
easily from the upper electrode than the smaller ones.
For all the silver powders, the detachment threshold (i.e.
50 % of the particles mobilized during the test) stands
between 8 kV/cm and 23 kV/cm. The entrainment of a
single conductive particle laying on a conductive surface
by an electric field has been studied extensively (Pohl,
1951). The resulting electrical polarization force is size
dependent and can be approximated by the following
expression (Sow et al., 2013): FE  1.37 0 d p2 E 2 ,
where ε0 is the permittivity of free space, d p the particle
diameter and E the electric field. For the insulating
dielectric Al2O3 particles, our results exhibit the same
trend regardless the particle mean size used in the
experiments. In this case the detachment threshold is
around 20 kV/cm for the two mean sizes of aluminium

oxide powders used. Note that this threshold value was
also reported by Cooper et al. (1988). Furthermore, the
tungsten powders tested appear to follow the same
detachment behaviour than the insulating Al 2O3 particles
with no noticeable effect of the particle mean size
(fig. 1). Conductivity test run on the tungsten particles
revealed them as dielectric materials, which suggest the
presence of a large surface oxide film that screens their
conductivity.

Figure 1 – Normalized cumulative number fraction of silver,
alumina and tungsten particles of different mean sizes
experiencing increasing electric field strengths.

The entrainment of dielectric materials experiencing
an electric field involves other electrical forces such as
image forces and Coulomb forces, and is complicated by
the lateral interactions when particles carry electric
charges (Yoshimatsu et al., 2016).
At this stage of the study we do not fully understand
the non-size dependence of the insulating material, and
further tests in a more controlled way are planned,
especially in vacuum to eliminate relative humidity
effect. However our first results support the idea that
electrostatic forces should be considered when
investigating the resuspension of particulate matter in
presence of high electric field.
Pohl, H. A. (1951). Journal of Applied Physics, 22(7),
869-871.
Sow, M., Widenor, R., Akande, A. R., Robinson, K. S.,
Sankaran, R. M. and Lacks, D. J. (2013). Journal of
the Brazilian Chemical Society, 24(2), 273-279.
Cooper, D.W., Wolfe, H.L. and Miller, R.J. (1988). K.L.
Mittal (ed.), Particles on surface 1, Plenum Press,
New York.
Yoshimatsu, R., Araújo, N. A. M., Shinbrot, T. and
Herrmann, H. J. (2016). arXiv preprint
arXiv:1602.03738.
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CFD simulations of particle resuspension due to human walking
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In controlled areas of nuclear facilities, workers could be
exposed to radioactive aerosols. One of the airborne
contamination sources is particles that are initially
seeded on the floor and could be removed by workers
while they are walking. In the future, EDF will increase
its maintenance operations (Grand Carénage Project)
which will involve co-activity of the workers. In order to
assess occupational exposure and protect the workers, it
is suitable to determine accurately the particle
resuspension rates which are, up to now, estimated on
the basis of empirical considerations. This study aims at
improving this estimate by coupling a resuspension
model to CFD calculations of airflows under a safety
shoe when walking.
Firstly, an experimental study was carried out on
the gait cycle. A video analysis of four workers walking
with safety shoes on a treadmill allowed several
parameters to be characterized (rotation speed and
acceleration, angle with the floor, etc.). These
parameters were used as input data for CFD calculations,
performed with the ANSYS CFX code, on a rigid CAD
geometry obtained by a 3D scanning of a shoe. In order
to simulate the shoe movement, the immersed solid
method was used, with a modified forcing term allowing
the boundary layer around the immersed solid to be
better described. A RANS approach was employed for
modelling the unsteady and incompressible flow, with
the SST k- turbulence model, well suited for airflows at
low Reynolds number near wall. An example of the
friction velocity field is presented in Fig. 1, when the
shoe reaches the floor.
In order to calculate the particle resuspension due
to airflows induced by the shoe movement, an adaptation
of the well-known Rock’n’Roll model (Reeks and Hall,
2001) for unsteady flows was introduced in the ANSYS
CFX code. The resuspension rate was determined at each
cell of the floor, assuming a constant friction velocity
during a very small time step (quasi-steady approach). In
addition, instead of using the Biasi et al. (2001)
correlation for the distribution of adhesion forces, we
chose to implement experimental distributions obtained
by Atomic Force Microscopy for our specific studied
particles (alumina, cobalt oxide) and floor surface
(epoxy coating, representative of paintings in nuclear
plants). Lastly, the transport and deposition of airborne
particles was modelled with an Eulerian approach
(Nérisson et al., 2011).
This approach was first validated by carrying out
analytical experiments on particles suspension in a

ventilated box following the fall of an inclined plate on
1 µm alumina particles deposited on an epoxy coating.
The time evolution of particle concentration was
measured at the exhaust, allowing the airborne released
fraction (ARF) to be determined. The value obtained by
simulation is in good agreement with the experimental
one (ARF about 5.10-3).
Further to this validation, first simulations of
resuspension of 5 µm alumina particles during a gait
cycle on epoxy coating was performed, and a mean
resuspension rate was determined. An illustration of the
particle concentration is given on Fig. 2. In next future,
the simulation results will be compared to experiments
of resuspension due to the human walking in a 30 m3
ventilated chamber.

Fig. 1. Friction velocity when the shoe reaches the floor.

Fig. 2. Iso-surface of 5 µm particle concentration during
a gait cycle.
This work, conducted as part of a PhD, was equally
supported by EDF and IRSN.
ANSYS CFX. http://www.ansys.com
Biasi, L., de los Reyes, A., Reeks, M.W. and de Santi,
G.F. (2001). Journal of Aerosol Science, 32, 1175-1200.
Nérisson, P., Simonin, O., Ricciardi, L., Douce, A. and
Fazileabasse, J. (2011). Computers & Fluids, 40, 79–91.
Reeks, M.W. and Hall, D. (2001). Journal of Aerosol
Science, 32, 1-31.
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Source apportionment of PM10 in Paris: a focus on traffic resuspension
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Gaining knowledge on the process of particle
resuspension from urban paved roads is of particular
importance considering the increasing relevance of this
source in urban air quality management and the lack of
basic information on emission factors and source
contributions. In this study (Amato et al., 2016) we
performed extensive field measurements for the
quantification of the emission factors from different
types of road in the city of Paris, and investigated the
causes of their variability and the contributions to the
ambient air PM10 observed across one year at one traffic
monitoring site in the ring road of Paris (Figure 1).

Figure 1. Map of sites used for RD10 sampling (in
yellow), vertical profiles (in blue) and air quality
monitoring (in red) in Paris
Results show agreement between lower road dust
loadings (RD10: 0.7-2.2 mg m-2) and emission factors
(5.4-9.0 mg vehicle-1 km-1) at inner-roads of Paris,
compared to the ring road (2.4 mg m-2 and 17 mg
vehicle-1 km-1, respectively, Table 1), where the two
parameters are estimated independently. The higher
values in the ring road were likely caused by the poor
state of pavement and higher share of heavy duty
vehicles. Road wear, brake wear and a carbonaceous
source, were almost equally responsible for 96% of
RD10.
Table 1. Emission factors for road dust in PM10 and
PM2.5 estimated by means of the micro-scale vertical
profiles
Bvd. Massena Av. Italie Auteuil
EF10(mg VKT−1)

5.4

9.0

17.0

EF2.5(mg VKT−1)

1.2

1.9

3.7

At the traffic monitoring site located at the ring road
(220,000 vehicle/day), the contributions of road dust
emissions were estimated by receptor modelling to be
13% of PM10 on an annual mean (6.3 µg m-3), while the
sum of vehicle exhaust and wear accounted for 47%)
resulting in a total traffic contribution of 60% of PM10
(Figure 2). Road salting resulted to be a minor
contributor (1% of annual mean) also in winter time
(2%).

Figure 2. Average source contributions (µg m-3, %) to
PM10 measured at the Auteuil monitoring site for one
year
This work is part of the ADEME PRIMEQUALPREQUALIF project and has also been funded by the
French Ministry of Environment (MEDDE) through the
CARA program. Fulvio Amato is beneficiary of the Juan
de la Cierva postdoctoral grant (JCI-2012-13473) from
the Spanish Ministry of Economy and Competitiveness.
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The unique physical and mechanical properties of
SWCNTs which can be regarded as graphene sheets
rolled-up to a seamless cylinder have great potential for
many different applications. However, the currently
available CVD methods do not provide the desired
agglomerate free SWCNTs which exhibit unperturbed
electronic properties that are of great importance for
applications such as composites. Moreover, it would
facilitate the subsequent processing steps towards stable
SWCNT dispersions. A major obstacle to such efforts
are the strong van-der-Waals forces between individual
rods which lead to bundling and agglomeration.
Therefore processing methods which involve high
energy inputs are used to individualize carbon
nanotubes, often in combination with solvents or
aqueous surfactant suspensions.
The “floating-catalyst” method with an optimized riser
reactor design produces well dispersible SWCNTs.
Sonication of the as-prepared product in aqueous
solutions with surfactant molecules lead to an effective
individualization of SWCNTs as proven by UV-Vis
spectroscopy, atomic force microscopy (AFM) and
multi-wavelength analytical ultracentrifugation (AUC).
Stable solutions were investigated by Statistical Raman
spectroscopy after dip coating, which revealed detailed
information about SWCNT content and their electronic
properties. Overall, the degree of individualization of the
non-purified SWCNTs in a 2 wt.% aqueous solution of
sodium cholate increases as the catalyst concentration is
reduced in the gas phase. Moreover, the shortening of
SWCNTs induced by higher ultrasound energy and
sonication time has been investigated.

Figure 1. AFM images of dispersed SWCNTs on Siwafer.

Figure 2. UV-Vis absorbance spectrum of SWCNTs in
aqueous dispersion (D2O) with 2wt.% sodium cholate.

This work was supported by German Science
Foundation, Collaborative Science Center “Synthetic
Carbon Allotropes” (SFB953) and the “Federal Ministry
of Education and Research” (INSIDER, 03EK3031D).
Toni, F., Xing, H., Walter, J., Strauß, V., Nacken, T. J.,
Damm, C., Guldi D., Wirth, K.-E., Peukert W.
(2015) Chemical Engineering Science 138, 385-395.
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Multivariate Modeling of Soot Particles with the Hybrid Method of Moments
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Exemplarily, the generalization of HMOM is
applied to a complex trivariate model (Blanquart and
Pitsch, 2009b). The third independent parameter in this
model is the number of active sites on the surface of the
particles (𝐻) which allows for characterization of their
surface reactivity. With the VSH-model, the chemical
processes of surface growth and oxidation can be
described using not only the surface area, but also the
number of active sites available for a reaction. The
physical of processes nucleation, condensation, and
coagulation can also influence the surface reactivity of the
soot particles, and their formulation is therefore different
from VS-HMOM. Originally, the VSH-model was
integrated in DQMOM. While DQMOM is numerically
less robust than HMOM, it is less restrictive for
expressions that are allowed to occur in the moment
source terms. These restrictions for HMOM require
modifications in the formulation of the source terms,
which are discussed in detail. An important example is the
coagulation source term. In the original model, it is
assumed that the surface reactivity	
  𝜒 = 𝐻 𝑆 is not
changed due to coagulation, that is, a new particle of type
𝑖 + 𝑗 formed by the collision of two particles 𝑖 and 𝑗 can
be described by
𝜒*+, = 	
  

-./0
1./0

=

-. +-0
1. +10

.

If this ratio is inserted in the coagulation source term, the
resulting expression cannot be expanded into a finite sum
of moments which is required for HMOM. Therefore, the
description has to be modified. It is shown that the original
trivariate model can be expressed in a way applicable in
HMOM without abandoning the original chemical and

physical ideas.
The multivariate HMOM is validated with an
ethylene premixed flat flame at atmospheric pressure and
a fuel-air-equivalence ratio of 𝜙 = 2.64. This flame has
been investigated experimentally by Xu et al (1997). As
in MOMIC, HMOM allows different orders for the
interpolative part of the closure approach. The new VSHHMOM model is considered with a first order (P1) and a
second order (P2) approach. The original VSH-model is
integrated within Monte Carlo (MC) simulations. As
shown on the left side in Fig. 1, all statistical frameworks
allow an accurate prediction of the soot volume fraction.

2

0.4

P1
P2
MC
Exp

0.2
0.1
0

1019m

0.3

0

0.01

0.02
y [m]



A major challenge in soot modeling is the
compatibility of an accurate physio-chemical description
and computational efficiency. A promising approach to
handle this trade-off are multivariate moment methods,
which are based on moments of the soot Number Density
Function (NDF). In this work, the Hybrid Method of
Moments (HMOM) developed by Mueller et al (2009) is
considered. HMOM is an easy to implement and
computationally inexpensive, robust moment method that
accounts for the experimentally observed bimodality of
the soot NDF. It combines the Direct Quadrature Method
of Moments (DQMOM) and the Method of Moments with
Interpolative Closure (MOMIC). In the original bivariate
model of Mueller et al (2009), soot particles are
characterized in terms of two parameters, their volume (𝑉)
and their surface area (𝑆). This model is referred to as VSmodel. It is now demonstrated that HMOM can be
extended to an arbitrary number of parameters.
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Figure 1. Predicted soot volume fraction (left) and
surface reactivity (right). Experimental measurement by
Xu et al (1997).
The MC simulations are also used as a reference to assess
the accuracy of HMOM for the multivariate case and the
impact of the required modifications for the source terms.
A comparison of the surface reactivity is shown on the
right side of Fig. 1. The surface reactivity can be
important to capture temperature effects on the soot
formation as shown by Blanquart and Pitsch (2009a).
While the VS-model assumes a constant surface reactivity
of 𝜒 78 = 	
  1.7×10=> m@A , both the original and the new
VSH-model predict an increase. The required
modifications that allow HMOM as a numerically more
robust framework do not introduce significant changes in
the prediction of this quantity.
Funding from the EU for the Clean Sky Joint
Technology Initiative under project DREAMCODE
(grant n° 620143) is gratefully acknowledged.
Blanquart, G., and Pitsch, H. (2009a) Combust. and
Flame 156, 1614–1626.
Blanquart G., and Pitsch H. (2009b) In: Bockhorn H.,
D’Anna, A., Sarofim, A. F., and Wang, H. (Eds.),
Combustion generated fine carbonaceous particles,
KIT Scientific Publishing, 439–466
Mueller M.E., Blanquart G., and Pitsch H. (2009)
Combust. and Flame 156, 1143–1155.
Xu F., Sunderland P.B., Faeth G.M., (1997) Combust. and
Flame 108, 471–493.
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Table 1. Simulated systems
Case

Molecule

Formula

(a)
(b)
(c)
(d)
(e)
(f)

water
1-decanol
iso-undecanol
iso-decanol
5,9-dimethyl-1-decanol
3,7-dimethyl-1-octanol

H 2O
C10H22O
C11H24O
C10H22O
C12H26O
C10H22O

The dynamic resistance to water accommodation
on organic surfaces is estimated from direct impinging
simulations in which a large number of gas molecules
striking a liquid surface are virtually explored, and the
probability that these molecules will be absorbed into the
bulk liquid is statistically derived. We compare the results
of α from Grote-Hynes theory and direct impinging
simulations, and provide a comparative discussion of their
estimates.
To explore a wider range of surface coverage by
organic molecules on α, we have performed another set of
simulation for a water slab covered with 1-decanol at a
lower surface density. Additionally we use three extra

estimates at different carbon density from Takahama and
Russell (2011) to show the relation of carbon density and
α.
We have concluded that carbon density is
monotonically related to the mass accommodation
coefficient (Figure 1) and can be used to explain the
limitation of water accommodation on organic-coated
water surfaces.

1
0.8
0.6

α’

Growth of sub-micrometer aerosols is controlled by
interfacial mass transfer process which is characterized by
mass accommodation coefficient (0≤α≤1). α defined as
the probability of a vapor phase molecule entering into the
bulk liquid phase after striking the surface (Morita and
Garrett, 2008). The properties of aerosols and droplets
containing organic molecules still remain highly uncertain
due to the numerous types of compounds that can be
present in the atmosphere. Furthermore, mass transfer is
more uncertain and poorly established other than any
dynamic properties for organic aerosols (Julin et al 2014).
Our objective is to study the thermodynamic and dynamic
of mass accommodation of water on bulk water coated by
branched organics with molecular dynamics (MD)
simulation in conjunction with umbrella sampling and
impinging method in order to explain the limitation of
mass transfer of water on organic-coated water surfaces.
The thermodynamic information is gained by
studying the free energy profiles of water from gas phase
to organic coated bulk water in umbrella sampling
simulations. Transition state theory (TST) is used to
estimate the α from free energy. TST calculates the
equilibrium property and always overestimate the α thus
Grote-Hynes theory is used to account the dynamics
properties of the surface (Sakaguchi and Morita, 2012).
The simulated organics can be seen on Table 1. These
organics are used to examine the dependence of α on
carbon density and branched structure.

0.4
0.2
0
0

5
10
Carbon density [nm−3]

15

Figure 1. Relationship between α and carbon density.
Red, black, yellow, purple, turquoise and green points are
for case (a) to (f), respectively. Orange square is for the 1decanol system at lower surface density. α for pink, blue
and brown crossed data are for octanoic, compressed
octanoic, and myristic acid systems, respectively and
taken from Takahama and Russell (2011).
Morita, A. and Garrett, B., C. (2008) Fluid Dynamics
Research 40, 459-473.
Julin, J., Winkler, P. M., Donahue, N. M., Wagner, P. E.
and Riipinen, I. (2014) Environ. Sci. Technol. 48,
12083- 12089.
Sakaguchi, S. and Morita, A. (2012) J. Chem. Phys. 137,
064701.
Takahama, S. and Russell, L. M. (2011) J. Geophys. Res.
116, D02203.
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In the present work, coagulation and sedimentation of a
small-dispersed aerosol and dynamics of particles are
considered in tubes with various geometry on the end
near to resonant frequencies.
Experimental investigations of oscillations of an
aerosol were carried out for different length of tubes in a
shock-wave and shock-free wave modes near to
subharmonic and natural resonances. Di-ethyl-hexylsebacate C26H50O4 was used as the working fluid to
generate aerosol. The majority of droplets have the
geometric diameter 0.863 m. Number concentration of
drops for all experiments monotonously decreases with
time and with growth of the excitation frequency. In the
case of a closed tube, this process is defined by the
coagulation of aerosol and sedimentation of droplets on
the tube walls. In an open tube, the discharge of aerosol
to the environment is observed in addition to the
coagulation of aerosol and sedimentation of droplets on
the tube walls. The dependence of the time scale of
coagulation of aerosol in the closed tube and time scale
of the clearing of aerosol in an open tube on the excitation
frequency likewise exhibits a nonmonotonic pattern with
a maximum and a minimum when passing the resonance.
It is established, that presence of a flange slows down
process of the cleaning of an aerosol. Reduction of
internal diameter of a flange results in increase in the
time scale of cleaning. In so doing, the time scale of the
clearing of aerosol in the case of an open tube is reduced
by a factor of two and more compared to the time of
coagulation in a closed tube. It has been found that a
decrease in the tube length and increase of oscillation
intensity result in a decrease in the time scale of
coagulation and time scale of cleaning of aerosol. It is
shown, that with increase of intensity of the oscillations,
the caused increase of amplitude, this time decreases.
For the closed tube this dependence has nonlinear
character, and for an open tube - almost linear. It is
revealed that in a shock-free mode (for small amplitudes
of displacement piston) the time scale of the coagulation
of aerosol in the closed tube by 2-4 times, time scale of the
clearing of aerosol in an open tube by 6-12 times and a
partially open tube by 5-10 times lower than at natural
sedimentation.
To study the mechanism of coagulation of the
aerosol and the forces acting on the droplets and
particles of aerosol in the wave field in the tube, the
dynamics of single particles is considered. Dynamics of
a single particle with various physical and geometrical
parameters is experimentally investigated at the
longitudinal oscillations gas in closed and open tubes in
a shock-wave mode. Along an axis of a tube the particle

moves from the closed (open) end to the piston, near to a
wall – to the return side, making longitudinal oscillations
with increase in the oscillations swing that is caused by
acoustic streaming. In a radial direction, the oscillating
particle moves from an axis to a wall of the tube up to a
boundary point. Outside of a tube, the particle moves
from the open end to an exterior wave field practically
without oscillations with nonlinear increase of
coordinate from time. It is revealed, that the increase in
lengths of a tube and excitation frequency of gas in up to
- resonant modes gives in growth of an oscillations
swing of a particle and increase of its average velocity.
Nonmonotonic character for dependence of oscillations
swing and average velocity of a spherical particle from
excitation frequency of gas is detected. At approach to a
resonance oscillations swing and average velocity are
incremented, attain the maximum value on a resonance
frequency and decrease behind a resonance. Effect of a
weight and diameter of a particle on its oscillations
swing and average velocity is investigated. Shift of a
curve maximum for dependence of a particle average
velocity from oscillation frequency aside magnifications
of frequency is shown at increase of a weight or diameter
of a particle.
It is experimentally investigated the process of
the particle drift over time in different sections of the
tube and the external wave field at different frequencies
and amplitudes of excitation of the gas in the shock-free
wave mode. A particle placed near the open end of tube
begins to move to the piston under the influence of the
internal wave field. Its oscillating motion with amplitude
and frequency significantly is lower than amplitude and
frequency of oscillations of the gas due to friction of the
fishing line and the weight of the particle. The particle is
placed outside the tube close to the open end moves in
an external wave field. It was not observed noticeable
oscillations of a particle. A linear dependence was
distances of time. Increase the amplitude of excitation of
the gas increases the amplitude of oscillations and
average velocity of the particle. Revealed the position of
the particle, placed inside the tube in the vicinity of the
open end, wherein the particle oscillates harmonically
with no drift in any direction along the axis.
The study was performed by a grant from the Russian
Science Foundation (project No.15-11-20022).
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The Arve Valley in the French Alps is one of the most
polluted areas in France in winter. Local meteorology
has a large impact on concentration of many gases and
particles, especially related to temperature inversions
(Chemel et al, 2016). It is necessary to investigate this
link at the fine scale to improve both the forecast of
pollution events, and planning and evaluation of air
quality abatement plans.
Continuous meteorological and chemical
composition measurements on a 15-min time scale have
been conducted since November 2013 in the Arve
Valley, with the sites (Chamonix, Passy, Marnaz)
differing in topography and urbanization. Temperature
and humidity are measured along the slopes (10 sensors
per site) every 100 m or less in altitude from the air
quality station where PM10 and black carbon (BC)
concentrations have been measured with TEOM-FDMS
and Aethalometer AE33, respectively. A Wind cube
Lidar was also deployed in one site. To define
meteorological system capacity to characterize vertical
atmospheric structure, a large comparison was also
conducted during an intensive field campaign (Paci et al,
2015) at one site between measurements of radiosounding with the measurements from sensors located
along the slopes.
In anticyclonic conditions, strong temperature
inversions very close to the surface were observed,
leading to high concentration of PM and BC. It indicates
a large impact of processes within the first 100-200m
above ground on the pollutant concentration. Average
winter temperature gradient in the first 100 m above
ground at the 3 sites indicate temperature inversion
during night-time, with breakup during the day, a
mechanism already described in deep valleys elsewhere
(Whiteman, 1982).
By categorizing winter days according to the
intensity of temperature gradient in the first 100 m, a
quasi linear relationship is found between the intensity of
the maximal temperature gradient at night and the
amplitude of the morning decrease of PM10
concentrations due to breakup (figure 1). This relation is
found at the 3 sites but this does not apply for day of
moderate inversion. It is shown that others local
meteorological parameters (wind speed, wind direction,
and humidity) play a role in determining the

concentration variations, and can explain a part of large
standard variation observed in the relation between
intensity of temperature gradient and PM10
concentration.

y =16,9x -12,2

Figure 1. Relationship between early morning intensity
temperature gradient and morning decrease of PM10
concentration for day with strong inversion (Passy).
We further investigate the processes and the
parameters influencing the concentrations, including
higher altitude inversion and temperature profiles. The
comparison will be made between the evolution of PM 10,
the contribution from fossil fuel combustion BCff and
wood-burning BCwb, the last two ones being given by the
AE33 measurements (Sandradewi et al, 2008)
Ultimately, the goal is to provide a tool for a better
forecasting of days above the PM10 EU threshold.
This work is supported by the Agency for the
Environment and Energy Management (ADEME) within
the DECOMBIO program (1362C0028). The funding of
PhD for J Allard is provided by ADEME, while that for
F Chevrier is provided by Région Rhône-Alpes.
Chemel, C et al. (2016) Atmos. Environ. 128, 208-215.
Paci A. et al. (2015) Proc. of the 33rd International
Conference on Alpine Meteorology, Innsbruck,
Austria.
Sandradewi J. et al. (2008) Environ. Sci. Techno. 42,
3316-3323
Whiteman C.D. (1982) Journal of Appl. Meteoro. 21,
270-289.
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Gas-phase processes offer a proven scalable route for the
large scale production of commodities like fumed silica,
carbon black and pigmentary titania (Buesser and
Pratsinis, 2012). Modeling the particle growth is of
utmost importance for the design of aerosol reactors.
There particle dynamics span 10 and 15 orders of
magnitude in length and time, respectively. Also they
determine particle structure influencing the electrical
conductivity and mechanical stability of product films
and powders (Buesser and Pratsinis, 2012).
Agglomeration (i.e. particle formation with
loosely attached primary particles) occurs both in
environmental and industrial processes, especially in low
temperature regions where sintering or coalescence are
rather slow. The dominant coagulation mechanism is
cluster-cluster agglomeration leading largely to
formation of filamentary structures that are attractive in
nanocomposites, particle suspensions (paints or
polishing slurries), catalysis and lightguide preforms.
Fractal-like agglomerates typically consist of
polydisperse primary particles that affect the clusters’
optical,
dispersion
and
transport
properties.
Understanding agglomeration is essential for optimal
process design for manufacture of nanomaterials as their
fractal structure affects their handling and processing
and eventually their performance.

Increasing the polydispersity of the constituent PPs from
geometric standard deviation σg,PP = 1 to 3 delays the
attainment of the asymptotic Df and Dfm of the resulting
agglomerates.
Figure 2 shows the Dfm evolution (line) of
agglomerates consisting of polydisperse PPs (σg,PP = 1.5;
insets) from spheres (ρeff/ρb = 1) to fractal-like
agglomerates (ρeff/ρb = 0). When agglomerates are fully
evolved Dfm attains its asymptotic value of 2.2,
consistent with Sorensen (2011). The simulations are in
good agreement with experimental measurements of Ag
(Kim et al., 2009), ZrO2 (Eggersdorfer et al., 2012) and
Cu (Stein et al., 2013).

Figure 2: The Dfm for agglomerates consisting of
polydisperse PPs with σg,PP = 1.5 (line), as obtained by
simulations. The Dfm obtained by experimental
measurements (symbols) increases with increasing
relative particle density, ρeff/ ρb.

Figure 1: A ballistic cluster-cluster agglomerate
consisting of polydisperse PPs having a log-normal size
distribution, σg,PP = 1.5. The radius of gyration, rg, scales
with the PP number to the fractal dimension, Df, and is
larger than its mobility radius, rm.
The growth and detailed structure of fractal-like
aerosol particles undergoing agglomeration is
investigated here in the free molecular regime by
discrete element modeling (Goudeli et al., 2015)
accounting for the polydispersity of constituent primary
particles (Fig. 1). The evolution of particle structure
(fractal dimension, Df, and mass mobility exponent, Dfm)
from spheres to fractal-like agglomerates is elucidated.
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The transport properties of a particle depend on the ratio
of the gas free mean path (λ) to a particle’s characteristic
length (L), expressed via the Knudsen number, Kn=λ/L
(Friedlander, 2000). The Knudsen number specifies three
different aerosol flow regimes: continuum (Kn=0), free
molecular (Kn=∞), and transition (0<Kn≤10) regimes.
Spherical particles, L=R1 with R1 the particle
radius, often form aggregates with complex structure
described by the power law, N=kf(Rg/R1)df, where N is
the number of spherical monomers, kf the fractal
prefactor, df the fractal dimension, and Rg the radius of
gyration (Forrest and Witten, 1979). Transport and
structural properties of an aggregate are frequently
expressed in terms of equivalent spheres of appropriately
chosen radii that reproduce the desired particle property,
e.g., the equivalent mobility radius (Rm) is the radius of a
sphere with the same mobility as the non-spherical
aggregate under identical flow conditions.
In the continuum (momentum transfer) regime,
the particle’s friction coefficient, calculated by the
creeping flow Stokes equations, is proportional to the
mobility radius, while in the free molecular regime,
according to the theory of gases, it is proportional to the
squared mobility radius Rm(∞). Moreover, Rm(∞) is
related to the orientationally-averaged projected area. In
the transition regime, the mobility radius is usually
calculated by correcting the continuum-regime mobility
radius by a slip correction factor that depends on the
Knudsen number. For the mobility radius, the
corresponding mobility Knudsen number is Knm=λ/Rm.
Different radii may be also used to define appropriate
Knudsen number, like the adjusted-sphere radius Radj,
the radius of a sphere that has the same slip factor as the
aggregate over the entire transition regime. The adjustedsphere Knudsen number is Knadj=λ/Radj=KnR1/Radj.
Rogak et al. (1993) found experimentally that the
mobility radius of aggregates of maximum mobility
radius Rm=200 nm can be reasonably estimated by the
projected area approximation, i.e. by the approximation
of the transition-regime mobility radius by the freemolecular mobility radius. This approximation has been
used in both experimental and numerical studies (see, for
example, the recent work of Liu and Chakrabarty, 2016).
However, its range of validity beyond the free molecular
regime has not been adequately explored yet.
Previously, we calculated the mobility radius of
fractal-like aggregates with the Collision Rate Method:
we proposed numerical expressions that relate it to the

number of monomers and radius of gyration for Kn in
the whole transition regime (Melas et al., 2014). Herein,
we estimate the mobility radii of different aggregates
using these expressions, and we compare them to their
free molecular mobility radius Rm(∞). Figure 1 presents
the ratio Rm(Kn)/Rm(∞) for DLCA aggregates,
(df=1.8,kf=1.3), as a function of the Knudsen number.
The black line shows the free molecular mobility radius,
which also provides a lower bound. The ratio depends on
N and Kn. For aggregates with a small number of
monomers the projected area approximation provides a
reasonable estimate of Rm for all Kn. Further
calculations will be performed for different structures,
the projected area approximation range of validity will
be examined, and its range of validity will be related to
aggregate characteristic Knudsen numbers.

Figure 1. Ratio of the mobility radius to the free
molecular mobility radius as a function of the Knudsen
number.
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Predicting local-scale transport and dispersion of
ultrafine particles emitted from traffic sources is a keypoint for urban air quality and exposure risks
assessments. These solid carbonaceous nanoparticles
(most important in number rather in mass) are the worst
and most harmful particles in terms of health effects.
Indeed, they are able to reach the respiratory system in
its deepest part (the alveolar region) where they can
readily penetrate the blood stream leading to major
cardiovascular diseases or cancer (Valberg, 2004;
Silverman et al., 2012).
The description of the concentration patterns of these
UFP downstream of a car are linked with an accurate
representation of local features and turbulence structure
developing on the wake of the vehicle. Indeed, it has
been shown that their dispersion is enhanced by both the
interaction between particles and the recirculation region
and particles and lateral longitudinal vortices that
develop in the vehicle wake (Mehel and Murzyn, 2015).
To improve our understanding of these interactions, a
numerical study is undertaken to assess the unsteadiness
of the flow. We investigate the dispersion of UFP in a
classical wake flow which is well documented in the
literature: the flow downstream of a circular cylinder
(D=2,5cm). This approach allows us to correlate particle
dispersion with the structure of the wake flow. This is a
preliminary step before doing a numerical study
downstream of a more complex geometry (Ahmed
body).
2106 carbon nanoparticles (diameter of 10 nm) are
injected continuously at a flow rate of 6.2510-8 kg/s from
an injection point located at 3 mm under the bottom of
the cylinder. These input parameters are defined
according to the EURO 6 standard for particles (PM)
limitation. The investigated air velocity is typical of
urban areas, i.e., U∞=20 km/h and the velocity of the
exhaust air/particles at the tailpipe corresponds to an
engine speed of 2000 rpm. The Reynolds number of the
flow is Re=9259 (based on the D). The turbulence is first
modeled with an isotropic and homogeneous standard kε model which is associated to the enhanced wall
treatment model. Figure1 shows the particle locations
(colored by their residence time) superposed to the mean
velocity vectors. The behavior of the flow and the
dispersion of carbon particles in the near wake flow of

the cylinder are then highlighted. We demonstrate that
these nanoparticles behave as a passive tracer showing
the occurrence of two symmetrical vortices downstream
of the cylinder that are alternatively released and known
as the Karman vortex street. The particles with higher
residence time are those which are situated in the core of
the vortex street. This suggests that they are trapped by
the moving vortices.

Figure1. Superposition of the mean Velocity vectors and
particle residence time(U∞=20 km/h)
These preliminary results tend to confirm the strong
interactions between particles and vortices developing
in the wake of a cylinder. Future developments including
a more detailed study of the local turbulence structure
will be conducted to increase our understanding of the
particle dispersion related to the presence of vortices.
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The problem sometimes arises in motions of dispersed
mixtures, which is connected with a character of their
interaction with an outer homogeneous medium when
the conditions exist for development of hydrodynamic
instability at the surface of separation. This mechanism
is intensively in work in the process of powder
dispersing by the energy of explosion and it can
influence the dust motion in high atmosphere leading up
to the dynamic coagulation of aerosol. Such problems in
practice call forth the necessity to investigate the general
properties of governing equations of two-phase media
motion. The stability of solutions of such equations has
been investigated recently with regard to jam-motions in
pipelines, two-phase flows in mixing layers, filtration
ousting of one liquid by another. In order to determine
the heterogeneity influence on the flow it is insufficient
to use the models of homogeneous fluid mechanics and
two-phase models are required.
The present investigation shows that, in contrast
with homogeneous medium, two-velocity equations of
the interpenetrating continua possess three types of
disturbances: an entropy-vorticity one along with two
acoustic ones. Analysis shows that the acoustic branch of
solution is responsible for the mechanism of instability.
The latter consists in cumulative convergence of
disturbed flow in that part of a disturbance, which is
plunging into the outer homogeneous medium. Vice
versa, the entropy-vorticity branch of solution
determines damping mechanism, which consists in quite
opposite, diverging shape of a disturbance and
counteracts to the unstable mechanism. It may be a
reason of changing spikes and bubbles their places, so
that it may really affect the phase convection inside a
mixing layer. Namely the extra branch of a solution is
responsible for the entropy and vorticity production in a
suspension. The present statement includes two cases:
the system is under action of gravity force, otherwise it
has an acceleration directed perpendicular to the
interface.
The linear stability analysis of plane accelerating
boundary, which separates monodisperse suspension of
solid particles and homogeneous incompressible fluid,
reveals two roots of the aperiodic instability. One of
them coincides with the classic RT root in the particle
absence limit; another root is able to only compete with
at huge accelerations. The found instability is governed
by the modified Shields and Atwood numbers. In
general, heterogeneity somewhat destabilizes a
suspension at small volume concentrations, while at a
greater content the particles have essentially damping
influence on RTI. Fine-particle suspensions have a

stronger damping effect than the coarse-particle ones.
Thus, heterogeneous influence on RTI can not be
ignored even at small particle volume concentrations.
The found type of instability is caused by the
action of inertial mass force since it disappears when the
acceleration vanishes. The action of the interphase
friction is the natural stabilizing mechanism since when
the carrying phase viscosity increases, this root
disappears too.
For the unstable mechanism, the increment of
amplitude growth increases unlimitedly as wavelength
tends to zero. Naturally, the disturbance wavelength
must be limited from below by such values, at which it
becomes comparable with the particle size a , when the
equations of two-phase fluid motion become invalid.
Thus, such values of wavenumber h may be adopted,
for which ha 0.1 . If we assume that a 105 m for
aerosol particles and g  9.8 m /sec2 for the two-phase
system acceleration, we obtain value of the characteristic
time of e -fold amplitude growth for the fastest
disturbance:  e 102 sec , which is sufficient for the
instability proceeding.
Three aerosol systems were considered as
examples: atmospheric dust, mist of secondary droplets
in a wake of atomizing drop and explosive powder
dispersion, which particle density values d0 differ
drastically. They showed that the main factor of
heterogeneity influence is particle fineness, another one
– viscosity of a carrying phase. The instability
performance is feasible, since characteristic values of the
instability induction time are realistic in the considered
processes; besides, the obtained theoretically unstable
wave lengths agree well with the experimental
disturbance sizes.
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The fully developed particle number concentration
profile in a laminar flow tube is given by (Alonso,
Huang and Alguacil, 2010)





 1

n * r*, x *  1.477e  3.659x* 1  18r *2 9r *4 2r *6 
 11

(1)
where n* is the particle number concentration referred to
that at the entrance of the tube, r* and x* are the
dimensionless radial and axial coordinates, and
  DL / u x R 2 is the dimensionless particle diffusion
coefficient (D: diffusivity; L: tube length; u x : mean
axial flow velocity; R: tube radius).
The fraction of surviving particles at the outlet of
the tube (panetration) can be estimated from the above
expression as

 r * u *x (r*)n * r*,1dr * ,
P 0 1
0 r * u *x (r*)dr *
1

(2)

resulting in

P  0.846e 3.659 .

(3)

This approximate expression is compared in Figure 1
with the Gormley-Kennedy (1949) equation

PGK  0.819e3.657  0.098e22.3  0.033e57
for   0.031
and
PGK  1  2.56 2 / 3  1.2  0.177 4 / 3 , for   0.031 .
The agreement between both expressions is excellent
except for very small values of the dimensionless
diffucion coefficient . Note also that eq.(3) is quite
similar to the first term of the Gormley-Kennedy
equation for   0.031 , but the constant factor is a bit
larger in eq.(3).

Figure 1. Comparison between the Gormley-Kennedy
equation and the approximate equation (3) derived from
knowledge of the fully developed particle concentration
profile.
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Thermal desorption tubes are commonly used to
quantify trace amount of volatile organic compounds in
the atmospheric air. However, previous studies have
demonstrated that the aerosol loading on the sorbent
could significantly influence the adsorption and
desorption characteristics. Normally, a piece of glass
wool was placed in front of the sorbent, but filtration
efficiency data were limited. Therefore, this study aimed
to evaluate the filtration characteristic of the glass wool,
and to design a pre-filter for the better performance of
the thermal desorption tubes.
A constant output aerosol generator and an
ultrasonic atomizing nozzle were used to generate submicrometer-sized and micrometer-sized aerosol particles,
respectively. A scanning mobility particle sizer and an
aerodynamic particle sizer were employed to measure
the aerosol concentration and size distribution upstream
and downstream of the test filter. The pressure drop
across the filter was simultaneously monitored. Glass
wool, stainless steel mesh (#400, #1500), polyurethane
foam (110 ppi) and filter disc cut from N95 filtering
facepieces were tested in this work.
The experimental results showed that the most
penetrating particle size (MPPS) of the glass wool was
0.3-0.5 μm and the aerosol penetration of MPPS was
about 60-75%, under the sampling flow of 0.2 L/min. To
reach the same level of performance of glass wool, it
took 60 layers of #400 stainless steel mesh. Higher
aerosol collection efficiency (90%) could be achieved by
increasing the mesh number and disc size (to reduce face
velocity). Generally speaking, the use of stainless steel
mesh was too clumsy because of the size. For 110-ppi
foam, the total height of the foam disc was estimated to
be 30 cm to attain the required collection efficiency
(90%). The aerosol collection efficiency could be
enhanced by increasing the foam packing density.
However, there was no guarantee of the packing quality
to gain stable performance. The use of N95 filter disc
appeared quite promising. The aerosol penetration was
5% and pressure drop was only 9.8 mmH2O, the lowest
among all tested materials.
The glass wool pieces did not provide stable and
sufficient filtration efficiency to protect the sorbents
from aerosol contamination. Among the filter materials
tested, the N95 filter worked best, for low cost, low

pressure drop and stable quality. The oil-resistant P95
filter could be used when oil aerosol particles were
present in the workplace.
This work was supported by the Institute of Labor,
Occupational Safety and Health, Ministry of Labor under
grant JB/005.
Kuo, Y.-M., Lin, C.-W., Huang, S.-H., Chang, K.-N. and
Chen, C.-C. (2013) Journal of Aerosol Science, 55,
57-65..
Kumar, A. and Víden, I. (2007) Environmental
Monitoring and Assessment, 131 (1-3), 301-321.
Podgórski, A., Bałazy, A. and Gradoń, L. (2006)
Chemical Engineering Science, 61 (20), 6804-6815..
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Nanofiber was broadly used in a variety of
applications, such as filtration for air or water, tissue
engineering scaffolds, protective clothing and
biomedical application, etc. The nanofiber was provided
with exceptional properties which included high specific
area, high aspect ratio, and small pore diameter. The
surface of electret filters has electrostatic attraction, as
increasing the electricity, particle penetration will
gradually decrease (Hanley et al., 1999; Nifuku et al.,
2001).
In this study, the electrospinning and filtration
system were set up as shown in Figure 1 (a) and (b). The
nanofiber was produced from PMMA solution by
electrospinning, and added high dielectric materials TiO2
to assess the basic properties. Then, the penetration of
charging filter was measured in the filtration system.

(a)

The experiments used two conditions to charge the
filter. One was pre-charge in just 5 minutes before
filtration. The other was continuously charged during the
filtration process. Figure 3 shows the comparison of the
particle penetration between pre-charge condition and
continuous charge condition for a long period of time.
The thickness and packing density of testing filters were
about 0.077 mm and 10.75%, respectively. The results
indicated that the particle penetration decreased with
increasing the period of filtration because the particles
accumulated on the surface of the filter and loaded inside
the filter during the filtration.
Moreover, the particle penetration of pre-charge
condition was higher than continuous charge. It could be
inferred that the charge time of pre-charge was too short
to maintain the surface voltage of filter for a long time.
Consequently, using the continuous charge for the filter
could maintain the surface voltage so that the collection
would more efficient.
20

Figure 1. (a) The electrospinning system and (b)
filtration system
Figure 2 (a) shows the SEM images of the
PMMA/TiO2 fibers. The uniform surface of the fiber was
observed. It was also found the small amount of TiO2
particles were attached on the fiber surface. Besides, the
distribution of fiber diameters was calculated from SEM
images, as shown in Figure 2 (b). The average diameter
was 1062.73±126.04 nm.

particle penetration (%)
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Figure 3. The comparison of the particle penetration
between pre-charge condition and continuous charge
condition for a long period of time
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Hanley, J.T., Ensor, D.S., Foarde, K.K. and Sparks, L.E.
(1999). Proceedings of Indoor Air ’99, Edinburgh,
Scotland.
Nifuku, M., Zhou, Y., Kisiel, A., Kobayashi, T. and
Katoh, H. (2001) J. Electrostat. 51–52: 200-205.
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Figure 2. (a) SEM micrographs of the
PMMA/TiO2 fibers, (b) the distribution of fiber
diameters.
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Bag filter is one of the most widespread industrial
air cleaning systems for removal of dust particles emitted
from various industrial processes. Bag filter are subjected
to clogging and cleaning cycles. During filtration, solid
aerosol filtration causes particle deposits, called dust cake,
to build up on the filter media, resulting in a linear
increase in pressure drop. Therefore, filter elements must
be periodically regenerated, usually by pulse-jet cleaning.
Pulse jet is the most common cleaning method for bag
filter dust collectors. A blast of compressed air is injected
into a filter bag, so that dust cake formed on filter bag is
detached and the filter becomes cleaned. The cleaning
effectiveness of pulse jet type bag filter is influenced by
cleaning air pressure, filtration velocity, and type of
injection nozzle.
In this study we investigated and compared the
cleaning effectiveness and dust emission of long filter
bags for on-line and off-line cleaning methods. Bag filters
of 10m long and 0.156m in diameter were used for the test.
3 long bags were installed for each test and 80A blow tube
having a 10mm hole was positioned above each bag. Fly
ash from coal fired power plant was used as test dust and
inlet concentration was fixed as 20g/m3, and air pressures
for filter cleaning were regulated as 3 and 5kgf/cm2. Dust
emission was measured by an optical particle counter
(GRIMM 1109) in the exhaust duct of bag filter test unit,
and filter cleaning performance was monitored by
measuring pressure drops of each filter. Filter cleaning
was triggered when the pressure drop of bag filter reached
100mmH2O.
Figure 1 shows the results of 10m filter bag
cleaning and dust emission measurement for on-line and
off-line cleaning types at pulsing air pressure of 3kgf/cm2.
Figure 2 is for the case of 5kgf/cm2. For both cases offline cleaning was more effective than on-line, but at
higher air pressure filter cleaning interval becomes longer.
As for dust emission, peak values of emission for on-line
and off-line cleaning methods were almost same, but at
air pressure of 5kgf/cm2 the emission was much higher
than at 3kgf/cm2.
In this work only one bag was cleaned using one
80A diaphragm valve while in the real world over 10 bags
must be cleaned by a single valve. Therefore it can be
concluded that pulse jet cleaning using hole-type nozzles
is not that effective for 10m long filter bags.
This work was supported by Korea Ministry of
Environment (MOE) as “Eco-innovation Program”.

Figure 1. Filter cleaning result (upper) and dust emission
(lower) at 2.0m/min of filtration velocity and 3kgf/cm2 of
cleaning air pressure for 10M filter bags.

Figure 2. Filter cleaning result (upper) and dust emission
(lower) at 2.0m/min of filtration velocity and 5kgf/cm2 of
cleaning air pressure for 10M filter bags.
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Bag filter is used for collecting dust particles from
gas stream. Testing the performance of a bag filter is done
by comparing filter cleaning intervals and dust emission
for different operation conditions. Since filtration velocity
is a key parameter to determine the pressure drop
behaviour of filter, it is very important to make the
filtration velocity fixed during test. Theoretically the
pressure drop increasing speed of bag filter will be same
regardless of number of filter bags if filtration velocity
and inlet dust concentration are fixed. For some test
conditions, however, can velocity which is upward flow
velocity in the passage between filter bags makes a big
effect on pressure drop behaviour of filter. In this work we
examined the influence of can velocity on filter pressure
drop using a pilot scale bag filter test unit.
The pilot scale test unit has a square cross section of
750x750mm. Bag filter tests were conducted for 1 bag, 2
bags, 3 bags, 4 bags installation conditions and filtration
velocity of 1.0, 1.5, and 2.0m/min. 3m-long filter bags of
156mm in diameter were used for test. Table 1 is the
calculated can velocity for given test conditions.
Figure 1 shows pressure drop data during bag filter
test. Filter cleaning was done when filter pressure drop
came up 100mmH2O by pulsing of compressed air.
Filtration velocity was 1.0m/min, inlet dust concentration
was 50g/m3, and fly ash from coal fired power plant was
used as test dust. Upper one is a result for 1 bag test,
middle one is for 2 bags, and lower graph is for 4 bags,
respectively. The cleaning interval for 1 bag test is several
times longer than others, and it becomes shorter as more
bags are applied to. Average cleaning intervals for
filtration velocities of 1.5 and 2.0 m/min were
summarized in Figure 2. Compared to 1.0 m/min, there
was only little difference between 2 bags, 3 bags, and 4
bags cases. From these results it can be concluded there
exists a threshold of can velocity which gives a significant
effect on results of bag filter test. It is recommended bag
filter test should be done at a can velocity higher than 8
m/min.
This work was conducted under the framework of
Research and Development Program of the Korea
Institute of Energy Research, B6-2440.
Table 1. Calculated can velocity for different filter bag
installations (unit: m/min).
Filtration
velocity,
m/min
1.0
1.5
2.0

No. of Bags
1
2.76
4.14
5.52

2
5.72
8.58
11.4

3
8.91
13.4
17.8

4
12.3
18.5
24.7

Figure 1. Filter cleaning results for the cases of 1
bag(upper), 2 bags(middle), and 4 bags(lower)
installations at filtration velocity of 1.0m/min.

Figure 2. Filter cleaning intervals for various filter bag
installations and filtration velocities.
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Submicron oil aerosols (“oil mist”) are generated by a
wide range of processes, such as metal cutting, engine
crankcase ventilation, or the compression of gases. An
efficient and commonly practiced way of capturing and
removing oil mist is by fibrous filters media. During
steady-state operation of a mist filter, captured aerosol is
driven by the airflow toward the rear surface of the
media, where it drains as a thin film through which the
air has to break through. Maintaining this steady-state
flow of coalesced liquid requires an additional “wet ∆p”
above and beyond the “dry ∆p” of the media, which is
composed of an internal contribution (“channel-Δp”)
required to “pump” liquid through the media – typically
in distinct channel-like structures – plus a final steep
“jump-Δp” required to overcome capillary retention
forces and maintain the liquid drainage film on the
surface. These mechanisms were first described in the
Jump-and-Channel Model by Kampa et al (2014). For an
illustration see Figure 1.

The dependence of channel-Δp on these operating
parameters is rather complex for liquid aerosol filtration,
because v, c, and cv each affect the internal liquid
distribution (the channel structure) in their own ways,
which are not generally understood yet. For example, a
constant loading rate cv can be achieved by an infinite
set of combinations of v and c. Past investigations were
based either on a fixed flow velocity v and variable
concentration c (Contal et al., 2004), or on a fixed oil
loading rate cv (Kampa et al., 2015). Incidentally, the
results do not agree with regard to effect of these
parameters on the total Δp. A more detailed study on the
effect of flow velocity v is still missing.
The present work concentrates on the effects of aerosol
concentration c and oil loading rate on Δp for flow
velocities ranging from 10 cm/s to 70 cm/s. Numerous
experiments were carried out with multiple layers of
wettable glass fiber media, which were loaded with
submicron oil aerosol until well past steady-state. At the
end of each experiment the global saturation per layer
was measured. Also the individual layers were
photographed and the local oil distribution (i.e. number
and diameter of oil channels) was determined as a
function operation conditions. The results show a
significant effect of flow velocity on global and local
saturation. The best correlation of channel-Δp with
operating parameters was found for the oil loading rate.
Contal, P., J. Simao, D. Thomas, T. Frising, S. Callé,
J.C. Appert-Collin & D. Bémer (2004). Aerosol
Science, 35, 263-278.
Kampa, D., S. Wurster, J. Buzengeiger, J. Meyer, &
Kasper, G. (2014). Int. J. Multiphase Flow, 58,
313-324.

Fig. 1- Typical contributions of channel-∆p and jump-∆p
to the pressure drop of an oil mist filter in operation.
While the jump-∆p is determined mostly by the
structural properties of the filter media (Kampa, 2015;
Kolb et al., 2015), the channel-Δp shows an additional
strong dependence on operating parameters such as air
flow velocity v, aerosol concentration c, and liquid
loading rate cv. Understanding and optimizing these
parameters is key to minimizing the wet ∆p.

Kampa, D., S. Wurster, J. Meyer, & Kasper, G. (2015).
Chemical Engineering Science, 122, 150-160.
Kolb, H.E., S. Wurster, J. Meyer, & Kasper, G. (2015).
Aerosol Technology Conference, Tampere, Finland.
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The generation of particulate pollutants and volatile
organic compounds (VOCs) has a close relationship with
human activities. Combustion process or vehicle
emissions will produce particles. In modern
semiconductor and photovoltaic industry, a lot of VOCs
will be generated during producing process due to using
organic solvent, such as acetone. Acetone and particles
cause dangerous for ecology, environment and human
health. Many studies have explored how to remove
VOCs from water or air. These methods suffer from
some problems, such as low removal efficiency and high
costs. Titanium dioxide, a photosensitive semiconductors,
can absorb ultraviolet light to form reactive hydroxyl
radicals. These free radicals undertake a series of
reactions with pollutants, such as containing bond
cleavage, substitution, and electron transfer, to
mineralize them into CO2 and water.Fine particles, as
one of the most serious sources of air pollution, turned
out to be a major cause of adverse health effects ranging
from human respiratory tract to extra pulmonary organs.
At present, the nonwoven filter medium based on
conventional fibers usually suffer from many
performance disadvantages, such as relatively low
filtration efficiency and high energy consumption, as
well as unsuitable for the capture of fine particles due to
the micro-sized fiber diameter.
Cho et al. (2013) reported the achievement of excellent
air filtration efficiency and maintain low pressure drop
by covering the substrate with polymeric nanofibers
containing metal oxide nano particles, which can
strongly influence electrostatic interactions between dust
particles and nanoﬁbers.
In this study, Titanium dioxide Polyacrylonitrile ﬁbers
(TPF) by the introduction of TiO2 nanoparticle with
increasing ﬁltration performance and promoting
photodegradation of volatile organic compounds. The
combination of TiO2 nanoparticle could create
hierarchical roughness on the membrane surface, which
shows great inﬂuence on the morphology, surface
wetability, and porous structure of the resultant
membranes. In the other hand, TPF showed excellent
photocatalytic activity superior to the electrospun pure
PF.The physical and chemical properties of
photocatalysts were indicated with spectrophotometer
(UV-vis), X-ray diffractometer (XRD), FourierTransform Infrared Spectrometer (FTIR), Scanning
Electron Microscope (SEM). This study has been
successfully prepared TPF and the optimum TiO2
content fiber is 2% TPF. The degradation efficiency can
be up to 90% under the initial acetone concentration of
400 ppm, the residence time of 50 min. The ﬁltration

performance results showed that titanium dioxide was
added to improve the filter quality. The penetration of
2% TPF could be smaller than 1.9 %.The results of
simultaneous pollutants removal test are shown in Figure
1. It display that the performance of filter does not be
affected significantly when the VOCs and particles were
removed simultaneously.Photocatalytic results are
shown in Figure 2. The photocatalytic efficiency
decreased with increasing operating time. After one hour,
there were no significant differences between the
photocatalytic efficiency with particles and without
particles. In contrast, the photocatalytic efficiency with
particles was obviously decreased after eight hours. The
reason is that UV light was blocked by the particles on
the surface of the filter. It leads to obtain low
photocatalytic efficiency.

Figure 1. The influence of acetone on particle

removal

Figure 2. The influence of particle on acetone removal.
Cho, D., Naydich, A., Frey, M. W., and Joo, Y. L.
(2013), Polymer,54(9), 2364-2372.
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Wet scrubbers and bubble chambers have been used for
cleaning carrier gasses, and are receiving attention as
possible collection devices for sampling atmospheric
dust particles. Fibrous filters are also used, but have a
defect in that the pressure drop across the filter increases
as the deposits of filtered particles build up. Eventually
the filter fibres need to be cleaned or replaced. As noted
by Charvet et al (2011) “..there is still a lack of models
able to predict the time evolution of the pressure drop
and the life time of such filters..”. One advantage of
bubble processes and bubble chambers is that they
operate at constant pressure drop, and “.. do not require
particle unloading..” Charvet et al (2011).

Measuring the efficiency of the scrubber is also
compounded by the effects of measuring points and
lengths and curvature of piping, and the expulsion of
water droplets from the outlets. Some measurements of
the deposition of particles in lengths of piping were
made. Results show that the deposition depends on pipe
length, curvature and flow rate. This effect needs to be
accounted for in both the inlet and outlet piping and
measurement points. Outgoing water droplets will also
influence the size distribution and particle count at the
outlet measuring point. The model suggests that the best
way of measuring efficiency is to monitor the particle
count in the water column, possibly by sampling and
then taking a particle count in the sample. The sampling
point should not be too close to the water surface.

The passing of air through a column of water results in
streams of bubbles rising through the chamber. Such a
device has been used in science and industry, as a
filtration mechanism to remove pollution particulates
and gases from exhaust streams. Models of the
individual processes inherent in the device have been
developed over time. However there are problems when
attempting to match these theoretical results with the
observations from experimental work, which measures
the efficiency of removal of the pollutants.

The results provide guidance for operating the scrubber
so that desired efficiency is met including estimating
time for maintenance. Monitoring the particle mass in
the water is a better option than monitoring the input and
outputs. Timing of the measurements is also important
when performing experimental work and comparing with
theoretical results, due to the time varying nature of the
efficiency.

We use input-output analysis to model the bubble
chamber as a complete system and incorporate existing
individual process models as parts of the whole. The
independent variables in the model are the water volume
and the pollutant mass inside the scrubber chamber
Figure 1. The ensuing model is a set of two ordinary
differential equations whose complexity depends on
which individual process models are selected. The output
processes include the “film” and “jet” droplets which are
formed when the air bubble bursts at the water surface in
the bubble chamber. Some of these droplets can be
entrained and exit the chamber with the cleaned gases.
The equation for the water volume becomes redundant
when the water volume in the chamber is held constant.
Using the results from Fuchs, for particle absorption
with in the column, and typical models for the generation
of jet and film drops, the equation for the pollutant mass
simplifies to a single linear ordinary differential
equation. The outcomes are the existence of an
equilibrium point and time varying exponential
expressions for the efficiency of the chamber.

	
  
Figure 1. Bubble chamber used in experiments. A is the
cross-sectional area of the bubble chamber, h(t) is the
height of water in the chamber, z is the vertical
dimension, QIn is the flux of air in and M In is the mass
of particles in the air in.
Charvet, A., Bardin-Monnier N., and Thomas. D. (2011).
Journal of Hazardous Materials 195, 432-439
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Figure 1. Filter cleaning result at 50 g/m3(upper), 20
g/m3(middle) and 5 g/m3(lower) of inlet dust
concentration and 5 kgf/cm2 cleaning air pressure.
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Bag filter dust collectors are commonly used in
industry for removing fine solid particles form dust-laden
gases. During filtration, the gases pass through the filter
media forming particle deposits, called dust cake, on the
surface of filter. The cake causes a linear increase in
pressure drop across the filter. Thus, the dust cake must
be removed, and filter bags have to be frequently
regenerated by pulse-jet cleaning. Intrinsically bag filters
are clogging and cleaning (regeneration) cycles during
operation of the dust collectors. The cycles of filter system
should be going smoothly for the un-interrupted process
operation. Therefore, understanding many factors, such as
dust concentration and filtration velocity, is very
important for cleaning effectiveness.
In this study we investigated the effect of dust
concentration on bag filter pulse-jet cleaning and dust
emission in a single-chambered jet pulsed bag filter. The
filter of 3m long in 156 mm diameter was used for the test.
40A blow tube having a 10mm hole was positioned above
the bag. Fly ash from coal fired power plant was used as
test dust and inlet concentration was varied from 50 g/m3
to 5 g/m3 at 3.0 m/min filtration velocity and air pressures
for filter cleaning were regulated as 5, 4 and 3 kgf/cm2.
Dust emission was measured by an optical particle
counter (GRIMM 1109) in the exhaust duct of bag filter
test unit, and filter cleaning performance was monitored
by measuring pressure drops. Filter cleaning was
triggered when the pressure drop of bag filter reached
100mmH2O.
Figure 1 shows the results of filter bag cleaning at
5kgf/cm2 of pulsing air pressure in case of 50, 20 and 5
g/m3 dust concentrations. Figure 2 exhibits the results of
dust emission measurement for same condition. For the
stable and longer cleaning interval, lower dust
concentration was more effective, indicating higher inlet
concentration would be hazardous to the cleaning
effectiveness. In addition, the higher cleaning air pressure
led to increasing dust emission, even though the bag filter
was kept clean.
This work was supported by the National Research
Council of Science & Technology (NST) grant by the
Korea government (MSIP) (No. CRC-15-07-KIER).
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Figure 2. Dust emission at 50 g/m3(upper), 20
g/m3(middle) and 5 g/m3(lower) of inlet dust
concentration

European Aerosol Conference 2016

Tours, France

Page 1080 of 1211

Slip velocity measurement of particles inside a pleated HEPA filter
Youssef Aliloua,b, Nathalie Bardin-Monnierb, Soleiman Bourrousa, Thomas Gélaina, Pascal Lemaitrea,
Dominique Thomasb
a

Institut de Radioprotection et de Sûreté Nucléaire (IRSN), PSN-RES, SCA, Gif-Sur-Yvette, 91192, France
Laboratoire Réactions et Génie des Procédés, LRGP, Université de Lorraine, 1 rue Grandville, BP 20451
Nancy, France
Keywords: HEPA pleated filters, Shadow PIV, Slip velocity.

b

In nuclear industry, HEPA (High efficiency particulate
air) filters constitute the last containment step before a
potential release of hazardous matter in the environment.
They ensure the collection of aerosols which are one of
the main sources of contamination. Two parameters
characterize a HEPA filter: on the one hand its
efficiency, deeply studied in the literature, which is the
filters ability to collect particles. On the other hand its
airflow resistance which increases with the particle
deposition on the surface of the medium along the pleat.
Most of the experimental studies in the literature are
focused on the medium scale or on the global pressure
drop evolution; few of them are dealing with the
phenomenon occurring at the pleat scale.
The prediction of this factor is essential to ensure
the containment of contamination by avoiding imbalance
in the ventilation networks or breaking of the filter in
accidental situations especially in fire scenario. The
IRSN has been conducting for many years research
projects to predict the pressure drop evolution of pleated
HEPA filters (Mocho and Ouf, 2011; Bourrous, 2014) in
this domain.
Softwares are commonly used to simulate the
different mechanisms which control the particle
deposition on the medium surface along the pleats (Saleh
et al, 2014) and then its clogging behaviour. However,
they need an experimental validation to ensure the
reliability of the predicted behaviour in a safety context.
To validate the numerical tools at the pleat scale,
an experimental device has been developed to isolate
pleats of HEPA filters used in the nuclear industry
(Bourrous, 2014). The experimental study has been
carried out following two steps.
Studying a clean filter has been the first step of
this work. So, the flow within a pleat channel has been
characterized using optical diagnostics (Shadow PIV)
with flow tracer particles (DEHS particles with
0.01<St<0.03). The velocity field of flow through a
clean pleat channel for different filtration velocities
(figure 1) has been measured, on this basis; a
comparison between these measurements and a CFD
numerical simulation (ANSYS CFX) has been
performed.
Measuring the particle velocity during clogging
has been the second step. Using the same optical
diagnostics principle, the slip velocity field of particles
(alumina, 10µm, 10<St<30) against flow velocity has
been measured. This should be fundamental information
to predict the shape and the location of the particle

deposit and may explain the formation of “bridges” at
the pleats entrance which can cause surface reduction
phenomenon.

Figure 1 : Example of vector velocity field at the
entrance channel of a HEPA filter pleat
These measurements will be the basis of the
validation of GeoDict (software used in filtration) in
terms of filters clogging with solid inertial particles. The
ultimate goal is to use validated softwares to constitute
sufficient data bank and to develop a predictive and
phenomenological model for pressure drop taking into
account all phenomena occurring in an accidental
scenario at each influent scales.
This work is a part of a PhD project in collaboration
with Math2Market GmbH.
Bourrous, S., Bouilloux, L., Ouf, F.-X., Lemaitre, P.,
Nerisson, P., Thomas, D., Appert-Collin, J.-C. (2016)
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Particle concentration gradient and diffusion to the walls
of the container are seldom considered in studies of
aerosol coagulation, in spite that in the calculation of the
coagulation rate constant diffusion is explicitly included.
The objective of this work is to examine the effect of
particle diffusion (i.e. radial and axial concentration
gradient, and particle loss to the wall) in the coagulation
process of an aerosol flowing laminarly in a circular
tube.
Numerical calculations of mean size and
geometric deviation for a cogulating aerosol with and
without diffusion loss to the tube wall have been
performed. The equation to be solved is
  2 n 1 ni   ln d p i 1
n

u x i   i  2i 
 K i  j , j ni  j n j
 r
x
r r 
2
j 1


observed that in general diffusion yields narrower size
distributions.



  ln d p  K i , j ni n j
j 1

where all the variables are dimensionless: ux is axial flow
velocity; nilndp, the number concentration of particles
with size around lndpi; i, their diffusion coefficient; Ki,j
the coagulation rate constant between particles of size
indexes i and j; and r,x are the radial and axial
coordinates. The total particle number concentration at
the tube inlet is denoted as nT0. At the tube inlet, x  0 ,
the aerosol is assumed to have a uniform concentration
and a lognormal particle size distribution.
Illustrative results are shown in Figures 1 and 2.
In the first drawing, the evolution of the aerosol
geometric mean diameter along the tube is plotted taking
as parameter the total particle number concentration at
the entrance of the tube. This particular case was
obtained for a tube radius of 5 mm, tube length of 100
cm, aerosol flow rate of 2 lpm, and initial particle size
distribution with dpg = 10 nm and g = 1.20. Two curves
are drawn for each value of nT0: one taking i = 0 in the
above equation (this is the case usually discussed in the
literature); and another one considering the full equation,
thus taking account of particle losses and of the
existence of a radial concentration gradient in the tube.
In this specific case, the effect of diffusion on the mean
particle size starts to be noticeable for initial
concentrations above 108 cm-3; for example, at the
highest concentration the mean particle size at the tube
outlet is about 15% smaller when diffusion losses are
considered.
Figure 2 shows the downstream evolution of the
geometric standard deviation for the same example
considered in the previous Figure. The effect of
diffusion loss is less drastic in this case, but anyway it is

Figure 1. Mean particle size along the tube for the
specific conditions cited in the text.

Figure 2. Geometric standard deviation along the tube
for the same example of Figure 1.

This work was partly supported by Spain's Ministerio de
Economía y Competitividad under grant number
MINECOR13/P73.
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Nanoparticles made in the gas phase typically form
irregular, fractal-like aggregates (chemically- or sinterbonded) and agglomerates (physically-bonded) of
primary particles (PPs) by coagulation of environmental
or industrial aerosols. Even though the characteristics of
spherical particles, such as self-preserving size
distribution, and coagulation rate, are reasonably wellunderstood (Friedlander, 2000), there is significant
uncertainty for fractal-like agglomerates (Mulholland et
al., 1988), especially for those consisting of polydisperse
PPs, as coagulation determines largely their size, and
structure (Eggersdorfer and Pratsinis, 2012). Such
characteristics affect their optical, dispersion and
transport properties (for example, the degree of particle
anisotropy affects the refractive index of agglomerates).
Here coagulation of nanoparticles of varying
polydispersity in the absence of coalescence, sintering or
surface growth is investigated by a discrete element
method in the free molecular regime (Goudeli et al.,
2015). The purpose of this study is to quantify the effect
of PP polydispersity on agglomerate size (radius of
gyration, mobility radius and volume-equivalent radius),
morphology (fractal dimension, mass mobility exponent
and their prefactors) as well as on the attainment of the
well-known asymptotic fractal-like structures and selfpreserving size distributions.
Figure 1 shows the evolution by coagulationagglomeration of fractal dimension, Df, for agglomerates
having PPs of log-normal size distribution (PPSD) with
geometric standard deviation, σg,PP = 1.0 (solid line), 1.5
(broken line), 2.0 (dot-broken line), 2.5 (double-dotbroken line) and 3.0 (dotted line) as a function of the
mean number of PPs per agglomerate, np. Narrower
PPSDs reach the asymptotic Df ≈ 1.91 ± 0.03 (Ball and
Jullien, 1984) with agglomerates of fewer PPs than
broader PPSDs. With increasing width of the PPSD, the
difference in size and mass of agglomerates having
attained their asymptotic structure (e.g. Df) increases.
Small particles move very fast and collide with large
ones that have larger collisional cross section. However,
such a collision hardly affects the radius of gyration, rg,
or mass of the resulting particle. So the broader the
distribution, the longer it takes until the large
particles/agglomerates are affected by collisions with
smaller ones to form fractal-like structures and thus
delaying the transition of the asymptotic Df.
Increasing the polydispersity of the constituent
PPs from σg,PP = 1 to 3 only delays the attainment of the
asymptotic mass fractal dimension Df, mass-mobility
exponent Dfm and self-preserving size distribution

(SPSD) of the resulting agglomerates. The crossover
agglomerate size that marks the transition between Df =
3 and 1.9 increases with PP polydispersity.
The polydispersity of the PP size distribution
affects also the intermediate agglomerate size
distributions
and
kinetics.
Agglomerates
of
monodisperse PPs rapidly reach their SPSD, while for a
PP size distribution with σg,PP = 3.0, the rg distribution
becomes even broader than the initial PPSD. This is due
to collisions between compact agglomerates or large
spherical particles with small particles that hardly affect
their mass.

Figure 1: Evolution of Df as function of mean number of
PPs per agglomerate, np, during coagulation of
polydisperse PP having a log-normal size distribution
with σg,PP = 1 – 3.
This work was supported by Swiss National Science
Foundation under grants 200021_149144 and 148643
and European Research Council (FP7/2007-2013, ERC
Grant Agreement 247283).
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Aerosol particles obtain charge through various
processes (natural and man-made). In the atmosphere,
galactic cosmic rays play a major role in generation of
charged aerosol particles (Laakso et al., 2002). Due to
the random interaction between positive and negative
ions with aerosols, ambient aerosol particles are
generally bipolar charged (Dhanorkar et al., 2001).
Charge particles play an important role in global
atmospheric electrical circuit and cloud microphysics
(Tinsley, 2008). Industrial processes such as atomization
of solutions, mechanical dispersion of powders and
metal burning etc. generate significant amount of charge
on aerosol particles (Kousaka et al., 1981; Tsai et al.,
2005). Coagulation process is one of the important
phenomena of aerosol particle growth. Charge on aerosol
particles can affect particle coagulation. Several
experimental studies have investigated the effect of
charge on dynamics of aerosol particles.
A generalized formulation for coagulation of
charged particles is presented in this work. The
governing equations can be solved numerically (semiimplicit scheme) for a number of discrete size and
charge bins. The mechanism gives both volume and
charge conserved solution in a computationally efficient
way. A new way of handling electrostatic dispersion in
dynamic model has been used in this work. The scheme
has been tested for charged, nebulized (NaCl) aerosol
particles by model studies and also compared with
experimental observations. The model simulated results
show that charge can significantly affect the coagulation
dynamics for particles with level of charge higher than
the Boltzmann equilibrium charge limit and size less
than 1 µm. For bipolar charge, there was a significant
effect on the enhancement of the particle coagulation
process. For unipolar charge, electrostatic dispersion was
seen to play a very important role in depletion of number
concentration. The model was then validated against
results of six controlled experiments (electrical low
pressure impactor, ELPI, was used for measurement of
charge and number size distribution). The model results
were found to be in reasonable agreement with
experimental results. The developed model is fast
(independent of time step) and numerically stable
(volume and charged conserved) working model, which
can be used for several applications involving
coagulation dynamics of charged aerosol particles as
well as in atmospheric study.

Figure 1. Depletion of number concentration as an effect
of charged particle coagulation: theory and experiment
The present study was supported in part by Health,
Safety and Environmental group, Bhabha Atomic
Research Centre (BARC), Government of India. The
authors also acknowledge the financial support provided
by Board of Research in Nuclear Science (BRNS),
Department of Atomic Energy (DAE), Government of
India to conduct this research under project no.
36(2,4)/15/01/2015- BRNS.
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The PM2.5 emissions from coal-fired power plants,
industrial processes and vehicles have caused adverse
health effects to individuals. Because of their tiny sizes,
it is difficult for the conventional particulate removal
devices like bag filters and electrostatic precipitators
(ESPs), to effectively capture PM2.5 from the flue gas.
Consequently, large amount of the fine particles are
emitted into the atmosphere. It has been expected that
the collection efficiency of PM2.5 by conventional
particulate removal devices can be improved by means
of preconditioning technologies such as acoustic
agglomeration (Liu et al, 2011; Ramin and Etienne,
2015). Through acoustic agglomeration the particle
number concentration decreases and the average particle
size increases, the large-sized particle aggregates can
then be removed by the particulate removal devices.
Although acoustic agglomeration has been
studied for decades, its dynamic process has not yet been
well understood. Therefore, in this work we aim at
modelling and simulating the acoustic agglomeration
process on the basis of the direct simulation Monte Carlo
method, which has shown great advantages in
investigating the collision and agglomeration of particles
in gas-solid two-phase flows (He et al, 2015; Hussain et
al, 2013). In our model the acoustic agglomeration
mechanisms of orthokinetic interaction and gravity are
included in the equations of particle motion, while
contributions of the other mechanisms, i.e. acoustic
wake, mutual radiation pressure effect and Brownian
diffusion, are implemented using a simple additive
combination of the agglomeration kernels.
Based on the model described above, the
processes of acoustic agglomeration are intensively
studied. The effects of different mechanisms on the
acoustic agglomeration are obtained, and the influences
of the acoustic intensity, the frequency (see Fig. 1) and
the particle size distribution on the acoustic
agglomeration of PM2.5 under the standing-wave
conditions are examined. Furthermore, we also give the
snapshots of acoustic agglomeration.
The simulation results suggest that the
orthokinetic interaction and the gravity dominate the
acoustic agglomeration, and that the efficiency of
acoustic agglomeration increases with increases in the
acoustic intensity, the frequency, the average particle
size. Moreover, the snapshots show clearly that the
drifting behavior of the particles subjected to acoustic
standing-wave filed.
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Figure 1. PM2.5 agglomeration under different acoustic
frequencies
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Because of continuous operation nature all the year
round and enormous conditioned make-up air input,
semiconductor manufacturing cleanrooms consume huge
amounts of energy. In order to reduce the energy
consumption in the cleanrooms, humidifying techniques
are also needed to be examined closely. Therefore, it is
necessary to select an effective humidification technique
in terms of saving energy. But it is very difficult to
measure and compare the actual annual energy
consumption in the cleanrooms because it requires a
large amounts of cost and time.
In the present study,
we conducted numerical simulation to assess annual
energy consumption in cleanrooms with respect to three
types of humidification systems. The cleanroom
considered here was assumed to have class 1,000 and
100,000 m3/h outdoor air input, and be located in
Kiheung, Kyunggi-do, South Korea in 2015.
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Figure 1. Schematic diagram of a cleanroom with steam
humidification.
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Figure 3. Schematic diagram of a cleanroom with indoor
water spray humidification.
Table 1. Numerical result of annual energy consumption.
Month

Steam

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Total [GWh]
Proportion [%]

3.09
2.43
2.47
2.07
1.63
1.65
1.87
1.93
1.69
1.74
2.24
2.84
25.65
100

Air
Washer
2.32
1.86
1.92
1.64
1.53
1.64
1.87
1.93
1.67
1.58
1.76
2.16
21.88
85.3

Indoor
spray
1.85
1.51
1.56
1.42
1.51
1.64
1.87
1.93
1.67
1.50
1.48
1.73
19.67
76.7

This work was supported by the MOSF, MOTIE of
Korea, KETEP and KITECH.

Air washer

P

FFU

H

Cooling Reheating
coil
coil

Figure 2. Schematic diagram of a cleanroom with air
washer.
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For a large-scale high-tech industry plant, cleanrooms
need to introduce conditioned air from the outdoor
ambient environment. At this time, huge amounts of
energy are consumed in an outdoor air conditioning
(OAC) system to heat, humidify, cool, dehumidify
outdoor air. Meanwhile, an indoor water spray
humidification is helpful to replace the high energy
consumption nature of steam humidification in the OAC
system. Therefore, a comparative experiment on the
energy consumption is needed to assess and prove
energy reduction in cleanrooms with different
humidification systems. In the present study, we
conducted the comparative experiment on consumed
electricity in cleanrooms with two types of
humidification systems. The present twin cleanroom is
located in Ansan-si, Kyunggi-do, South Korea and has
2,200 m /h ~2,300 m /h outdoor air intake.
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Table 2. Experimental results of cleanroom energy
consumption.
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Table 1. Condition of twin cleanroom experiment
Ansan, 2015-2016
2,200 or 2,300 m3/h
Winter : 5.3℃, 65.2%RH
Intermediate : 25.9℃, 25.6%RH
Summer : 28.6℃, 76.1%

Consumption
Winter

Figure 1. Schematic diagram of the present twin
cleanroom for a comparative humidification experiment.

Climatic condition
Outdoor air flow
Outdoor air
temperature and
relative humidity
Air state in
cleanroom
Cleanroom
area, height
Return shaft area,
height
Nozzle pressure,
number

17.173

0
2.469

Air
Conditioning
System

Chiller

P

15.849

Reduction
FFU

Air
Conditioning
System
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Dry
Cooling
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Chiller
Air filter

Consumption
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Item
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Pump
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There are a number of studies that have measured the
effect of varying humidity on the formation of aerosol
particles from the ozonolysis of α-pinene (see e.g.
Jonsson et al, 2006). However, these have yet to reach a
well-supported conclusion on which the data agree. This
study aimed to provide further information on the impact
of relative humidity on SOA formation through
laboratory-based measurements.
Measurements were conducted in the University
of Reading atmospheric chemistry laboratory, employing
a Scanning Mobility Particle Sizer (SMPS) to produce
particle size distributions for the SOA produced at 0%,
30% and 80% RH. An Electrical Low Pressure Impactor
(ELPI+) was also utilised to provide information on the
physical state of the SOA produced. Previous work
(Virtanen et al, 2010) has focused on the physical state
of aerosol produced at 0% RH, but has not fully explored
the range of RH conditions.
Little difference was noted between the mass
yields and particle size distributions of SOA produced at
0% and 30% RH, and the slight differences observed lie
within experimental error. However, further increasing
to 80% RH showed a marked increase in mass yield and
an upward shift in the particle size distribution. No
change was observed in particle number concentration.
Figure 1 shows the particle size distributions
obtained at 0%, 30% and 80% RH, for reactant
concentrations of [α-pinene] = 2.00 ppm and
[O3] = 1.00 ppm.
Use of the ELPI+ instrument allowed insight into
the physical state of these aerosols. Bounce factors were
calculated under each RH condition, and compared to
those in the literature. The calculated bounce factors are
summarised in Table 1.
Table 1. Calculated bounce factors for SOA produced
under varying RH conditions.
Relative
Humidity (%)
0
30
80

Bounce Factor
0.21 ± 0.04
0.15 ± 0.03
0.10 ± 0.02

The aerosol produced here was determined to be
crystalline solid in nature, across all RH conditions. This
may inhibit chemical transport across the particle, thus
potentially reducing its reactivity within the atmosphere,
and increasing the particle’s lifetime.

Figure 1. Size distributions of SOA produced at (a): 0%,
(b): 30% and (c): 80% RH from the α-pinene ozonolysis.
This work was supported by the Natural Environment
Research Council (Grant No. 1363234). We are grateful
to Scielutions Ltd. for the loan of the ELPI+ instrument.
Jonsson, Å. M., Hallquist, M. and Ljungström, E. (2006)
Env. Sci. Tech. 40, 188-194.
Virtanen, A., Joutsensaari, J., Koop, T., Kannosto, J.,
Yli-Pirilä, P., Leskinen, J., Mäkelä, J. M.,
Holopainen, J. K., Pöschl, U., Kulmala, M.,
Worsnop, D. R. and Laaskonen, A. (2010) Nature
467, 824-827.
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The charge distributions of aerosols in an 8 m3 stainless
steel reaction chamber were measured using a scanning
mobility particle sizer measuring aerosols from about 4
to 70 nm. A Kr-85 source in the instrument forced the
aerosols into a known equilibrium charge distribution,
which could then be used to infer the size distribution of
the aerosols. By replacing the Kr-85 source with a
dummy we were able to measure only the aerosols that
were charged inside our reaction chamber, which we
then compared with the measurements using the Kr-85
source, thus revealing if the aerosols were under- or
overcharged relative to the equilibrium. Charge
distributions were measured for both positively and
negatively charged aerosols and for different levels of
radiation in the chamber.
We found that the negative aerosols were
overcharged by a factor of up to about 5 below 10 nm
and at about 15% from 10 to 70 nm. At higher levels of
radiation on the chamber the small aerosols were less
overcharged while the large aerosols were more
overcharged. For the positive aerosols only those under
10 nm were overcharged while those over 10 nm were
undercharged by about 20%.
Method
Aerosols were generated by nucleation of
sulphuric acid, started by photolysis of ozone by UV
lamps, resulting in hydroxyl radicals that oxidised SO2
into sulphuric acid. The chamber was kept in a steady
state where areosols were continuously being generated
and lost to the walls and dilution. The aerosols were
charged by the natural abundance of cosmic rays and the
charging could be increased by exposing the chamber to
two 30 MBq Cs-137 gamma sources.
The size distributions of the aerosols were
measured by a TSI model 3080 electrostatic classifier,
with a model 3085 nano DMA and model 3075
condensation particle counter. The Kr-85 neutralizer in
the classifier was TSI model 3077A, with an activity of
about 270 MBq. To measure only the aerosols that were
ionised in the reaction chamber the neutralizer was
replaced with a dummy made from an old neutralizer
where the remaining Kr-85 had been removed.
The system was attached directly to the reaction
chamber with a sampling line that was varied in size
from 2.4 m to 1.3 m.

Results
Figure 1 shows the relative charge distributions
(compared to the equilibrium charge distribution) for
positive ions at different levels of ionisation and

sampling tube lengths. As ionisation increased the
charging on the positive aerosols went down while the
opposite happened for the negative aerosols – the
difference in relative charging between positive and
negative aerosols at high ionisation is shown in Figure 2.
That the negative aerosols were overcharged at
larger sizes and that this overcharging even increased as
the radiation level went up could mean that the negative
ions played a significant role in the growth of the
aerosols at larger sizes.

Figure 1. Relative charge distributions of positive
aerosols for low (blue) and high (black) levels of
ionisation. The dashed line is a measurement with the
shorter sampling tube.

Figure 2. Relative charge distributions of negatively
(red) and positively (black) charged aerosols with high
ionisation using the Cs-137 gamma sources.

European Aerosol Conference 2016

Tours, France

Page 1090 of 1211

Water adsorption on organic aerosols: modeling at a molecular scale
B. Radola1, S. Picaud1, D. Vardanega1 and P. Jedlovszky2,3,4
1

Institut UTINAM, UMR 6213 CNRS/University of Bourgogne Franche-Comté, Besançon, F-25030, France
2
Laboratory of Interfaces and Nanosized Systems, Eötvös Loránd University, Budapest, H-1117, Hungary
3
HAS Research Group of Technical Analytical Chemistry, Szt. Gellért tér 4, Budapest, H-1111, Hungary
4
EKF Department of Chemistry, Eszterházy tér 1, Eger, H-3300, Hungary
Keywords: aerosol, adsorption, water, organic acid, molecular dynamics.
Presenting author email: sylvain.picaud@univ-fcomte.fr

Aerosols formed by carboxylic acids represent a
significant fraction of the total organic matter in the
atmosphere. These aerosols, which are often
characterized by an intricate composition, generally have
carboxyl groups and free hydroxyls on their surface that
can form hydrogen bonds with water molecules. Organic
aerosols are thus suspected to be effective condensation
nuclei for the formation of clouds in the troposphere and
lower stratosphere.
The importance of organic aerosols on the
physico-chemistry of the atmosphere therefore requires a
better understanding of their interaction with the
surrounding water molecules, to which studies at the
molecular level can contribute.
In the present work, we studied the interaction of
organic aerosols in the presence of water molecules by
means of molecular dynamics (MD) simulations. The
organic aerosols considered were modeled by small
aggregates of various carboxylic acid molecules (formic,
acetic, propionic, valeric and butyric acids and also some
mixing of them) and their interaction with a variable
amount of water molecules representing different
relative humidities has been simulated. Calculations
have been carried out with temperature values in the
range of 150–250 K (Vardanega, 2014 ; Radola, 2015).
Our results showed that both the temperature and
the water content have a strong influence on the behavior
of the acid–water system. Different situations have thus
been evidenced for the acid–water aggregates,
corresponding either to water adsorption on large acid
nuclei at low temperatures (~150 K) or to the formation
of droplets consisting of acid molecules adsorbed at the
surface of water aggregates at higher temperatures
(typically above 200 K) and high water content. At
intermediate temperatures, a more intricate situation was
obtained, characterized by a partial deliquescence of the
acid core of the aggregates.

Figure 1. Water molecules adsorbed on a mixed formic
and acetic acids aggregate as modeled in the MD
simulations at 150 K.
Although the present results cannot be directly
compared with any field measurements, they represent
an additional step towards modeling of organic cloud
condensation nuclei (CCN) and ice condensation nuclei
(ICN).
This work was supported by the Observatoire de
Besançon (OSU THETA).
Vardanega, D. and Picaud, S. (2014) J. Chem. Phys. 141,
104701.
Radola, B., Picaud, S., Vardanega, D. and Jedlovszky, P.
(2015) J. Phys. Chem. B 119, 15662–15674.
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Models of atmospheric chemistry are widely used
to perform projections of future changes in the chemical
composition of the global troposphere, including
changes in climate related to greenhouse gases and
aerosol particles. However, large uncertainties are still
associated with the chemistry implemented in these
models (Boucher 2013), which in turn can lead to
inaccurate long-term predictions.
The proposed work seeks to improve our
understanding of the oxidative capacity of the
atmosphere, which drives the lifetime of trace gases, and
therefore the composition of the atmosphere.
Recent measurements (Stone 2012) of free
radicals made in forested environments characterized by
low levels of nitrogen oxides (NOx = NO and NO2)
indicate that current models of atmospheric chemistry
tend to overestimate the concentration of peroxy radicals
(HO2 and RO2). An overestimation of peroxy radicals is
an important issue since these radicals are the main
precursors of the hydroxyl radical (OH), the most
important atmospheric oxidant during daytime.

radicals onto aerosol particles. However, there is still a
lack of kinetic and mechanistic data to correctly assess
the contribution of these two loss pathways of peroxy
radicals in low NOx environments.
Classical molecular dynamics simulations have
been performed to study the interaction of HO2 with an
organic aerosol particle composed of carboxylic acids,
i.e. oleic acids. The results indicate that HO2 radicals are
efficiently accommodated on the aerosol particle; ii) this
mechanism being enhanced in presence of water
molecules. This work will help in understanding the first
stage of the peroxy radical chemistry at organic aerosol
surfaces.

Figure 2: Percentage of adsorbed HO2 radicals on an
oleic acid particle at 235 K in presence or not of water.

This work has been supported by the CaPPA project
(Chemical and Physical Properties of the Atmosphere),
funded by the French National Research Agency (ANR)
through the PIA (Programme d’Investissement d’Avenir)
under contract ANR-10-LABX-005.
Figure 1: Sticking of water molecules (blue) and
hydroperoxy radicals (red) on an oleic acid aggregate, as
modelled in the MD simulations at 235 K.
An analysis of the dataset indicates that the
missing sink could be due to an underestimation of the
rates of RO2+HO2 reactions, and/or the uptake of peroxy

Boucher, O., et al (2013), 5th Assessment Report IPCC.
Stone D., Whalley L. K. and Heard D. E. (2012) Chem.
Soc. Rev., 41, 6348.
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Atmospheric aerosol particles influence the climate by
absorbing the incoming solar radiation and thus directly
heating the atmosphere (direct effect) and by acting as
cloud condensate nuclei (CCN) that form cloud droplets
(indirect effect) (Boucher et al., 2013). During past
decades, black carbon (BC) or soot particles have been
shown to cause positive radiation forcing when released
into atmosphere in large quantities. These particles are
typically emitted from incomplete combustion of fossil
fuels and biomass burning (Bond et al., 2013). While
BC-particles are typically insoluble in water and possess
low hygroscopicity, other more hygroscopic material can
condense on them and thus increase their CCN activity
(Henson 2007).
In this study, we investigated the CCN activity of
BC particles coated with organic compounds. As proxy
for BC-particles we used Regal Black 400R (Cabot
Corporation). The organic compounds used as coating
material were chosen because of their range of solubility.
The BC particles coated with succinic acid, glutaric acid
or levoglucosan were characterised with a single column
CCN-counter (Droplet Measurements Technologies), a
Scanning Mobility Particles Sizer (SMPS)-system (TSI
Inc.) and an Aerosol Mass Spectrometer (AMS)
(Aerodyne Research Inc.). Differences between the
electrical mobility diameter measured by SMPS and
vacuum aerodynamic diameter measured by AMS
suggest that Regal black particles are agglomerates
rather than compact spheres.
Changes in critical supersaturation of BC
particles with increasing coating thickness of
levoglucosan can be seen in Fig 1. Theoretical lines have
been calculated using shell-and-core model which was
introduced by Kumar et al. (2011) for insoluble dust
coated by a soluble salt. Shell-and-core model predicts
the CCN activity of the coated soot particles reasonably
well. Similar trends are also seen with the other coating
materials.

Figure 1: Critical supersaturation vs. dry particles
mobility diameter for Regal Black particles coated with
levoglucosan.

This work was supported by The Academy of Finland
(272041, 259005), CRAICC, European Research
Council (ERC Starting Grant 335478), and University of
Eastern Finland Doctoral Program in Environmental
Physics, Health and Biology.
Bond T. C., et al. (2013), J. Geophys. Res. Atmos., 118,
5380–5552.
Boucher O., et al. (2013), Cambridge University Press,
Cambridge, United Kingdom and New York, NY,
USA.
Henson (2007), J. Geophys. Res., 112, D24S16,
doi:10.1029/2007JD008549.
Kumar P., Sokolik I. N. and Nenes A. (2011) Atmos.
Chem. Phys., 11, 8661–8676.
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Hygroscopicity, i.e. the ability to take up water, regulates particles' capability to act as condensation nuclei for cloud droplets. Hygroscopicity can also rest
on the water content of particles in sub-saturated conditions and thereby affect on the uptake of various
vapors along the growth of secondary aerosol particles towards climate relevant sizes. Since the hygroscopic properties of the particles depend on the particle composition, hygroscopicity can offer indirect information about the composition of ambient or laboratory aerosols.
Dimethylaminium and sulfate ions have been
found in the particle phase during the growth of secondary aerosol particles (e.g. Smith et al, 2010).
Therefore, knowledge of the hygroscopicity of
dimethylaminiumsulfate (DMAS) nanoparticles is
needed for simulating the growth of DMAS containing nanoparticles and, if hygroscopicity measurements are used, for interpreting the composition of
such particles. While the thermodynamics of DMAS
containing aerosol is included in thermodynamic
models, the models are tested against large particles
or bulk systems (e.g. Clegg et al, 2013). Here we test
the performance of a state of the art thermodynamic
model in capturing the hygroscopicity of spherical
DMAS particles whose dry diameter is between 10
and 30 nm.
We used the nano-HTDMA system (i.e. Hygroscopic Tandem Differential Mobility Analyzer
which is designed for sub-50 nm particles) to measure the hygroscopic growth factors (HGF, wet-todry particle diameter ratio) of DMAS particles in
sub-saturated conditions. Measurements were performed with varying DMA and sulfuric acid molar
ratios of the atomized solution. Particle dry diameters
between 10 and 30 nm and RH between 20-90%
were selected for the experiments. Particle composition was measured with a HR-ToF-AMS to reduce
the uncertainty in experimental results due to e.g.
DMA evaporation. The uncertainties of the measurements will be discussed more in detail in our presentation.
The measurements were compared to model
calculations done with E-AIM (Clegg et al, 1998). EAIM is a bulk thermodynamic equilibrium model of
the gaseous and particulate phases which has the particle phase acid-base chemistry built in it. E-AIM
represents the current state of the art thermodynamic
modelling of amine containing aerosol particles.
In figure 1, we show two examples of our preliminary results where the measured and modelled
HGFs are plotted as a function of the particle composition. The initial dry diameter of the particles was

15 nm in both RH. As the RH increases and the particles take up more water the difference between the
modelled and measured hygroscopic growth factors
increase. The model captures the HGF dependence
on the RH quite well, however it does not seem to
capture the composition dependence correctly. For
the most acidic particles, the model overestimates the
HGF, while for the least acidic particles at high RH
the model underestimates the HGF.

Figure 1. Preliminary results showing the measured
and modelled HGF at 40% and 80% RH as a function
of the particle composition. The initial dry diameters
of the particles were 15 nm.
Acknowledgements
This work was supported by The Academy of Finland
(272041, 259005), European Research Council (ERC
Starting Grant 335478), University of Eastern Finland Doctoral Program in Environmental Physics,
Health and Biology and strategic funding from the
University of Eastern Finland.
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Vast majority of previous dynamic cluster population
simulations have treated cluster collisions as those of
spheres without any interaction potential. Modelling can
be improved on by studying the influence of an
interaction potential on the collision frequency. We have
constructed a program to solve trajectories of two
interacting polar molecules. The program is based on the
classical equations of motion and we have studied the
collision frequency of two polar molecules by assuming
the molecules to be spherical with dipole moments. In
addition, we have studied the impacts of varying radius,
mass and dipole moment on the collision frequency of
the molecules. We have also applied the program to
study the collision frequencies of certain larger clusters
containing sulfuric acid and DMA.
We have used classical electrostatics to solve the
force between the polar molecules. We have taken into
account how the orientations of the dipole moments
affect to this force and included in the influence of the
interaction to the angular velocities.
The constructed program simulates two polar
molecules or clusters and determines whether they
collide with each other. The molecules have initial
velocities and angular velocities which are drawn from
Maxwell-Boltzmann distributions. Velocity Verlet
algorithm (Scope, 1982) is used for both positions and
rotations of molecules in order to solve the trajectories of
the molecules. A collision is defined to occur if the
distance between two molecules is smaller than the sum
of the radii of the molecules. In Figure 1 there is an
example from a simulation which ends to a collision.
The program was first tested by using the
potential between an ion and a neutral molecule (Dugan,
1967) and we achieved a good correspondence with the
theory.
We will report the collision frequency of sulfuric
acid and DMA molecules and information how varying
the radii, the masses or the dipole moments of these
molecules affects to the collision frequency. In addition,
we will study the collision frequencies of clusters that
are listed in Table 1.
Simulated molecule or cluster pair
H2SO4 - H2SO4
H2SO4 - NH3
(H2SO4)(C2H7N) - (H2SO4)(C2H7N)
(H2SO4)4(C2H7N)3 - (H2SO4)(C2H7N)
(H2SO4)(H2O)2 - (H2SO4)(H2O)2
Table 1. The simulated molecules and clusters pairs.

A.

B.

Figure 1. An example from a dipole-dipole simulation in
which a collision does occur. The markers represents the
positions of molecules at the specific moment of time.
Circles representing the radii of the molecules at the
moment of the collision are drawn in Panel B.
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between Ions and Polar Molecules, The Journal of
Chemical
Physics
47,
3103
(1967);
doi:
10.1063/1.1712359

European Aerosol Conference 2016

Tours, France

Page 1095 of 1211

Simulating new particle formation in boreal forest conditions in the CLOUD chamber
K. Lehtipalo1,2, L. Dada1, J. Konkanen1, T. Nieminen1, C. Yan1, R. Wagner1, J. Duplissy1, H. Gordon3, J.
Kirkby3, U. Baltensperger2, M. Kulmala1 and the CLOUD collaboration
1

2

Department of Physics, University of Helsinki, 00560 Helsinki, FINLAND
Laboratory of Atmospheric Chemistry, Paul Scherrer Institute, Villigen, SWITZERLAND
3
CERN, Geneva, SWITZERLAND
Keywords: new particle formation, chamber experiments, CLOUD.
Presenting author email: katrianne.lehtipalo@helsinki.fi

The CLOUD experiment has previously studied new
particle formation from sulphuric acid and water,
together with ammonia (Kirkby et al 2011) and
dimethylamine (Almeida et al 2013). The organic
precursors studied so far are pinanediol (Riccobono et al
2014) and alpha-pinene (Kirkby et al 2016). These
studies, however, did not fully investigate the
interactions between these systems, which could be
important in the atmospheric boundary layer.
Last fall, during the CLOUD10 campaign, we
took a big step towards simulating new particle
formation in conditions resembling daytime boreal
forest, in the simultaneous presence of multiple
precursor vapors and oxidation pathways. The main aim
of the 12-week intensive campaign was replicating the
new particle formation process observed at the Hyytiälä
SMEAR II station, which is one of the most studied field
sites. At the same time, we maintained a high degree of
control and a low level of contaminants, which has made
the CLOUD experiment so successful in the past.
Particle formation in the CLOUD chamber was
started from a mixture of the two most abundant
monoterpenes found in Hyytiälä: alpha-pinene and delta3-carene. The total monoterpene volume mixing ratios
varied from about 150 to 1200 ppt. The experiments
were conducted at varying levels of sulphuric acid (from
less than 1e5 cm-3 up to 5e7 cm-3) and NOx (from 0 to 5
ppb). The first experiment series were carried out
without ammonia to ensure clean conditions, and later
ammonia (up to 3ppb, but mostly at the level some
hundreds of ppts) was added to the chamber. All the
experiments were done first in neutral conditions
(without ions present) and then repeated with ionization
from galactic cosmic rays (GCR) and/or with additional
ionization from the CERN pion-beam to study the
fraction of ion-induced nucleation.
A comprehensive suite of instruments including
state-of-the-art particle counters and mass spectrometers
were used to detect the forming particles and their
precursors. We will present the first results from the
“Hyytiälä simulation” in CLOUD and show how new
particle formation can proceed simultaneously by pure
biogenic pathway and by acid-base mechanism.
Almeida, J. et al (2013) Nature 502, 359-363.
Kirkby, J. et al. (2011) Nature 476, 429-433.
Kirkby, J. et al. (2016) Nature in review.
Riccobono, F. et al. (2014) Science, 334, 717-721.

Figure 1. Conceptual picture of the CLOUD10
experiments simulating particle formation in Hyytiälä.
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Soot impact on health and environment strongly depends
on its primary particle size (Rissler et al., 2013).
Microscopy can provide primary particle sizes only by
tedious analysis of a statistically significant number of
images. Alternatively, a scaling law based on particle
projected area exponent, Da, and prefactor, ka, has been
used in tandem with mass-mobility measurements to
obtain accurately the primary particle size of zirconia
aggregates and agglomerates (Eggersdorfer et al., 2012).
However, Da and ka of soot aggregates vary between
different combustion sources and conditions (Dastanpour
et al., 2016). Thus, a better understanding of Da and ka
dependence on different flame conditions is needed to
improve the scaling law predictions for soot primary
particle size.
Here, soot growth is investigated by Discrete
Element Modeling (DEM) of agglomeration and surface
growth (SG) by acetylene pyrolysis. The acetylene
concentration was varied during soot growth by
agglomeration and SG in order to attain fixed maximum
volume fraction, fv,max. Higher fv,max are associated with
increasing equivalence ratio (Bönig et al., 1990).
Figure 1 shows snapshots of an exemplary soot
particle with initial primary particle diameter dp,o = 2 nm
growing by agglomeration with SG attaining fv,max of (a)
5ˑ10-9, (b) 10-8 and (c) 10-7 at residence time, t = 10, 20
and 30 ms. At t = 10 ms, SG is dominant for all three

Figure 1. Snapshots of soot particles growing by
agglomeration and surface growth (SG) attaining
maximum volume fraction, fv,max of (a) 5·10-9, (b) 10-8
and (c) 10-7.

fv,max forming compact soot dimers and keeping the
average number of primary particles per aggregate, np,
below 2. For t = 30 ms, agglomeration gradually takes
over and increases np. The average primary particle
diameter, dp, grows effectively up to t = 10 ms and levels
off after 20 ms. Higher fv,max lead to larger primary
particles. Soot aggregates attaining fv,max = 10-7 have
large dp and coagulate fast leading to larger np and
mobility diameter, dm, than those formed for fv,max = 5ˑ109
and 10-8 at the same t. Small soot aggregates with dm up
to 30 nm reach asymptotic Da = 1.13 ± 0.02 and ka = 1 ±
0.01. The DEM-derived Da for agglomeration and SG is
larger compared to the respective value of 1.07 for
sintering (Eggersdorfer et al., 2012). This is because SG
increases the aggregate surface (and projected) area by
new soot formation, in contrast to sintering where
primary particles approach each other fusing into a
single sphere.
As soot aggregates grow larger than 30 nm by
agglomeration, Da decreases and ka increases logarithmically with dm. The evolution of Da and ka does not
change significantly with fv,max and thus correlations
describing Da and ka as function of dm are proposed. The
scaling law of Eggersdorfer et al. (2012) is used in
tandem with these relationships to obtain the soot
primary particle size from different combustion sources
(Rissler et al., 2013; Graves et al., 2015). The accuracy
of the scaling law is improved by 15 % when Da and ka
is varied with dm. The relationship between np, dm and dp
based on the Da and ka derived in this work is compared
to agglomeration models (Sorensen, 2011; Eggersdorfer
et al., 2012) and mass-mobility measurements of soot
aggregates (Rissler et al., 2013).
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obtained for d-limonene, -pinene and -terpinene with
and without OH scavenger.
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Current climate models present large uncertainties due to
the evaluation of the radiative forcing of atmospheric
aerosol particles (Myhre et al., 2013), partially linked to
the poor understanding of atmospheric new particle
formation and their potential to act as cloud
condensation nuclei. A major process to form new
particles in the atmosphere is clustering from gas phase,
which can account up to 50-90% of the total particle
number, and 30-50% of the cloud condensation nuclei
(Merikanto et al., 2009). Sulfuric acid appears as a key
species in these secondary processes although its
atmospheric concentrations cannot explain alone the
aerosol formation rates observed, which points out that
some other compounds are playing a key role as well
(Sipila et al., 2010; Kirkby et al., 2011).
Over the past years, many laboratory experiments
have identified biogenic and aromatic compounds as the
main precursors in secondary organic aerosol (SOA)
formation in the atmosphere (Calvert et al., 2002;
Kanakidou et al., 2005). However, the role played by
these compounds in the formation of new particles and
in the modification of the particle atmospheric burden
under the real conditions of the atmosphere is still
difficult to apprehend and thus, to take into account in
models. One key parameter that is still unknown or
uncertain for many species forming SOA is their
nucleation threshold, which corresponds to the amount
of organic compound reacted necessary to start forming
new particles. Determining these amounts for various
species will help in better understanding the formation of
new particles.
A laminar flow reactor, working in stationary
conditions with reaction times ranging from a few
seconds to a few minutes, has been used to study
ozonolysis reactions (Duncianu et al., 2012; Braure et
al., 2015). It is coupled to a GC/FID-MS which can
identify and quantify organic compounds in the gasphase after online sampling on adsorbent cartridges
followed by thermodesorption. A water-based
condensation particle counter upstream the reactor has a
minimum detectable size of D50 = 2.5 nm.
Several biogenic VOCs have been studied. A
typical experiment has investigated the number of
particles formed due to an ozonolysis reaction and
compared it with the amount of organic compound
consumed. A scavenger of OH radicals (CO or 2butanol) could be added to avoid additional depletion of
the organic compound by OH radicals potentially formed
as a secondary product. Figure 1 presents the results
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Figure 1. Number of particles as a function of the loss of
VOC.
The CaPPA project is funded by the French National
Research Agency (ANR) through the PIA (Programme
d'Investissement d'Avenir) under contract ANR-11LABX-0005-01 and by the Regional Council “Nord-Pas
de Calais” and the European Funds for Regional
Economic Development (FEDER).
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Introduction. Dust particles produced during
construction activities have a significant impact on the
air quality of urban environments, particularly in the
growing number of megacities in the world. While it is
known that the fracture and crushing of concrete gives
rise to large quantities of dust, it is not that well known
that this process also produces ultrafine particles. Kumar
et al (2012) observed that over 90% of the particles by
number produced during concrete recycling activities
were in the ultrafine size range. This is of concern as
these small particles can penetrate deeper into the human
lungs and therefore have a greater impact on health than
coarser particles (Oberdorster et al., 2005).
Methods. We carried out a series of laboratory studies in
order to investigate the nature and origin of these
ultrafine particles. These experiments were conducted
within a 1 m3 chamber. Concrete samples were fractured
on the floor of the chamber. Particle size distributions
were measured with a scanning mobility particle sizer
(SMPS) in the size range 5-300 nm. An inlet dust filter
prevented coarse dust from entering the sampling tube.
Particles in selected size ranges were passed through a
Volatility Tandem Differential Mobility Analyser
(VTDMA) to study their volatility and composition
(Johnson et al., 2005). The concrete samples were placed
on a wooden support on the base of the box and struck
several times with a heavy hammer until a sufficiently
high ultrafine particle number concentration was
obtained. The monitoring equipment was placed outside
the chamber with the sample air being continuously
drawn out of the chamber for analysis.
Results. Striking the concrete samples with the face of
the hammer normal to its surface did not lead to its
fracture. Under such conditions, no ultrafine particles
were observed. Fracture of the concrete generally took
place during a glancing blow. Significantly large
ultrafine number concentrations were observed only
when the concrete fractured. The count median diameter
(CMD) of the particles that were so produced was 38
nm. Fig 1 shows a typical SMPS scan of the particle size
distribution obtained during one such experiment.
The VTDMA experiments showed that the ultrafine
particles were almost totally volatile. Fig 2 shows a
typical VTDMA scan obtained at a particle size of 44
nm. The characteristic volatilisation temperature is
observed to be around 86°C.

Fig 1: The ultrafine particle number size distributions
obtained in two separate experiments soon after the
concrete sample was fractured with approximately ten
blows of the hammer in a period of 60s.

Fig 2: Result of a VTDMA experiment with concrete
emission particles of diameter 44 nm. The volume
fraction remaining is the ratio of CMD/CMDmax.
Conclusions. We conclude that ultrafine particles are
produced only when the concrete is fractured and that
these particles are volatile at a temperature of about
80ºC. No ultrafine particles were produced when the
concrete was struck, however hard, with no fracture.
Kumar, P.; Mulheron, M.; Som, C., Release of ultrafine
particles from three simulated building processes.
Journal of Nanoparticle Research (2012), 14, 1-14.
Oberdorster, G., Oberdorster, E., Oberdorester, J.
Nanotoxicology: an emerging discipline evolving
from studies of ultrafine particles. Environ Health
Persp. (2005), 823-839, 113.
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As we have shown (Kuchma and Shchekin, 2012; Kuchma et al, 2016), nonstationary heating (due to releasing the condensation heat) a vapour-carrier gas mixture
around a growing droplet produces the Stefan gas outflow at larger distances from the droplet. For an ensemble of droplets in the cloud, such effect provides an increase of volume of the cloud, what can be treated as
cloud thermal expansion.
Here we extend the results to general case of multi-component nonisothermal condensation. We consider
a small single free droplet of radius R growing in the
diffusion regime in the atmosphere of several condensable vapours. As had been shown (Kulmala et al, 1993;
Martyukova et al, 2016), after fast transition stage, the
droplet grows with a fixed composition and droplet temperature Td . For a mixture of ideal gases, we can represent the local mean velocity u (r , t ) of the flow of the gas
mixture at the distance r and time t due to nonisothermal condensation into droplet as
R 2 T  r, t  
u ( r , t )  R 2
1 
Td 
vl
r


Td

R R
2

r



dr1 r12

R (t )
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 0
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Here R is the growth rate of the droplet radius in time,
T  r, t  is the local temperature in the vapor-gas mixture,

vl  x , Td  is the mean volume per molecule in the
liquid solution with k components,

 x   x1 , x2 ,...xk  ,

xi is the relative molecular concentration of i-th component, n is the total vapour-gas concentration as r   ,
T0 is the initial value of system temperature.
It follows from eq.(1) at r  R  t  , R  0 and
n vl  1 that
u ( R , t )   R

Td
0,
n v l  x , Td  T0

(2)

and the Stefan flow is directed to the droplet. For a stationary heat conduction with T  r , t  t  0 , the local
velocity u (r , t ) stays negative everywhere, and the cloud
compresses. The non-stationary effects give rise to the
last positive term in eq.(1) able to change the sign of the
velocity u (r , t ) at larger r . The condition of enthalpy
balance leads to the expression
 q  x , Td  
R 2  t  R  t  Td
1
u (r , t ) 
 1 (3)

2

T0 n vl  x , Td   hg (Td )
r


which is valid outside the nonstationary diffusion shell
around the droplet. Here q  x , Td  is the mean evaporation heat per molecule in the liquid solution with composition  x , hg is the enthalpy per molecule of the carrier gas. Since q  x , Td  hg (Td )  1 , the velocity

u (r , t ) in eq.(3) is positive, and the Stefan flow now
produces the thermal expansion of the cloud.
To describe all the details in the behavior of the
velocity u (r , t ) analytically, we took the case of nonstationary self-similar regime of multi-component nonisothermal droplet growth. Introducing self-similar variable z  r R  t  and assuming T  z   T0  T0  1 , we
have from eq.(1):
z
R  t  
dT  z1  
1
1
u z   2 
  dz1 z13
 . (4)

dz1 
z  vl  x , Td  n T0 1
The self-similar solution of the thermal conductivity
equation has the form (Kuchma et al, 2015)
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where  is the thermal diffusivity of the vapour-gas
mixture, parameters RR  and Td  T0 are determined
by the boundary conditions at the droplet surface and are
related to the droplet composition. Using eq.(5), we have
from eq.(4):
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The CLOUD chamber facility (Duplissy et al. 2016)
located at CERN enables the study of the effect of
different levels of ionizing radiation on new particle
formation. It is equipped with a high voltage field cage
(clearing field) which can be used to remove all ions
from the chamber. One of the key features of the
CLOUD experiment is the extremely low level of
contaminants, which allows the investigation of new
particle formation in different chemical regimes under
precisely defined conditions. While ion concentrations
have been found to affect nucleation rates in previous
studies (Almeida et al. 2013, Kirkby et al. 2016) the size
resolved charge fractions were not yet subject to a
detailed study.
In the most recent measurement campaign
(CLOUD10, Sep-Dec 2015) we used a novel instrument
setup to study the effect of charges on the formation of
clusters. We operated two particle size magnifiers (PSM,
Airmodus Ltd., model A11) in parallel, removing the
ions from the sample for one of the PSMs (Kangasluoma
et al. 2016). This way we were able to directly measure
the charging state of the formed clusters. A sample
experiment for the assessment of nucleation rates in the
presence of ions is displayed in Fig. 1. Before the
experiment, ions are removed from the chamber; only a
small background concentration is detected and the
concentration of total and neutral particles is the same
(within error limits). When the clearing field was
switched off and alpha pinene was injected into the
chamber at 23:57, the concentration of ions increased
and a strong signal of ion-induced particle formation was
observed.
Besides particle counters and ion spectrometer
(NAIS) a set of mass spectrometers and sensitive gas
monitors were measuring the chemical composition of
formed clusters and their precursors. The studied
regimes include a mixture of monoterpenes (alpha
pinene, delta-3-carene; 150–1200 pptv), sulfuric acid
(<1e5–5e7 cm-3), nitrogen oxides (0–5 ppbv) as well as
ammonia (0–3 ppbv). With this broad set of experiments
we aim to shed light on the significance of ion induced
nucleation processes in different environments.
Almeida, J. et al. (2013) Nature 502, 359–363
Duplissy, J., et al. (2016) J. Geophys. Res. Atmos. 121,
doi:10.1002/2015JD023539.
Kangasluoma, J. et al. (2016) Atmospheric Measurement
Techniques in review.
Kirkby, J. et al. (2016) Nature in review.

a

b

Figure 1. Ion-induced particle formation at 25°C from
900 pptv alpha pinene. The time evolution of a) number
size distribution of negative ions, and b) cluster ion
concentration (0.8–1.7 nm) in the NAIS are displayed.
The clearing field is switched off at 23:57 (dashed line).
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People mostly spend their time indoors which increases
the importance of indoor particles. Cooking was found to
be one of the main sources of indoor particulate matter
(PM). Cooking emissions may have significant effects on
human health, and thus, understanding the contribution of
cooking elements such as oil to PM emissions is critical.
Cooking oils compose of triglycerides such as palmitin
and linolein. The primary mechanisms for producing PM
by cooking could be the supersaturation of the generated
vapour organic compounds due to rapid cooling after
mixing with indoor air followed by homogenous or
heterogeneous nucleation.
For the first time in the literature, the current study
simulated the heating process of several pure commercial
cooking oils to predict the supersaturation of the produced
organic vapour and resulting particulate matter (PM)
mass. Heating of five cooking oils including safflower,
soybean, canola, olive and peanut were simulated for the
temperature range of 50 to 197°C (Figure 1). Heated oils
were mixed with air flow at 23oC and RH=40%,
simulating dilution of the produced oil vapour in normal
residential kitchens. NARTL activity coefficient model
and ideal gas law were employed to predict the phase
equilibria of the heated oils. Saturation level of air-oil
vapour mixture was estimated by the following equation.
 ∑ 


where 
is dew pressure of the PM phase at the mixture
temperature and  ∑  is sum of the partial pressure of
the condensable components after mixing with air. The
PM formation was considered to occur when  values
were higher than 1.

the supersaturation level and the PM mass due to the
reduced vapour pressure of the organic compounds
compared to the heated pure oil at the same temperature.
This observation is in good agreement with the
experimental finding of Amouei Torkmahalleh et al.
(2013).

Figure 2. Supersaturation and PM mass over heating temperature for
safflower.

Figure 3. PM mass at different oil temperature for 5 oils

Figure 1. Flow sheet diagram on Aspen Plus

As shown in Figure 2, PM formed when saturation level
exceeded 1. Furthermore, the supersaturation and PM
mass increased with increased oil temperature. Olive oil
was found to produce higher PM mass compared to other
studied oils (Figure 3) which is in agreement with the
experimental results of Amouei Torkmahalleh et al.
(2012). Increased Relative humidity (RH) or moisture
content of air flow was found to increase PM mass which
could be attributed to the condensation of water vapour
onto the PM phase. Further simulation studies were
performed to investigate the impact of table salt on
supersaturation of the produced vapour chemicals. It was
found that addition of table salt to the heated oil reduced

Figure 4. Effect of indoor RH on PM mass
1- Amouei Torkmahalleh, M., Goldasteh, I., Zhao,
Y., Udochu, N.M., Rossner, A., Hopke, P.K.,
Ferro, A.R., (2012). PM2.5 and ultrafine
particles emitted during heating of commercial
cooking oils. Indoor Air 22, 483-491.
2- Amouei Torkmahalleh, M., Zhao, Y., Rossner,
A., Hopke, P.K., Ferro, A.R. (2013). Additive
Impacts on particle emissions from heating low
emitting cooking oils, Atmospheric Environment
74, 194-198.
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Introduction:
The determination of the volume scattering function
requires the intense illumination of a volume of aerosol
and the measurement of the light which is scattered by
the particles ideally at scattering angles between 0° and
180°. This is not possible experimentally since in the
backwards direction near 180° the photo detector shields
the illumination and in close forward direction near 0°
the intense illuminating light would shine into the photo
detector causing catastrophic consequences. Usually the
range not accessible is between 0° and 5 .. 10° in the
forward direction and 170° …..175° and 180° in the
backward direction. But for the determination of the
phase function, the asymmetry parameter, the
backscattered fraction and the scattering coefficient the
inaccessible range is needed, thus an estimation of the
scattering function in this range is needed

Method:
(a) Forward direction: In the close forward
direction the shape of the volume scattering
function is characterized by a steep increase at
angles below 10° and a leveling at 0°. This
shape is independent of refractive index and
shape for particle sizes below 5 µm. Model
calculations for spherical particles have shown

that an unanimous relation exists between the
slope of the scattering function between 5 and
8° and the slopes for smaller angles, thus by
stepwise extrapolation the volume scattering
function can be extrapolated for the non
accessible range.
(b) Backward direction: With reasonable accuracy
an extrapolation is also possible (although not
as accurate as for the forward direction). Again
using the slope between 170° and 174° as
information for the range from 174° to 180°, an
extrapolation is possible.

Results
This method has been tested for model size distributions
giving satisfactory results, also for irregular shaped
particles. Figure 1 shows the accuracy of the
determination of the asymmetry parameter, the
backscattered fraction and the scattering coefficient.
Conclusion
The extrapolation method has proven useful and is
applicable for atmospheric aerosols with particle sizes
less than 5 µm.

.

Figure 1: Accuracy of the
determination of the
scattering coefficient, the
backscattered fraction and
the asymmetry parameter,
using the described method.
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appearance of the enhanced backward scattering with the
wrinkled surface characteristic (Li et al., 2004).
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This study introduced a convenient experimental
method to measure the light scattering from PMMA
particle. The particle levitation system was used to trap a
particle and to maintain the particle at null position by
utilizing electrodynamic balance. Moreover, the Raman
spectroscopy was applied to observe the light scattering
of a single particle.
An auto-controlled EDB was used in this study.
The particles were illuminated with a 30mW solid-laser
(λ=532 nm) and imaged on a monitor with a CCD
camera using a zoom lens, so the particle’s location upon
entering the null position of the balance was monitored.
The EDB was combined alternating current (AC) electric
field with direct current (DC) electric fields in order to
capture and levitate a single charged particle at the null
position of the electric field. Because of the dry
dispersion method used, the particles would ordinarily
carry out one or more excess electrons through contact
charging. In viewing of particles on the monitor, all but
one particle were removed by charging of the alternating
electric field (Vac), specifically the amplitude and
frequency of the central double-ring electrodes.
Assuming that there was no less of particle’s charge, the
mass of the particle was proportional to the inputted DC
voltage (Vdc). By employing the LabVIEW software, the
position of levitated particle on the display provided
system with feedback signal to adjust the Vdc for saving
particle at null position automatically.
The Figure 1 demonstrated an experimental
approach that provides insight into how particle size and
refractive index affect the elastic scattering of PMMA
particle. For comparison, numerical simulations based on
Mie theory are also displayed. A demonstrated in Figure
1(a), 2(b), and 2(c), the intensity of scattered light
polarized perpendicular to the scatter plane was strongly
coupled to scattering angle and particle diameter.
Besides, as illustrated in Figure 1(d), 2(e), and 2(f), the
results showed the less oscillation in the forward
scattering region that contributed by the parallel
polarization of light. The results suggested that the larger
particle contributes more oscillations and scattering
intensity to the angular scattering curve (Dlugach et al.,
2012; Sorensen et al., 2014). Furthermore, the refractive
index influenced scattering (or extinction) in the small
particle size region more than in the coarse particle size
region (Bäumer et al., 2008; Kostinski and
Momgkolsittisilp, 2013). Because of the surface
roughness of particle, the results demonstrated that the
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Figure 1. The scattering intensity as a function of
scattering angle for PMMA particle and comparison with
numerical simulation.
This automatically electrodynamic balance
system might be not only conducted a steady levitation
of single particle but also provided an advantage
measurement of light scattering. For a light- scattering
material, like PMMA, the scattering intensity of
perpendicular polarization was strongly correlated to
angle as well as particle diameter; furthermore, parallel
polarization provided less oscillation in the forward
scattering regions. In addition, the larger particle
contributed more oscillations and higher intensity to the
scattering curve.
Bäumer, D., Vogel, B., Versick, S, Rinke, R., Möhler, O.,
Schnaiter, M. (2008). Atmos. Environ. 42, 989-998.
Dlugach, J. M., Mishchenko, M. I. and Mackowski, D.
W. (2012). J. Quant. Spectrosc. Radiat. Transfer. 113,
2351-2355.
Kostinski, A. B. and Mongkolsitsilp, A. (2013). J. Quant.
Spectrosc. Radiat. Transfer. 131, 194-201.
Sorensen, C. M., Zubko, E., Heinon, W. R. and
Chakrabarti, A. (2014). J. Quant. Spectrosc. Radiat.
Transfer. 133, 99-105.
Li, C. H., Kattawar, G. W. and Yang, P. (2004). J. Quant.
Spectrosc. Radiat. Transfer. 89, 123-131.
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UV-VIS depolarization of mineral dust particles at exact backscattering angle:
laboratory experiment and comparison with T-matrix numerical simulations
A. Miffre, T. Mehri and P. Rairoux
Institute of Light and Matter, Department of Physics, Lyon 1 University, Villeurbanne, 69622, France
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Mineral dust particles contribute to the Earth’s radiative
budget directly through light scattering and absorption.
Since most mineral dust particles are highly irregularlyshaped, no analytical solution of the Maxwell's equations
exists for light-scattering by these particles, which are
difficult to represent mathematically in climate models.
To help developing more accurate light-scattering
models, existing numerical simulations should be
validated by controlled-laboratory experiments.
In this context, in the continuity of former
presentations at EAC conferences (Manchester,
Granada), we here present a controlled-laboratory
experiment that accurately evaluates the UV-VIS
depolarization from mineral dust particles at exact
backscattering angle (θ = 180.0 ± 0.2°), an important
scattering direction for aerosol remote sensing and
climatology. Moreover, as our set-up fulfils the far-field
single scattering approximation, the measured
depolarization can be used to discuss on the applicability
of the T-matrix method in the exact backward scattering
direction and at two wavelengths, as we recently
published in JQSRT (Miffre et al., 2016).

shape and chemical composition (Mishchenko et al.,
2002). This depolarization can be accurately evaluated
with our experimental set-up by adjusting the detected
backscattering signal Sp with the Ψ-modulation angle
(see Figure 1) which can be expressed in the framework
of the scattering matrix formalism (Miffre et al., 2016):
Sp(Ψ) α [F11 ‒ F22 + (F11 ‒ 3F22)cos(4Ψ)]

(1)

Hence, the UV-VIS backscattering signals displayed in
Figure 2 can be adjusted with Equation (1) to accurately
evaluate the depolarization from mineral dust particles.
The depolarization reaches 37.5 % (resp. 35.5 %) at λ =
355 nm (resp. at λ = 532 nm) and depends on the size
distribution of the generated dust samples.

Figure 1 presents our experimental set-up that
addresses laser light exact backscattering by mineral dust
particles at both UV and VIS-wavelengths. Details on
the experimental set-up can be found in Figure 1’s
caption as well as in the corresponding publications
(David et al., 2013; Miffre et al., 2016).
Figure 2. UV, VIS backscattering radiation as a function of the
Ψ-modulation angle for Arizona Test Dust particles adjusted
with Equation (1) and residue plot.

Figure 1. UV-VIS laboratory experiment at exact
backscattering angle (θ = 180.0 ± 0.2°). A well-aligned
polarizing beam-splitter cube is used to achieve the
backscattering geometry and the particles backscattering
radiation is discriminated from background stray light (timeresolved experiment at 2.5 GHz sampling rate). A quarterwave plate is used to modulate the incident linear polarization
of the UV (λ = 355 nm) and VIS (λ = 532 nm) laser pulses.

At exact backscattering angle, the depolarization is
determined only by the ratio F22/F11 of the scattering
matrix elements, which depend on the particles size,

Interestingly, we found out that the measured
depolarization agreed with T-matrix numerical
simulations, at least for a determined particle size
distribution and at a determined wavelength. However,
the spectral dependence of the depolarization could not
be reproduced with the spheroidal model, even for not
evenly distributed aspect ratios. The oral presentation
will detail these results, recently published in JQSRT
(Miffre et al., 2016), as well as outlooks of this work.
Miffre, A., Mehri, T., Francis, M. and Rairoux, P. (2016)
J. Quant. Spec. Rad. Transf., 169, 69-90.
Mishchenko, M.I. et al., Scattering, absorption and
emission of light scattering by small particles,
(2002), 3rd Ed., U.K., Cambridge University Press.
David, D. Miffre, A., Thomas, B., Coillet, E. and
Rairoux, P. (2013) Opt. Exp., 21, 16, 18624-181639.
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Linking structural and chemical characteristics of soot particles to their optical
absorption in the UV-visible
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Aerosols affect the climate system through various
physical processes as they can scatter and absorb solar
radiation, emit thermal radiation, or act as cloud
condensation nuclei that modify the cloudiness coverage,
changing then its albedo. Carbonaceous solid aerosols
resulting either from anthropogenic processes or biomass
burning are one of the most significant contributors to
global climate change (Lohmann, 2005) with respect to
their impact on radiative forcing. It is nevertheless not
clear how their nanoscopic structural and chemical
characteristics can affect their optical properties in the
UV-visible spectrum. In this work, we generate soot
particles having various structural and chemical
properties and we investigate the link between these
characteristics at the molecular level and the soot optical
properties.
Soot samples are produced using a miniCAST5201C generator running at various controlled propanenitrogen flow rates. It allows producing soot particles
with organic carbon/total carbon (OC/TC) ratio ranging
from 4 to 87%. Structural characteristics are established
from HRTEM measurements, which reveal differences
in the size distribution of soot primary particles as well
as for carbonaceous crystallites’ length that compose of
these particles. The chemical speciation of carbon and
oxygen is undertaken by X-ray photoelectron
spectroscopy (XPS) and near-edge X-ray absorption fine
structure (NEXAFS) measurements. These techniques
also provide crucial informations on the nature of
structural and chemical defects existing within the
various soot samples (Parent, 2016). Ultraviolet
photoemission spectroscopy (UPS) and specific
extinction measurements in the near UV-visible
spectrum are also performed in order to determine
optical properties of soot particles (Bescond, 2016).
NEXAFS and UPS measurements enable us to
determine the interband electronic transitions and their
relation to structural defects and chemistry of soot
particles. We propose an assignment of the resonances
observed in the UV-visible spectrum on the basis of
these interband transitions, which can be therefore
understood in term of structural and chemical properties
of the soot (Fig.1).
We show that NEXAFS in combination with
UPS, HRTEM and specific extinction measurements
enable us to get a better understanding of soot aerosols’

UV-visible optical properties that strongly depend on
structural and chemical properties at the molecular level.

Figure 1. Interband electronic transitions and UV-Visible
spectrum of a soot particle made of nanometric
carbonaceous crystallites.
This work was supported by the MERMOSE project and
funded by the Direction Générale de l’Aviation Civile.
Lohmann, U. and Feichter, J. (2005) Atmos. Chem. Phys.
5, 715-737.
Parent, Ph., Laffon, C., Marhaba, I., Ferry, D., Regier,
T.Z., Ortega, I.K., Chazallon, B., Carpentier, Y.,
Focsa, C. (2016) Carbon 101, 86-100.
Bescond, A., Yon, J., Ouf, F.-X., Rozé, C., Coppalle, A.,
Parent, P., Ferry, D., Laffon, C. (2016) in preparation
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Figure 1: Mass absorption coefficient (MAC) of OA at
370 nm estimated by UV-vis analysis of water and
methanol extracted ambient aerosol in Zurich and
Magadino over a one-year period, showing a seasonal
trend in absorbance with higher absorbance in the winter
months (indicated by the red box) in comparison to
summer months.
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Biomass burning and vehicle emissions have been
identified as two major sources of brown carbon (BrC)
(Saleh et al., 2013). Identifying the contributions of BrC
sources to the total aerosol and interpreting the optical
properties of these sources in the context of atmospheric
processing is one of the key objectives of ambient
measurements. The main objectives of this work
includes measurement of the water and methanol soluble
organic aerosol (OA) absorbance at two different sites
followed by apportionment of the most important
sources of BrC using advanced receptor models such as
positive matrix factorization (PMF).
We performed UV-Vis measurements of water
and methanol extracts of ambient filter samples at an
urban site (Zurich, Switzerland) and in a region heavily
impacted by wood burning (Magadino, Switzerland).
The UV-Vis spectra were used to estimate the
absorbance of water and methanol soluble OA for 24hour ambient filter samples, over a one-year period.
Figure 1 shows a seasonal trend in the absorbance of the
water and methanol soluble OA fraction in Zurich and
Magadino. UV-Vis analysis of the extracted ambient
aerosol shows higher absorbance in the winter time
versus the summer time likely due to higher biomass
burning activity during this period.
Although ambient sources of BrC are poorly
understood to date, BrC absorbance has not been directly
incorporated into sophisticated source apportionment
models such as PMF (Paatero and Tapper, 1994). Using
PMF statistical analysis techniques we have tried to
assess the contributions of different sources to the
absorbance of ambient OA. We conducted preliminary
PMF analysis on water soluble OA from offline samples
collected in Zurich, over a year. Figure 2 shows initial
results, in which three BrC factors are resolved.
Although further analysis is needed, the strong
correlation of the absorbance profile of Factor 1 with
that of water-soluble primary biomass burning suggests
the potential of this technique to provide a quantitative
BrC source apportionment.

6

0.00

4
2
0
264

288

312

336

360

384

408

432

456

480

Wavelength (nm)

Figure 2: Three-factor solution obtained as a result of
PMF on a UV-vis absorbance data matrix of water
extracted ambient aerosol in Zurich over a one-year
period.
This work was supported by the Swiss Federal office for
the Environment.

Saleh, R., et al. (2013) Atmos. Chem. Phys. 13,
7683-7693.
Paatero, P., and Tapper, U. (1994) Environmetrics
5, 111-126.
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Vibrating mesh aerosol generators have been
reported to have increased output efficiency, minimal
residual volume, and high percentage of particles in the
emitted respirable and fine particle fraction. This work
aimed to thoroughly characterize a miniaturized
vibrating mesh nebulizer, uniquely applying capillary
force for solution delivery.
The miniaturized vibrating mesh aerosol
nebulizer tested in this work consisted of a nebulization
unit, a liquid reservoir and a transport device. One tripleA battery was used to power the nebulizer, in order to
miniaturize the device and operate for long hours. The
vibrating mesh plate was placed on top of the solution
transport device which was composed of two circular
tubes, designed to deliver solution by capillary force.
The aperture size of vibrating mesh plate was 15 m.
There were 2375 tapered holes on the mesh and the
aperture distance was around 160 m. The effect of the
orientation, including vertical, horizontal, and up-sidedown, of the nebulizer was also investigated. An aerosol
size spectrometer (Welas 3000, Palas) was employed to
measure the aerosol number concentration and size
distribution. This nebulizer was mainly evaluated with
0.9% sodium chloride solution.
The power consumption of this device was only
0.925 watt. It could continuously operate for over 6
hours. The feeding rate was around 0.15 mL/min and
only negligibly affected by the device orientation.
However the residual was slightly influenced by the
orientation, 7.0%, 5.6%, 2.6% for vertical, horizontal
and up-side-down, respectively. The count median
diameter of the aerosol output was around 0.55 m, with
geometric standard deviation about 2. The aerosol
number concentrations were 6,878, 11,724, and 16,101
#/cm3 for vertical, horizontal, and up-side-down,
respectively.
The most significant feature of this hand-held
nebulizer was almost orientation independent. This made
it ideal for medical use, especially for patients lying on
bed. However, there were many applications in the field
of occupational hygiene, such as qualitative fit testing,
and smoke stream generation. It could also become an
exceptionally energy-saving humidifier. The aperture
size and number on the vibrating mesh plate could be
changed to improve the aerosol size and concentration.
The residual volume could be further reduced by
adjusting the design of the solution transport devise.

This work was supported by the Institute of Labor,
Occupational Safety and Health, Ministry of Labor,
Taiwan, under grant ILOSH-1040049.
Waldrep, J. C., & Dhand, R. (2008). Curr Drug Deliv,
5(2), 114-119.
Watts, A.B., McConville, J.T., & Williams, R.O. (2008).
Drug Development and Industrial Pharmacy, 34(9),
913-922.
Zhang, G. F., David, A., & Wiedmann, T. S. (2007).
Journal of Aerosol Medicine-Deposition Clearance
and Effects in the Lung, 20(4), 408-416.
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Investigation of higher molecular organic compounds in a city waste incineration ash and
comparison with real samples by single particle laser desorption bipolar mass spectrometry
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Airborne particulate matter (PM) typically consists of a
wide variety of different compounds. They can be either
inorganic or organic or a mixture of both and are also not
evenly distributed over different particle sizes. Of
particular interest are higher molecular organic
compounds in PM because of their association with
adverse health effects (Boström et al., 2002). In the case
of organic matter especially polycyclic aromatic
hydrocarbons (PAH) can be found in the particle phase
because of their low vapour pressure compared to other
organic precursors. Some of them are classified as
carcinogen or mutagen, where carcinogenicity rises with
increasing molecular weight (Armstrong et al., 2004).
The presence of these compounds in natural and
anthropogenic PM leads to its hazardous nature. The
determination of all compounds in a sample of PM is
usually carried out by different and very specific
analytical techniques. In most cases a bunch of particles
and not a single one provides the basis for the chemical
characterization.
For
PAHs
normally
gas
chromatography and
sometimes
aerosol
mass
spectrometry are the methods of choice (Zimmermann et
al., 2003). In this study we investigate single particles on
the presence of PAHs by bipolar time-of-flight single
particle aerosol mass spectrometry with a 337 nm
ionization laser.
The compact mobile laser mass spectrometer
LAMPAS 3 (19” rack, 150 cm in height) was developed
with improved instrumental parameters and options for a
user-friendly long-term operation. The highly robust
instrument is designed for operation under field
conditions and can be easily transported. Aerosol
particles are transferred into the instrument through a
differentially pumped inlet system consisting of a nozzle
a skimmer and an orifice. Particles are optically detected
by two continuous laser beams inside the main chamber
of the mass spectrometer. Particle size is determined
using their size-dependent velocity. Afterwards, an
actively triggered UV laser evaporates and ionizes the
detected particles. The positively and negatively charged
ions are then simultaneously analysed via a bipolar timeof-flight mass spectrometer. The mass spectrometric data
are evaluated using a fuzzy clustering algorithm to
characterize the particles. Particle size and mass
distribution are additionally determined by a commercial
optical particle counter (Grimm Aerosol Technik GmbH
& Co. Kg). A low temperature plasma source combined
with a high resolution mass spectrometer is used to
determine the availability and accurate mass of the PAHs
in the samples.

Typical sources for PAHs are the combustion of
fossil fuels and biomass. Therefore, a standard ash from a
city waste incineration is used as sample material. The
standard particles are smaller than 40 µm and vaporized
manually before introduced into the LAMPAS 3
instrument. The aerodynamic diameter of the measured
particles is between 0.5 and 5 µm. The LAMPAS 3
provides the possibility to attenuate the laser beam
energy to prevent fragmentation of the desired
compounds. The measurements were done at different
laser fluences. The acquired mass spectra show the
presence of different organic compounds for the negative
as well as for the positive ions. Even less or
unfragmented ions in higher mass ranges at lower laser
energies could be found. Additionally, some real particle
samples were measured and compared with the spectra
from the standard ash. The amount of particles
containing PAHs is determined. From all samples the
total chemical composition of inorganic and organic
substances is measured and statistically evaluated with a
fuzzy clustering method.
The so gathered results should allow for a better
assessment of the pollution of PM with PAHs. Different
particles that contain PAHs are addressed to different
particle groups to determine the particle sources. Size of
the particles is related with PAH contamination to get an
idea of the appearance of these particles.
Acknowledgement
This work was supported by the Deutsche
Forschungsgemeinschaft (DFG), Germany, Grant No.
HI 857/4-1, and the research program "Landes-Offensive
zur
Entwicklung
Wissenschaftlich-oekonomischer
Exzellenz - LOEWE", research focus "AmbiProbe”, state
of Hesse, Germany.
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Atmospheric aerosol has great importance on
atmospheric chemistry, global climate change, and
adverse health effects. These impacts, which are mainly
determined by physical and chemical properties of
particles, are still in the question due to the complexity
of their constituents and ever-changing properties. For
this reason, Aerosol mass spectrometry (AMS) is a very
powerful tool that can measure the size resolved
chemical composition of particles. In this research, we
set up a single particle mass spectrometer (SPMS),
which is firstly developed by Mahadevan et al (2002), to
analyse chemical mixing state of single particles from
various sources.
As shown in the Figure 1 the AMS consists of
two high vacuum chambers that are separated by a hole
of 3 mm diameter. An inlet orifice with inner diameter of
100 μm was installed and particles were focused into the
~1 mm beam by passing through the aerodynamic lens.
For particle desorption and ionization, Nd:YAG laser
with a 532 nm of wavelength was used. The energy of
laser beam was ~100 mJ/pulse before focusing and the
power density was ~1 x 108 W/cm2 at the focal point.
The positive ions produced by LDI were analyzed by
time-of-flight mass spectrometer installed perpendicular
to the aerosol beam direction, and monitored by Lecroy
oscilloscope (Waverunner Xi) with the sampling speed
of 1 Gs/s.

subdivided into 6 groups. The majority of particles
(~63%) had peaks in m/z 24 and 40 and about 24% of
them contained m/z 54 either. Elemental carbon particles
were also detected. There were particles showed strong
intensity of peaks with the mass to charge higher than
100. Each peak will be identified.

Figure 2. Example mass spectrum of dust particle from
the SPMS classified into five subgroups.
This research was supported by the National Leading
Research Laboratory program (NRF-2011-0015548) and
PM2.5 research consortium (NRF-2014M3C8A5028593) funded by the Ministry of Science, ICT, and Future
Planning (MSIP) and the National Research Foundation
(NRF) of Korea.
Mahadevan, R.; Lee, D.; Sakurai, H.; Zachariah, M. R.
(2002) The Journal of Physical Chemistry A.

Figure 1. Schematic diagram of single particle aerosol
mass spectrometer build up in this research.
SPMS has been evaluated with standard particles
and applied to analyse chemical mixing state of single
particles from various sources, road dust, biomass
burning, and sea sprayed aerosol. Each single particles
were classified into sub-categories manually. As a result,
152 single road dust particles collected from the tunnel
and re-suspended by dust feeder (SAG 410, TOPAS) are
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Atmospheric aerosols are responsible for a
number of deleterious effects on human and
environment. Detailed study of chemical composition of
atmospheric aerosols is important for both their role in
various environmental issues and correlation with
adverse health effects.
Atmospheric aerosols are composed of many
organic compounds that originate from various primary
sources or are formed secondary in the atmosphere from
the oxidation of gas-phase precursors. Dicarboxylic
acids (DCAs) are group of compounds of both primary
(traffic or biogenic emissions) and secondary
(photochemical oxidation / decomposition) origin. DCAs
in atmospheric aerosol have received much recent
attention because of their capabilities to form CCN and
affect thus the global radiation balance and eventually
the global climate (Hsieh et al., 2007).
Measurement of chemical composition of
aerosols is presently mostly performed by sampling of
aerosols at filter-packs or impactors with subsequent offline analysis. Alternatively, on-line aerosol collectors
based on a condensation of steam on particles are used
(Simon and Dasgupta, 1995; Khlystov et al., 1995;
Weber et al., 2001). Another approach is applied in
aerosol collector called Aerosol Counter-flow Two Jets
Unit (ACTJU), where a deionized water at room
temperature instead of steam is employed for the
continuous sampling of atmospheric aerosol particles
(Mikuška and Večeřa, 2005). The original version of
ACTJU collector under optimum conditions collects
quantitatively aerosol particles down to 0.3 µm in
diameter while the collection efficiency of smaller
particles decreases. A combination of original version of
ACTJU collector with a water-based condensation
growth tube (GT) located upstream of the ACTJU
sampler (Mikuška et al., 2015) allows quantitative
sampling of aerosol particles down to a few nm in
diameter. The collector effluent is permanently sucked
out from the ACTJU for subsequent on-line analysis of
particulate water-soluble species.
A method for the detection of dicarboxylic acids
in collector effluent was developed. The method is based
on the preconcentration of acids on a preconcentration
column. DCAs were eluted using a KOH solution and
analysed using ion chromatography (ICS 2100, Dionex).
Chromatogram of DCAs separation is shown in Fig. 1.
The combination of the GT/ACTJU was applied
to the determination of dicarboxylic acids in urban
aerosols in Brno. Atmospheric aerosols were
continuously sampled using the GT/ACTJU into
deionized water, collected acids were on-line

preconcentrated and then detected by means of ion
chromatography. A sampling of aerosol particles on
parallel filter was used as a reference method.
The method was verified using a laboratory
generated standard aerosol of DCAs. The experimental
results will be demonstrated.

Figure 1. Separation of dicarboxylic acids using ion
chromatography.
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Laser Ablation Aerosol Particle Time-of-Flight Mass
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Spectrometer (LAAP-ToF-MS) is a novel instrument

composition and temporal evolution of different particle
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atmospheric particles with diameter > 150 nm by an
analysis time in the order of milliseconds per particle.
LAAP-ToF-MS,

based

on

laser

desorption

and

ionization, provides information on the aerodynamic
diameter and chemical composition of individual aerosol
particles.
We tested the performances of the instrument and we
developed an analytical methodology for continuous
monitoring of particle size distribution and their
composition using this instrument which allows both
qualitative
quantitative

information
information

on

single

about

particle

ambient

and

particle

ensembles (Gemayel et al., 2016).

campaign conducted in the city center of Marseille. The
and

validation

The analytical LAAP-TOF-MS methodology enables
quantitative, high temporal resolution measurements of
the chemical composition of ambient particles, and
offers a novel approach for chemical characterization of

Here we present, the results of an experimental

development

Figure 1: Evolution of the intensity of nitrate specific ions
(NO2- and NO3-) detected by the LAAP-ToF-MS for
aerosols between 400 nm and 650 nm in an interval time of
5 min and the evolution of the mass concentration of nitrate
present in aerosols between 400 nm and 650 nm detected by
the HR-ToF-AMS in an interval time of 2.5 min.

of

two

analytical

single atmospheric particles, providing new insights in
aerosol science and atmospheric chemistry and physics,
in close relation to health effect studies.

methodologies allowing the quantification of nitrate,
sulfate, chloride, elemental carbon and organic aerosol,
are described. These methodologies were validated by
intercomparison (figure 1) with a High Resolution Time
of Flight Aerosol Mass Spectrometer (HR-ToF-AMS). ,
The emerged results of this campaign allowed a

Gemayel, R., Hellebust, S., Temime-Roussel, B.,
Hayeck, N., Van Elteren, J. T., Wortham, H., and
Gligorovski, S.: The performance and the
characterization of Laser Ablation Aerosol Particle
Time-of-Flight Mass Spectrometry (LAAP-ToF-MS),
Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015356, 2016.
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Consolidation of equivalence between EDXRF and GF-AAS analytical techniques for
particulate matter on filter samples
V. Vasilatou1,2., M.Manousakas1, V. Kantarelou1 and K. Eleftheriadis1
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The aim of this study is to examine the correlation of
metal analyses from two different methods and to
investigate he equivalency of the two methods. Two
analytical methods GF-AAS and ED-XRF were used for
the Determination of the concentration of As, Cd, Ni, Cu
and Pb in PM10 fraction by technique. The results
indicate the existence of equivalency between the
techniques for Pb, Ni, Cu and As while it is impossible
to draw any conclusions about Cd.
The samples used, were collected from different
background areas (urban, industrial).
The samples were cut in two parts. One part was used for
the determination of metals by means of Electrothermal
Atomic Absorption Spectroscopy and the other part was
analysed by X-Ray Fluorescence for the same elements.
The AAS instrument used, was a Varian 220
spectrometer equipped with a GTA 110 graphite furnace.
Hollow cathode lamps were used as radiation sources for
all elements. ET-AAS conditions were carefully
optimized for the compensation or elimination of
interferences (Karanasiou et al. 2005). As far as the EDXRF instrument is concerned a secondary target-XRF
spectrometer was used, which consists of a side-window
low power X-ray tube with a W anode (spot size 1.82.1cm, 100kV max voltage, 6mA current, 600 W
maximum power consumption). The characteristic Xrays emitted from the sample are detected by a Ge X-ray
detector (PAN-32, with 140 eV FWHM at MnKα,
30mm2 and 5 mm thick Ge crystal with8μm Be
window).

Figure 1: Correlations between the analyses using two
techniques for Nikel.

Figure 2: Correlations between the analyses using two
techniques for Arsenic.
The correlation between the results of both techniques is
very good for Pb, Cu, Ni and As. For Cd it was not
possible to investigate the correlation, as there was no
value above detectable limits for the XRF technique. The
results of the comparison are similar to those mentioned
in the technical report EN 24983.

Karanasiou, A.A., Thomaidis, N.S., Eleftheriadis, K.,
Siskos, P.A., 2005. Comparative study of pretreatment
methods for the determination of metals in atmospheric
aerosol
by
electrothermal
atomic
absorption
spectrometry.
Talanta
65,
1196–202.
doi:10.1016/j.talanta.2004.08.044
EN24983. Evaluation of EDXRF for the Determination
of Elements in PM10 Filters; 2011
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Implications of inorganic salt interferences on Aerodyne AMS and ACSM
organic aerosol composition studies.
Simone M. Pieber1, Imad El Haddad1, Jay G. Slowik1, Manjula R. Canagaratna2, John T. Jayne2, Stephen M.
Platt1,5, Carlo Bozzetti1, Kaspar R. Daellenbach1, Roman Fröhlich1, Athanasia Vlachou1, Felix Klein1, Josef
Dommen1, Branka Miljevic3, Jose L. Jimenez4, Doug R. Worsnop2, Urs Baltensperger1, André S. H. Prévôt1
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aerosols or combustion emissions aging), for periods of
high inorganic mass fractions, and for specific ambient
research questions (e.g. investigating temporal or spatial
different aerosol compositions).
For sampling conditions with large biases, data
should be corrected by subtracting the interference
signal. As it is not constant across different instruments
and will also vary over time for a given instrument
depending on the level of exposure to aerosol and its
composition, careful and frequent determination of the
interference are crucial. Previous interpretations of OA
oxygen content and related chemical and physical
aerosol properties that were made based on simple
comparison of f44 and f43 ratios, AMS/ACSM data
derived O:C and H:C ratios, as well the interpretation of
the AMS/ACSM m/z 44 signal as organic acid-derived,
need to be discussed with precaution by taking into
account the possible impact of this interference.
+

NO3

-3

Nitrate eq. mass [ug m ]

NH4

* estimated from CO2 (m/z 44)

"Organic"

The Aerodyne aerosol mass spectrometer (De Carlo et
al., 2006) and aerosol chemical speciation monitor (Ng
et al., 2011) have significantly advanced real-time
measurements of the non-refractory aerosol particle
composition, including organic aerosol (OA),
ammonium nitrate (NH4NO3) and ammonium sulfate
((NH4)2SO4). The mass spectral fingerprints are widely
used to determine OA elemental composition and
oxidation state, and to quantify OA sources. The OA
CO2+ fragment is among the most important
measurement for such analyses. Here we assess the
effect of inorganic matrices on measured OA mass
spectra. We focus on the CO2+ fragment signal, and the
impact that inorganic salts can have on the determination
of OA mass and degree of oxidation.
We examined six HR-ToF-AMS, one compactToF-AMS and one Q-ACSM, all equipped with inverted
cone-shaped porous tungsten vaporizers, and find, that
the mass spectra of pure NH4NO3 particles contain in
addition to the peaks expected from NH4NO3 also CO2+
at nominal mass-to-charge (m/z) 44 (Fig. 1). We relate
this to reaction of HNO3 and NO2 with pre-deposited
carbonaceous material on the instrument’s vaporizer.
The CO2+ signal scales proportionally with the nitrate
signal. We derive a median CO2+ interference signal of
+3.4% relative to nitrate (P10-90 = +0.4 to +10.2%) from
29 experiments on 8 instruments. Other nitrate salts,
such as NaNO3, KNO3 and Ca(NO3)2 show 2-10 times
enhanced interference compared to that of NH4NO3,
while the (NH4)2SO4 induced interference is 3-10 times
lower. The interference, expressed as the linear
relationship, k, between CO2+ and the nitrate signal is
independent of the salt concentration, particle diameter
and mixing with OA, but varies on a given instrument
with time due to vaporizer memory effects. The CO2+
interference is affecting the calculated OA mass, mass
spectra, molecular oxygen-to-carbon (O:C) ratio and f44.
A potential bias depends on the status of the
vaporizer (memory effects), and the fraction of inorganic
salt relative to the total OA mass. The bias will be small
for most ambient data sets, as NH4NO3 fractions are
typically low compared to OA, and (NH4)2SO4 (globally
equal to OA) is less efficient in CO2 formation.
However, it can become significant in particular
environments (chamber experiments with inorganic seed
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Figure 1. Mass spectrum from pure NH4NO3 particles.
m/z 44 is CO2c+ generated from pre-deposited
d
carbonaceous material. m/z 28 and m/z 18 are
estimated from m/z 44 using standard data processing
assumptions.
DeCarlo P. F., et al. (2006) Field-deployable, highresolution, time-of-flight aerosol mass spectrometer.
Anal. Chem. 78, (24), 8281-8289.
Ng N. L., et al. (2011) An Aerosol Chemical Speciation
Monitor (ACSM) for routine monitoring of the
composition and mass concentrations of ambient
aerosol. Aerosol Sci. Technol. 45, (7), 770-784.
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An Automated Baseline Correction Method for Atmospheric Aerosol Infrared Spectra
Collected on Polytetrafluoroethylene (Teflon) Filters
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(Takahama et al., 2013). An example of an
uncorrected (raw) spectrum and baseline corrected
spectrum with fitted functional groups is shown in Fig
1.
1.2 A) Raw spectrum
1.0
0.8
0.6
0.4

Absorbance

A growing volume of research on statistical
applications for characterization of atmospheric
aerosol Fourier Transform Infrared (FT-IR) samples
collected on polytetrafluoroethylene (PTFE) filters
(e.g., Russell et al., 2011) and a rising interest in
analyzing FT-IR samples collected by air quality
monitoring networks highlight the need for an
automated PTFE baseline correction method. The
existing polynomial technique (Takahama et al., 2013)
remains unscalable to projects with a large amount of
aerosol samples because it requires expert intervention
in fine tuning several parameters.
Therefore, the question of how to develop an
automated method for baseline correcting
hundreds to thousands of atmospheric aerosol spectra
given the variability in their aerosol mixture
composition remains. We address the question by
introducing the statistical protocol, which allows for
the precise definition of analyte and background subregions, applies non-parametric smoothing splines to
reproduce sample-specific PTFE variations, and
integrates performance metrics from atmospheric
aerosol and blank samples alike in the smoothing
parameter selection.
Referencing an extensive set of atmospheric
aerosol samples from several Interagency Monitoring
of PROtected Visual Environment sites, we identify
key FT-IR signal characteristics (such as non-negative
absorbance or analyte segment transformation), which
reduce signal variations to fundamental features to
capture sample-specific transitions between
background and analyte. To reproduce unique
variations in PTFE background and analyte structures,
we apply an adaptive interpolation based on smoothing
splines modulated by the sample-specific roughness
parameter.
One of the applications for characterization of
ambient aerosol FT-IR samples include unsupervised
clustering of discrete spectra categories to quantify
source contributions, such as fossil fuels or biomass
burning, to the total organic mass. Another approach
with a long record in use for quantification of
functional group composition and source
apportionment is fitting individual Gaussian lineshapes
to quantify alcohol COH, carboxylic COH, alkane CH,
carbonyl CO, and amine NH functional groups

0.2
0.0
0.10 B) Baseline corrected spectrum
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Fig 1: A) Raw and B) baseline corrected spectrum

The automated solution allows us and future
users to evaluate its analytical reproducibility while
minimizing reducible user bias and intervention. We
anticipate the automated solution will help FT-IR
researchers and data analysts to quickly and reliably
analyze a large amount of data and connect them to a
variety of available statistical learning methods to be
applied to analyte absorbances isolated in atmospheric
aerosol samples.
The authors acknowledge EPFL discretionary funding and funding
from IMPROVE program and EPA (National Park Service
cooperative agreement P11AC91045).
Russell, L. M., R. Bahadur, and P. J. Ziemann. "Identifying
Organic Aerosol Sources by Comparing Functional Group
Composition in Chamber and Atmospheric Particles." Proceedings
of the National Academy of Sciences 108.9 (2011): 3516-521.
Takahama, Satoshi, Anita Johnson, and Lynn M. Russell.
"Quantification of Carboxylic and Carbonyl Functional Groups in
Organic Aerosol Infrared Absorbance Spectra." Aerosol Science
and Technology 47.3 (2013): 310-25.
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ACMCC (Aerosol Chemical Monitor Calibration Centre): An overview of the recent ACTRIS
intercomparison exercise.
E.Freney1, Favez, O2., Gros, V3., Sciare, J.4, Amedeo, T2, Trong, F3., Jayne, J.5, Croteau, P. 5, Williams,
L5, Canagaratna, S5., Cubison, M6., Lambe, A5., and all intercomparison participants.
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The Aerosol chemical speciation monitor (ACSM), developed by Aerodyne, is an instrument designed
for long-term monitoring of submicron non refractory aerosol particles, including organic, nitrate,
sulphate, and chloride species. Over the past five years, these instruments have been installed at a
large number of world class atmospheric observing stations around Europe. These ACSM
measurements are now included in the European research infrastructure for aerosol, clouds, and trace
gases (ACTRIS 2, http://www.actris.eu). This infrastructure serves a vast community, working on
models and forecast systems, by offering high quality data for atmospheric aerosols, clouds, and trace
gases. The chemical and physical properties of aerosol particles and trace gas species as well as their
vertical profiles are measured across a number of work packages (WP).
The large spatial extent of this network requires that operating procedures are put in place to ensure
that measurements are performed in the same way with the same level of quality assurance. In France,
an Aerosol Chemical Monitor Calibration Centre (ACMCC) has been established within the framework
of ACTRIS and collaborates with the already existing European Centre for Aerosol Calibration (ECAC).
This center is located at Gif-sur-Yvette (France), South-West of Paris. It is managed by a consortium of
French laboratories: CNRS (LSCE and LaMP), CEA, and INERIS. The ACMCC facility is open to the entire
scientific community and air quality networks.
In March 2016, a total of 15 Q-ACSM instruments and 5 ToF-ACSM instruments were compared. This
was the second intercomparison for the Q-ACSM instruments and the first time for the newer ToFASCM instrument. The objective of this intercomparison exercise was to first ensure that all ACSM
instruments operating within ACTRIS2 were calibrated using a homogeneous and improved calibration
procedure at least once during the ACTRIS2 operating period (2015 to 2019). However, in addition to
this, the ACMCC takes advantage of having a large number of instruments grouped together to
improve our knowledge of how the ACSM instrument responds to different organic and inorganic
compounds. This was assessed using a photochemical simulation chamber (PAM, Aerodyne) to
generate organic aerosols with a range of photochemical ages. Finally, this intercomparison exercise
also provided a good opportunity to compare a small group of the newer ToF-ACSM instruments over
a period of three weeks. In this presentation, we present the first results of the intercomparison
exercise.
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Improvements of the laser two-step mass spectrometry (L2MS) technique
for the surface analysis of aerosol particles using VUV coherent sources
Y. Carpentier1, C. Irimiea1, I. K. Ortega2, C. Pirim1, B. Chazallon1, M. Ziskind1, A. Faccinetto3 and C. Focsa1
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1

Semi-quantitative analysis can be also achieved
by comparing the results using synthetic soot with a
well-known amount of the target species adsorbed on it.
Sensitivities down to 0.1 femtomole per laser shot has
been demonstrated (Faccinetto et al. 2015).
1,0

CAST soot - R2PI at 266 nm
0,8
0,6
0,4

Normaliezd intensity

Determination of the surface composition of soot
particles is a key parameter for a better understanding of
various issues such as their toxic effect on health, their
inception and growth processes in flames, or their
hygroscopic properties and potential role as water or ice
condensation nuclei in the atmosphere.
At PhLAM laboratory, we improve the Laser
Two-step Time-of-Flight Mass Spectrometry (L2MS)
method in order to characterize the species adsorbed on
soot particles at trace level. Particular advantages of the
laser techniques are a low fragmentation and thus a high
sensitivity for large molecular compounds compared to
thermal desorption used in Aerosol Mass Spectrometer
instruments for instance. The soot surface is probed
either with the second (532 nm) or fourth (266 nm)
harmonic of a nanosecond Nd:YAG laser. While mostly
neutral species are produced at 532 nm, the production
of ions or neutrals can be controlled by the laser fluence
of the 266 nm beam.
Besides the dominating polycyclic aromatic
hydrocarbon (PAH) component, we search for their
derivatives (oxygenated, sulphur-containing ...) which
are able to modify the physical and chemical properties
of soot particles. To facilitate the identification of such
species, we propose here to compare the mass spectra
obtained with various ionization wavelengths. Resonant
Two-Photon Ionization (R2PI) allows the specific
detection of aromatic compounds thanks to resonant
*← transitions. In contrast, Single Photon Ionization
(SPI) at 118 nm (10.5 eV) provides a more accurate
picture of the diversity of compounds adsorbed on the
soot matrix including aliphatic species. Practically,
desorbed neutral species are ionized either by the
collimated 266 nm (4.6 eV) beam from a Nd:YAG laser
or by the focused 118 nm beam generated in a homemade Xe-cell by tripling the third harmonic (355 nm) of
the Nd:YAG laser (Butcher 1999). As an additional
ionization source, F2 excimer laser at 157 nm is used for
the exclusive ionization of PAHs with low selectivity.
Differences between R2PI and SPI are evidenced in Fig.
1, especially in the 1-150 m/z range where aliphatic
fragments are detected.
Depending on the laser fluence conditions, we
can avoid fragmentation or use it for the identification of
specific fragments.
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Figure 1. Comparison of the spectra obtained for the
same CAST soot sample using R2PI at 266 nm and SPI
at 118 nm.
Various samples have been analysed including
pure PAH pellets, synthetic soot with a controlledconcentration coverage in PAHs or PAH derivative
mixtures, and model laboratory flame soot. The
identification potential of the method will be discussed
in the light of complementary results obtained with other
techniques especially Secondary Ion Mass Spectroscopy
(SIMS) and Fourier Transform Infrared Spectroscopy
(FTIR) which were used to strengthen the attribution in
the case of complex mixtures.
This work was supported by the LABEX CaPPA
(ANR-10-LABX-0005) and by a “projet BQR
Emergence” of University Lille 1.
Butcher, D. J. (1999) Microchemical Journal 62, 354–
362
Faccinetto, A., Focsa, C., Desgroux, P., Ziskind, M.
(2015) Environmental Science and Technology 49,
10510–10520.
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Possibility of drastically enhancing the capture capability of CO2 with ammonia
through the control of droplet size distribution
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In spray towers absorbing gases using liquid absorbent,
capture performance is usually predicted by primary
variables such as gas and sorbent flow rates, tower size
and mean drop size, but capture performance is also
affected by secondary conditions which are related to
non-uniformities: in gas distribution, liquid distribution,
drop-size distribution and loss of droplets to the wall.
Secondary factors all aggravate the performance, and
drop-size non-uniformity is the most important factor.
In chemical absorption of CO2, energy required
for regeneration has to be reduced by a factor of 2-3 than
the current level for economical operation. Since the
energy for regeneration is directly proportional to the
total liquid flow rate, absorption with a smaller amount
of absorbent liquid per captures CO2, called the capture
capacity, is required to reduce the energy cost.
In all the contemporary spray towers using simple
spray nozzles, capture performance is rather poor, with
the maximum capture capacity or final saturation of the
sorbent stays at about 10% level at high capture
efficiency conditions. And this study aims to check the
possibility of enhancing the capture capacity by
narrowing the size distribution of sprayed droplets.

Local mass transfer coefficient used for analysis
was borrowed from Choi et al. (2016), which is the first
ever formula for chemical absorption of CO2 with
ammonia and is in a proper form for Eulerian analysis.
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Results and discussion
Tower length required for capture efficiency η =
90% (L90) at a fixed absorbent flow or absorbent flow
(Ql) for η = 90% in a given tower length was calculated
and compared among various drop-size deviation (σ).
It is clear from Fig. 1 that both L90 and Ql was
reduced by a factor 3 and 4 as σ reduced from 2.0 to 1.6
and 1.2, respectively. It is also shown that the
experimental spray tower (pink symbol) corresponds to a
1-D tower with σ = 2.5, for which the enhancement
factor is about 10.
It is thus expected that the same high η is possible
with much smaller tower length or absorbent flow, if
only drop-size distribution is made narrower. Same
results were obtained for a 15-times larger system, too.

Method of capture performance analysis
1.0

Table 1. Reference condition for performance prediction.
Variables
Gas velocity
CO2 concentration
NH3 concentration
Henry constant
Reaction rate constant
Mean drop size (dCMD)

values
0.05 m/s
15 %
8%
0.8877
304 m3/mol/s
180 μm

Packed tower
: Lab scale, Qing (2011)
Spray tower
: Lab scale, Qing (2011)

0.8

L90 [m]

Model system for analysis was a 1-D spray tower
where all the non-uniformities were eliminated except
the drop-size non-uniformity. Gas and liquid flows were
uniform in the reactor space, and poly-disperse drop size
distribution was modelled by a log-normal distribution
defined by count-median diameter (dCMD) and geometric
standard deviation (σ). Reactor tower was divided into a
number of 1-D cells, and mass balance equations for
each cell were numerically solved using MATLAB.
Reference conditions used for analysis were for
lab-scale spray and packed towers of Qing et al. (2011),
as summarized in Table 1. Absorbent flow (Ql) and
droplet size deviation (σ) were varied.

Qg = 20 lpm
xg = 15 %
yl = 8%

0.6

D = 0.1 m
i = 0.0

0.4

T = 20 C
P = 1.0 barg
dCMD = 180 m
3

k = 304 [m /(mols)]

0.2

0.0
0.000

= 1.2
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Figure 1. Tower length required for η = 90% (L90) at
various absorbent flow (Ql) and drop-size deviation (σ).
This work was supported by Korea Research Foundation
(KRF) grants funded by the Korean government (MOE)
(No.2013R-1A1A-2057752).
Choi M., Cho M., and Lee J. (2016) Applied Energy, in
print.
Qing Z., Yincheng G., and Zhenqi N. (2011) Energy
Procedia. 4, 519-524.
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Aqueous-phase formation of methylnitrocatechols as important SOA tracers of
biomass burning organic aerosols
K. Vidović1, I. Grgić1, S. Frka1,2, M. Šala1 and A. Kroflič1
1

Analytical Chemistry Laboratory, National Institute of Chemistry, 1000 Ljubljana, Slovenia
Division for Marine and Environmental Research, Ruđer Bošković Institute, 10000 Zagreb, Croatia
Keywords: aqueous-phase chemistry, biomass burning organic aerosols (BBOA), (methyl)catechol, secondary
organic aerosol (SOA) tracers
Presenting author email: kristijan.vidovic@ki.si
2

Much of the atmospheric organic aerosol is secondary;
thus, a special attention in the last years has been
devoted to secondary organic aerosols (SOA), their
chemical composition, formation mechanisms and
atmospheric aging. In addition to the gas-phase
pathways, aqueous-phase can also be an important
source of SOA (Ervens et al., 2011).
Biomass burning is a significant source of SOA
precursors because of the emission of many organic
compounds
of
various
volatilities,
including
methoxyphenols (Grieshop et al., 2009). Semi-volatile
aromatics emitted into the atmosphere undergo
transformations in the gaseous and/or aqueous phases,
leading to products with lower saturation vapor pressures
and higher water solubilities (Li et al., 2014). A good
precursor candidate for SOA formation is catechol
(Ofner et al., 2014), which is also reported as a strong
emission pollutant from biomass burning. Further,
methylnitrocatechols (MNCs) have been proposed as
tracers of secondary biomass burning organic aerosols
(BBOA) (Kitanovski et al., 2012).
Our very recent findings based on quantum
chemical calculations of favourable pathways of
aqueous-phase electrophilic substitution of 3methylcatechol (3MC) with nitronium ion (NO2+) and on
a detailed LC/(-)ESI-MS/MS chemical analysis of
MNCs in ambient aerosols, revealed the presence of 3methyl-4-nitrocatechol (3M4NC), besides 3-methyl-5nitrocatechol (3M5NC), for the first time (Frka et al.,
2016). Moreover, in ambient aerosols from urban
background site of Ljubljana, Slovenia, three MNCs,
were identified, i.e including 4-methyl-5-nitrocatechol
(4M5NC), 3M5NC and 3M4NC (Figure 1).
In the present work the kinetics of the
aqueous-phase 3MC nitration was investigated under
atmospherically relevant conditions. The laboratory
experiments were performed in acidic solution,
typical for the atmospheric waters (pH 4.5), both,
under dark and simulated sunlight conditions in the
presence of nitrite added as NaNO2. 3MC and its
main nitro-products, i.e., 3M5NC and 3M4NC were
followed by use of a high pressure liquid
chromatography (HPLC). Preliminary kinetic studies
showed a reasonable agreement with the observed
ratio of 3M5NC/3M4NC determined in winter
ambient aerosols influenced by biomass burning.

Figure 1. SRM chromatogram for a winter aerosol
sample from Ljubljana, Slovenia; 4-methyl-5nitrocatechol
(4M5NC),
3-methyl-4-nitrocatechol
(3M4NC) and 3-methyl-5-nitrocatechol (3M5NC).
This work was supported by the Slovenian Research
Agency (Contract No. P1-0034) and by European
Commission and the Croatian Ministry of Science,
Education and Sports through Marie Curie FP7PEOPLE-2011-COFUND project NEWFELPRO.
Ervens, B., Turpin, B. J., Weber, R. J. (2011) Atmos.
Chem. Phys. 11, 11069-11102.
Frka, S., Šala, M., Kroflič, A., Huš, M., Čusak, A.,
Grgić, I. (2016), submitted to Environ. Sci. Technol.
Grieshop, A. P., Logue, J. M., Donahue, N. M.,
Robinson, A. (2009) Atmos. Chem. Phys. 9, 12631277.
Kitanovski, Z., Grgić, I., Vermeylen, R., Claeys, M.,
Maenhaut, W. (2012) J. Chromatogr. A 1268, 35-43.
Li, Y. J., Huang, D. D., Cheung, H. Y., Lee, A. K. Y.,
Chan, C. K. (2014) Atmos. Chem. Phys. 14, 28712885.
Ofner, J., Krüger, H.-U., Grothe, H., Schmitt-Kopplin,
P., Whitmore, K., Zetzsch, C. (2011) Atmos. Chem.
Phys. 11, 1-15.
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Aerosol and gases present in the atmosphere have
implications on health, air quality and climate, affecting
both political decisions and economic activities around
the world (Boucher et al, 2013). The radiative forcing
induced by aerosols, especially Secondary Organic
Aerosols (SOA), is characterized by a large uncertainty
(Boucher et al, 2013), indicating that the aerosol
chemistry is still not fully understood.
Sea Spray Aerosols (SSA) are among the most
abundant aerosols in the troposphere (109T/year) (R.
Lewis, and S. E. Schwartz, 2004). Sampling campains
have shown a significant coating of these particles by
Fatty Acids (FA), palmitic acid being the most abundant
(Mochida et al 2002). As the coating alters the interface
between the aerosol and its environment, the importance
of the interactions between SSA, FAs and incoming
gases has inspired laboratory studies (Sobanska et al.,
2015), in order to deepen the knowledge on this
heterogeneous chemistry.
Complementary to experiments, computational
modelling at the molecular level provides valuable
insights on the elementary chemical and physical
mechanisms responsible for particle growth, ageing or
reactivity.
Our theoretical work consists thus in modelling a
NaCl(100) surface coated with palmitic acid (PA)
molecules with varying the PA coverage and the
humidity at two different temperatures.
The first step consists in describing, by means of
classical molecular dynamics, the molecular interactions
in the fatty acid/salt crystal system. The structural
organization depends strongly on the humidity with
formation of organized islands of PA (Lovric et al.), on
NaCl surface, as observed experimentally (Sobanska et
al., 2015).
In a second step, we study the influence of this
heterogeneous PA coating on the uptake and reactivity of
incoming gaseous species, namely NO2 and O3.
Focus is made on a reaction proposed by the group of S.
Sobanska (Sobanska et al., 2015) to explain the uptake
of NO2 by the NaCl surface: NaCl(s) + 2NO2 →
NaNO3(s) + NOCl(g). Classical molecular dynamics is
used to sample the favourable configurations and
identify the stable configurations for the incoming
molecules. Then, to describe to eventual reactivity, a
hybrid
Quantum
Mechanical
(QM)/Molecular
Mechanics (MM) approach is employed with selecting
the interesting sites to be treated quantum-mechanically
by the QM/MM method.
This study proposes a model to study aerosol
aggregation mainly by terms of classical molecular
dynamics,
then
heterogeneous
reactivity
and

accommodation of incoming particles, for example NO2
and O3 with a QM/MM approach.
Classical molecular dynamics simulations were
carried out with using the GROMACS (D. van der Spoel
et al, 2015) package and CP2K (CP2K, 2016) was used
for the QM/MM study.

Figure 1. Snapshot taken from the QM/MM simulation
of NO2 interacting with the NaCl surface coated with PA
and water. Only a reduced part of the system is treated
quantum mechanically.
This research was supported by the CaPPA project
(Chemical and Physical Properties of the Atmosphere),
funded by the French National Research Agency (ANR)
through the PIA (Programme d’Investissement d’Avenir)
under contract ANR-10-LABX-005.
Boucher, O., et al (2013), 5th Assessment Report IPCC.
R. Lewis, and S. E. Schwartz. Sea Salt Aerosol
Production. W., DC: Am. Geophys. Union, (2004)
Mochida et al. (2002) J. Geophys. Res 107 (D17), 4325
D. van der Spoel et al, Gromacs User Manual 5.0.7,
www.gromacs.org (2015)
Kaminski, G.A., J., Jorgensen, W.L. et all. (2001) J.
Phys. Chem. B 103, 6474-6487
Patra, M., Karttunen, M., (2004) J. Comput. Chem. 25,
678–6879
H. J. C. Berendsen, J. et al., (1987) J. Phys.
Chem. 91 6269-6271,
J. Lovric et al. Molecular dynamics study of Palmitic
acid substrate on NaCl(100): physical phenomena of
atmospheric interest, in preparation
S. Sobanska et al.,(2015) Phys. Chem. Chem. Phys. 17,
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Mineral dust is a key component of atmospheric
aerosols. According to recent estimations, every year,
1600 Tg of mineral dust is released into the atmosphere,
representing the largest mass emission rate of particles at
a global scale (Satheesh and Krishna, 2005), Andreae
and Rosenfeld, 2008). Dust surfaces provide the seedbed
for specific interactions with trace gas molecules, and
therefore, can play a key role in the transformation and
environmental fate of many atmospheric species. The
heterogeneous processes of mineral dusts and their
components with atmospheric trace gases have generated
a great deal of interest over the past 15 years. However,
there is a significant lack of laboratory data regarding the
interaction of volatile organic compounds (VOCs) with
mineral dust. These heterogeneous processes may have
strong effects on the chemical composition of the
troposphere altering (i) the physical and chemical
properties of the particles, (ii) the oxidative capacity of
the troposphere, and (iii) the budget of reactive gases
such as VOCs and NOx that are key players in the
formation of secondary pollutants (such as ozone), and
the formation of secondary organic aerosols (SOA).
The main objective of our study is to investigate
the kinetics and mechanism of VOC heterogeneous
interactions with natural mineral dust under simulated
atmospheric conditions. Currently, the research is
focused on the reaction of 2-propanol, toluene, limonene
and isoprene with natural Saharan and Asian mineral
samples (Romanias et al., 2016). The kinetic and
mechanistic studies are performed using a novel
experimental setup combining long path transmission
Fourier-Transform InfraRed spectroscopy (FTIR) and
Selected-Ion Flow-Tube Mass Spectrometry (SIFT-MS)
for the detection of the gas-phase species. When
necessary, the adsorbed phase is monitored employing
Diffuse Reflectance Infrared Fourier Transform
spectroscopy (DRIFTS). The uptake coefficients, γ, and
the adsorption isotherms of the studied VOCs are
measured as a function of several environmental
parameters (gas-phase concentration, temperature,
relative humidity, mineral dust mass). For instance,
Figure 1 summarizes the adsorption isotherms of 2propanol on Gobi dust over a wide temperature range.
Beside the kinetics, a series of experiments was
conducted to investigate the degradation of the selected
VOCs (a) under UV light conditions and (b) in presence
of O3 and to quantify the yield of the products formed.
In order to interpret the results thoroughly and
comprehensively, physicochemical properties of the
natural samples were characterized and are presented in
more details in a companion abstract. N2 sorption

measurements,
granulometric
analysis,
X-ray
Fluorescence and Diffraction (XRF and XRD)
measurements helped to determine the specific surface
area, the particle size distribution and their chemical
composition, respectively. The obtained results could be
later used in box models and global chemistry-transport
(GCT) models to evaluate the impact of VOC-mineral
dust interactions on atmospheric processes and climate
change.

Figure 1. Adsorption isotherms of IPA on Gobi dust.
Open symbols: experiments with SIFT-MS; filled
symbols: experiments with long path FTIR. The lines are
fits of the data according to the Langmuir expression.
This work is part of the CaPPA project funded by the
ANR through the PIA under contract ANR-11-LABX0005-01, the “Nord-Pas de Calais” Regional Council and
the European Regional Development Fund (ERDF).
M.N. Romanias thanks Armines for his post-doctoral
funding.
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Rev.89, 13-41
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Mercury models are used to assess the benefit of changes
in anthropogenic mercury emissions such as expected
under the Minamata Convention on mercury levels in
environmental
ecosystems;
however,
lack
of
understanding of gas-particle partitioning and
heterogeneous chemistry of mercury in the atmosphere
remain significant sources of uncertainties in mercury
models. Based on observations and theoretical analysis,
adsorption of Hg0 onto atmospheric particulate matter
has been suggested; however, knowledge on the
fundamental interactions of Hg0 on atmospheric aerosol
surfaces is limited. In this study, uptake and reaction
kinetics of Hg0 on the surfaces of anthropogenic particles
of fly ash from three major coal-fired power plants in
North America, two in USA (TVA-Shawnee, Kentucky;
TVA-Cumberland, Tennessee) and one in Canada
(Nanticoke, Ontario), and on the surfaces of
nanoparticles of iron oxides, ubiquitous components of
mineral dust aerosols, was studied using SMPS, OPS,
NTA, GC-MS, HR-TEM and BET analysis. Size
distributions of fly-ash were measured. The surface
reactions rates of Hg0 uptake on these and iron oxides
particles under various environmental conditions (i.e.,
molecular oxygen, humidity and irradiation) were
determined. We will present our experimental kinetic
and mechanistic data set and discuss the impact of
humidity and O2 on Hg0 capture on fly-ash. The longrange transport of mercury and its impact on global
ecosystems
are
largely
determined
by
the
physicochemical processes involved in the removal of
Hg0 from the atmosphere. We will discuss the
implications of our experimental data to atmospheric
mercury models. A manuscript on this study has been
submitted to a peer reviewed journal; therefore, the
results of the study are not submitted in the abstract in
accordance with the journal policy.
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The air traffic has increased of about 5%/year in the last
decades, and its foreseen growth have raised
environmental issues relative to air pollution in airport
sites, and climate forcing due to gas and particles
emissions at cruising altitudes (Masiol, 2014).
Concerning this latter issue, soot aerosols impacts on
climate still remain at a low level of understanding, and
little is known about the aviation induced cloudiness,
which includes linear contrails forming at the engines
exhaust and long-living artificial cirrus formed after ice
nucleation on soot particles. Those phenomena strongly
depend on the ability of soot particles to nucleate ice,
which is related to the shape, size, structure, elemental
composition and surface chemistry, but also depends on
the fuel characteristics and combustion conditions (Liati
2014, Vander Wal 2014). In this context, the
“MERMOSE” project (www.mermose.onera.fr) aims at
studying physical and chemical characteristics of
carbonaceous particles, emitted from a SAM146
turbofan engine operated on a bench facility (Snecma)
(Parent, 2016) (Fig.1).
Ice interaction, nucleation and growth have been
studied by X-ray photoelectron spectroscopy and X–ray
diffraction on aircraft particles and their surrogates
produced by a propane diffusion burner miniCAST5201C, and compared to graphite HOPG as a reference.

We show that soot particles are readily and irreversibly
oxidized when exposed to water at room temperature.
Our results also point out a strong hindering of both ice
nucleation and its subsequent growth by organic species
present in various amounts at the surface of the studied
samples (Fig.2). This study evidences the high
sensitivity of ice nucleation to the chemical composition
of the soot surface and the prominent influence of
organic species in hygroscopic properties of soot.

Figure 2. XPS O1s signal evolution during ice nucleation
and growth at 70K onto graphite and various soot
surfaces.
This work was supported by the MERMOSE project for
the characterization of emissions by aircraft engines and
sponsored by DGAC (French Civil Aviation national
funds).
Masiol, M. and Harrison R.M. (2014) Atmos. Environ.
95, 409-455.
Liati, A., Brem B.T., Durdina, L., Vögtli, M., Rojas
Dasilva, Y.A., Dimopoulos Eggenschwiler, P.,
Wang, J. (2014) Environ. Sci. Technol. 48, 1097510983.
Vander Wal, R.L., Bryg, V.M., Huang, C.-H. (2014)
Combust. Flame 161, 602-611.
Parent, Ph., Laffon, C., Marhaba, I., Ferry D., Regier, T.
Z., Ortega, I. K., Chazallon, B., Carpentier, Y.,
Focsa, C. (2016) Carbon 101, 86-100.

Figure 1. Carbonaceous soot emitted from SAM146
turbofan at cruise thrust regime.
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first condensation

second condensation

product gas

compressor

cyclone

Table 1. Typical composition of fast pyrolysis vapors at
the product recovery inlet.
Type
Components
wt%
Inert gases
N2, CO2, CO
34 wt%
Volatiles
Water, organic acids,
34 wt%
ketones, furans, phenols
Non-volatiles
Pyrolytic lignin
32 wt%
In figure 2, first results for the modelling of the
second stage of the condensation process with and
without aerosol formation are displayed. The simulations
show a big influence of the aerosol formation on the heat
and mass transfer.
Tgas

80

saturation

3

case I
case II

60

2

40

1

saturation [-]

solids separation

literature due to the questions of how they are
transported into the pyrolysis oils. Experiments show
that these components at least partly are thermally
ejected from the pyrolysis reactor as aerosols (Daugaard,
2003). To describe the process with a correct mass
balance, the considering of aerosols is therefore
essential.

Tgas [°C]

During fast pyrolysis, lignocellulosic biomass is
thermally decomposed in the absence of oxygen at about
500°C. The resulting pyrolysis vapours are then
condensed and form pyrolysis oils. The condensation can
be realised in a single or in a multistep condenser with
direct or indirect cooling. In almost every constellation
aerosols are formed, which have a significant influence
on the heat and mass transfer and the optimum design of
the product recovery. The aim of this work is the
simulation of the condensation process in a fast pyrolysis
unit with aerosol formation. Therefore the product
recovery of the fast pyrolysis unit of the bioliq® process
(Dahmen et al, 2012) is modelled.
The product recovery in this process is shown in
figure 1. The vapours enter the condensation system with
about 500°C. In a first step the char is separated in a hot
gas cyclone. Then the vapours are condensed in a spray
column down to about 80°C. As quenching liquid, the
condensate itself is used. The formed aerosols are
separated in an electrostatic precipitator. In a second
condensation stage, the gas is quenched again by its own
condensate to room temperature, where also aerosol
formation can be observed.

quench
cooler
second
condensate

0,0

quench
cooler

electrostatic
precipitator

filter
pump

first
condensate
heat
exchanger
pyrolysis char
storage containers

homogeniser

filter

pump

Figure 1. Product recovery in the bioliq® process.
The process is modelled with the simulation tool
AerCoDe (Ehrig et al, 2002) which has been developed
to calculate exhaust gas cleaning processes. The tool was
extended to multi component systems and 30 different
components relevant to biomass degradation have been
implemented which can be separated in three different
groups as shown in table 1. The pyrolytic lignin, as a
non-volatile component, is often not considered in the

0,2

0,4
0,6
0,8
1,0
column length [m]
Figure 2. Gas temperature and saturation during
condensation with (I) and without (II) aerosol formation.
Especially the temperature characteristics along
the quench vary due to aerosol formation. As dwell times
at different temperatures have a great influence on the
chemical reactions and therefore the quality of the
pyrolysis oils, understanding those processes is highly
important for an exact design of the quenching unit and a
stable process operation and control.
Dahmen, N., Dinjus, E., Kolb, T., Arnold, U., Leibold,
H., Stahl, R. (2012) Environmental Progress &
Sustainable Energy, 31, 176-181 .
Ehrig, R., Ofenloch, O., Schaber, K., Deuflhard, P.
(2002) Chem. Eng. Sci. 57, 1151-1163.
Daugaard, D. (2003) Retrospective Theses and
Dissertations. Paper 1431.
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For treating flue gases from waste incineration
containing acid-forming substances like HCl or HBr,
absorption columns are often used for gas cleaning
purposes. Depending on the process conditions,
supersaturation can occur inside these columns, with
consequent aerosol formation due to heterogeneous
nucleation (Schaber, 1995). Acidic aerosol droplets,
which are carried out of the device along the gas stream,
cause high pollution and therefore require additional
effort for droplet separation.
In order to separate the acid from the flue gas and
recover it for subsequent applications double-stage
scrubbing processes as shown in Figure 1 are often used.
In the first stage the main part of the acid forming
substance is absorbed in a highly concentrated
circulating acid. At high acid concentrations the vapor
pressure of the acidic component cannot be neglected, so
that the gas is leaving the first stage still loaded with the
pollutant. Depending on the liquid composition in the
second stage, simultaneous heat and mass transfer can
cause supersaturation and aerosol formation. To avoid
this effect, caustic or salt solutions, effecting water vapor
pressure depression, are used for the second scrubber.

saturation / -

clean gas

To model the simultaneous heat and mass transfer
between gas and liquid phase, and between gas phase
and aerosol droplets, the simulation tool AerCoDe (Ehrig
et. al., 2002) is used. It can predict the saturation along
the phase interface and give information on the aerosols
formed inside the contact device. In addition, recent code
upgrades allow to simulate vapor pressure reduction and
evaporation of droplets. With the new AerCoDe version
so obtained, it is now possible to support the design of
optimal scrubbing processes with respect to acid
recovery and operation costs.
In the example given below, waste gas is assumed
to be moist air loaded with hydrogen chloride and 106
heterogeneous nuclei per cm3, which is a typical number
concentration for flue gas. The second scrubber is
operated with a sodium hydroxide solution, so that
newly formed acid is neutralized immediately. Figure 2
shows the theoretical saturation without droplet
activation (dashed line) and the actual saturation
considering aerosol formation (solid line) for different
mass concentrations of sodium hydroxide. The droplet
diameters of the resulting aerosol droplets are displayed
in Figure 3. Due to the reduced activity of water with
increasing electrolyte concentration, the maximum
saturation is reduced and the gas is undersaturated in the
equilibrium state. In an undersaturated atmosphere, the
droplets evaporate and clean gas will leave the device.
1,2

wNaOH = 0%

1,1

wNaOH = 10%
wNaOH = 15%

1,0
0,9
0,8

waste gas

0

1

2
3
4
column length / m

5

6

concentrated
acid

effluent
fresh water

Stage 1
acid scrubbing

fresh caustic
solution

Stage 2
alcaline scrubbing

Figure 1. Scheme for a gas cleaning process with acid
recovery using two serial wet scrubbers.

droplet diameter / m

Figure 2. Saturation in the second stage
2,0
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1,0
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2
3
4
column length / m
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Figure 3. Droplet diameters in the second stage
Schaber, K. (1995) Chem. Eng. Sci. 50, 1347-1360.
Ehrig, R., Ofenloch, O., Schaber, K., Deuflhard, P.
(2002) Chem. Eng. Sci. 57, 1151-1163.
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Sesquiterpenes (C15H24, SQT) are emitted to the
atmosphere by plants in quantities of about 18 - 24
million metric tons of carbon per year (Messina et al.,
2015; Sindelarova et al., 2014). This corresponds to up
to 3% of the annual global biogenic volatile organic
compound (BVOC) emission of 750 - 1150 million
metric tons of carbon (Guenther et al., 1995; Sindelarova
et al., 2014). Monoterpenes (C10H16) are emitted
annually with 130 million metric tons of carbon
representing one of the dominant emissions beside
isoprene (Guenther et al., 1995).
SQTs are oxidized in the gas phase mainly by
ozone and OH radicals and resulting oxidation products
are an important source of secondary organic aerosol
(SOA). The process of atmospheric SOA formation is
still subject of intense research.
Organic compounds with very low vapor pressure
are thought to dominate early particle growth but could
not be detected up to now. Recently, Ehn et al. (2014)
observed highly oxidized multifunctional organic
compounds (HOMs) from the oxidation of α-pinene, an
atmospherically important monoterpene. The oxidation
products of α-pinene and other monoterpenes contain up
to twelve oxygen atoms and are formed within seconds
after initial attack of ozone or OH radicals. Their molar
formation yields are in the range of 3 - 8% (Ehn et al.,
2014; Jokinen et al., 2015). The HOM formation
mechanism is assumed (Jokinen et al., 2014) to take
place similar to the well known autoxidation process in
the liquid phase (Jazukowitsch, 1875).
This study investigates the HOM formation from
the oxidation of three atmospherically relevant
sesquiterpenes, α-cedrene, β-caryophyllene, and αhumulene. The experiments were carried out at room
temperature and atmospheric pressure in a free-jet flow
system. Detection was conducted by means of NO3--CIAPi-TOF (chemical ionization – atmospheric pressure
interface – time-of-flight) mass spectrometry which
allows to detect HOMs with high resolution and a
detection limit of about 104 molecules cm-3.
The molar formation yield of HOMs from SQT
ozonolysis lies between 0.5 - 1.8% (see Figure 1),
significantly lower than the corresponding values from
monoterpene oxidation. That indicates that sesquiterpene
HOM formation has a limited contribution to SOA
formation which is probably dominated by oxidation
products from monoterpene oxidation.

-caryophyllene

1.2

-humulene

0.6

-cedrene
-cedrene
-caryophyllene

0.0
8
10

10

9

10

10

-3

reacted sesquiterpene (molecules cm )

Figure 1. Total HOM yield from the ozonolysis of the
three SQTs -cedrene, -caryophyllene and -humulene
as a function of the reacted SQT.
This work was supported by German Academic
Scholarship Foundation (Studienstiftung des deutschen
Volkes).
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Jazukowitsch, H. N.: (1875), Ber. deut. chem. Ges. 8,
766-769.
Jokinen, T., et al.: (2015), Proc. Natl. Acad. Sci. U.S.A.
112, 7123-7128.
Jokinen, T., et al.: (2014), Angew. Chem., Int. Ed. 53,
14596-14600.
Messina, P., et al.: (2015), Atmos. Chem. Phys. Discuss.
15, 33967-34033.
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Gas-particle partitioning (GPP) is an important
mechanism which affects the transport, fate, and
bioavailability of semi-volatile organic compounds
(SOCs). The preferential partitioning of SOCs in the
atmosphere depends on parameters such as the
compound’s molecular structure as well as particulate
matter (PM) physical and chemical properties. The
various organic and inorganic PM constituents interact
with SOCs depending on their molecular structures.
Previous studies considered PM as a homogenous bulk
and used a typical organic solvent (i.e. octanol) as a
surrogate to simulate such interaction. In the present
study we applied polyparameter linear free energy
relationship (ppLFER) to address this process following
a multiphase aerosol scenario. ppLFER models have
been developed for various organic solvents (Abraham et
al., 2010) and inorganic surfaces (Goss et al., 2003). The
models consider all types of molecular interactions (e.g.
dispersion forces, hydrogen bonding) between solute and
sorbent at equilibrium.
We considered three different phases of particulate
organic matter (OM): (A) high molecular mass organic
soluble (OS) OM (mass mixing ratio in OM: 0.05), (B)
low-mid molecular mass both water soluble (WS) and
OSOM (0.55), and (C) high molecular mass organic
polymers (OP) (0.40) (Rogge et al., 1993). An
appropriate ppLFER model was used for each phase –
i.e. hexadecane-air, dimethyl sulfoxide-air, and
polyurethane ether-air, respectively. In addition, SOC
adsorption to soot and soluble salt particles, namely
ammonium sulphate and ammonium chloride, were
included using corresponding ppLFER equations.
Partitioning constants (KP; m3air g-1PM) determined with
this model were corrected using the measured fractions
of OM, soot, and the salts, and compared with the
experimental KP for parent, oxy-, and nitro-PAHs, and
nitrophenols from three central European sites - i.e.
Košetice, Grenoble, and Mainz.
As can be seen from Figure 1, the model made
good predictions for semi-volatile pyrene (PYR),
fluoranthene (FLT), 9,10-anthraquinone (9,10-ATQ),
benzo(a)fluorenone (BAFLON), 9-nitroanthracene (9NANT), and 3-nitrophenanthrene (3-NPHE), with 74 96% of the data points predicted within one order of
magnitude accuracy (Table 1). The analysis indicated
that absorption was the main process in the substance
GPP, dominated by the contribution of low-mid

molecular mass WSOSOM. Despite being assigned
substantially different OM mass mixing ratios, OSOM
and OP contributed less than 5% to the overall
absorption process, although the contribution from OP
was relatively higher. Finally, partitioning onto soot
dominated the adsorption process, suggesting that the
contributions from soluble salts may be neglected when
studying the target analyte GPP. The PM phase state is
an additional parameter to be included in future
parameterizations of the GPP process.

Figure 1. Comparison between experimental and
predicted log KP (m3 g-1).
Table 1. Experimental log KP and percentage of
predictions within one order of magnitude accuracy
log KP range
% Predicted
PYR
3.4 – 6.2
94
FLT
2.9 – 7.1
96
9,10-ATQ
2.6 – 6.3
85
BAFLON
4.0 – 7.4
92
9-NANT
2.7 – 5.8
90
3-NPHE
3.0 – 6.1
74
Abraham, M. H., Smith, R. E., Luchtefeld, R., Boorem,
A. J., Lou, R., and Acree Jr, W. E. (2010) J. Pharm. Sci.
99, 1500-1515.
Goss, K.-U., Buschmann, J., and Schwarzenbach, R. P.
(2003) Environ. Toxicol. Chem. 22, 2667-2672.
Rogge, W. F., Mazurek, M. A., Hildemann, L. M., Cass,
G. R., and Simoneit, B. R. T. (1993) Atmos. Environ. 27,
1309-1330.
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Water Interactions with Organic Surfaces Studied with the Environmental Molecular Beam
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Interactions between water and organic surfaces are
of central importance in many system processes on
Earth including aerosol particle formation and
growth. A knowledge gap still exists in the
understanding of these processes on a molecular
level; hence, we need suitable experimental
methods that can access information about
molecular interactions.
In this study, we present improvements
made to the Environmental Molecular Beam
(EMB) method (Kong et al., 2014), which is a
technique that enables molecular level studies of
interactions between gases and volatile surfaces at
near ambient pressure. The EMB method utilizes a
molecular beam directed through vacuum onto a
surface in a high-pressure chamber, where the
surface substrate can be coated with volatile
compounds of interest. The flux of molecules
scattered or desorbed from the surface is detected
with mass spectrometry. The technique obtains
information about molecular collision dynamics,
gas accommodation coefficients, residence time,
and fraction of thermally desorbed or scattered
molecules directed onto the surface. The changes
made to the EMB setup were motivated by
enabling experiments at higher pressure and
temperature than with a previous design, as well as
carrying out studies in different directions to the
surface normal.

A recent study showed that water uptake
on n-butanol is strongly affected by surface
transformations near the melting temperature of
butanol (Papagiannakopoulos et al., 2013). In this
study the new EMB setup is applied to
investigations of water interactions with solid and
liquid butanol layers. Angular distributions of
scattered and desorbed water from butanol layers
are measured over an extended temperature range.
The results show that water molecules are
efficiently trapped on both solid and liquid butanol,
and trapped molecules either undergo rapid thermal
desorption or remain on the surface for
milliseconds before evaporation occurs. A fraction
of molecules is lost due to diffusion into the
butanol bulk. The kinetics of surface and bulk
accommodation are discussed including the effects
of surface melting near the bulk butanol melting
point, and changes in the surface structure of the
liquid butanol phase.
Kong, X.R., Thomson, E.S., Papagiannakopoulos,
P., Johansson, S.M., and Pettersson, J.B.C.,
(2014) J. Phys. Chem. B 118, p.13378-13386.
Papagiannakopoulos, P., Kong, X.R., Thomson,
E.S., Markovic, N., and Pettersson, J.B.C.,
(2013) J. Phys. Chem. C 117, p.6678-6685.	
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CFD modelling of aerosol deposition in ventilation ducts
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In nuclear facilities, ventilation is essential for ensuring
the containment of radioactive materials. Nevertheless,
in accidental situations like a fire, airborne particles
(radioactive and soot particles) can be transported into
the exhaust ventilation network up to the High
Efficiency Particulate Air filters. Assessing the
deposition of aerosols into the ventilation network
allows determining the amount of particles that may
reach the HEPA filters. As a result, it allows a better
estimate of the filter clogging and of the potential release
of radioactive particles into the environment.
In order to simulate the transport and the
deposition of aerosols in a duct, CFD codes can be used.
ANSYS CFX code is used at IRSN since a long time.
Recently, aerosol deposition and transport models
(Nerisson et al, 2011), based on a simplified Eulerian
approach, have been implemented into this computer
tool. These models were validated with experimental
data of the literature that concerned smooth ducts with
very low diameter (around 1 cm), representative of
aerosol sampling lines and hence not representative of
ventilation ducts. Therefore, the aim of this study is to
first validate the models implemented in ANSYS CFX
from experimental data obtained in the ventilation
ducts, then to take into account the roughness of the wall
in the model in order to quantify the effect of roughness
leads to the calculation results.
For the first part of the study, the Sippola and
Nazaroff's work (2004) has been retained. These authors
studied the monodispersed fluorescein aerosol (particle
diameter from 1 to 16 µm) deposition in a square section
duct (15.2 cm x 15.2 cm) containing two straight parts
and two horizontal and vertical 90° bends. Global
deposition by section and local deposition (floor, vertical
walls and ceiling) have been measured on test areas of
1.5 m length by using a fluorescence analysis for
different flow velocities and aerosol diameters.
These experiments have been simulated with
ANSYS CFX and the results compared to the
experimental ones. As an example, Figure 1 compares
the evolution of the dimensionless deposition velocity as
a function of the dimensionless relaxation time of the
particles for a straight duct. The comparison shows a
satisfactory agreement for the global deposition.
Nevertheless, significant differences have been
highlighted for local deposition particularly onto
downward surfaces (ceiling).
For the second part of our work, a sensitivity
study on the influence of the wall roughness to the
deposition has been carried out. To do so, the roughness
had to be taken into account in the deposition model.
The El-Shobokshy's model (1980) has been chosen,

implemented into ANSYS CFX and validated on ElShobokshy's experimental results (1983).

Figure 1. Comparison between numerical simulations
and experimental measurements for a straight duct.
The model has then been used on the geometry of
a future experimental bench representative of realistic
ventilation ducts. This rectangular section (0.6 m x
0.4 m) bench is composed of several straight ducts and
horizontal and vertical 90° bends. Two roughness values
have been chosen, 10 µm and 100 µm, representing the
roughness of stainless steel and galvanized steel
respectively, and the simulation results have been
compared to those of a smooth duct. It appears that for
certain values of dimensionless relaxation time of
particles, the deposition can be multiplied by a factor 4
for a roughness of 10 µm and by a factor 100 for a
roughness of 100 µm.
In conclusion, this work has permitted to validate
the deposition models implemented into ANSYS CFX as
far as the global deposition is concerned, but it has
highlighted some lacks for calculating the local
deposition onto downward surfaces. Consequently,
improvements have to be made to overcome this
shortcoming. In a second part, a sensitivity study on the
influence of the wall roughness has been conducted and
has highlighted the need to take into account the
roughness in the models even for low values (10 µm).
Nerisson, P., Simonin, O., Ricciardi, L., Douce, A., and
Fazileabasse, J. (2011). Computers & Fluids 40, 7991.
Sippola, M.R. and Nazaroff, W.W. (2004). Aerosol
Science and Technology 38, 914-925.
El-Shobokshy M.S. and Ismail I.A. (1980). Atmospheric
Environment 14, 297-304.
El-Shobokshy M.S. (1983). Atmospheric Environment
17, 639-644.
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Comparison of nanosecond and femtosecond laser ablation in a single particle mass
spectrometer
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Single particle mass spectrometry is a valuable technique
for the analysis of composition and mixing state of
individual aerosol particles. Laser ablation is the
dominant method for desorption and ionization of the
particles. Due to their relatively high power, UV
wavelength, and good triggering options, excimer lasers
are often used to realize desorption and ionization in one
single step. Several single particle mass spectrometers
have been developed in the last two decades for both
online and offline measurements, all showing the
necessity of improved quantitative analytical ability.
Recently, the first test with a single particle mass
spectrometer deploying femtosecond laser pulses
indicated the potential for improved quantification
compared to excimer laser ablation (Zawadowicz et al.,
2015).
We present new results of femtosecond laser
ablation single particle analysis. In this work we used the
laser ablation aerosol time-of-flight single particle mass
spectrometer LAAPTOF (AeroMegt GmbH), originally
equipped with a 193 nm excimer laser (Marsden et al.
2016; Gemayel et al., 2016). Since triggering of typical
femtosecond-lasers is hard to realize, some technical
changes were applied allowing the acquisition of mass
spectra with hit rates comparable to the original set up.
Mass spectra of the aerosol particles with different sizes
from 400 nm to 1100 nm and core-shell particles, i.e.
metal-metal and metal-organics, have observed with the
both excimer and femtosecond lasers.
PSL 500nm
Excimer-Laser 193 nm

Figure 1 and 2 show the differences in two mass
spectra for monodisperse 500 nm PSL particles using
nanosecond laser pulses of 193 nm and femtosecond laser
pulses of 800 nm. We can observe the intensity of
fragments and also the numbers of C/CH fragments are
different in both the spectra.
PSL 500nm
Fs-Laser 800nm

Figure 2. Mass spectra of PSL 500 nm particle
with 800 nm femtosecond laser
We will discuss more differences in the mass
spectra observed using femtosecond and nanosecond laser
pulses of different wavelength and power for laser
ablation for the aforementioned particles.
This work is supported by the Ministerium für
Wissenschaft, Forschung und Kunst Baden-Württemberg
in the program Research Seed Capital.
Gemayel et al. (2016) Atmos. Meas. Tech. 9, 1947-1959.
Marsden et al. (2016) Atmos. Meas. Tech. Discuss.
Zawadowicz et al. (2015) Anal. Chem. 87, 12221−12229

Figure 1. Mass spectra of PSL 500 nm particle
with 193 nm Excimer laser
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Horiba PM2.5 elemental continuous analysis in ambiant air.
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In recent years there has been growing concern regarding
particulate matter (PM) pollution and its effects on
health. For effective preventative measures, source
appointment of PM is extremely important. Therefore,
indication of PM elemental concentration is also
necessary in addition to PM mass concentration. Newly
developed PX-375 enables automatic sampling,
continuous online PM quantitative and qualitative
analysis and rapid air pollution source appointment.
Continuous analysis of PM mass and the
elemental concentration by a single unit directly in the
field :
- Continuous analysis of PM 2.5 , PM 10 or TSP, mass
and the elemental concentration.
- Sampling and the elemental analysis time are
selectable.
- Extremely compact design – 19 inch size and easy
installation enables the use of the instrument in
scientiﬁc laboratories, ﬁxed and mobile air quality
monitoring stations (AQMS).
- Ideal for variety of applications: ambient air quality
monitoring, indoor air quality control, stationary
pollution source appointment, etc.
- Continuous analysis provides you the beneﬁts of
reducing labor cost and human errors caused by
manual analysis.

- Compatible with calibration curves evaluated by
existing scientiﬁc instruments (ICP-MS etc.) for PX375 calibration.
- Safety features: User is absolutely protected by inter
lock. No need to appoint the particular working space
and person in charge for the X-ray operation.

HORIBA's newly developed filter tape provides
excellent sensitivity and precise performance
- 2 layer non-woven PTFE fabric ﬁlter construction
prevents passing of PM onto the reverse side.
- Due to the extremely low-impurity concentration, the
ﬁlter enables ultra low concentration analysis.
- Chemical background of the ﬁlter tape is extremely
low. Therefore the ﬁlter with collected sample could be
used for chemical analysis by other scientiﬁc analytical
instruments. (ICP-MS etc.)

Thanks to this adapted technology, HORIBA propose to
monitor from 15 to 30 elements online with suitable
detection limits for Europe such as As, Pb, Hg, Ni, S, Cr
and many more, on hourly sampling base.

Advanced analysis by world proven technologies:
- Adoption of world proven technologies: X-r ay
ﬂuorescence & Beta-ray attenuation.
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Chemical modification of particles containing peroxides due to mixing with particles
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Atmospheric aerosols have an important impact on
climate and human health. They interact directly or
indirectly as cloud condensation nuclei with radiation and
can deeply enter the breathing system. To understand the
toxicity, the mechanism of forming, aging and interacting
with the ambient gas phase species and radiation, the
chemical composition has to be determined (Pöschl,
2005).
Organic peroxides are formed by ozonolysis or by
OH-radical reaction of volatile organic compounds.
Autoxidation leads to highly oxidized multifunctional
molecules with several (hydro-) peroxygroups. It is
suggested that they have an important role at the
nucleation of new particles (Mentel et al, 2015).
Peroxides in the particle phase can be analyzed offline by
iodometric-spectrometry (Docherty et al, 2005).
In this project an online technique to detect
peroxides in aerosol particles was developed using a
combination of iodometry and aerosol mass spectrometry.
For this, particles containing hydrogen peroxide H2O2 and
ammonium sulfate (NH4)2SO4 were mixed with particles
containing ammonium iodide NH4I and α-cyclodextrin
(α-CD) in a flow tube reactor (figure.1). Due to
coagulation of these particles internally mixed particles
are formed. NH4I reacts with H2O2 forming iodine which
is complexed by α-CD and detected by the Highresolution time-of-flight aerosol mass spectrometer of
Aerodyne Research Inc. which delivers mass spectra of
bulk aerosol particles with a time resolution of several
seconds and particle size distribution in a range of 35 nm
to 1.5 µm (De Carlo et al, 2006). The particles were
generated by pneumatic atomization of
solutions
containing 0.1 g/L (NH4)2SO4, and different
concentrations of H2O2 and another solution containing
0.2 g/L NH4I, 0.07 g/L α-CD and some drops of acetic
acid.

Figure 1. Schematic set up.

It was observed that pure NH4I produces the ions
I+, HI+ and I2+ in the ion source (electron impact) of the
mass spectrometer, making it difficult to follow the
reaction only by the time series of I2+. Since the EIionization of a pure compound provides reproducible
mass spectra with a constant ratio between the forming
fragment ions, it can be assumed that a certain mixture of
two compounds as NH4I and I2 produce a reproducible
superposition of the mass spectra as well. So a change in
the ratio of the concentrations of NH4I and I2 in the
particle leads to a change in the ratio of the concentration
of the detected ions I+ (m/z 127), HI+ (m/z 128) and I2+
(m/z 254) (figure 2).

Figure 2. Time Series of I2+/HI+-ratio. The colors indicate
the concentration of H2O2 in solution. Red: 0, green: 0.8
g/L, cyan: 1.2 g/L and blue: 1.6 g/L.
This project is supported by Deutsche Forschungsgemeinschaft (DFG).
Pöschl, U. (2005) Angew. Chem. Int. Ed. 44, 7520 – 7540.
Mentel, T.F., Springer, M., Ehn, M., Kleist, E., Pullinen,
L., Kurtén, T., Rissanen, M., Wahner, Wildt, J. (2015)
Atmos. Chem. Phys. 15, 6745-6765.
Docherty, K. S., Wu, W., Lim, Y. B., Ziemann, P. J.,
(2005) Environ. Sci. Technol. 39, 4049-4059.
DeCarlo, P. F., Kimmel, J.R, Trimborn, A., Northway, M.
J., Jayne, J. T., Aiken, A. C., Gonin, M., Fuhrer, K.,
Horvarth, T., Docherty, K. S., Worsnop, D. R., Jimenez,
J. L. (2006) Anal. Chem. 78, 8281-8289.
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Relative Abundance

A large amount of volatile organic compounds are emitted
by trees. These compounds get oxidized in the atmosphere
where the low volatile organic compounds (LVOC) form
the secondary organic aerosol (SOA). The SOA plays an
important role in our ecological system because it has
influencing effects on the earth’s climate and human’s
health. The monitored amount of SOA can’t be
completely explained with the generation of SOA by
LVOCs.
A recent study has shown that extreme low-volatile
organic compounds (ELVOC) might close the gap
between theoretic models and reality (Ehn et al., 2014).
Especially highly oxidized compounds (HOM) could
have an extreme low vapour pressure that causes an
irreversible condensation onto aerosol particles or even
lead to particle formation. So it is important to get the
knowledge how the high oxidation grade is reached. One
way could be a gas phase autooxidation mechanism which
leads via H-shift reactions to hydroperoxides (Crounse et
al., 2013). Because biogenic compounds can form very
complex oxidation products, it is useful to find an easier
model system.
A former study used the photolysis of 1-iodooctane
to examine the radicalic autooxidation process (KalafutPettibone et al., 2013). Filter samples were analyzed by
HPLC-MS.
In this study the photolysis of 1-iodononane, 5iodononane and 2-iodo-2,6-dimethylheptane is used to
investigate the mechanism and to get informations about
the preferred H-shift (e.g. 1,5H; 1,6H, 1,7H). The
reactions are performed in a 70 L cylindric glass chamber
with a built in UV-Lamp to photolyze the iodoalkane
compounds. An online measurement method using a soft
ionisation source called aeroFAPA (Brüggemann et al.,
2015) allows direct analysis of the chamber content via
iontrap mass spectrometry (LCQ DECA XP Plus, Thermo
Scientific).

Fig. 1: Proposed autooxidation mechanism for
iodoalkane (5-H shift) (Ehn et al., 2014).
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Figure 2: MS² for m/z 189 [M+H] found during chamber
experiment with (fragment m/z 155 after H2O2 loss).
During the recent experiments several interesting m/z
where found. For example, the MS/MS spectrum of m/z
189, found during a chamber experiment with 1iodononane, shows the loss of H2O2 (M=34 amu) and CO
(M=28 amu). As well, the m/z 175 and 161 showed
possible H2O2 losses. Similar results could be observed
during the experiments with the other mentioned
iodononane-isomers.
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Chem. A 117, 14141−14150
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Henrik G. Kjaergaard and Paul O. Wennberg (2014) J.
Phys. Chem. Lett. 4, 3513-3520
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Today, biotherapeutic agents, such as monoclonal
antibodies (mAbs), constitute the fastest growing sector
of the approved pharmaceuticals industry. Their use has
greatly changed the management of patients with
hematological cancers, autoimmune and inflammatory
diseases. With more than 30 molecules already approved
and hundreds more in clinical trials, mAbs/antibodybased therapies provide a tremendous opportunity for
delivering benefits to patients with both acute and
chronic respiratory diseases, which continue to represent
a significant unmet medical need. Most therapeutic
mAbs are delivered via the blood, but this route is
clearly not the most appropriate for large
macromolecules that cannot be transported passively
across physiological barriers. Aerosoltherapy has been
used for the delivery of medicines for > 50 years, mostly
small molecules for the treatment of respiratory diseases.
Interest in the local administration of mAbs to the lung
by inhalation is currently increasing, as a possible means
of improving the efficacy and limiting the systemic side
effects of these molecules. This non-invasive route is
also attractive for the treatment of long-term chronic
diseases, because hospitalization is not required,
resulting in lower costs to healthcare systems and
improved quality of life for patients.
Thus, we evaluated the feasibility and interest to deliver
mAbs through the airways, as aerosol, for the treatment
of respiratory diseases. Our findings clearly demonstrate
that the airways are a relevant route of administration for
improving the therapeutic index of mAbs, increasing
their concentration within the target organ while limiting
their passage into the bloodstream (Hervé et al. (2014);
Guilleminault et al. (2014); Respaud et al. submitted).

The success of inhaled antibody treatments depends on
the performance of the aerosol generators their ability to
deliver effective, reproducible pulmonary deposition,
and the stability of the molecules during aerosolization.
All these factors must be optimized to achieve the
desired pharmacological effect in the lungs. Mesh
nebulizers clearly have several technical advantages over
jet/ultrasonic nebulizers, MDI and DPI for the delivery
of inhaled antibodies. They can deliver large therapeutic
doses and limit their degradation during aerosolization
(Maillet et al. (2008); Respaud et al. (2014)). In
addition, mAb formulations must be adapted to the
aerosol device so as to prevent mAb degradation. In
particular, mAb concentration and addition of surfactant
are critical to maintain their molecular integrity and
pharmacological
activity
during
vibrating-mesh
nebulization.
Overall, our findings emphasize the relevance and
feasibility of using local delivery of mAbs through the
pulmonary route, as aerosol to treat lung respiratory
diseases (Respaud et al. (2015)).
This work was supported the French National Research
Agency under the program “Investissements d’avenir”,
Grant agreement: LabEX MAbImprove ANR-10-LABX53-01, from ARAIR (Tours, France), from Region
Centre (Grant AeroRiMac and StabioMed) and the DGA
(Direction Générale des Armées - Project RAPID –
AeroRiMac grant)
Hervé V, et al. (2014) MAbs 6 (6):1638-48.
Respaud R, et al. (2014) MAbs. 6 (5):1347-55.
Guilleminault L, et al. (2014) J Control Release.
196:344-54.
Maillet A, et al. (2008) Pharm Res. 25(6):1318-26.
Respaud R, et al. (2015) Expert Opin Drug Deliv. Jan
5:1-13.
Respaud R et al. submitted.

Figure 1: Scheme of the development of a drug and
device and the proof of concept principle for an antiricin mAb delivered by aerosol.
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Surgical smoke aerosol: exposure assessment and respiratory protection
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and 75 percentile values being 0.390×106 and 0.475×
106 particles/cm3, respectively. The mass concentration
calculated from the particle size-selective count
(assuming the particle density to be 1 g/cm3) was 423
µg/m3. There are no occupational exposure limits set
specifically for surgical smoke. The obtained exposure
level, however, is comparable to or exceeds the
thresholds for ultrafine combustion aerosols established
by the American Conference of Governmental Industrial
Hygienists (e.g., the 8-hour time-weighted average for
diesel particles is 150 µg/m3). Calculated for the mean
inspiratory flow rate of 20 L/min, a personal dose during
an hour long operation was approximately 108 µg.
NanoID
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Surgical smoke is a unique aerosol hazard
generated in operating rooms (ORs) by the use of
thermal energy to cauterize tissues during dissection.
Exposure to surgical smoke may cause emphysema,
asthma, chronic bronchitis, and other health effects. The
aerosol released has been shown to contain chemical and
biological pathogens. The objective of the present study
was to assess the exposure to surgical smoke in terms of
the number concentration and particle size distribution
by measuring the aerosol in the breathing zone of a
subject performing a simulated surgical procedure.
Additionally, we obtained the dose levels corresponding
to the measured exposure levels. Finally, we tested the
performance of several existing and newly-developed
respiratory protection devices (RPDs) by determining
simulated workplace protection factors (SWPFs).
The experiments were conducted in a room-size
exposure chamber (3.6×2.4×2.6 m3). Each of the 10
subjects recruited for this study was given RPDs
including two surgical masks, two N95 surgical mask
filtering facepiece respirators (FFRs) and two N100
FFRs. For both the N95 and N100 FFRs, the two tested
versions differed by the faceseal: one used a commercial
version and the other was designed using a newlydeveloped faceseal technology. The surgical smoke was
generated by operating an electrocautery device on
animal tissue. The aerosol was measured in the breathing
zone with four aerosol spectrometer operating side-byside, including NanoID (Particle Measuring Systems,
Boulder, CO, USA), ELPI (Dekati, Kangasala, Finland),
SMPS (TSI, St. Paul, MN, US) and Grimm [Grimm
Technologies, Inc., Ainring, Germany; consists of a
Nanoparticle Aerosol Monitor (Model 1320) and an
optical particle counter (OPC) (Model 1.108)]. The
measurements were conducted at an air exchange rate
(AEH) in the chamber of 0 (calm air) and 5 air
exchanges/h. The number concentration of aerosol
particles penetrated into a tested RPD was also measured
using probes installed inside the mask/respirator. The
SWPF of each RPD was determined as a ratio of the
outside and inside concentrations measured for different
particle sizes.
Figure 1 shows the size distributions obtained
with the four instruments in calm air. Differences were
observed for the smallest particles (near the lower
thresholds of the three instruments and below the
measurement range of the forth) as well as for larger
particles (above the smoke range). At the same time, the
distributions within the core sizes (40 to 200 nm, shaded
grey area), showed no significant difference (p>0.05).
Based on the Grimm data (chosen for further
analysis), the mean value of the total particle number
concentration measured in the breathing zone within the
core size range was 0.410×106 particles/cm3 with 25

Grimm
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100
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Figure 1. Particle size distributions measured in the breathing zone
using four instruments with a subject exposed to surgical smoke
aerosol generated by an electrocautery device in a calm air
chamber. The shaded area represents the core particle size range.

The SWPF data suggest that surgical masks
provide essentially no protection against surgical smoke,
whereas the N95 and especially N100 FFRs offer
considerably higher protection. The N95 and N100 FFRs
with the modified faceseal were found to further improve
the protection, achieving SWPFs in the 100s and 1000s,
respectively. This demonstrates a significant potential of
the new faceseal technology for respiratory protection.
We concluded that the surgical smoke exposure
may result in a considerable inhalation dose for healthcare workers in ORs. Respiratory protective devices
offering much higher efficiency levels than the currently
used surgical masks should be considered for ORs.
The authors express their appreciation to Dr. P.
Kulkarni of the National Institute for Occupational
Safety and Health (Cincinnati) for his assistance.
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Indoor air quality in French hospitals: Physical-chemical results
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Indoor air quality in hospital is a very important issue.
Currently, the biological indoor air quality monitoring
and control in hospital are necessary and integrated in
prevention strategy of hospital-acquired infections.
However, the chemical contamination of indoor air in
hospitals, although established, is little-known and rarely
studied. This chemical contamination may be associated
with a wide range of specific compounds emitted from
various used products and building materials but also
influenced by the outdoor environment. Finally some
activities in link with practical in hospital may also lead
to human exposure. The study aimed to assess the indoor
air chemical contamination and spatio-temporal
variability in two French hospitals.
Materials/Methods
This study was conducted in June 2014 and
February 2015 (“summer” and “winter” sampling
campaigns) during four consecutive days each in two
hospitals in Rennes and in Nancy. For each hospital, air
samples were collected in seven rooms (the reception
hall, a patient room, a nursing care room, the
parasitology mycology laboratory, a recovery room, a
plaster room and the flexible endoscope disinfection
unit) in order to estimate the spatial (related to the
healthcare activities and between 2 hospitals) and
temporal (daily, weekly and seasonal) variability of
concentration. The reception hall was selected as a
control site where the indoor air contamination is mainly
due to sources not related to healthcare activities.
During these campaigns, 34 volatile organic
compounds (VOCs) including aliphatic, aromatic and
halogenated hydrocarbons, alcohols, ketones, ethers and
terpenes, 7 aldehydes and 13 semi-volatile organic
compounds (SVOCs) including phthalates, synthetic
musks and pyrethroids were measured. PM10 and PM2.5
samples were collected in different rooms and
gravimetric analysis was used to determine PM
concentrations. In parallel, ambient parameters
(temperature, relative humidity, pressure and carbon
dioxide) and the number of particles (from 0.3 to 25 µm)
were measured.

Results and discussion

First results showed that the main chemical
compounds were found at meaningful concentrations in
the French hospital indoor air. Mean concentrations were
for alcohols (334 and 23 µg/m3 respectively for ethanol
and isopropanol) but also several aromatic and
halogenated hydrocarbons, aldehydes (4.5 µg/m3 for
formaldehyde), ketones (17 µg/m3 for acetone), ethers
(9.5 µg/m3 for ether) and terpenes (2.7 µg/m3 for
limonene). The SVOCs were quantified in all the
sampling rooms (mainly phthalates: 0.26 µg/m3 for
diisobutylphtalate). The results are in the same order in
two hospitals.
The temporal and spatial variability between
sampling sites are correlated to information collected
during the sampling campaigns such as the type of
products used according to health activities, outdoor
environment and building age and materials. For the
different compounds a significant variability in
concentrations levels was observed.
Conclusion
This study is a first integrated approach of the
assessment of the nature of chemical contamination in
hospitals, consisting in measuring simultaneously the
compounds in seven sampling locations. Results showed
that indoor air of sampling locations contains a complex
mixture of physical-chemical compounds.
Acknowledgement
This work is part of the QAIHOSP project funded
by the French environment and energy management
agency (ADEME) under the national program of
Environment-Health-Work research (PNRSET 2013) of
the French National Agency of Sanitary Security
(ANSES).
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Airborne biological particles and allergy
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RNSA
(Réseau
National
de
Surveillance
Aérobiologique) is the French aerobiology network
working in the prevention of asthma and respiratory
allergy. For this purpose, RNSA manage a network of
about 70 Hirst type pollen/mold traps (Hirst, 1952). The
evolution of these biological particles has been followed
since 1987 for pollens and 1999 for molds like
Alternaria and Cladosporium.
Ambient air is sampled by a volumetric suction
system and directed towards a suitably coated sampling
tape through a specific orifice oriented towards the wind;
the particles contained in the sampled air are impacted
on a continuously moving adhesive tape which is then
analyzed by optical microscopy in order to identify and
count the allergy particles present in the air. This method
allows to count particles and calculate daily and bihourly concentrations. The low-volume sampler (10
l/min) allows a continuous sampling for up to seven
days.
Pollen monitoring permit to analyze and count all
the pollen coming from anemophilous plants. Only a few
of them have real allergy potency. The pollen season
starts in February with Cupressaceae and Betulaceae
pollens, the end of spring is full of Poaceae pollens
while Ambrosia pollens dominate the end of summer.
The daily concentrations can reach 5000 pollens/m3 of
air (for Cupressaceae pollens in Mediterranean area for
instance) when only few hundreds of them are enough to
cause symptoms.
The main fungal spores are Alternaria and
Cladosporium for their well-known health impact on
allergy sufferers. Many other fungal spores are analyzed
(like Ascospores, Didymella, Epicoccum…) even if their
allergenicity is not well-known yet. The daily
concentration of Cladosporium (for instance, which is
very abundant) can exceed 40 000 spores/m3 of air.
The main symptoms provoked by these biological
particles are rhinitis, conjunctivitis, cough and even
sometimes asthma.
To evaluate the health impact of pollens and
molds, RNSA set up a clinician network. Each week,
they fill in a clinical report allowing to calculate a
clinical index (Thibaudon and al., 2008) to follow the
evolution of the symptoms during the year.

Figure 1. Evolution of the clinical index, France
Between 2009 and 2011, the goal of HIALINE
(Health Impact of Airborne Allergen Information
Network – European project) was to determine the
concentrations in the air of 3 main allergens, Bet v1 for
Betula (Buters and al., 2012), Phl p5 for Poaceae and
Ole e1 for Olea, using high volumetric samplers (800
L/min) which collected PM10 and PM2.5.

Figure 2. Bet v1 and Birch pollens concentrations
The conclusion of the study was that the concentration of
allergens for one pollen could vary from one year to
another and from one region to another.
Hirst J. (1952). An automatic volumetric spore trap,
Annals of Applied Biology, 36:257–265.
Thibaudon M., Oliver G., Cheynel A. (2008), L’index
clinique : outil d’évaluation de l’impact sanitaire du
pollen, Environ Risques Santé, vol. 7, 2008, n° 6, pp.
411-416.
Buters J.T.M. and al. (2012), Release of Bet v 1 from
birch pollen from 5 European countries. Results
from the HIALINE study, Atmospheric Environment 55
(2012) 496-505
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The need for a detailed understanding of the factors that
determine the lifetime of aerosolized microorganisms is
crucial to predict and mitigate the outbreak of disease.
Although critical, the study of bioaerosol while
suspended in air is challenging for a number of reasons:
(1) the stable, reliable and gentle generation of a
bioaerosol is key to producing consistent results, (2) the
bioaerosol must be suspended for prolonged periods of
time in a stable and tailorable environment, and (3) the
bioaerosol must be readily removed from the gas phase
and deposited onto a substrate for further analysis (e.g.
test viability).
The technology to be presented addresses each of
these critical issues in bioaerosol longevity analysis.
The technology utilizes piezoelectric droplet on demand
dispensers to gently produce droplets of known and
designed composition. These droplets are injected into
an electrodynamic trap where they remain suspended at
the null point of the trap for any desired period of time
(Figure 1).

Figure 1. A population of >15 individual droplets, each
containing ~20 CFU of e. coli.
The population of droplets (whose absolute
number can be readily counted) are then removed from
the trap and directly deposited onto a substrate, whose
composition can be anything, including agar, dry petri
dish or liquid broth. The absolute number of colony
forming units (CFUs) per population of droplets is then
quantified offline.
There are numerous advantages to this technology
over conventional techniques. First, the employment of
a droplet on demand dispenser to produce the droplets
ensures that no damage is caused to the bacteria during
the aerosolization process, a common problem found via
conventional nebulization methods (Zhen et al., 2013;
Zhen et al. 2014). Additionally, the size distribution of
the droplets produced by a droplet dispenser is highly

reproducible, ensuring that the composition of the
droplets (including CFU per droplet) remains constant.
The interior volume of the electrodynamic trap is
110 mL, with the air (whose composition is known and
tailorable) that flows through the trap at a rate of
upwards of 200 mL/min.
This ensures that the
composition of the gas phase that the droplets interact
with is constant, and not affected by the droplets
themselves.
By manipulating the substrate which the
bioaerosol is deposited onto, the general health of the
bacteria within the droplet can be probed; differences
between longevity and infectivity of the species in the
droplet may be inferred.
Some of the initial findings from this technology
will be presented. For example, e. coli longevity as a
function of time and environmental conditions was
measured and compared to previously reported literature
values (Figure 2).

Figure 2. Decline in the CFU (e. coli) per droplet as a
function of time, at a relative humidity of 50%.
Experimental data is compared to values reported in the
literature.
This work was supported by the Aerosol Society (Small
Research Grant Scheme – 2015).
Zhen, H.; Han, T.; Fennell, D. E.; Mainelis, G. (2013)
Applied and environmental microbiology, 79, 7780.
Zhen, H. J.; Han, T. W.; Fennell, D. E.; Mainelis, G. J
(2014) Aerosol Sci, 70, 67.
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Vaccines and pharmaceuticals that are used to protect
against or treat diseases caused by biological terrorist
agents (bacteria, viruses and toxins) are often evaluated
for efficacy via inhalation, which is a probable route of
exposure from an attack or natural infection. Models of
disease need to be developed using well characterized
inhalation systems using highly controlled procedures
and processes in order to ensure, safety, reproducibility
and consistency in the inhaled or presented dose. This is
especially true for research which will be used in support
of licensure by the U.S. Food and Drug Administration
or other licensing entity. This presentation will briefly
outline the universal components of inhalation exposure
systems, considerations on the model to be tested,
reproducibility, methods to quantify the agent dose,
safety aspects of conducting studies within the limited
confines of a Biosafety Cabinet Class III (BSC-III), and
data examples for dose accuracy and reproducibility will
be discussed.
Constructing inhalation systems and performing
inhalation studies are complex with many challenges. An
inhalation exposure system for dosing/challenging
consists of four or five subsystems; an aerosol generator,
delivery device, an exposure chamber/atmosphere,
exposure sampling/monitoring device(s), and a method
for determining respiratory parameters for dose
determination or plethysmography. The methodology for
dose quantification will be microorganism dependent
with the spread plate method primarily used for bacteria
and plaque assay for viruses.
Figure 1 below shows the limited space that is
available to construct an inhalation exposure system and
conduct inhalation studies.

Table 1 demonstrates data showing accuracy and
reproducibility of mean and standard deviations for dose
delivery that are within 15% or better of the targeted
dose (good data) compared to data showing dose
delivery between 195-584% of the targeted dose (poor
data). Figure 2 shows reproducible mean daily doses for
three dose concentrations across 15 test days for B.
anthracis spores.
Table 1. Comparison of targeted dose to actual dose for
two studies

Figure 2. Comparison of consistent doses over fifteen
test days. (Barnewall et al., 2012)

Figure 1. Photograph showing the limited space in
BSCIII
Process, procedures, and controls (administrative
and engineering controls) must be implemented to
ensure the safety of the staff conducting the studies to
prevent accidental infection and possibly death. Once
these are addressed, an inhalation study may commence.

The Inhalation challenge is a complex process
with many factors to consider to conduct safely and
reproducibly.
Barnewall, R.E., Comer, J.E., Miller, B., Gutting, B.W.,
Wolfe, D.N., Director-Myska, A.E., Nichols, T.L.,
and Taft, S.C. (2012) Achieving consistent multiple
daily low-dose Bacillus anthracis spore inhalation
exposures in the rabbit model. Front Cell Infect
Microbiol. 2(71), 1-9.
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Aeroparticles are potential contributing factors to the increasing prevalence of allergies. For
example, diesel exhaust particles (DEP) are found to act as adjuvants during allergic sensitization.
Oxidative stress is assumed to play a key role in these adjuvant effects (Li et al., 2015), but the
exact chemical processes and signaling pathways remain unclear. Our study is aimed to unravel
the chemical mechanisms of adjuvant effects of aeroparticles on allergies. In particular, we
investigated how particulate matters affected epithelial cells, macrophages and antigen presenting
cells in the triggering and modulating immune responses to allergens. We use human monocytesderived dendritic cells as APC precursors to investigate the influence of diesel and toner particles
on the maturation and presentation of APC. By using lung epithelial cells, the role of epithelial
cells in allergy development and enhancement is also studied. The effects of these carbonaceous
particles and organic aerosol components on THP-1 macrophages are studied with regard to the
activation of kinases, the modification of lipids and proteins, and the generation of damageassociated molecular patterns (DAMPs). In ovalbumin stimulated THP-1 macrophage cells, dosedependent increased expressions of interleukin-6 and TNF-alpha were found during the
simultaneous stimulation with DEP. The results obtained can contribute to the understanding of
molecular mechanisms of allergy development and deterioration caused by aeroparticles.
Reference:
Li, N., Buglak, N., Convergence of air pollutant-induced redox-sensitive signals in the dendritic cells
contributes to asthma pathogenesis, Toxicology Letters, 237(1), 2015
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Introduction
Post-operative infections obtained from open-wound
surgeries constitute an unnecessary load on both
healthcare and affected patients. The annual cost for
post-operative infections in Sweden is estimated to 4
billion SEK.
It is well established that increased air
cleanliness reduces the number of post-operative
infections. Therefore, the ventilation system is
important in order to reduce the number of infectious
particles in the air during surgery. Ventilation with
high airflow, as in operating theatres, consumes a high
amount of energy and it is thus desirable to find energy
efficient solutions.
The purpose of this work is to evaluate air
quality, energy efficiency and working comfort for
different ventilation techniques in operating theatres.

Additional measurements were carried out, where the
number of CFU/m3 was compared to the number of
viable particles detected by a high airflow
fluorescence spectrometer (BioTrak 9510-BD, TSI).

Results
In this study we show that LAF and TAF, but
not TMA, have less than 10 colony forming units
(CFU)/m3 at all locations in the operating room, which
is in line with the recommendations in most countries
(Figure 2). TAF has up to 30% lower energy
consumption than LAF, which is related to the almost
double airflow volume in LAF.

Methods
Three different ventilation systems were
evaluated: turbulent mixed airflow (TMA), laminar
airflow (LAF) and the newly developed technique
temperature controlled airflow (TAF).
TAF is based on HEPA-filtered undertempered air falling from air-showers arranged in a
circle above the operating table, see Figure 1. This
technique leads to the usage of lower airflow volumes
and less fan power. Additional air-showers are located
in the peripheral parts of the room, controlling the
overall cleanliness of the air in the operating room.

Figure 2: The diagram shows the different
concentrations of CFU/m3 in the three ventilation
systems.
The high airflow fluorescence spectrometer
showed that there are more viable particles in the air
than reproductive bacteria (CFU).
A questionnaire was given to the operating
staff, and their answers showed that they experienced
less disturbance from noise and draught in TMA and
TAF than in LAF. The experienced working
environment is of high importance since it is unwanted
to expose the operator to additional stress.

Conclusions

Figure 1: Schematic picture of the TAF ventilation
system.
In total, measurements were performed during
45 elective operations: 15 for each type of ventilation
system. The concentration of colony forming units
(CFU)/m3 was measured at three locations in the
rooms: close (<0.5 m) to the wound, behind the
operating staff and in the peripheral part of the room.

Reducing the CFU concentration in operating
theatres is difficult, since most particles are emitted by
the staff. Nevertheless, both the LAF and TAF
ventilation keep high air cleanliness with low CFU
concentrations throughout the operation. The
comparison of the conventional CFU measurements
and the fluorescence measurements will deepen our
understanding of airborne bacterial viability.
This work was supported by Avidicare AB, Swedish
Energy Agency, FORMAS and AFA.
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Atomistic modeling of heterogeneous nucleation of ice
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An accurate description of clouds in climate models
requires solid knowledge about their properties, but
formation of ice clouds, in particular, is not well
understood. Ice crystals may form in the atmosphere
either by homogeneous or heterogeneous ice nucleation.
The latter process, initiated by an aerosol seed particle at
relatively high temperatures, is not understood at the
molecular level. Different nucleation modes (immersion, contact- and deposition nucleation) are active in the
atmosphere at different temperature and water
supersaturation ranges.
We have developed an atomistic model of ice
crystal formation using a continuum of methods from
density functional theory (DFT) to large-scale classical
molecular dynamics (MD). We are looking at kinetic and
thermodynamic factors controlling nucleation at different
conditions and in the presence of different surfaces that
represent aerosol particles with varying lattice match with
ice, surface corrugation and interactions, both for ideal
test systems and for feldspar, AgI and black carbon that
are active as heterogeneous nucleation seeds. In
particular, we are looking at features that deviate from
predictions of classical nucleation theory (CNT), such as
Stranski–Krastanov growth seen with large system sizes,
which is in contrast to both CNT and simulations done
with small systems.
Simulations with the mW potential (Molinero and
Moore, 2009) show that surface geometry can largely
explain the high nucleation activity of AgI, whereas Kfeldspar, considered an important ice nucleation agent in
the atmosphere (Atkinson et al., 2013), shows very weak
activity in mW simulations, without considering the real
surface chemistry of the material, studied with DFT.
We also show the importance of the effect of
feldspar microstructure – interface between alternating
orthoclase and albite layers and defects due to lattice
mismatch. In addition to studying nucleation dynamics
with MD, we are looking at accurate energetics with
quantum chemical DFT, utilizing the ORCA code with
the BP86 functional with D3BJ dispersion. Comparison
of water layer adsorption on SiO2 versus K-feldspar is
helping us understand the difference in nucleation activity
between these materials.
Contact nucleation mode simulations show
nucleation activity at higher temperatures than
immersion, in agreement with experiments, due to
rotational freedom of water at the open surface.

Figure 1. Surfaces with a good lattice match with
hexagonal ice nucleate ice effectively in MD. This result
with the monatomic water (mW) potential shows that the
high nucleation activity of AgI can be explained by
surface geometry alone, whereas for feldspar the specific
surface chemistry of the material needs to be considered.
The inset on the right side of the figure shows the surface
geometries of the studied surfaces.
This work was supported by the Academy of Finland
(CoE program grant no. 272041), by the Nordic Centre of
Excellence CRAICC, by ERC StG 257360-MOCAPAF
and by supercomputing resources at CSC - IT Center for
Science Ltd.
Molinero, V. and Moore E. B. (2009) J. Phys. Chem. B
113, 4008.
Atkinson, J. D. et al. (2013) Nature 498, 355.
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Sorption of vapor molecules on pre-existing ions
(heterogeneous vapor uptake) is a driving force for
particle formation and growth in the gas phase. The rate
of heterogeneous vapor uptake is dependent on the seed
particle size, charge, chemical composition and the
vapor molecule - ion interaction depending on e.g., the
polarizability or permanent dipole moment. To describe
heterogeneous vapor uptake, several different models are
often applied, namely, the Kelvin model, and KelvinThomson model. While these models agree very well
with experimental results in certain conditions they fail
to explain dependencies on chemistry and on the
structure of the seed ion, as well as to correctly
implement electrostatic effects.
Ion

Molecular mass
Ionic Radii
(Da)
(nm)
K+
39
0.152
Rb+
85
0.166
Cs+
133
0.181
Br80
0.182
I127
0.206
Table 1. Ion Properties
In this work we experimentally measured butanol
vapor uptake on single atom ions of both polarities,
listed in Table 1 (K+, Rb+, Cs+, Br-, and I-), and
compared the results with modeling approaches. For the
measurements we used a differential mobility analyzer
(DMA P5, parallel plate, SEADM, Boecillo, Spain)
coupled to a QSTAR-XL mass spectrometer (MS). All
ions were introduced into the gas phase by electrospray
ionization, sprayed from 10 mM solutions diluted in high
performance liquid chromatography grade methanol. The
DMA was operated using a counter-flow where the ions
are
introduced
in
the
measurement
region
electrostatically only, to avoid contaminations by the
introduction of an aerosol flow. The resolving power of
the DMA was in the range of 60 to 70 for all
measurements.
The heterogeneous vapor uptake was measured
by exposing the ions to a certain, well-defined vapor
concentration of n-butanol, covering a saturation ratio
range from 3 to 20%. The fluid was introduced directly
into the temperature controlled sheath flow using a
custom-made nebulizer system. The measurements were
all done at a temperature of 293 K. For each saturation
ratio we observed a certain shift of the ion peaks toward
lower mobilities (see Fig. 1), as a consequence of uptake
of a certain number of vapor molecules by the seed ions.

The experimental results were compared to
modeling approaches: 1) the classical Kelvin model, 2)
the model for ion induced nucleation (Kelvin-Thomson),
and 3) a modified Kelvin-Thomson model that includes
two additional terms to describe the interaction between
the ion and the neutral vapor molecule (Yu, 2005). These
models give a probability for a certain number of vapor
molecules up-taken by the ion and thus, can be used to
predict the expected shifts, Rawat et al (2015).
It has been found that there is an excellent
agreement for uptake rates for all positive ions in nbutanol. For negative ions the predicted up-take rates are
overestimated compared to the experimental results.
Furthermore, the experimental data show little to no
uptake of nonane vapor by all ions. While the modeling
results for ion induced nucleation predicts up-take of one
nonane molecule for all ions and saturation ratios.
The results show that even for single atom ions
the initial size of the seed influences the uptake rate.
While the Kelvin-Thomson model can predict the
expected shifts with satisfactory accuracy for positive
ions, the current model fails to correctly predict the
dependencies of uptake rates on size, charge and vapor
polarity for single atom ions.

Figure 1. Experimental mobility shifts depending on the
saturation ratio for all investigated ions
This work was supported by the Austrian Science Fund
(FWF) J 3587-N20
Yu, F. (2005) J. Chem. Phys., 122, 084503
Rawat, V.K., Vidal-de-Miguel, G., and Hogan, C.J.
(2015) Analyst, 140, 6945-6954.
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Surface tension of sulfur nanoparticles as determined from nucleation experiments
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The surface tension of sulfur nanodrops (critical nuclei)
is determined from the homogeneous nucleation
investigation results. To this end a laminar flow
nucleation chamber is used. The aerosol concentration
and size distribution are monitored at the chamber outlet
by the diffusion battery and gravitational sedimentation
techniques.
The nucleation volume is evaluated by the
“supersaturation cut-off” method. The region of aerosol
formation is localized by the 90 degree light scattering
approach. The nucleation rate is determined
experimentally from the outlet aerosol concentration and
the nucleation volume to be Iexp  2.3107 cm-3s-1 at
nucleation temperature Texp  310 K and the total
supersaturation (total vapor pressure to saturated vapor
pressure ratio) sexp = 1.9103. Using the rigorous formula
for the nucleation rate (taking the translation-rotation
correction factor into account) (Vosel et al., 2013) the
surface tension of critical nucleus and its radius of the
surface of tension is determined from Iexp, Texp and sexp to
be exp = 72.11 mN/m and RS,exp = 0.980 nm,
respectively.
To calculate the critical nucleus surface tension
more exactly a numerical simulation of vapor to particles
conversion is carried out. As a result the nucleation rate
is determined to be in the range 3103 - 2108 cm-3s-1 for
the supersaturation of S8 species to be in the range 4000 380 and nucleation temperature 300 - 350 K. The surface
tension S of the sulfur critical nucleus is calculated to
be in the range 67 to 75 mN/m for the radius of the
surface of tension 1.08 to 0.95 nm. These values of
surface tension exceed by 2 to 5% the surface tension 
for flat sulfur interface (Fig. 1). Such a small deviation
of S from  is in agreement with the author’s
assumption that the surface tension for non-metal
elements is essentially independent of curvature as in
contrast to the metal nanoparticles. The comparison with
the nanodrop surface tension for other elements (Fig. 2)
makes it possible to conclude that the larger is the group
number in the Periodic Table the less is the absolute
value of difference between the surface tension of
critical nucleus and that of the flat surface.
It is important to note that to determine correctly
the critical nucleus surface tension one should take into
account the translation-rotation correction factor in the
formula for the nucleation rate. Omission of this factor
gives the error of about 30% in the surface tension.

Figure 1. The ratio σS/σ vs. for
different nucleation temperatures and
values of the radius of surface of
tension. The nucleation temperature is
shown for each point.

Figure 2. The ratio σS/σ for different
elements. The nucleation temperature is
shown for each point.
Vosel, S.V., Onischuk A.A., Purtov P.A., Tolstikova
T.G. (2013).“Classical Nucleation Theory:
Account of dependence of the surface tension
on curvature and translation-rotation correction
factor,” in Aerosols Handbook. Measurement,
Dosimetry, and Health Effects, edited by L. S.
Ruzer and N. H. Harley. CRC Press, Taylor &
Francis Group: New York.
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On the temperature dependence of heterogeneous nucleation of n-butanol vapor
on silver and sodium chloride nanoparticles
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Commercial Condensation Particle Counters (CPCs) are
mainly used to measure the number concentration of airborne particles (McMurry 2000). Most ultrafine continuous flow CPCs use n-butanol as working fluid and have
typical lower particle detection limits in the range between 2.5 and 10 nm (Stolzenburg, McMurry 1991).
Given the fact that butanol CPCs are operated at fixed
temperatures, the performance towards the detection of
even smaller particles may be optimized by choosing appropriate temperature settings.
Until now the temperature dependence of heterogeneous
nucleation of n-butanol vapor on nanoparticles in a sizerange down to 2.5 nm was not investigated. A topic,
however, that is worth examining since it gives information on the saturation ratio which is needed to activate
particles in this size range. Results of earlier experiments
with water vapor on silver particles have shown a theoretically unpredicted maximum in the onset saturation
ratio as a function of temperature (Kupc et. al. 2013).
Further studies on the nucleation of n-propanol on
sodium chloride particles in the temperature range from
262K to 287K indicate a reversed trend compared to the
Kelvin equation (Schobesberger et. al. 2010). Due to the
close chemical similarity of n-propanol and n-butanol,
and the common use of butanol as a working fluid in
commercial CPCs, the temperature dependence of heterogeneous nucleation of n-butanol on Ag and NaCl particles is investigated in this study.
To this end, measurements with the Size Analyzing Nuclei Counter (SANC) (Wagner et. al. 2003) were performed. A schematic diagram showing the experimental
setup is illustrated in figure 1. We performed heterogeneous nucleation experiments of n-butanol vapor on silver
and sodium chloride particles at various sizes and nucleation temperatures. By varying the chamber and humidifier temperature and the pressure drop in the expansion
chamber, different nucleation conditions were analysed.
As a result, heterogeneous nucleation of n-butanol vapor
on NaCl and Ag aerosol particles shows different behaviour depending on the nucleation temperature. This
finding is of immediate relevance for nanoparticle detection in CPCs and raises questions on the fundamental
mechanisms leading to this behaviour.
This work was supported by the European Research
Council under the European Community's Seventh
Framework Programme (FP7/2007-2013) ERC grant
agreement No. 616075.
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Figure 1. Schematic diagram for the experimental setup.
P. H. McMurry (2000)
A review of atmospheric aerosol measurements,
Atmospheric Environment 34.
M.R. Stolzenburg and P.H. McMurry (1991),
An Ultrafine Aerosol Condensation Nucleus Counter,
Aerosol Science and Technology.
M. Hermann, B. Wehner, O. Bischof, H.-S. Han, T.
Krinke, W. Liu, A. Zerrath and A. Wiedensohler
(2007)
Particle counting efficiencies of new TSI
condensation particle counters,
Elsevier.
A. Kupc, P.M. Winkler, A. Vrtala and P. Wagner (2013)
Unusual Temperature Dependence of Heterogeneous
Nucleation of Water Vapor on Ag Particles,
Aerosol Science and Technology.
S. Schobesberger, P.M. Winkler, T. Pinterich, A. Vrtala,
M. Kulmala and P.E. Wagnerickenson (2010)
Experiments on the Temperature Dependence of
Heterogeneous Nucleation on Nanometer-Sized NaCl
and Ag Particles,
ChemPhysChem.
P.E. Wagner, D. Petersen, A. Vrtala, A. Lauri, M.
Kulmala and A. Laaksonen (2003)
Nucleation Probability in Binary Heterogeneous
Nucleation of Water – n-Propanol Vapor Mixtures on
Insoluble and Soluble Nanoparticles,
Phys.Rev.E67.

European Aerosol Conference 2016

Tours, France

Page 1149 of 1211

Heterogeneous nucleation onto ions and neutralized ions - insights into sign-preference
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Heterogeneous nucleation is a process in which vapor
nucleates onto a seed particle (Fletcher 1958). For a
given particle there is a probability that heterogeneous
nucleation takes place. This nucleation probability is
known to be affected mostly by the supersaturation of
the nucleating vapor and size of the seed particle. It is
know that the seed particle chemical composition and
electrical charging state also affect the nucleation
probability (Winkler, et al. 2008, Kangasluoma, et al.
2014), but their importance has not been resolved
unambiguously, especially for seeds that consist only of
a few to tens of molecules. This is due to two reasons:
the chemical composition and charging state of the seeds
are connected on the molecular level and this connection
has not been taken into account sufficiently in the
previous studies. Secondly, experimental methods to
generate well-characterized neutral molecular clusters in
atmospheric pressure have been lacking until now. In
this study, we aim to overcome these challenges, and
obtain a deeper understanding on the process of
heterogeneous nucleation at molecular sizes.
We generated seed particles of ammonium
sulfate, tungsten oxide and tetraheptylammonium
bromide from 0.6 to 3.5 nm in size, and four charging
states: positive, negative, positive neutralized and
negative neutralized. The chemical compositions of the
charged seeds were verified with a high resolution time
of flight mass spectrometer to distinguish between the
effects of chemical composition and charging state to the
nucleation probability. The particles were size selected
with a high resolution DMA and guided to three
nucleation chambers operated at the brink of
homogeneous nucleation either with diethylene glycol
(DEG), water or butanol. The neutral size selected seed
particles were produced by neutralizing the size selected
particles downstream of the DMA with a unipolar
neutralizer. The nucleation probability was measured as
a function of the particle size for all samples, charging
states and with all nucleating liquids.
Figure 1 shows results for the tungsten oxide
seeds. Of all the three liquids, DEG was able to grow
smaller particles than butanol and water. Negatively
charged particles were grown more easily than positively
charged due to the difference in their chemical
composition, revealed by the mass spectrometer. This
difference in the composition of charged particles

explains the observed differences in the nucleation
probabilities between the neutralized seed particles.
When examining all seed – vapor interactions, in terms
of the diameter where the nucleation probability is 50%
(d50), we observe no clear preference for any
condensing vapor or seed particle, to positive or negative
charge. Rather, the difference between charged and
neutral d50 seem almost identical within the
experimental uncertainties for positive and negative
seeds, and the most important factor determining the
nucleation probability was the seed chemical
composition, followed by the nucleating vapor
composition. This observation suggests that no universal
sign preference exists, at least in systems similar to ours.
The previously observed sign preferences thus can be
accounted for the unknown chemical composition of the
seed particles.

Figure 1. Nucleation probabilities for tungsten oxide
seed particles as a function of the size, charging state
and composition of the condensing liquid. Lines are
drawn to guide the eye.
References:
1
Fletcher, N. H. J Chem Phys 29, 572-576
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Chemical composition of (cluster) ions observed by APi-TOF during nucleation
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New particle formation (NPF) in the atmosphere from
the gas phase has been estimated to contribute up to 45%
of the global cloud condensation nuclei (CCN)
(Merikanto et al., 2009). To understand this process,
mechanisms of NPF are intensely studied.
The CLOUD experiment at CERN (Geneva,
Switzerland) performs chamber studies on nucleation
under well-controlled experimental condition to
elucidate nucleation mechanisms. Various parameters
such as precursor species and concentrations, light
condition, trace gas concentrations, relative humidity and
temperature are varied to simulate different
environmental conditions. By employing an electric
field inside the CLOUD chamber or by using the pion
beam from the CERN Proton Synchrotron, ion
production and removal rates can also be controlled in
the experiment.
The Atmospheric Pressure interface Time-ofFlight Mass Spectrometer (APi-TOF, Tofwerk AG) is
able to detect atmospheric ions and charged clusters up
to 2000 Th with high sensitivity (Junninen et al., 2010).
Being able to analyse the chemical composition of gas
phase ions and charged clusters below 2 nm, the
instrument provides a strong tool to investigate the first
steps of NPF (Almeida et al., 2013; Bianchi et al., 2014;
Schobesberger et al., 2013).
The chemical composition of positively and
negatively charged clusters was studied using two APiTOFs: one operating in positive mode and the other one
in negative mode to detect (cluster) ions in experiments
with galactic cosmic rays (GCRs) or beam present. APiTOF spectra were obtained under different experimental
conditions as summarized in Table 1: different
combinations of gas phase precursors which included
biogenic and anthropogenic hydrocarbons (HC) as well
as the trace gases sulfuric acid and ammonia, different
temperature, relative humidity, NOx concentration, and
beam intensity.
In the positive spectra, protonated organics or
organics charged by a protonated base are observed. In
the case of the negative spectra, deprotonated acids or
deprotonated acids clustering with organics or ammonia
are observed depending on the experimental conditions.
Organics clustering with organics were observed both in
positive and negative spectra when there were only
organic precursors without sulfuric acid or ammonia in

the chamber. When sulfuric acid was present, clusters of
pure sulfuric acid as well as of sulfuric acid with organic
molecules were observed in the negative spectra while
the positive spectra only contained organic clusters. The
addition of ammonia to the chamber switched the charge
on the positive clusters from protons to NH4+, and
formed ammonia - sulfuric acid clusters carrying a
negative charge.
By comparing the spectra under different
experimental conditions, it is possible to retrieve
information which molecules participate in the formation
of small clusters and eventually lead to nucleation.
Table 1. Gas phase precursors
experiment
1
2
3
4
5

Biogenic
HC
Yes
Yes
Yes
No
No

Anthropogenic
HC
No
No
No
Yes
Yes

H2SO4

NH3

No
Yes
Yes
No
Yes

No
No
Yes
Yes
Yes

The research is supported by the Swiss National Science
Foundation and CLOUD_TRAIN.
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13675-13684.
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New particles are introduced in the atmosphere by direct
emission from a variety of sources and nucleation (insitu formation). These ultrafine particles can grow to
larger sizes and become cloud condensation nuclei
(CCN) affecting the formation and properties of clouds.
In this way aerosols can indirectly affect the energy
balance of the planet. Sulfuric acid plays a dominant role
in the formation of new particles, but sulfuric acid
condensation can only explain a small fraction of their
growth. In most environments organics appear to be
responsible for a significant fraction of the fresh particle
growth to larger sizes (Riipinen et al., 2010). However,
significant uncertainties remain about both the processes
of new particle formation and growth.
In this work, we continue the development of a
three-dimensional chemical transport model, PMCAMxUF, focusing on the simulation of the ultrafine particle
size distribution and composition. The Volatility Basis
Set (VBS) approach is used for the simulation of organic
aerosol. PMCAMx-UF is applied to Europe to quantify
the contribution of organic vapors to total number
concentrations and fresh particles’ growth. PMCAMxUF uses the new version of the Dynamic Model for
Aerosol Nucleation and the Two-Moment Aerosol
Sectional algorithm to track both aerosol number and
mass concentration using a sectional approach. We
evaluate the model predictions for the European domain
against field observations collected in the PEGASOS
campaigns during 5 June to 8 July 2012 and 24 April to
18 June 2013. The measurements include both ground
stations across Europe and airborne measurements from
a Zeppelin.
PMCAMx-UF reproduces reasonably well the N10
(number concentration of particles larger than 10 nm)
hourly observations both aloft (over the Po Valley in
Italy) as well as at the ground level. The ground level
concentrations of N100 are well predicted (normalized
mean error of 60%, normalized mean bias -25%) while
there is tendency to overestimate N10 by approximately
50%. The condensation of organics increases the N100
concentration mainly in central and northern Europe by
50-200% and the highest predicted N100 concentration is
in East Mediterranean Sea (Fig.1) while, on the other
hand, it decreases by 10-40% the N10 concentration in
central and eastern Europe. This counterintuitive result
can be explained by an increase of the aerosol surface

area leading to an increase of the rate of coagulation and
then to a decrease of the ultrafine particle concentration.
Sensitivity tests highlight the importance of chemical
aging reactions of secondary organic aerosol for the
ultrafine particle growth and total particle number
concentration.

Figure 1. Predicted aerosol number concentration for
particles larger than 100 nm with condensation of
organics vapors at the ground level during June-July
2012.
This work was funded by the ARISTEIA ROMANDE
project and by the European Community’s 7th
Framework EU Programme project PEGASOS.
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Table 1. Simulated systems
Case

Molecule

Formula

(a)
(b)
(c)
(d)
(e)
(f)

water
1-decanol
iso-undecanol
iso-decanol
5,9-dimethyl-1-decanol
3,7-dimethyl-1-octanol

H 2O
C10H22O
C11H24O
C10H22O
C12H26O
C10H22O

The dynamic resistance to water accommodation
on organic surfaces is estimated from direct impinging
simulations in which a large number of gas molecules
striking a liquid surface are virtually explored, and the
probability that these molecules will be absorbed into the
bulk liquid is statistically derived. We compare the results
of α from Grote-Hynes theory and direct impinging
simulations, and provide a comparative discussion of their
estimates.
To explore a wider range of surface coverage by
organic molecules on α, we have performed another set of
simulation for a water slab covered with 1-decanol at a
lower surface density. Additionally we use three extra

estimates at different carbon density from Takahama and
Russell (2011) to show the relation of carbon density and
α.
We have concluded that carbon density is
monotonically related to the mass accommodation
coefficient (Figure 1) and can be used to explain the
limitation of water accommodation on organic-coated
water surfaces.

1
0.8
0.6

α’

Growth of sub-micrometer aerosols is controlled by
interfacial mass transfer process which is characterized by
mass accommodation coefficient (0≤α≤1). α defined as
the probability of a vapor phase molecule entering into the
bulk liquid phase after striking the surface (Morita and
Garrett, 2008). The properties of aerosols and droplets
containing organic molecules still remain highly uncertain
due to the numerous types of compounds that can be
present in the atmosphere. Furthermore, mass transfer is
more uncertain and poorly established other than any
dynamic properties for organic aerosols (Julin et al 2014).
Our objective is to study the thermodynamic and dynamic
of mass accommodation of water on bulk water coated by
branched organics with molecular dynamics (MD)
simulation in conjunction with umbrella sampling and
impinging method in order to explain the limitation of
mass transfer of water on organic-coated water surfaces.
The thermodynamic information is gained by
studying the free energy profiles of water from gas phase
to organic coated bulk water in umbrella sampling
simulations. Transition state theory (TST) is used to
estimate the α from free energy. TST calculates the
equilibrium property and always overestimate the α thus
Grote-Hynes theory is used to account the dynamics
properties of the surface (Sakaguchi and Morita, 2012).
The simulated organics can be seen on Table 1. These
organics are used to examine the dependence of α on
carbon density and branched structure.

0.4
0.2
0
0

5
10
Carbon density [nm−3]

15

Figure 1. Relationship between α and carbon density.
Red, black, yellow, purple, turquoise and green points are
for case (a) to (f), respectively. Orange square is for the 1decanol system at lower surface density. α for pink, blue
and brown crossed data are for octanoic, compressed
octanoic, and myristic acid systems, respectively and
taken from Takahama and Russell (2011).
Morita, A. and Garrett, B., C. (2008) Fluid Dynamics
Research 40, 459-473.
Julin, J., Winkler, P. M., Donahue, N. M., Wagner, P. E.
and Riipinen, I. (2014) Environ. Sci. Technol. 48,
12083- 12089.
Sakaguchi, S. and Morita, A. (2012) J. Chem. Phys. 137,
064701.
Takahama, S. and Russell, L. M. (2011) J. Geophys. Res.
116, D02203.
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Understanding the sources and characteristics of indoor
microbial impurities is a prerequisite for evaluating and
managing good indoor air quality. Indoor fungal spores
can originate from outdoors or from indoor sources, such
as moisture-damaged materials.
When sampling fungal spores, the choice of a
sampling method depends on the purpose of the
sampling: is sampling conducted for verification of the
presence of microbial problems, identification of the
source, monitoring the efficiency of control methods or
assessment of the human exposure. When choosing a
sampling method, one also has to consider which
analysis method would give most relevant measures for
the question asked. This in turn may limit the choice of
sampling methods available
A wide variety of sampling methods are available
for assessing fungal contamination in indoor
environments. These can be categorized in four main
groups: air sampling, vacuum dust sampling, surface
wipe sampling and building material sampling. This
presentation will review the traditional and modern
sampling techniques available and will discuss the
advantages and disadvantages of the choices available.
Additional consideration for sampling fungi
compared to other aerosol sampling is the ability to
maintain the biological property that is used in the
analysis, e.g., culturability of spores or integrity of
genetic material. Particle size is an important
consideration when selecting an air sampler. It has been
shown that when fungi grow on damp materials, small
fragments, consisting of both fungal material and
material fragments, are released into the air (MensahAttipoe et al., 2016).
There are a few direct-reading instruments for
airborne biological particles that are based on laserinduced autofluorescence of biological material. These
have limitations in identifying the microorganisms. New
techniques, such as laser-induced break-down are
currently under development (Saari et al. 2015).
An alternative is a long-term collection of settled
dust by placing dust sampling platforms at certain height
in the indoor environment. Another approach is to use a
specially-designed aerosolization chamber that releases
biological particles from contaminated surfaces by air
currents and vibration (e.g., Fungal Spore Source
Strength Tester, FSSST and Particle-Field and
Laboratory Emission Cell, P-FLEC). This approach can
give the worst-case scenario for possible airborne
concentration of biological particles that can be released
or resuspended from the surface under investigation.
An emerging technique for the analysis of indoor
fungal composition is based on the next generation

sequencing (NGS) method. Studies that included
analysis of indoor microorganisms by this technique
have most often used vacuum sampling or surface
wiping swabs. Comparison of several different sampling
methods have shown that methods are based on analysis
of larger samples (such as dust samples) reveal more
diverse microbial communities than short-term air
samples. This underlines the difficulty in comparing
results of studies that used different sampling techniques.
Indoor microbial exposures have been linked to
adverse respiratory health. The association between
visible mold, cumulative exposures and asthma,
especially in water-damaged buildings, is wellestablished. Recently, Dannemiller et al. (2014) have
shown that low fungal diversity in house dust is
associated with childhood asthma development.
In summary, each sampling and analysis technique has
unique advantages and disadvantages. Therefore, it is
often beneficial to use multiple techniques in each
investigation. This way, the limitations of one technique
can be are compensated by another one. Furthermore,
results between different studies can be compared only if
same sampling and analysis methods are used. More
validation and reference data are needed with NGS
methods before the method can be useful for routine use.
Dannemiller, K.C., Mendell, M.J., Macher, J.M.,
Kumagai, K., Bradman, A., Holland, N., Harley, K.,
Eskenazi, B., and Peccia, J. (2014) Next-generation
DNA sequencing reveals that low fungal diversity in
house dust is associated with childhood asthma
development. Indoor Air. 24(3):236-47.
Mensah-Attipoe, J., Saari, S., Veijalainen, A.M.,
Pasanen, P., Keskinen, J., Leskinen, J.T., and
Reponen, T. (2016) Release and characteristics of
fungal fragments in various conditions. Sci Total
Environ. 547:234-43.
Reponen T et al. (2011a) Biological particle sampling, in
Aerosol Measurement. Principles, Techniques, and
Applications. Kulkarni P et al. (Eds), John Wiley &
Sons, pp. 549-570.
Reponen, T. (2011b) Methodologies for assessing
bioaerosol exposures. In: Nriagu, J.O. (ed.)
Encyclopedia of Environmental Health, Burlington:
Elsevier, volume 3, pp. 722–730.
Saari, S., Järvinen, S., Reponen, T., Mensah-Attipoe, J.,
Pasanen, P., Toivonen, J. and Keskinen J. (2015)
Identification of single microbial particles using
electro-dynamic balance assisted laser-induced
breakdown and fluorescence spectroscopy. Aerosol
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Microorganisms from clouds: Interactions with H2O2
A.-M. Delort1, N. Wirgot1, A. Lallement1, M. Vaïtilingom1,2,
L. Deguillaume2, M. Sancelme1, P. Amato1, V. Vinatier1
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The concept of “cloud microbiome” which was
recently suggested is unique mainly due to the specific
status of cloud microorganisms compared to the other
stable environmental ecosystems (waters, soil, plants,
etc.). Cloud is a transient habitat lasting from a few
hours to a few days as it is part of the life cycle of the
microorganisms in the atmosphere. Microorganisms are
aerosolized, transported in the air and deposited further
or integrated in clouds by nucleation and scavenging
processes and can be back to the earth by wet deposition
using precipitation as shuttles. In clouds they are
exposed to very strong stresses, especially to the
presence of oxidants coming from H2O2 as OH radicals,
or from dioxygen activation as superoxide …(see Figure
1)

to this oxidative stresses (Joly et al 2015). Thanks to
their efficient metabolism they can degrade H2O2 present
in cloud waters and biodegradation is competitive
compared to abiotic degradation processes such as
photolysis (Vaïtilingom et al 2013)(Figure 2).
Light

Other

Microorganisms

18%

Day-time

6%

76%

Cloud 3
Light

Other

Microorganisms

24%
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.
Figure 2: Relative contribution of biotic and abiotic
processes to H2O2 degradation during the day-time and
night-time. “Light” (in blue) corresponds to pure
photochemical processes; “Other” (in red) corresponds
to non photochemically induced radical processes; and
“Microorganisms” (in green) corresponds to a pure
biodegradation processes.
In parallel H2O2 modulates the global metabolism
of cloud microorganisms as shown by the strong
correlations between ATP (Adenosine triphosphate) and
H2O2 concentrations (Wirgot et al 2016).
These results will be discussed in terms of their
impact cloud chemistry.

Figure 1: In clouds, microbial cells are exposed to
reactive oxygen species (ROS) produced by the uptake
of O2 during respiration or by chemical reactions
(photolysis of H2O2 Fenton or photo-Fenton reactions)
occurring in cloud water. Cells react to this oxidative
stress thanks to the production of vitamins, glutathione,
•—.
pigments or specific enzymes degrading H2O2, O2
We report here the interactions between H2O2 and
microorganisms using isolated strains from clouds or
real cloud samples collected at the puy de Dôme station
(France, 1475 m). We have shown that they can survive

Vaïtilingom, M., Deguillaume, L, Vinatier, V.,
Sancelme, M., Amato, P., Chaumerliac, N. and Delort,
A.M. (2013). PNAS, 110, 559–64.
Joly, M, Amato, P. Sancelme, M. Vinatier, V. Abrantes,
M., Deguillaume, L. and Delort, A.M. (2015). Atmos.
Environ. 117, 92–98.
Wirgot, N. et al. In preparation
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A new bioaerosol chamber for validation of bioaerosol samplers
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The aim of the project was to develop a bioaerosol
chamber to enable a biological calibration of bioaerosol
sampling devices. This is a pressing matter, as exposure
to bioaerosols can cause serious health problems but
results from measurements can differ up to several
hundred percent (BDB 2007). At the moment there is no
standardized biological calibration for sampling devices.
To provide the means for biological validation the
dynamic bioaerosol chamber CCB 3000 with a laminar
airflow was constructed. Physical validation was
performed with test dust to confirm the even distribution
of aerosols within the chamber (Konlechner et al., 2013).
Four measuring points with low variation in particle
concentration were selected for the biological validation.
To confirm the survival of microorganisms and
their homologous distribution within the chamber, five
control points (CP) were established to follow particles
from the original material (suspension, solid matter) to
the sampling (see table 1). For all tests suspensions of
Trichoderma longibrachiatum were nebulized with a
Liquid Sparkling Aerosolgenerator (CH Technologies).
For CP1 the germination rate was calculated by
the ratio of viable counts (cfu on RCS-T media) to total
counts (Neubauer improved chamber). Medium
germination rates for T. longibrachiatum were 51%. For
CP2 and CP3 the bioaerosol leaving the nebulizer was
trapped in 0.01% Tween 20 and viable and total counts
were determined as for CP1. The efficiency of the
aerosol generation was in the assumed range matching
the tests of Mainelis (2005). The effects of the nebulizer
on the viability of spores were insignificant with a
reduction < 2% of the germination rate.
To verify CP4 and CP5, particles in the chamber
were counted with a ParticleScan CR (INCEN AG) and
collected with the bioaerosol sampling device MAS-100
Table 1. Validation control points (CP)
CP1

Total and viable count of microorganisms in
the original material (= % germination rate)

CP2

Aerosolization efficiency of nebulizer

CP3

Viability loss due to nebulizer

CP4

Efficiency of particle transfer from nebulizer
to bioaerosol chamber

CP5

Collecting efficiency of bioaerosol samplers

NT (Merck Millipore Corp.). Particle concentration in
the chamber was in the expected range indicating
complete particle transfer from the nebulizer to the
chamber. Viable spore counts after bioaerosol sampling
were approximately 50% of the maximum rate. This
reduction is a combined effect of loss of viability after
release from CP3, sampling efficiency of the sampling
device and loss of viability due to sampling.
After ensuring constant bioaerosol production and
even distribution of spores in the bioaerosol chamber,
different bioaerosol measurement devices where compared to each other, following the sampling procedures
of filtration, impaction, impingement and cyclonic separation. Figure 1 shows the results for tests with T. longibrachiatum. Results (CFU) of each bioaerosol sampler
were compared to a reference device, the MAS-100 NT.
Similar experiments were conducted with bioaerosols
made of gram+ or gram– bacteria, yeast and phage λ.

Figure 1. Efficiency of bioaerosol measuring devices to
collect T. longibrachiatum.
Methods: filtration; impaction; impingement; zyclon
This project was supported by the AUVA and DGUV.
Konlechner, A., Goller, S., Gorfer, M., Mölter, L.,
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–
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Mainelis, G., Berry, D., An, H.R., Yao, M., DeVoe, K.,
Fennel, D.E., Jaeger, R., (2005) Design and
performance of a single-pass bubbling bioaerosol
generator, Atmospheric environment 39 (2005)
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Seasonal variation of airborne bacterial and fungal communities in different size
fractions in an urban and a semi-urban residential environment
using molecular techniques
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Seasonal variation of indoor bioaerosols using molecular
biology approaches has been poorly explored, whereas
very few culture-independent studies on enclosed spaces
have monitored the airborne microbial load and diversity
during a long period of time (Gaüzère et al., 2014;
Robertson et al., 2013). Moreover, there is still little
knowledge concerning the distribution of airborne
micro-organisms in different particle size fractions by
applying molecular methods (Quian et al., 2012;
Yamamoto et al., 2012).
The purpose of this project is to examine the
seasonal effect on the size-distributed abundance and
diversity of the airborne bacterial and fungal load in
indoor air, in relation with the indoor and outdoor
sources. Two residential
flats
with similar
characteristics, located in two different types of
environments; urban and semi-urban, were monitored
over different seasons using active and passive collection
methods.
The sampling campaign took place during 2016
in two one-bedroom apartments situated in riverside
residential blocks, in Colchester (Essex, UK) and
Stratford (London, UK). Both residences were occupied
by two people. Sampling was carried out for three days
per each site and season, indoors and outdoors, using
impaction for whole-day (12 h) collection of sizedistributed samples, and filter-based collection (1 h,
three times per day) for diurnal variation monitoring. A
liquid impinger was also utilised for daily sampling (1
h). Besides active samplers, passive collection method
using empty petri dishes suspended from the ceiling
(Adams et al., 2013) was implemented for a whole
month sampling per each season. Swab samples were
also collected from representative house dust reservoirs,
expected to be sources. A detailed list of sampling
methods is shown on Table 1. Size distributed particle
number and mass concentration, as well as temperature,
relative humidity and carbon dioxide were monitored
continuously during sampling.
Samples will be processed for high-throughput
sequencing of 16S rRNA and ITS1 region on Illumina
Miseq platform and results are expected to give a
complete assessment of the air microbial content in the
built environment, based on time-resolved data on both
bacterial and fungal diversity within a 1-year time
period. Moreover, the indoor air quality will be
evaluated not only based on the seasonality, but also
according to the site location, comparing an urban and a
semi-urban environment. Results on longitudinal
variation of bioaerosols’ concentration and composition

could contribute to development of effective methods for
prevention and mitigation of the impacts of bioaerosols
on human exposure.
Table 1. Sampling schedule for each site per season.
Sampling
method
6-stage
modified
Andersen
impactor
7-stage
May
impactor
Filter
holders
Biosampler
impinger

Collection
substrate
85 mm
mixed cellulose
ester filters (0.4
µm pore size)
glass slides
47 mm
mixed cellulose
ester filters (0.4
µm pore size)
Phosphatebuffered saline
solution

Flow Sampling Duration Replication
rate environment
28.3
l/min

whole day
(12 hours)

3 days

indoors
and
outdoors

whole day
(12 hours)

3 days

indoors
and
outdoors

1 hour,
3 times
per day

3 replicates
for 3 days

12.5
l/min

indoors

1 hour

3 days

20
l/min
28.3
l/min

indoors

Suspended
passive
collectors

empty
petri dishes

n/a

indoors

Settled dust
sampling

nylon swabs

n/a

indoors
(six points)

1 month 3 replicates

n/a

3 replicates

This work is supported by the E.U. 7th framework
program HEXACOMM FP7/2007-2013 (Nº 315760).
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(2013). Dispersal in microbes: fungi in indoor air are
dominated by outdoor air and show dispersal
limitation at short distances. The ISME journal, 7(7),
1262-1273
Gaüzère, C., Moletta‐Denat, M., Blanquart, H., Ferreira,
S., Moularat, S., Godon, J.J., Robine, E., (2014).
Stability of airborne microbes in the Louvre Museum
over time. Indoor air, 24(1), 29-40.
Qian, J., Hospodsky, D., Yamamoto, N., Nazaroff,
W.W., Peccia, J., (2012). Size‐resolved emission
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N.R., (2013). Culture-independent analysis of aerosol
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Gradient of bioaerosol impaction/deposition defined by biomimetic passive sensors
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Bioaerosols by their biological nature are potential
vectors of pathogens, toxins and thus have a health
impact on residents and workers. They also have an
ecological and economic impact in the case, for example,
of contamination of farm sites and production of fish,
crustaceans, shellfish and microalgae.
Currently used bioaerosol sensors are volumetric
sensors 'instantaneous' (short periods of time). These
sensors cannot take into account the multiple settings
that change the dispersion and determine the impacted
area. These parameters are variations in the level of
emissions, weather conditions (sunshine, temperature,
humidity, etc.) and the topography of the site. In the
absence of tools, the areas impacted and the level of
impact by bioaerosol emission sources are not currently
mappable and therefore mapped. To overcome these
limitations, we developed the concept of passive sensors
for the environmental monitoring of bioaerosols.
On a first trail, we used pine needles as collection
surface of bioaerosols released by a composting plant
located in the South of France. We quantified the
microbial compost indicator Saccharopolyspora
rectivirgula (LeGoff, 2010). Samples were collected at
distances ranging from 100 m to 4000 m around the
composting plant. 16S rDNA abundance from S.
rectivirgula and the total bacteria were measured by
qPCR to indicate the impact of composting plant
bioaerosol. The abundance of 16S rDNA of S.
rectivirgula varies from 102 to 104 copies by g of P.
halepensis needles (Fig. 1).

background level contour lines, respectively. The cross
corresponds to the location of the composting plant.
The abundance of S. rectivirgula on P. halepensis
needles were negatively correlated with distance to the
point source. Topography and prevalent wind direction
had an influence on the dispersion pattern. The
abundance of indicator organism has reached the
background level at distances ranging from 2 km to more
than 5.4 km from the composting plant (Galès, 2014).
As the pines are not available everywhere, a
second trail was performed using bottlebrushes to mimic
pine needles. Bottlebrushes located close to a bioaerosol
emission source (microalgae pond) collected over time
showed an accumulation of bacteria and microalgae (Fig.
2). Accumulation level was similar between leave
(indeterminate time) and bottlebrush (up to 20 days).

Figure 2: accumulation of bacteria over time on
bottlebrushes and leaves around a microalgae pond.
Thus, nowadays we have the tools necessary to
draw a map of the areas impacted by any source of
bioaerosols. To do that we need (i) the analysis plan
(relevant distance between the source and the sensor),
(ii) a sensor (bottlebrushes), (iii) a specific microbial
indicator (depending of the bioaerosol source), (iv) a
qPCR measuring system (depending of the indicator).

Figure 1: Map corresponding to predicted bioindicator
concentration in 16S rRNA gene copies.g-1 of pine
needles. White spots correspond to sampled trees.
Narrow and thick black lines correspond to altitude and

Le Goff O, Bru-Adan V, Bacheley H, Godon J-J, Wery
N. The microbial signature of aerosols produced
during the thermophilic phase of composting. J
Appl Microbiol. 2010;108: 325–340.
Gales A, Latrille E, Wery N, Steyer J-P, Godon J-J.
Needles of Pinus halepensis as Biomonitors of
Bioaerosol Emissions. PLoS One. 2014; 9:
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Improved endotoxin detection and characterisation from biowaste and intensive agriculture
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The biowaste and intensive agriculture industries emit
bioaerosol of significance to human health. Whilst some
progress has been made in characterising emissions from
these industries relatively little headway has been made
in: understanding exposure of the general public to
bioaerosol from these sources; putting process-based
exposures into the context of background exposure to
natural bioaerosol; or in quantifying health risk and
setting health-based standards. A critical limiting factor
in all of these areas is the lack of advanced
microbiological
methods
(sampling,
analytical,
interpretative) to characterise and quantify bioaerosol
emissions and dispersion. Our current evidence base is
almost entirely reliant on short duration “snapshot”
sampling and culture-dependent microbiology. New fast
and efficient methods are needed to understand the
nature and significance of non-viable bioaerosol
fractions and to develop a new generation of monitoring
approaches to deal with the research questions posed
above.
Aerosolised endotoxin is an attractive research
subject in this context. It is ubiquitous in biowaste and
agricultural emissions.

Figure 1. Endotoxin concentrations around a composting
facility in the United Kingdom.
Previous occupational bioaerosol research has
established an exposure-response relationship. In the
Netherlands, endotoxin is regarded as the prime
candidate for health-based bioaerosol emission limits /
exposure guidelines for workers and the public. Yet,

confidence in the development and implementation of
evidence-based regulation of this bioaerosol molecule
continues to be constrained by gaps in our fundamental
understanding of the nature of endotoxin in ambient air
which in turn stems from limitations in measurement
techniques. In this paper we will describe the latest
development of new methodologies to:
- develop new methods to size fractionate endotoxin
and elucidate structural features;
- develop a novel biosensor for rapid detection of
endotoxin, other inflammatory agents and cells
(live/dead);
- use a fluorescence-based bioaerosol sensor to
understand emission and dispersion of bioaerosol
- characterise industry-specific bioaerosol emissions
at composting and farm sites;
- detect microbial pathogens at biowaste and intensive
agricultural facilities using novel methods;
- generate improved exposure assessments around
biowaste / intensive agricultural facilities using
dispersion modelling and Openair.
The latest results of a large consortium project
funded by the UK Natural Environment Research
Council will be presented within the context of the
regulation of industrial emissions and the protection of
public health.
Uncertainty with respect to health effects from
regulated industrial processes is deleterious to all
stakeholders concerned including the public, regulators,
the Government, industry and investors. The public
remains fearful of the potential health impacts.
Regulators face uncertainty in terms of striking the right
balance between public health protection and
encouraging economic development. Planning and
licensing delays constrain Government waste strategy
and economic development initiatives and create
problems for entrepreneurs trying to deliver Government
targets and establish viable businesses. The potential to
translate new bioaerosol science into an impactful
regulatory science evidence base will be the focus of the
presentation.
This work was supported by the Natural
Environment Research Council (NERC) and Defence
Science and Technology Laboratory (Dstl). This award
is made under the auspices of the Environmental
Microbiology and Human Health programme.
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Microorganisms are microscopic living organisms that
are ubiquitous in the environment. These microbial
entities, their components and metabolites can get
airborne at occupational settings from process they are
involved in or during handling of contaminated matters.
The aim of the conference is to give a summary of the
actual knowledge about occupational bioaerosol
exposure including measurement methods and strategies,
exposures levels and determinants, main health effects,
data interpretation and mitigation.
The presentation quickly browses the technics
and strategies at the moment available for the
characterisation of bioaerosols at the workplace. The
corresponding methods investigate either the biological,
physical and biochemical properties of airborne
microbial particles. The measurable microbial features
include entire cells (isolates and agglomerates) and
compounds such as DNA, ergosterol, endotoxins,
glucans allergens etc. (Figure 1). The enumeration of
cultivable microorganisms is the traditional analytical
technic used in most of the published studies. Chemical
(GC/MS) or biochemical methods (LAL, ELISA) are
used for the measurement of specific microbial
compounds. Bioaerosol science also takes advantage of
progress in molecular biology increasingly revealing the
diversity of airborne microbial agents to which workers
are exposed to.
Sampling of the inhalable fraction of the aerosol
can be achieved with methods and devices usually used
for non-biological aerosols (closed face cassette,
impactor etc.) but specific devices were also developed
(Biosampler, CIP 10-M, dry and wetted wall cyclones
etc.). Both the biological and the physical efficiencies of
samplers are studied in laboratory (aerosol and
bioaerosol chambers) as well as in field conditions. The
use of cascade impactors allowed improving the
knowledge about the size distribution of airborne
microbial entities at occupational settings.
The overall efficiency of the bioaerosol
measurement process is discussed and the presentation
tackles the importance of the measurement strategy for
the assessment of exposure to bioaerosols.
High exposure levels were measured in numerous
occupational situations found in diverse sectors such as
health, agriculture, food industry, waste management etc.
(Oppliger and Duquenne, 2016). Several studies allow
demonstrating that the sector, the contaminated matrix,
the process, the working task, its duration and frequency
were the main determinants of the occupational
exposure. Bioaerosols found at the workplace vary in
nature (cells, debris, compounds metabolites etc.),

concentration, composition (biodiversity) and size with,
sometimes, seasonal fluctuations. These exposures were
associated with inflammatory and immuno-allergic
symptoms observed among workers (Walser et al 2016).
Culture
Microscopy
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- Enzymes
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- Antibiotics
-…

Nucleus (DNA / RNA)

HPLC
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- …
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Figure 1. Parameters target for the measurement of fungi
in bioaerosols and associated analytical methods.
However, there are still no Occupational
Exposure Limit values (OELs) for airborne biological
agents. The main reasons are the complex composition
of bioaerosols, the invalid dose–response available data,
the diversity of measuring strategies used in studies, the
heterogeneity and non-specificity of health effects and
the insufficient exposure assessment. Thus, the
interpretation of bioaerosol exposure in term of
biological risks data is still uncertain. The presentation
gives an overview tentatives for few health-based OELs
and guide values that were proposed. Few examples of
bioaerosol exposure reduction are also given.
The lecture finally addresses the future issues and
research perspectives dealing with the assessment of
occupational exposure to bioaerosols. Further researches
are needed about exposure to microbial debris, allergens,
toxins, and poorly known microorganisms (viruses,
Archae, Actinobacteria etc.). Development of methods
and strategies for the measurement entities are required
as well as dose–response studies. These researches
would improve exposure data for bioaerosol at the
workplace and the management of biological risks.
Oppliger A, Duquenne P. (2016). In Viegas et al (ed.), Environmental
Mycology in Public Health : Fungi and Mycotoxins Risk
Assessment and Management. Elsevier Inc. p. 79-105.
Reponen, T. (2011) In: Nriagu, J.O. (ed.) Encyclopedia of
Environmental Health, Burlington: Elsevier, volume 3, pp. 722–
730.
Walser et al (2015). Inter. J. Hyg. Environ. Health 218: 577-589.
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The goal of this project is to develop a self-contained
battery-operated personal electrostatic bioaerosol
sampler (PEBS) featuring high collection efficiency. In
addition, to be suitable for bioaerosol collection, the
sampler had to produce low ozone concentrations so as
not to affect the properties of collected microorganisms
needed for their identification and quantification. Such a
sampler is easy to wear and can be applied for
occupational and environmental studies and field
deployments.
In this sampler, bioaerosols are drawn into an
open channel collector, electrically charged and
deposited onto a removable metal plate covered with a
superhydrophobic substance. To achieve high collection
efficiency with low ozone production, the sampler
features a novel wire-to-wire charger, where a 1-inch
long tungsten wire (0.003 inches in diameter) is
positioned in the center of the charging chamber (i.e.,
1-inch cylinder) and connected to high voltage; a ring of
stainless steel wire (0.015 inches in diameter) is the
affixed to the cylinder wall perpendicular to the tungsten
wire and grounded. The mixing of incoming particles
and produced ions is enhanced by using a novel static air
blender positioned at its inlet.
The PEBS itself has a shape of a cylinder of 1
inch (2.54 cm) in diameter, is 5 inches (13 cm) long, and
is made of a static dissipative material (Delrin). The air
mover and batteries are incorporated in one sampler
body. At this stage of development, the sampler was
tested in the laboratory at different charging and
sampling voltages when challenged with polystyrene
(PSL) particles ranging from 0.025 nm to 3 µm in
diameter and at flow rates of 10 L/min and 30 L/min.
Investigated sampling times ranged from 10 min to 4
hours. The sampler’s collection efficiency was
determined by measuring the amount of particles
deposited on the collection plate relative to the particle
concentration upstream of the sampler.
Due to the unique charger configuration,
satisfactory sampler performance was achieved at
relative low charging voltages of approximately +5.5
kV, while collection voltage was set to -7 kV. For the
investigated particles, including the nano-sized ones, the
collection efficiency was 70-90%. The observed
collection efficiency did not vary significantly as a
function of sampling time. Even at the longest

investigated sampling time of 4 hours, the collection
efficiency of ~70% was achieved. More importantly, the
unique wire-to-wire charger resulted in ozone production
below 10 ppb. This concentration is much lower than
observed in other electrostatic collectors featuring
ionizers.
Some experiments have also been performed with
airborne biological particles (bacteria) and the sampler
showed collection efficiencies in the 70-80% range.
Overall, the new sampler concept is showing good
potential as a personal bioaerosol sampler. Due to its
high concentration rate, it will allow a more accurate
monitoring of personal exposures to even low
microorganism concentrations and thus improve the
ability to identify the exposure risks and protect affected
populations.
Acknowledgement
This work was supported by the Centers for Disease
Control / National Institute for Occupational Safety and
Health grant R21-10560.
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During cold periods (from November to April) in France,
PM concentrations regularly exceed the standard prescribed 50 µg.m-3 limit, which about 50 % in mass is
composed on ammonium nitrate (NH4NO3) (Rouïl et al.
2015). The continental scale of such events is a threat to
human health and decrease significantly the quality of
our environment. The ammonium (NH4+) is suspected to
come from different sources, especially from the agricultural ammonia (NH3) but there is no direct evidence of it.
The INACS program aims to investigate the sources proportion in the PM using several methods. This work tries
to distinguish and quantify the source apportionment
using nitrogen stable isotopes from ammonium nitrate in
the PM since previous studies (Felix et al. 2014) highlighted the high level of correlation between the NH 4+
concentration and the δ15N of NH4+.
From 2011 to 2013, PM were collected at 7 stations in France at daily sampling rate. δ 15N of NH4+ was
measured at these sites, ranging from ambient rural to
urban background. Besides these isotopic measurements
on ambient aerosol samples, the isotopic characterization
of different emissions sources (traffic, biomass burning,
and agricultural activities) was performed to obtain their
specific source isotopic signatures. To the best of our
knowledge, this database constitutes probably the most
extensive dataset studied so far, with more than 500 δ 15N
of NH4+ aerosols' observations.
In order to take into account the isotopic variability of the sources, a stochastic Monte Carlo's simulation
(MCS) was conducted. This approach has in the past
demonstrated its applicability for source apportionment
method (Sheesley et al. 2011). Applying MCS to our
dataset gives a probability distribution function (PDF)
for each source and observation day as shown in Fig. 1
for the 2nd March 2013 in a French rural background site.

Probability

Fig. 1: PDF of the biomass combustion
(green), agriculANDRA OPE, 2 march 2013
ture (red) and vehicle (blue) contribution in the total
0.03
NH4+ of the
PM. The doted line is the median and the
0.025
black one the mean of the PDF.

The three different sources are well separated for
all observation but the ammonium concentration attributed to the biomass burning (NH4+bio) has an important
uncertainty due to its intermediate isotopic signature.
During presentation this limitation will be discussed in
more details. Nevertheless the contributions of the three
factors are significantly different between the spring
events and the atmospheric background. Long time
series analysis shows that the contribution of the NH3
emission source have an important variability in the total
NH4+ concentration over the year. The vehicular emission (NH4+veh) is the main source emitter during summer
while during the spring pollution events the agricultural
NH4+agr makes up to 65±12 % of the total NH4+ mass
whereas it is around 10 % for the rest of the year. It also
appears that during some high concentration PM events,
vehicle exhaust emissions can be the main source of
ammonium with [NH4+]veh > 5 µg.m-3.
The geographical areas of origins for NH4+ in the
PM are also investigated using the Potential Source Contribution Function (PSCF). It shows that in the north part
of the France during the spring events NH4+agr is mainly
coming from the E-NE whereas NH4+veh is more of local
origin. However in some stations the origins may differ
and highlight local or regional processes for agricultural
or biomass NH4+.
Those results are also coupled with a detailed
PMF approach at the French rural background site in
order to link the isotopic and chemistry tracers. The main
interest is to improve understanding of the dynamics of
the source factors' during spring events according to the
isotopic information in the PMF.

This work was supported by the INACS and
INACS2 programs funded by the ADEME. The authors
wish to thank all of staff from the AASQA and ANDRA
for the samples and CARA's program from the LCSQA.
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Source apportionment of PM2.5 in the Balkan region: Identification of major emission
sources and variability of source chemical profiles
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Cu and Zn, trace elements connected to brake and tire
wear, were also found in traffic and road dust profiles.
The absence of Cu and Zn from the Ca-rich Dust found
in Tirana suggests that this source may be connected to
construction activities and/or a cement industry located
at a distance of around 15 km, rather than road dust.
Heavy oil combustion presented relatively low
contributions (0.8 – 2.2 μg m-3). The main components
in the source chemical profiles were OC, EC/BC, S and
Na (Figure 1). The latter indicates significant
contribution from shipping emissions for all sites.
1.E+00

Athens

Zagreb

Tirana

1.E-01

μg μg-1

Despite the air pollution abatement strategies
implemented during the last decades, particulate matter
(PM) remains a challenging environmental problem for
many European countries. Several cities in the Balkans
are considered among the most polluted in Europe. A
number of factors are contributing to air quality
degradation in the region, such as unregulated
anthropogenic activities, both local and regional, a hot
and dry climate which promotes built-up of pollutants
and a significant impact from natural sources. While new
strategies are called for in order to improve air quality in
the area, there is a lack of quantitave knowledge on
source contributions to PM concentration levels. This
work compares results on PM2.5 source apportionment
by receptor modeling for three large urban centers in the
Balkan area: Zagreb (Croatia), Tirana (Albania) and
Athens (Greece). The comparison of source
contributions and chemical profiles for the three cities
provides significant insight into the local and regional
sources affecting air quality in the Balkan area.
24-hr PM2.5 samples were collected at urban
background sites in Athens, Zagreb and Tirana, during
2014-2015. Samples were analysed by XRF for the
following metals and elements: Na, Mg, Al, Si, S, Cl, K,
Ca, Ti, V, Mn, Fe, Ni, Cu, Zn, Pb. Black carbon (BC)
concentrations were calculated for the Tirana samples
through light attenuation coefficient measured by EEL
reflectometer. Elemental (EC) and organic carbon (OC)
concentrations were recorded in Athens by means of a
Semi-continuous OCEC Field Instrument (Sunset Lab.,
Inc.). The chemical composition datasets obtained were
analysed by Positive Matrix Factorization (PMF EPA5).
In total 7 sources were identified in Athens and
Tirana and 6 sources in Zagreb. Heavy Oil Combustion,
Biomass Burning, Secondary Sulfates, Sea Salt and
Mineral Dust were identified in all three cities. In
Athens, Traffic Exhaust and Non-Exhaust (Road dust)
emissions were found as two separate sources, while in
Zagreb and Tirana only one Traffic source profile was
obtained, including both exhaust and non-exhaust
emissions. In addition, a Ca-rich Dust source was
obtained for Tirana.
Traffic contributed the most to PM2.5
concentrations in Tirana (42%), while lower
contributions were observed for Athens (20%) and
Zagreb (10%). Traffic source profiles were identified by
the high abundance in carbonaceous species, with minor
contributions from other elements, such as Al, Si, Na, K
and Ca (Spencer et al., 2006; Zielinska et al., 2004). Fe,

1.E-02
1.E-03
1.E-04
1.E-05

Figure 1. Comparison of chemical profiles of heavy oil
combustion obtained for the three cities
The main components in the Secondary Sulfates
profiles were S and OC, with smaller contributions from
EC/BC. Secondary Sulfates accounted for a large
fraction of PM2.5 at all three sites, with very similar mass
and relative contributions (3 – 4 μg m-3 and 25 – 29%),
pointing towards a regional source of secondary aerosol
affecting the Balkan region.
Biomass Burning was another important
contributor to PM2.5 (46% in Zagreb, 20% in Athens and
13% in Tirana). The highest concentrations were
calculated for the cold period, reflecting the effect on air
quality of wood burning for residential heating. Biomass
burning profiles were identified by the presence of K and
carbonaceous species, while Na and Cl were also present
in much lower concentrations. Small contributions from
trace metals in the source profiles, such as Zn (at all
sites) and Pb (mainly in Zagreb and Tirana), indicate the
burning of waste and/or treated wood as well.
This work was supported by the IAEA Technical
Cooperation Project RER/1/013.
Spencer, M.T., Shields, L.G., Sodeman, D.A., et al.
(2006) Atmos. Environ. 40, 5224–5235.
Zielinska, B., Sagebiel, J., McDonald, J.D., Whitney, K.,
Lawson, D.R. (2004) J. Air Waste Manage. Assoc.
54, 1138–1150.
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Montale is a small town in Tuscany characterized by
high PM10 levels. There are many concerns in the
population and in the press about the causes of the high
levels of pollution in this area, mainly because there is a
waste incinerator plant close to the town. The Regional
Government promoted an extensive field campaign for
the aerosol characterization in Montale, to give to
policymakers the knowledge and the tools for a
significant reduction of the main anthropogenic
emissions.
Standard (daily) sampling allow the study for a
long period covering all the seasonal changes in aerosol
composition; nevertheless, the composition itself may
also change in a few hours because of the variability of
the different sources and of the weather conditions.
Daily PM10 samples were collected for 1 year by
a FAI Hydra Dual sampler and analysed by different
techniques in order to obtain a complete chemical
speciation (elements by PIXE and ICP-MS, ions by Ion
Chromatography, elemental and organic carbon by a
thermo-optical instrument). Hourly fine (< 2.5 m) and
coarse (2.5-10 m) PM samples were collected for
shorter periods (in winter and in summer) by the
Streaker sampler and hourly elemental concentrations
were obtained by PIXE analysis.
Positive Matrix Factorisation (PMF) was applied
to the data set (daily and hourly samples separately)
aiming at the identification and quantification of the
major aerosol sources, using the EPA PMFv5 software.
The concentrations of PM10 were lower in
spring/summer, with values usually between 10 and 20
g /m3. PM10 levels in winter were far higher with many
concentration peaks around 100 g /m3 (up to 174 g/m3
on December 20th). This is due to the typical local
weather conditions with higher atmospheric stability, a
reduced height of the boundary layer and a poor
dispersion of the pollutants themselves.
PMF identified 10 sources for PM10.
Biomass burning, mainly correlated with OC and
EC and tracers as K, Zn, Br and Pb, was the source that
gave the most important contribution to the PM10 mass
(30% as annual average and more than 40% during the
most polluted days with PM10 > 50 g/m3). The
contribution of the incinerator source, mostly composed
by EC, OC, ammonia and traced by specific elements
(Cl, Pb, Cd, Zn), was present during all the campaign
and it was estimated as only 2% of PM10.
Hourly time resolution and size segregated data
allowed a better identification of the different sources.
For example, K in the fine fraction is characterised by

peaks in the late afternoon due to biomass burning for
domestic heating, while the coarse fraction shows a
completely different trend, correlated with those of the
other crustal elements.
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Figure 1. Percentage contributions of the different
sources of PM10 (average on all the sampling period).
PMF identified 7 sources for fine fraction and 5
for coarse fraction, with similar source profiles as those
obtained for daily data.
Source polar plots, indicating the correlations
between the sources and the main wind directions and
velocities, reinforced the identification of the sources.

Figure 2. Hourly contribution of the biomass burning
source obtained by the streaker data.
This study was supported by the Regional Government
of Tuscany, in the framework of PATOS2.2 project.
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In this study, the Positive Matrix Factorization (PMF)
receptor model (version 5.0) was used to identify and
quantify major sources contributing to particulate matter
(PM) number concentrations, using PM number size
distributions in the range of 13 nm to 10 µm combined
with several auxiliary variables, including black carbon
(BC), elemental and organic carbon (EC/OC), PM mass
concentrations, gaseous pollutants, meteorological, and
traffic counts data, collected for about 9 months between
August 2014 and 2015 in central Los Angeles, CA.
Several parameters, including particle number and
volume size distribution profiles, profiles of auxiliary
variables, contributions of different factors in different
seasons to the total number concentrations, diurnal
variations of each of the resolved factors in the cold and
warm phases, weekday/weekend analysis for each of the
resolved factors, and correlation between auxiliary
variables and the relative contribution of each of the
resolved factors, were used to identify PM sources.
A six-factor solution was identified as the
optimum for the aforementioned input data. The resolved
factors comprised nucleation, traffic 1, traffic 2 (having a
larger mode diameter than traffic 1 factor), urban
background aerosol, secondary aerosol, and soil/road
dust. The contributions of each of the resolved sources in
different phases are illustrated in Figure 1.
As can be seen from the figure, traffic sources (1
and 2) were the major contributor to PM number
concentrations, collectively making up to above 60%
(60.8-68.4%) of the total number concentrations during
the study period. Their contribution was also
significantly higher in the cold phase compared to the
warm phase. Nucleation was another major factor
significantly contributing to the total number
concentrations (an overall contribution of 17%, ranging
from 11.7% to 24%), having a larger contribution during
the warm phase than in the cold phase. The other
identified factors were urban background aerosol,
secondary aerosol, and soil/road dust, with relative
contributions of approximately 12% (7.4-17.1), 2.1%
(1.5-2.5%), and 1.1% (0.2-6.3%), respectively, overall
accounting for about 15% (15.2-19.8%) of PM number
concentrations. Brines et al (2015) reported that traffic
and nucleation were the main sources contributing to PM
number concentrations in five high-insolation cities,
including Los Angeles, using a different method,
namely, the k-means clustering method.
As expected, PM number concentrations were
dominated by factors with smaller mode diameters, such
as traffic and nucleation. On the other hand, PM volume
and mass concentrations in the study area were mostly

affected by sources having larger mode diameters,
including secondary aerosols and soil/road dust (Vu et
al, 2015). Results from the present study can be used as
input parameters in future epidemiological studies to link
PM sources to adverse health effects as well as by policy
makers to set targeted and more protective emission
standards for PM.
Overall
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Figure 1. Relative contribution of each factor to the total
number concentrations: a) overall phases; b) cold phase;
and c) warm phase.
The authors wish to acknowledge the support from the
USC Viterbi School of Engineering's Ph.D. fellowship
award.
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Identification and quantification of the contribution of
emission sources to a given area is a key task for the
design of abatement strategies. Moreover, European
member states are obliged to report this kind of
information for zones where the pollution levels exceed
the limit values.
At present, a variety of methodologies are used
for SA. However, little is known about the performance
and uncertainty of methods and the comparability
between the results of studies using different methods is
not straightforward.
The source apportionment Delta (SA Delta) is a
tool developed by the EC-JRC to support the run of
models for the quantification of source contributions and
to assess the performance and uncertainty of their
methodological setup including the skills of the
practitioner.
The SA Delta is designed to test any kind of SA
model that delivers source contribution estimates (SCE)
as output. It can be used with receptor oriented (receptor
models) or source oriented (chemical transport models)
approaches.
The SA Delta is provided through the website
(http://source-apportionment.jrc.ec.europa.eu/).
It
implements the performance indicators and tests used in
previous European SA intercomparison exercises (Belis
et al., 2015a). The tool can be used in two ways: source
identification or model performance.
The source identification mode makes it possible
to test factor profiles obtained in a SA model run (based
on multivariate factor analysis) using the Pearson and
SID indicators to compare with source profiles from
public repositories (Pernigotti et al., 2016).
In the model performance mode, the user can test
the whole output of a SA model by using a series of
testing datasets available from the tool. For that purpose,
the tool executes preliminary tests, aimed at establishing
the identity of the factors, and performance tests for the
evaluation of the model results by comparison them with
a reference value (for a detailed description see Belis et
al., 2015b).
In a typical model performance session, the user
select and downloads a testing dataset, run his/her own
model, and upload the results in the format required by
the tool.
The tool is designed so support the exploration of
the model output: number of sources, explained mass,
source chemical profiles, trends and uncertainties. After
the evaluation the user receives a report with the results
of the evaluation either as tables or summary graphics. In
this way the user can easily assess the model output by

comparing it not only with the reference but also with
other users.
An example of summary graph is depicted in
figure 1. Scores within the green circle fall in the area of
acceptance. More details on this application of target
plots in Belis et al., 2015b.

Figure 1. Target plot summarizing the performance of a
model output (B) for different factor/sources (subindexes
1-6) and their correspondence with SPECIEUROPE
source categories (color code).
Belis, C.A., Karagulian, F., Amato, F., Almeida, M.,
Artaxo, P., Beddows, D.C.S., Bernardoni, V., Bove,
M.C., Carbone, S., Cesari, D., Contini, D., Cuccia,
E., Diapouli, E., Eleftheriadis, K., Favez, O., El
Haddad, I., Harrison, R.M., Hellebust, S., Hovorka,
J., Jang, E., Jorquera, H., Kammermeier, T., Karl,
M., Lucarelli, F., Mooibroek, D., Nava, S., Nøjgaard,
J.K., Paatero, P., Pandolfi, M., Perrone, M.G., Petit,
J.E., Pietrodangelo, A., Pokorná, P., Prati, P., Prevot,
A.S.H., Quass, U., Querol, X., Saraga, D., Sciare, J.,
Sfetsos, A., Valli, G., Vecchi, R., Vestenius, M.,
Yubero, E., Hopke, P.K. (2015a) Atmospheric
Environment, 123, 240-250.
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The main objectives of the present work
conducted within the framework of the SOURCES
project was to perform a harmonized PM source
apportionment on a large number of sites (up to 18) of
different typologies (urban background, industrial,
traffic, rural and/or Alpine sites) distributed all over
France and previously investigated with annual or
multiannual studies (2012-2015). For that purpose, and
to improve the source apportionment results, a
constrained version of PMF (US-EPA PMF v5.0)
receptor model was applied to the PM chemical datasets
in a harmonized way for all sites. PM samples collected
at these sites were extensively characterized and
generally analyzed for the contents of OC/EC,
anions/cations, major and trace elements (such as Cu, Ni,
Pb, Rb, Sb, V, Zn, Al, Ca, K, Mg, Na, Ti, etc.,), and
several organic molecular markers (including oxalate,
MSA, levoglucosan, polyols, etc.,).
A major outcome of the present study relies in the
comparison of the chemical fingerprints of the factors
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Multivariate receptor models such as Positive
Matrix Factorization (PMF) are very useful and have
long been used worldwide for PM source apportionment
(Viana et al., 2008; Belis et al., 2013). PMF notably uses
a weighted least-squares fit and quantitatively determine
source fingerprints and their contributions to the total
PM mass, providing both factor profiles and the mass
contributed by the factors. However, in many cases, it
happens to be tricky to separate two factors that co-vary
due to similar seasonal variation, obscuring the physical
sense of the extracted factors. To address such issues of
source collinearities, extra specific constraints are
incorporated to the model (i.e., constrained PMF, that
can be performed using for instance the ME-2 software
developed by Paatero (1999)), allowing for a better
source separation and cleaner profiles that are more
consistently interpretable.

identified for the source profiles commonly resolved at
the different sites (Figure 1, as an example), which
allowed to highlight the homogeneities and/or
dissimilarities in the composition of the sources, and
their spatial variabilities over different typologies of
sites. Moreover, at all sites, the contributions of the
different source categories to the ambient PM levels
have been also compared and discussed regarding local
emission sources and long-range transport processes. To
do so, geographical origins of major PM sources
identified through constrained PMF analysis have been
investigated using potential contribution source function
(PSCF), by associating the temporal contributions of the
resolved factors with back trajectories (Waked et al.,
2014).

-1

Particulate matter (PM) is one of the most studied atmospheric pollutants due to their adverse effects on
human health and the increased risk of morbidity and
mortality (Pope et al., 2009). In order to reduce the
health risks and to build effective PM abatement strategies, a detailed knowledge about the predominant
sources of PM and a reliable source identification and
quantification of their contribution to the PM ambient
levels are strongly needed.

µg µg (PM)

1

Figure 1. Example of the source profiles (µg µg-1 of PM)
obtained at “Port de Bouc” and “Lens” for the factor “oil
combustion” using constrained PMF method.
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within the French regional monitoring networks for
collecting the samples.
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industrial sources. The reason for the discrepancies is the
non compatibility of these source profiles that have local
specificities. These site-dependent features were taken
into account, optimizing the input source profiles of
CMB, basically including a mixed source of ammonium
and sodium nitrate in order to account for the interaction
of nitric acid and sea-spray with formation of NaNO3
generally observed in Central and Southern Italy
(Contini et al., 2014). The run with optimised profiles
(CMB_opt) brought a significant improvement in the
comparison of the estimated source contributions with
PMF. The comparison between measured and
reconstructed PM10 concentrations showed a negligible
unexplained mass for PMF and a more relevant
unexplained mass for CMB (16.8% of PM10 as an
average for the three sites). While, using optimized
source profiles in CMB reduced the unexplained mass
from 16.8% of PM10 to 7.6%.
PMF5 was applied with some constraints on
factor profiles: for NO3- (pull up maximally in the nitrate
factor and pull down maximally in the marine factor)
and for K+ (pull up maximally in the biomass burning
factor). The comparison with PMF3 results showed that
the applications of constraints improved the
interpretability of factors profiles and the comparability
of estimated source contributions with stoichiometric
calculations (based on measured concentrations of
chemical species) marine and sulphate sources.
6.0
5.0
Concentration (µg/m3)

Receptor models (RMs), based on chemical composition
of particulate matter (PM) at specific sites, such as
Chemical Mass Balance (CMB) and Positive Matrix
Factorization (PMF), represent useful tools for assessing
the impact of PM sources to air quality. This is a
fundamental information, especially in areas influenced
by anthropogenic activities, for planning mitigation
strategies for environmental management. Some recent
inter-comparison of source apportionment (SA) results
showed that one of the drawback in the comparison of
estimated source contributions is the compatibility of the
sources, i.e. the chemical profiles of the factor/sources
used in the different receptor models. This suggests that
source apportionment analyses based on an integrated
approach between several receptor models, could give
more stable and reliable solutions with respect to the
application of a single model. In this framework, it is
clear the need of further research for evaluating receptor
models performances and for standardisation of RMs
applications to source apportionment (Belis et al., 2015).
The aim of this work was to perform an intercomparison of PMF (using two EPA codes: PMF3 and
PMF5) and CMB (CMB8.2 code) outputs, focusing on
the discrepancies on both source chemical profiles and
estimates of source contributions. The dataset used
included 347 daily PM10 samples collected in three
different sites, (a rural site, an urban background site,
and an urban site) in central Italy, located near industrial
emissions. The PM10 samples were chemically analysed
to determine the concentrations of 21 chemical species
(NH4+, Ca2+, Mg2+, Na+, K+, Mg2+, SO42-, NO3-, Cl-, Si,
Al, Ti, V, Mn, Fe, Ni, Cu, Zn, Br, EC, and OC). The
chemical composition was used as input for the PMF3.0,
PMF5.0, and CMB8.2 receptor models.
Receptor models outputs were compared in terms
of chemical profiles and of estimated contributions for
seven out of the nine identified sources (crustal, marine,
nitrate, sulphate, traffic, resuspended dust, biomass
burning, harbour-industrial, and coal-fired power plant).
This because PMF3 and PMF5 were not able to directly
separate crustal and coal-fired power plant contributions
because of the collinearity of profiles (both loaded with
Si and Al). For CMB a single profile of trafficresuspended dust, experimentally determined, was
available instead. In Figure 1 the inter-comparison of the
contributions of the seven factors/sources is shown. The
main differences between PMF and CMB were observed
for secondary nitrate, biomass burning and harbour-
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Figure 1. Inter-comparison of source contributions
estimated by receptor models (average of the sites).
Belis, C., et al., (2015). Atmos. Environ. 123, 240-250.
Contini, D., et al. (2014). Sci. Total Environ. 472, 248–
261.
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On the (trans)formation of secondary biomass burning aromatic pollutants in the
atmosphere
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Being estimated as the largest anthropogenic contributor
to global organic carbon (Bond et al, 2004), residential
wood combustion influences the local and global
environment, the climate, and also poses a considerable
hazard to human health. In the last couple of years,
biomass burning (BB) emissions have increased in
Europe due to the utilization of wood as a heating fuel in
domestic stoves and fire places. BB especially
contributes to the wintertime levels of ambient
particulate matter (PM), which are regularly exceeding
the WHO air quality guideline values in many European
cities.
BB plumes contain high portions of fine organic
aerosol (OA) and volatile organic compounds (VOCs);
the latter bear a potential to form secondary organic
aerosols (SOA), which often travel long distances and
reach remote regions. Wood combustion is also an
important source of atmospheric aromatic pollutants, but
their fraction remains poorly investigated (Stockwell et
al, 2015). Due to the increasing hazardous potential with
aging (Kroflič et al, 2015a), multigeneration products of
BB aromatic pollutants and their (trans)formation
pathways in the atmosphere are of our special interest.
Aqueous-phase nitration of guaiacol, an analogue of the
most common aromatic unit in lignin, has already been
inspected in detail (Kroflič et al, 2015b), whereas we
will now focus on its multiphase chemistry, which will
be investigated in a LEAK chamber. In the last years,
only few laboratory studies have been performed on
SOA formation from guaiacol under dry conditions
(Chhabra et al and Ofner et al, 2011; Lauraguais et al,
2014).
Our study aims in the assessment of the role of
the previously investigated bulk aqueous chemistry of
guaiacol, involving nitrous acid/nitrite and sulphuric
acid/sulfate, in the real atmosphere. Experiments will be
performed at low (<5%) and high (>75%) relative
humidity for comparison. The influence of illumination
will be closely inspected. Gaseous product formation as
well as organic and inorganic composition of seed
particles will be followed during the experiments.
Preliminary results indicate new aspects of guaiacol
aging in the atmosphere, which will be further
systematically investigated.
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Figure 1. Despite OH radical formation under solar
irradiation, guaiacol nitration is selective in
nitrite/sulphuric acid aqueous solution (Kroflič et al,
2015). Guaiacol (GUA), 4- and 6-nitroguaiacol (4NG
and 6NG), and dinitroguaiacol (DNG).
This work was supported by the Slovenian Research
Agency (Contract No. P1-0034).
Bond, T. C., Streets, D. G., Yarber, K. F., Nelson, S. M.,
Woo, J-H. and Klimont Z. (2004) J. Geophys. Res.
109, D14203, 1–43.
Stockwell, C. E., Veres, P. R., Williams, J. and Yokelson
R. J. (2015) Atmos. Chem. Phys. 15, 845–865.
Kroflič, A., Grilc, M. and Grgić, I. (2015) Sci. Rep. 5,
8859.
Kroflič, A., Grilc, M. and Grgić, I. (2015) Environ. Sci.
Technol. 49, 9150−9158.
Chhabra, P. S., Ng, N. L., Canagaratna, M. R., Corrigan,
A. L., Russell, L. M., Worsnop, D. R., Flagan, R. C.
and Seinfeld, J. H. (2011) Atmos. Chem. Phys. 11,
8827–8845.
Ofner, J., Kruger, H. U., Grothe, H., Schmitt-Kopplin,
P., Whitmore, K. and Zetzsch, C. (2011) Atmos.
Chem. Phys. 11, 1−15.
Lauraguais, A., Coeur-Tourneur, C., Cassez, A.,
Deboudt, K., Fourmentin, M. and Choel, M. (2014)
Atmos. Environ. 86, 155−163.
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Brown carbon (BrC), as highly variable fraction
of organic aerosols, represents an important atmospheric
light absorbing particulate matter (PM), which has
recently attracted much interest because of its potentially
large effect on the Earth's climate. It has been suggested
that nitroaromatic compounds (NACs) and, in particular,
abundant methylnitrocatechols (MNCs), are the major
contributors to atmospheric BrC (Claeys et al 2012).
Moreover, semi-volatile MNCs are regarded as tracers of
processed biomass-burning emissions as well as aged
anthropogenic aerosols, whose (trans)formations in the
atmospheric waters are completely unknown. Aqueousphase (non)radical reactions have been the subject of
significant interest in the scientific community as they
represent potential pathways contributing to the
formation and processing of SOA, yet their magnitude in
current
tropospheric
models
often
remains
underestimated. Recent experimental-modeling kinetic
study of wood burning pollutant guaiacol nitration under
atmospherically
relevant
conditions
highlighted
electrophiles as important reactive species in the
atmospheric waters, contributing substantially to the
transformation of aromatic compounds especially during
the night time (Kroflič et al 2015).
Assuming that electrophilic nitration is also
relevant for atmospheric methylcatechols, structural
isomers of guaiacols, we performed quantum chemical
calculations of favourable pathways of aqueous-phase
electrophilic substitution of 3-methylcatechol with
nitronium ion (NO2+). The theory predicted the
formation of 3-methyl-5-nitrocatechol (3M5NC) and 3methyl-4-nitrocatechol (3M4NC), while only negligible
amounts of 3-methyl-6-nitrocatechol (3M6NC) were
expected to form as it is graphically presented in Figure
1. Previous studies report on the overall domination of 4methyl-5-nitrocatechols (4M5NC), 3M5NC, as well as
3M6NC in nitroaromatic fraction of atmospheric
aerosols, together with 4-nitrocatechol (4NC). However,
there has been no evidence of the presence of 3M4NC in
field aerosols. These facts motivated our evaluation of
theoretical predictions through a detailed LC/(-)ESIMS/MS chemical analysis of MNCs in ambient PM2
samples by using commercial as well as de novo
synthesized authentic standards. For the first time we
report on the presence of 3M4NC besides 3M5NC in
ambient aerosols, while contrary to previous reports no

3M6NC was detected. Although an agreement between
calculated and observed 3M5NC/3M4NC ratios cannot
unambiguously confirm that the aqueous-phase
electrophilic reaction is the exclusive formation pathway
of MNCs in the atmosphere, the examined mechanism is
supported because (1) no 3M6NC was detected in
ambient aerosols and (2) fixed 3M5NC/3M4NC ratio in
aerosols indicates their common formation pathways.
We will highlight the importance of maximum molecular
level identification of atmospheric organics to
understand their sources and properties as well as to
properly represent formation pathways of specific SOA
tracers in atmospheric models. Thus, the magnitude of
error one could make by incorrect identification of
3M4NC as 3M6NC in ambient aerosols will be
presented.

Figure 1. Graphical representation of potential energy
surface for nitration of 3-methylcatechol (3MC) with
NO2+. Three different pathways corresponding to the
formation of 3-methyl-4-nitrocatechol (3M4NC, 9), 3methyl-5-nitrocatechol (3M5NC, 10), and 3-methyl-6nitrocatechol (3M6NC, 11) are shown.
This work was supported by European Commission and
the Croatian Ministry of Science, Education and Sports
through Marie Curie FP7-PEOPLE-2011-COFUND
project NEWFELPRO, and by the Slovenian Research
Agency (Contract Nos. P1-0034 and P2-0152).
Claeys, M., Vermeylen, R., Yasmeen, F., GomezGónzález, Y., Chi, X., Maenhaut, W., Mészáros, T.,
Salma, I. (2012) Environ. Chem., 9, 273–284.
Kroflič, A., Grilc, M., Grgić, I. (2015) Sci. Rep. 5.
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Biomass burning is a predominant source of primary
organic aerosol (POA), which during the strong pollution
events of winter contributes the highest to the total organic
aerosol mass (Lanz et al. 2010). However, the
contributions estimated to this day by source
apportionment models fail to take into account the large
secondary fraction potentially formed via the ageing of
primary biomass burning emissions.
A large gap still exists in our comprehension of the
complex chemical transformations of biomass burning
aerosol in the atmosphere. This fact is partly due to the
lack of appropriate technology able to provide
information at the molecular level with a sufficient time
resolution. While online instruments like the HR - ToF AMS (High Resolution – Time of Flight – Aerosol Mass
Spectrometer) or the Aethalometer provide access to the
bulk chemical composition of the particulate phase, their
chemical resolution do not permit the identification of the
actual molecules that compose the organic fraction of the
aerosol. The composition of the organic fraction at the
molecular level was for a long time only provided by
offline measurements with time resolutions incompatible
with other methods designed to study emission ageing.
Such technology is now available. The TAG
(Thermal Desorption Aerosol Gas Chromatograph)
coupled with an HR-ToF-AMS offers detection limits
compatible with smog chamber studies. The TAG-AMS
(Williams et al. 2014) permits the on-line collection and
analysis of the aerosol at the molecular level, with a time
resolution of less than an hour. The TAG-AMS used here
allows the quantification of the most polar compounds
with the implementation of an online derivatization step.
For the first time we deployed the TAG-AMS to
investigate the ageing of biomass burning emissions
within the context of smog chamber experiments.
The experiments took place at the PSI (Paul
Scherrer Institute, Switzerland) cool chamber. In order to
simulate wintertime conditions, the temperature within
the chamber was set at 2 °C and relative humidity was
kept at 50 %. After injection, the emissions were
characterized for 30 minutes. Photo-oxidation was then
initiated and lasted for 4 to 5 hours. The concentration of
the OH radical formed by the photochemical
decomposition of HONO was inferred from the
monitoring of nine-time deuterated butanol (d9-butanol)
with a PTR-ToF-MS (Proton Transfer Reaction – Time of
Flight – Mass Spectrometer).
Three different types of stoves were tested:
- Stove A: logwood stove, fabricated before 2002.

-

Stove B: logwood stove, fabricated after 2010.
Stove C: pellet stove, fabricated after 2010.
Five to seven samples were collected and analyzed
by the TAG-AMS during each experiment. Along with
the PTR-ToF-MS and TAG-AMS, a second HR-ToFAMS and an Aethalometer AE33 were used for real time
analysis of the bulk chemical composition of the
particulate phase, including the non-refractory material
and the black carbon.
A hundred of fine particulate organic compounds
were identified and quantified. Here we compare the
molecular level data measured by the TAG to the total
organic aerosol as obtained by the AMS. We also present
the evolution of specific markers of biomass burning
during ageing, including but not limited to, levoglucosan
and its isomers mannosan and galactosan, substituted
guaiacol compounds (vanillin, acetovanillone, connyferyl
aldehyde), and substituted syringol compounds
(syringaldehyde, syringyl acetone, acetosyringone). We
evaluate the potential degradation of certain of these
compounds and the implications of such results for
marker based source apportionment studies.
Lanz et al., Characterization of aerosol chemical
composition with aerosol mass spectrometry in Central
Europe: an overview, Atmos. Chem. Phys., 10, 10455310471, 2010.
Williams et al., The first combined Thermal Desorption
Aerosol Gas Chromatograph- Aerosol Mass Spectrometer
(TAG-AMS), Aerosol Sci. Technol. 48, 358-370, 2014.
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Secondary organic aerosol (SOA) is formed by the
oxidation of gaseous precursors and constitutes a
large fraction of the global submicron aerosol.
Quantifying the contribution of individual sources
to the total SOA requires the determination of SOA
yields from individual precursors and/or
identification of source-related signatures in the
generated SOA. SOA formation has traditionally
been investigated by the oxidation of
atmospherically-relevant
precursors
under
controlled conditions in smog chambers. However,
these experiments must typically be operated in
batch mode, making the exploration of a complex
reaction space extremely time-consuming. Further,
existing online instrumentation relies on thermal
desorption and/or hard ionization techniques,
resulting in extensive decomposition and/or
fragmentation, thus destroying the detailed
chemical signatures needed to link SOA to its
source.
Here we investigate SOA formation from a
set of nine compounds related to major
anthropogenic emissions sources, including wood
burning (phenol, naphthalene, syringol, guiacol),
vehicle emissions (benzene, toluene), and cooking
(decadienal, nonanal, sesquiterpenes), as well as the
biogenic molecule alpha-pinene. These molecules
have been identified as likely SOA precursors in
recent emissions studies (e.g. Bruns et al.,
submitted). SOA is generated using a potential
aerosol mass (PAM) flow reactor, which uses
higher-than-ambient concentrations of OH radicals
to simulate several days of atmospheric aging on an
experimental timescale of approximately 90 s. The
rapid response of the PAM enables exploration of a
complex reaction space, including the effects of
precursor concentration, VOC/NOx ratios, and
relative humidity on SOA formation.
Gas and particle composition was monitored
using a proton transfer reaction time-of-flight mass
spectrometer (PTR-TOF-MS), a high resolution
time-of-flight aerosol mass spectrometer (HR-TOFAMS), and an extractive electrospray ionization
time-of-flight mass spectrometer (EESI-TOF) that
was recently developed at PSI. The EESI-TOF
provides highly time-resolved mass spectra of the
particle phase using a soft ionization source with no
thermal desorption step. This allows online
measurement of the chemical composition without
thermal decomposition or fragmentation.

Figure 1 shows a sample time series of
EESI-TOF measurements of 8 selected ions
measured during the photooxidation of toluene in
the presence of increasing amounts of NOx. The top
panel shows four C7 organonitrates (C7H9NOx),
while the bottom panel shows four C7 oxygenates
(C7H10Ox), all measured as sodium adducts. Time
periods where the concentration drops to near-zero
correspond to instrument blanks. As expected, the
concentration of organonitrates increases with
increasing NOx, while a slight decrease of the
oxygenates is observed.
We will present concentration-dependent
SOA yield curves determined as a function of
VOC/NOx ratio, relative humidity, and OH
exposure. EESI-TOF spectra will be used to assess
proposed reaction mechanisms and identify
potential tracers for source apportionment. The
PAM oxidation results will be compared to selected
smog chamber experiments to assess the similarity
of PAM and chamber oxidation mechanisms.
NO

Figure 1. EESI-TOF time series of selected
organonitrate (top) and oxygenate (bottom) ions
generated by PAM oxidation of toluene in the
presence of increasing NOx.
Bruns, E. A., et al (submitted), Nature Sci. Rep.
This work was supported by the Swiss National
Science
Foundation
(starting
grant
BSSGI0_155846).
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The development of CO2 capture technology is an
essential part of the global efforts to reduce the
concentration of atmospheric CO2. However, amine
emissions to the atmosphere from CO2 capture plants
employing amine-based technology may have a major
impact on the environment and human health. Photooxidation of amines can lead to the formation of
potentially carcinogenic nitrosamines and nitramines in
both the gas phase and the particle phase. The
Atmospheric Chemistry of Amines (ACA) project was
set up to investigate the gas phase photochemical
degradation of amines under ambient conditions, and to
characterize and quantify the resultant aerosol formation
(Nielsen, 2011).
A series of photo-oxidation experiments were
carried out under different atmospherically relevant
conditions at the European Photoreactor (EUPHORE) in
Valencia, Spain. During the measurement campaign we
investigated the atmospheric photo-oxidation of two
amines relevant to CO2 capture, tert-butylamine and
aminomethyl propanol (AMP).
We studied the composition of the aerosol formed
using a range of analytical techniques. Firstly, we used a
highly sensitive analytical method capable of separating
several hundred trace level organic nitrogen (ON)
compounds in ambient air (Farren, 2015), based on
comprehensive two-dimensional gas chromatography
(GC×GC) coupled to nitrogen chemiluminescence
detection (NCD). GC×GC provides increased separation
power, and offers better peak resolution and sensitivity
compared to one dimensional GC. The nitrogen-specific
detector offers high sensitivity and selectivity toward
ON and ease of calibration due to the equimolar
response of nitrogen-containing compounds. Our
measurements allowed us to determine the amount of
nitramine formed from amine degradation in the gas
phase and partitioning to the particle phase. As shown in
Figure 1, the AMP nitramine (C4H10N2O3) and the tertbutyl nitramine (C4H10N2O2) were the most abundant
ON compounds found in the secondary organic aerosol
(Fig. 1).
Secondly, we used two-dimensional gas
chromatography time-of-flight mass spectrometry
(GC×GC-TOF-MS) in combination with GC×GC-NCD
to characterise the aerosol composition in more detail.
Several oxidised compounds were found to be present in
the aerosol, including oxazolidones formed from
condensation reactions between AMP and various small

molecules such as aldehydes and ketones. Thirdly,
nitrate salts of both tert-butylamine and AMP were
identified using ion chromatography.
We also intend to discuss potential nitramine and
nitrosamine formation as a result of the photo-oxidation
of a series of amines to be studied at the European
Photoreactor in the upcoming months.
Tert-butyl
nitramine

AMP
nitramine

Figure 1. GC×GC-NCD chromatograms of aerosol
samples from the photo-oxidation of tert-butylamine and
aminomethyl propanol.

This work was supported by the Natural Environment
Research Council (NE/L501751/1) and the Norwegian
Research Council CLIMIT program under contract
244055.

Nielsen, C. et al. (2011) Atmospheric Degradation of
Amines, Norwegian Institute for Air Research.
Farren, N. et al. (2015) Env. Sci. Technol. 49,
9648-9656.

European Aerosol Conference 2016

Tours, France

Page 1176 of 1211

Photochemical reaction at the air-water interface and effect on atmospheric nitric oxide
N. Hayeck1, S. Rossignol1, P. A. Alpert1, S. Perrier1, M. Brüggemann1, L. Tinel1, M. Passananti1, and C. George1
1

Université Lyon 1, CNRS, UMR 5256, IRCELYON, Institut de recherches sur la catalyse et l’environnement
de Lyon, 2 avenue Albert Einstein, F-69626, Villeurbanne, France
Keywords: Air-water interface, photochemical reaction, nitric oxide, biofilm.
Presenting author email: nathalie.hayeck@ircelyon.univ-lyon1.fr

Interfaces coated by organic material exposed to the
atmosphere are ubiquitous and can include aerosol
particles, cloud droplets, built surfaces and oceans. We
hypothesize that photochemical interactions occur at
these interfaces impacting sources and sinks of various
compounds, and thus atmospheric composition.
The oceans cover the majority of the Earth, and
the interactions potentially taking place at their surface
may play an important role on the air-water exchange of
trace gasses. The sea surface microlayer (SML) is
concentrated in reactive light absorbing organic material,
such as dissolved organic matter (DOM) with a high
proportion of functional groups such as carbonyls and
carboxylic acids. Photochemical reactions taking place
there may lead to unique chemical pathways and
products not previously considered or observed in the
overlying gas phase or underlying bulk.
Here, we present an investigation of
photochemistry at the air-water interface using nonanoic
acid as a model carboxylic acid surfactant. Irradiation
by UV light results in products released both to the gas
and aqueous phases, with and without a photosensitizer
in solution. This photochemistry also leads to the
formation of saturated and unsaturated aldehydes along
with other oxygenated photo-induced products
(Rossignol et al., 2016; Tinel et al., 2016). Two different
aspects of that chemistry will be discussed i.e., peroxy
radicals production at the air-water interface and their
impact on NO deposition, and VOC production from
natural biofilms.
In fact, the reaction mechanism producing
aldehydes and oxygenated products passes through the
formation of peroxy radicals (Rossignol et al., 2016). In
turn, peroxy radicals may react with nitric oxide (NO) to
form nitrogen dioxide (NO2) and organonitrate
compounds (Finlayson-Pitts and Pitts, 1999). Thus, we
pose the question: could the photochemistry at the ocean
surface, or at any other air-water interfaces, be a new
path of NO loss in the atmosphere? Here we show that
NO loss is induced when an air-water interface coated
with nonanoic acid is irradiated. Experimental data will
be presented concerning the impact of environmental
conditions on this loss and the products formed by this
chemistry as a function of temperature, pH, salt solution
concentration, and the nature of surfactant. Formation of
organonitrates is specifically investigated by off-line
UPLC-HESI-HRMS
(Ultra-performance
liquid
chromatography – Heated Electrospray – High

Resolution Mass Spectrometer) analysis of the aqueous
phase.
Marine biological processes are known to be
important contributors to water and SML composition.
Thus, we use a suspension of biofilm material as a
natural surrogate in some experiments. Irradiation of
biofilms with a Xenon lamp results in volatile gas phase
compounds. The organic compounds formed were
monitored using a PTR-ToF-MS (Proton Transfer
Reaction-Time of Flight-Mass Spectrometer). Those
compounds in water were analysed by UPLC-HESIHRMS. The nature of the photochemical reactions
occurring and their impacts will be discussed. In
addition, the formation of secondary organic aerosol
(SOA) precursors is investigated by means of an aerosol
flow tube which allows the reaction of released volatile
organic compounds (VOCs) with ozone or hydroxyl
radical. Particle concentrations were monitored using a
fine-mode condensation particle counter (CPC). These
data will aide in our understanding of trace gas and
aerosol particle budgets in the marine boundary layer.
Overall, we highlight some specificities of the
chemistry taking place at the air-water interface.

This work was supported by the European Research
Council under the European Union's Seventh Framework
Program (FP/2007-2013) / ERC Grant Agreement
290852 – AIRSEA.
Finlayson-Pitts, B. J., and Pitts Jr, J. N. (1999) Chemistry
of the upper and lower atmosphere, Academic Press.
Rossignol, S., Tinel, L., Bianco, A., Passananti, M.,
Donaldson, J. D., Brigante, M., and George, C.
(2016) Science, under review.
Tinel, L., Rossignol, S., Bianco, A., Passananti, M.,
Perrier, S., Wang, X., Brigante, M., Donaldson, J. D.,
and George, C. (2016) unpublished work.
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The interactions of reactive trace gases with atmospheric
particles (i.e. multiphase reactions) play important roles
in many aspects of atmospheric chemistry (Kolb et al.,
2010). Diffusion of gas molecules to the surface is the first
step for all gas-surface reactions, and it can influence and
sometimes even limit the overall rates of these reactions
(Pöschl et al., 2007). So far, however, a database of gas
phase diffusion coefficients for reactive trace gases of
atmospheric interest is not available.
We (Tang et al., 2014; Tang et al., 2015) have
compiled and evaluated, for the first time, the diffusivities
(pressure-independent
diffusion
coefficients)
of
atmospheric reactive trace gases reported in the literature.
The measured diffusivities are also compared with
estimated values using Fuller‘s semi empirical method. It
is found that the differences between the measured and
estimated diffusivities is typically <30% for inorganic
compounds and <10% for organic compounds, and
therefore Fuller’s method can be used to estimate the
diffusivities of trace gases if experimental data are not
available.

Knudsen numbers, only as a function of particle diameter
and pressure:
𝐾𝑛 =

2
𝑑𝑝

∙

𝜆𝑃
𝑃

(E1)

where dP is the diameter of the spherical particle (cm) and
P is pressure of air in atm. The pressure-normalised mean
free path, λP, which is equal to 100 nm atm, is a near
constant generic parameter we introduce. This
simplification has the potential to reduce the
computational expense, especially for regional and global
models with process based gas particle interactions.
A kinetic multi-layer model of gas-particle
interaction (Shiraiwa et al., 2012) was used to illustrate
the effects of gas phase diffusion on the condensation of
organic compounds with different volatilities. The results
show that gas-phase diffusion can play a major role in
determining the growth of secondary organic aerosol
particles by condensation of low-volatility organic
vapours.

M. J. Tang and M. Kalberer would like to thank the Isaac
Newton Trust (Trinity College, University of Cambridge,
UK) for financial support.

Figure 1. Knudsen numbers (Kn) for the uptake of four
organic compounds (glyoxal, MVK, C10H16O5, C20H32O12
and four inorganic compounds (OH, NO2, NO3, and N2O5
onto aerosol particles as a function of particle diameter in
760 Torr air. Knudsen numbers calculated using the
empirical equation (Eq. 11) we propose in this work are
also plotted.
We further found that as shown in Figure 1,
different gas molecules, including both organic and
inorganic compounds, exhibit similar Knudsen numbers,
although their gas phase diffusivities may vary over a
wide range. We proposed a simple equation to calculate

Kolb, C. E., Cox, R. A., Abbatt, J. P. D., Ammann, M.,
Davis, E. J., Donaldson, D. J., Garrett, B. C., George,
C., Griffiths, P. T., Hanson, D. R., Kulmala, M.,
McFiggans, G., Pöschl, U., Riipinen, I., Rossi, M. J.,
Rudich, Y., Wagner, P. E., Winkler, P. M., Worsnop,
D. R., and O' Dowd, C. D. (2010) Atmos. Chem. Phys.,
10, 10561-10605.
Pöschl, U., Rudich, Y., and Ammann, M. (2007) Atmos.
Chem. Phys., 7, 5989-6023.
Shiraiwa, M., Pfrang, C., Koop, T., and Poschl, U. (2012)
Atmos. Chem. Phys., 12, 2777-2794.
Tang, M. J., Cox, R. A., and Kalberer, M. (2014) Atmos.
Chem. Phys., 14, 9233-9247.
Tang, M. J., Shiraiwa, M., Pöschl, U., Cox, R. A., and
Kalberer, M. (2015) Atmos. Chem. Phys., 15, 55855598.
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For treating flue gases from waste incineration
containing acid-forming substances like HCl or HBr,
absorption columns are often used for gas cleaning
purposes. Depending on the process conditions,
supersaturation can occur inside these columns, with
consequent aerosol formation due to heterogeneous
nucleation (Schaber, 1995). Acidic aerosol droplets,
which are carried out of the device along the gas stream,
cause high pollution and therefore require additional
effort for droplet separation.
In order to separate the acid from the flue gas and
recover it for subsequent applications double-stage
scrubbing processes as shown in Figure 1 are often used.
In the first stage the main part of the acid forming
substance is absorbed in a highly concentrated
circulating acid. At high acid concentrations the vapor
pressure of the acidic component cannot be neglected, so
that the gas is leaving the first stage still loaded with the
pollutant. Depending on the liquid composition in the
second stage, simultaneous heat and mass transfer can
cause supersaturation and aerosol formation. To avoid
this effect, caustic or salt solutions, effecting water vapor
pressure depression, are used for the second scrubber.

saturation / -

clean gas

To model the simultaneous heat and mass transfer
between gas and liquid phase, and between gas phase
and aerosol droplets, the simulation tool AerCoDe (Ehrig
et. al., 2002) is used. It can predict the saturation along
the phase interface and give information on the aerosols
formed inside the contact device. In addition, recent code
upgrades allow to simulate vapor pressure reduction and
evaporation of droplets. With the new AerCoDe version
so obtained, it is now possible to support the design of
optimal scrubbing processes with respect to acid
recovery and operation costs.
In the example given below, waste gas is assumed
to be moist air loaded with hydrogen chloride and 106
heterogeneous nuclei per cm3, which is a typical number
concentration for flue gas. The second scrubber is
operated with a sodium hydroxide solution, so that
newly formed acid is neutralized immediately. Figure 2
shows the theoretical saturation without droplet
activation (dashed line) and the actual saturation
considering aerosol formation (solid line) for different
mass concentrations of sodium hydroxide. The droplet
diameters of the resulting aerosol droplets are displayed
in Figure 3. Due to the reduced activity of water with
increasing electrolyte concentration, the maximum
saturation is reduced and the gas is undersaturated in the
equilibrium state. In an undersaturated atmosphere, the
droplets evaporate and clean gas will leave the device.
1,2

wNaOH = 0%

1,1

wNaOH = 10%
wNaOH = 15%

1,0
0,9
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waste gas
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concentrated
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fresh water
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Figure 1. Scheme for a gas cleaning process with acid
recovery using two serial wet scrubbers.
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Figure 2. Saturation in the second stage
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Figure 3. Droplet diameters in the second stage
Schaber, K. (1995) Chem. Eng. Sci. 50, 1347-1360.
Ehrig, R., Ofenloch, O., Schaber, K., Deuflhard, P.
(2002) Chem. Eng. Sci. 57, 1151-1163.
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Aerosol dynamics model for the hygroscopic growth of NaCl particles and resulting
deposition in the human lung
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a flow rate Q = 250 cm3 s-1 and a tidal volume VT = 1000
cm3, assuming symmetric breathing with no breath-hold
period (Anselm et al, 1990). The plotted curve represents
an average growth curve based on a few thousand
individual growth curves. Diameters increase sharply in
the first bronchial airways and continue to grow even
during exhalation.
1.0

0.8

Deposition fraction

Upon inhalation, hygroscopic particles will absorb water
vapor from the warm and humid air in the human
respiratory tract. Due the resulting increase in diameter,
accompanied by a change of the density, particle
deposition patterns in the human lung differ from those
of non-hygroscopic particles of the same initial size.
Since most inhalation experiments with hygroscopic
particles in human volunteers were conducted with NaCl
aerosols, the growth of these aerosols are simulated in
the present study.
In a previous modeling effort, the hygroscopic
growth model of Ferron et al (1988) was implemented
into the stochastic asymmetric lung deposition model
IDEAL (Winkler-Heil et al, 2014). In the present study,
hygroscopic growth in the IDEAL lung model is
described by the recently developed aerosol dynamics
model ADiC (Pichelstorfer and Hofmann, 2015). The
ADiC (Aerosol Dynamics in Containment) model
simulates coagulation, phase transition, and heat/vapor
transport. Deposition of inhaled particles in human lung
airways is simulated for Brownian motion, inertial
impaction and gravitational settling. Because of the
stochastic nature of the deposition model, each inhaled
particle follows a different path during inhalation and
hence experiences a different growth.

0.6

Experimental data
Model predictions

0.4

0.2

0.0
1.0

1.5

2.0

Initial aerodynamic diameter [µm]

Figure 2. Comparison of predicted total deposition
fractions for orally inhaled NaCl aerosols with the
experimental data of Anselm et al (1990) and Gebhart et
al (1990) as a function of initial aerodynamic diameter.

7

Diameter [µm]

6

For model validation, simulation results are
compared in Figure 2 with the experimental total
deposition data of Anselm et al (1990) and Gebhart et al
(1990) for three subjects inhaling dry monodisperse
NaCl aerosols through a mouthpiece for Q = 500 cm3 s-1
and VT = 1000 cm3. The comparison between predicted
and measured total deposition fractions for initial
aerodynamic diameters, ranging from 0.3 to 2.0 µm,
indicates good agreement.

5
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Figure 1. Hygroscopic growth of 1.4 µm geometric
diameter NaCl particles during an 8 s breathing cycle.
Diameter growth curves of submicron and
micron-sized NaCl aerosols as a function of time during
a full breathing cycle were calculated for defined
breathing parameters. For example, the growth curve for
a NaCl particle with an initial geometric diameter of 1.4
µm, equivalent to initial aerodynamic diameter of 2.1
µm, inhaled through the mouth is plotted in Figure 1 for

Anselm, A., Heibel, T., Gebhart, J. and Ferron, G.
(1990) J. Aerosol Sci. 21(Suppl.), S427.
Ferron, G.A., Kreyling, W.G. and Haider, B. (1988) J.
Aerosol Sci. 19, 343-363.
Gebhart, J., Anselm, A., Ferron, G., Heyder, J. and
Stahlhofen, W. (1990) Aerosols: Science, Industry,
Health and Environment, Pergamon Press.
Pichelstorfer, L. and Hofmann, W. (2015) J. Aerosol Sci.
88, 72-89.
Winkler-Heil, R., Ferron, G. and Hofmann, W. (2014)
Inhal. Toxicol. 26, 193-206.
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Reliable studies on to the particle deposition in the

raise the dose so that intratracheal instillation or

respiratory tract and further particle translocation are of

intravenous administration are used instead of inhalation.

great value not only to risk assessment of inhalation

Accelerator mass spectrometry is firstly shown in this

toxicology but also to improve efficiency in drug

work to be applicable for studying the penetration of

delivery of inhalation therapies. But there is an important

organic aerosols, inhaled by laboratory mice at ultra-low

gap in health-particle matter (PM) investigations

dose [1]. We synthesized polystyrene (PS) beads,

comprising low-dose exposures with organic aerosols.

composed of

Ultra-small size, ultra-low concentrations and organic

model organic aerosols. Preparation of polystyrene beads

matter of the aerosol have made direct detection of

consisted of five stages. As a source of radiocarbon we

particles inhaled under ambient conditions impossible to

used methyl alcohol with radioactivity 40 MBq.

date. Due to strong analytical limitations, the majority of

labeled polystyrene beads were obtained by emulsifier-

PM health effect investigations are based on techniques

free emulsion polymerization of synthesized 14C-styrene

that use intratracheal instillation instead of inhalation,

initiated by K2S2O8 in aqueous media. Measured activity

and even when inhalation takes place, PM concentrations

by scintillation method of polystyrene latex was 14±2

3

are much greater 100 μg/m . In order to detect inhaled

kBq/ml, polymer content was 2.5 wt. %. According to

particles in organs by direct way, e.g. by elemental

dynamic light scattering data the polystyrene beads were

analyses, investigators have to use inorganic particle

225±25nm in diameter. Aerosol particles were produced

matter, such as Pt, Ag, TiO2 or radioactive labels, e.g.

by pneumatic spraying of

99m

Scanning electron microscopy showed that aerosol was

Tc, physically attached to the particles.In addition to

14

C-labeled styrene, for testing them as

14

C-

14

C-PS latex obtained.

inorganic matter, which differs from the ambient aerosol

bimodal with 225-nm and 25-nm in size. 5 mice inhaled

constituents, in vivo dissolution and transport of the

14

C-PS aerosol consisting of 103 225-nm particles per 1

dissolved metals and labels may cause ambiguity in

cm3 and 5∙103 25-nm particles per 1 cm3 during 30

particle detection. Polymeric monodisperse beads seem

minutes. The

to be perspective model for aerosol investigations due to

liver, heart, kidneys, brain, and excrements in 2-3 hours

organic matter, nonbiodegradability, controllable size

after exposure. AMS analysis of lungs showed that the

from several nm to several μm, possibility of surface

ratio of activity of samples from five mice to that one of

modification by negative (-COOH) or positive (-NH2)

reference mice, not exposed to labeled aerosol, was 1.24,

functional groups, as well as by designing core-shell

1.16, 1.04, 1.00, and 1.14with deviation of 0.01.

structures with desirable chemistry. The attraction of

14

C content was measured in mice lungs,

This work was partially supported by the Russian

polymeric beads, predominantly polystyrene (PS) ones,

Science Foundation, project no. 15-53-16013.

affects the number of studies using this technique, but

[1] E.V. Parkhomchuk et al. Ultrasensitive detection of
inhaled organic aerosol particles by accelerator mass
spectrometry. Chemosphere (2016) 159, 80-88.

again the problem of direct particle registration forces to
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A number of scientific studies have suggested that PM2.5
exposure will cause a variety of significant health
problems, including premature death (especially related
to heart disease), cardiovascular effects, reduced lung
development, chronic respiratory diseases, etc (USEPA,
2012). Health risks attributed to PM2.5 exposure can be
evaluated based on the information of particle chemical
composition, size and concentration (e.g., particle
number, mass per volume). In recent studies, analysis of
particles in exhaled human breath has been successfully
achieved by using scanning mobility particle sizer
(SMPS) (Löndahl et al, 2014) or inductively coupled
plasma mass spectrometry (ICP-MS) (Bredberg et al,
2014). However, for the methods aforementioned,
chemical composition, size and concentration of
particles could not be measured simultaneously. Single
particle aerosol mass spectrometry (SPAMS) has been
widely used to characterize the size and chemical
composition of a single particle (Li et al, 2011) and
advanced the studies of source apportionment, aging
process and optical properties of ambient aerosols. In
contrast, the application of SPAMS to detect particles in
exhalation has not been explored yet, and thus in this
work, the potential of SPAMS for analyzing particles in
human exhaled breath was studied.
The breath samples from 3 young healthy
volunteers (24–35 years old) were analyzed by SPAMS
(Figure 1). Take the results of one volunteer for example,
304 (± 98) particles L-1 were detected in the exhaled
breath samples. The particle number concentration is
about 13% of that in the inhaled indoor air, suggesting
that most inhaled PM2.5 have been retained within the
human body. The exhaled particles were classified into
nine types according to the characteristic peaks in the
mass spectra obtained under both positive and negative
ion detection modes, namely elemental carbon (EC),
organic carbon (OC), aluminium (Al), potassium-rich
(K), calcium (Ca), vanadium (V), iron (Fe), sodium- and
K-rich (NaK) and amine (ON) types (Table 1).
Interestingly, ON and NaK types are only observed in
the exhaled breath and tentatively assumed to be
endogenous aerosols.
Table 1 Number concentrations (L-1) of each type of
particle in exhaled breath and indoor air samples.
Sample

EC

OC

Al

K

Ca

V

Fe

ON

NaK

Breath

24

55

2

14

2

2

2

8

4

Indoor air

192

193

2

85

5

18

4

0

0

266 Pa

SPAMS
10-1 Pa

PM2.5
10-2 Pa

10-4 – 10-5Pa

Figure 1. Schematic of monitoring particles in exhaled
human breath by SPAMS (up); and sized resolved
distribution of two dominant types of particles, i.e., OC
particle and EC particle (bottom).
For two dominant types of particles, EC and OC,
the particle number concentrations in the exhaled breath
are 13% and 28% of that in the inhaled indoor air,
respectively (Table 1); meanwhile in the breath samples
less peaks occur in the size range of 0.6–1.0 µm and the
dominant peaks are around 0.5 µm (Figure 1). The
change in the size-distribution pattern may be ascribed to
both the deposition and hygroscopic growth of PM2.5 in
human body.
This work was supported by the National Natural
Science Foundation of China (No. 91543117).
USEPA, Overview of EPA's Revisions to the Air Quality
Standards for Particle Pollution (Particulate Matter),
http://www.epa.gov/pm/2012/decfsoverview.pdf.
Löndahl, J., Möller, W., Pagels, J.H., et al. (2014) J.
Aerosol Med. Pulm. Drug Deliv. 4, 229–254.
Bredberg, A., Ljungkvist, G., Taube, F., et al. (2014) J
Anal. At. Spectrom. 29, 730–735.
Li, L., Huang, Z.X., Dong, J.G., et al. (2011) Int. J. Mass
Spectrom. 303, 118–124.
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M. Moustafa1, W. Hofmann2, I. Balásházy3, Á. Jókay3, P. Füri3, B. Czitrovszky3 and Á. Farkas3
1

Department of Physics, Faculty of Science, Minia University, El-Minia, 6151, Egypt
Department of Chemistry and Physics of Materials, University of Salzburg, 5020 Salzburg, Austria
3
Centre for Energy Research, Hungarian Academy of Sciences, H-1525 Budapest, Hungary

2

Keywords: industrial aerosols, mass size distributions, particle deposition model, human respiratory tract
Presenting author email: mona_moustafa9@yahoo.com
To illustrate the results of the deposition
calculations, regional mass deposition fractions of
particulate matter (PM) in the extrathoracic (ET),
bronchial (Br), and acinar (Ac) regions as well as total
deposition are plotted in Figure 1 for sitting, light and
heavy exercise breathing conditions. For all breathing
conditions, the highest mass deposition fractions were
observed in the ET region.
Related mass deposition fractions of PM as a
function of airway generation numbers in the human
lung at the three characteristic breathing patterns are
exhibited in Figure 2. Within the lungs, deposition
fractions increased with rising airway generation
number, reaching their maximum value in the distal
acinar airways.
0.035

PM
Sitting
Light ex.
Heavy ex.

0.030

Mass deposition fraction (-)

The most important port of entry of ambient aerosols
into the human body is the respiratory system. Thus the
lung is the primary target for the assessment of resulting
health effects. For example, metals associated with
respirable particles have shown to cause numerous
diseases (Pandey et al, 2013). The assessment of health
risks resulting from the inhalation of particulate matter
has to be based on the calculation of particle deposition
patterns in the human respiratory tract. Deposition of
inhaled particles in the lung depends on particle
diameter, which requires the measurement of mass size
distributions, as well as on breathing parameters, which
depend on work-related physical activities. Thus the
main objective of the present study is to calculate the
deposition fractions of industrial aerosols measured in an
industrial site in El-Minia, Egypt for adult males under
characteristic breathing modes.
Measurements of ambient industrial aerosols
were carried out in the industrial area of Samalut in ElMinia, Egypt (Moustafa et al, 2015). A low pressure
Berner impactor was used for the determination of mass
size distributions. Samples collected on the impactor
stages were then analysed using atomic absorption
spectroscopy for seven elements including lead (Pb),
manganese (Mn), iron (Fe), copper (Cu), potassium (K),
calcium (Ca) and barium (Ba).
Based on the measured element-specific mass
size distributions, deposition patterns of inhaled particles
in the human respiratory tract were calculated by an
advanced version of the stochastic lung deposition model
IDEAL (Koblinger and Hofmann, 1990) for sitting, light
exercise and heavy exercise breathing conditions.
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Figure 2. Deposited mass fractions of PM as a function
of airway generations number three characteristic
breathing patterns in the respiratory system of workers.
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Corresponding calculations for Pb, Mn, Fe, Cu, K,
Ca and Ba revealed very similar regional and
generational distributions of deposited mass fractions.

0.3

The experimental part of the work was supported by the
Faculty of Science, University of El-Minia (Egypt).
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Figure 1. Regional deposited mass fractions of PM at
three characteristic breathing patterns in the respiratory
system of workers.

Koblinger, L. and Hofmann, W. (1990) J. Aerosol Sci.
21, 661-674.
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The high toxicity of ricin and its ease of production have
made it a major bioterrorism threat worldwide. However
there is no efficient and approved treatment for ricin
inhalation poisoning, though major improvements have
been made in terms of (ricin intoxication) diagnosis, and
therapeutic strategies. We describe for the first time the
development of an anti-ricin neutralizing monoclonal
antibody (IgG 43RCA-G1) and a device allowing its
rapid and effective delivery into the lungs for an
application in humans. The antibody is a full-length IgG
and bound to ricin A-chain subunit with a high affinity
(KD=53 pM). Its local administration into the respiratory
tract of mice 6 hours after ricin pulmonary intoxication
allowed the rescue of 100% of intoxicated animals.
Specific constraints for use in operational conditions and
aerosolization stresses associated with protein
aggregation and loss of activity were overcome by
formulating the drug as a dry-powder that is solubilized
extemporaneously in a stabilizing solution to be
nebulized. Although regulatory studies are required, the
inhalable formulation of IgG 43RCA-G1 did not induce
any pulmonary inflammation in mice. A mesh nebulizer
was customized to improve IgG 43RCA-G1 deposition
into the alveolar region of human lungs, where ricin
aerosol particles mainly accumulate. The drug & device
also comprises a semi-automatic reconstitution system to
facilitate its use and a unique holding chamber to
maximize the aerosol delivery in the deep lung. In vivo
studies in non-human primates showed that drug
delivery with the device resulted in a high concentration
of IgG 43RCA-G1 into the airways for at least 6 hours
after local deposition, which is consistent with the
therapeutic window, and in a limited passage into the
bloodstream.

Figure 1. : Scheme of the development of a drug and
device and the proof of concept principle for an antiricin mAb delivered by aerosol

This work was supported by a public grant overseen by
the French National Research Agency (ANR) as part of
the “Investissements d’Avenir” program (reference:
ANR-10-LABX -53-01).
This work was supported in part by the National Institute
of Allergy and Infectious Diseases (NIAID) of the
United States National Institutes of Health (NIH)
through Grant Number 5R21 AI080987 for Dr KamMeng Tchou-Wong.
This work was supported in part by the National Center
for Research Resources and the Office of Research
Infrastructure Programs (ORIP) of the United States
National Institutes of Health (NIH) through Grant
Number OD011104 to the Tulane National Primate
Research. Center.
It was also supported by grants provided by Région
Centre (Stabiomed and PCMAB) and the DGA
(Direction Générale des Armées - Project RAPID –
AeroRiMac grant).
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Cigarette smoking produces a complex and dynamic
condensation aerosol from a supersaturated vapour
generated by processes of combustion, pyrolysis and
distillation. Electronic cigarettes (e-cigarettes) also
produce a dynamic condensation aerosol by rapidly
evaporating a simpler formulation containing nicotine
and water with glycerol, propylene glycol (PG) or a
mixture of each.
Areas of regulatory interest may include the
nature and consistency of the device output including
droplet size and concentration, and how these impact on
delivered and retained dose of the formulation
components.
Droplet size distributions were measured by
electrical mobility (EM: Model DMS-500 MkII,
Cambustion, UK) and by laser diffraction (LD: Spraytec,
Malvern, UK). The Smoking Cycle Simulator (SCS:
Cambustion, UK) was used to generate appropriate puff
profiles and to minimise dilution and potential droplet
evaporation.
Volume-weighted median droplet diameters (d50)
for e-cigarette aerosols were typically less than 500 nm
by LD and less than 300-400 nm for EM, versus
equivalent
tobacco
smoke
measurements
of
approximately 150-210 nm. Precision data were product
dependent but less than 4–5% for most e-cigarette
products. This degree of precision meets the acceptance
criteria for droplet size distribution (d50 ± 20% for d50 <
1 µm) for laser diffraction measurements (e.g. European
Pharmacopeia, 2010) for similar aerosol products.
Precision data were similar for tobacco products on a per
cigarette basis, but diameter decreased puff by puff
along the tobacco rod due to reducing time for
coagulation (Adam et al, 2009).
Droplet concentration data for cigarettes and ecigarettes were typically of the order of 109.cm-3 at the
point of generation such that early behaviour is
dominated by coagulation. This supports the hypothesis
that the aerosol chemistry will be homogenous for both
cigarette smoke (Li et al, 2014) and e-cigarette aerosol,
although the latter is significantly less complex.
The dynamic physical and chemical changes of
the droplets during puffing, mouth-hold and within the
lungs during inspiration and expiration are subsequently
described by the aerosol dynamics model ADiC (Aerosol
Dynamics in Containments), which considers
coagulation, conductive and convective heat transport,
diffusive and convective vapour transport, phase

transition and particle deposition (Pichelstorfer et al,
2013). This aerosol dynamics model has been
implemented into the stochastic IDEAL deposition code
to compute particle deposition as well as vapour phase
nicotine deposition in the different airway generations of
the human lung.
The following parameters were simulated:
evolution of the particle size distribution during
breathing, particle concentration as a function of time,
component mass fractions at different times during
inhalation and exhalation, number and mass deposition
fractions as functions of airway generations, and the
distribution of nicotine mass deposited by the liquid and
vapour phase.
Particle number concentration is reduced
primarily by thermal coagulation, depending only
slightly on particle composition. Simulations predicted
number concentration losses in the human respiratory
tract of roughly 95%, about 85% originating from
coagulation. Furthermore, for e-cigarette aerosol, the
mean hygroscopic growth of the particle size distribution
correlates with the fraction of glycerol of the aerosol
particles. Simulations showed that vapour phase
deposition dominates the deposition mechanism of
nicotine (post-evaporation from the aerosol), especially
in the alveolar region. Finally, nicotine mass
concentration within the particles decreased much more
than suggested by evaporation and subsequent
deposition. This is caused by dilution related to
hygroscopic growth of the particles.
In conclusion, key physical events for both
cigarette smoke and e-cigarette aerosol are early thermal
coagulation in the mouth and hygroscopic growth in the
airways. Deposition of nicotine is driven by evaporation
from the droplet and vapour phase deposition, especially
in the alveolar region. Chemical dose is driven by the
very different chemistries of the respective aerosols.
This work was supported by British American Tobacco
(Investments) Ltd..
Adam T, McAughey J, McGrath C, Mocker C,
Zimmermann R. (2009) Analytical and Bioanalytical
Chemistry 394, 1193-1203.
European Pharmacopeia (2010) EP 2.9.31.
Pichelstorfer L, Winkler-Heil R, and Hofmann W.
(2013) Journal of Aerosol Science, 64, 125-142.
Li X, Kong H, Zhang X, Peng B, Nie C, Shen G, and Liu
H. (2014) J Environ Sci. (China). 26, 827-33.
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Gold nanoparticles are used in a range of applications
including electronics, catalysis, sensors, plasmonic
biosensing and target-specific drug delivery as
therapeutic agents. On the other hand, bimetallic
nanoparticles exhibit superior or even novel properties
than their parent materials. Physical properties (e.g.
reactivity and ligand adsorption of gold nanorods) of
such nanostructures depend on the particles crystal
structure and surface facet orientation. Even though
particle characteristics such as size distribution, primary
particle and agglomerate size and morphology have been
investigated extensively (Goudeli et al., 2015) little is
known about particle crystallinity in atomistic scale.
Experimental investigation of particles’ nanocrystallinity
with electron microscopy leads to incomplete
characterization as it is based on the analysis of 2D
projections of nanoparticles. However, Molecular
Dynamics (MD) simulations can be used to provide
physical insight in crystal structure changes and
dynamics with atomistic detail (e.g.g Ag by Buesser and
Pratsinis, 2015) and can complement the above
experiments, especially for very small nanoparticles.
Here, MD simulations are used to
systematically investigate the sintering mechanism and
crystallinity dynamics of gold (Goudeli and Pratsinis,
2016) and its alloy nanoparticles with silver of various
size and temperatures. The stage of crystallinity is
theoretically investigated by the deviation of each gold
atom from a perfect face cubic centered crystal. This
deviation is quantified by the so-called bond order
parameters (Steinhardt et al, 1983) which are measures
of the local and extended orientational symmetries of the
particle. The local degree of distortion of coalescing Au
particles is described by the disorder variable (Kawasaki
and Onuki, 2011). During adhesion, particles reveal
increased degree of distortion compared to later stages of
sintering, regardless of particle size and sintering
temperature, while they form grains of different size and
orientation. Large particles (e.g. 4 nm in diameter) form
twin boundaries, consistent with experiments of Au
nanoparticles coalescing by electron beam irradiation
(Yuk et al., 2013).
Figure 1 shows snapshots of cross-sections of two
unequally-sized coalescing Au nanoparticles at 800 K
with diameter 3 and 4 nm at t = 0, 0.01 and 0.1 ns. To
eliminate the effect of initial crystal structure on the
orientation of the formed grain the bigger particle has
amorphous structure (no “blue” atoms exist at this
temperature), while the smaller one is crystalline. After
adhesion, a spherical amorphous particle is formed
rapidly (t = 0.1 ns), but at sufficiently long times it
recrystallizes forming polycrystalline particle.

Figure 1: Cross-sections of Au nanoparticles of 3 and 4
nm in diameter coalescing at 800 K for t = 0, 0.01 and
0.1 ns.
Figure 2 shows the evolution of normalized
surface area of two Au nanoparticles of equal (3-3 or 4-4
nm) and different diameters (3-4 nm) undergoing
sintering or coalescence at 800 K. Initially (t = 0 ns), the
particles have different crystallinity state (such as in Fig.
1) that affects the evolution of surface area reduction and
therefore the sintering rate, especially for large particle
sizes. So amorphous nanoparticles sinter faster compared
to crystalline ones of the same size.

Figure 2: Evolution of the surface Ag fraction of Ag-Au
nano-alloys with dp,o = 3 nm during sintering at 600 (red
line), 700 (green line) and 800 K (blue line).

Buesser, B., and Pratsinis, S.E. (2015) J. Phys. Chem. C,
119, 10116-10122.
Goudeli, E., Eggersdorfer, M. L., and Pratsinis, S. E.
(2015) Langmuir 31, 1320-1327.
Goudeli, E., Pratsinis, S. E. (2016) AIChE J. 62, 589598.
Kawasaki, T., and Onuki, A. (2011) J. Chem. Phys. 135,
174109-1-174109-8.
Steinhardt, P.J., Nelson, D.R., Ronchetti, M. (1983)
Phys. Rev. B, 28, 784-805.
Yuk, J.M., Jeong, M., Kim, S.Y., Seo, H. K., Kim, J.,
Lee, J.Y. (2013) Chem. Commun. 49, 11479-11481.
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Fatty acids, which are present in many aerosols, partition
at the air–water interface and hence form organic films
on aerosols’ surfaces. The fate of these films when
reacting with ozone in the atmosphere is still not well
understood, but their oxidation affects the growth of
droplets and hence alters the properties of the aerosol.
The oleic acid/ozone reaction system has emerged
as a benchmark for the study of atmospheric oxidation of
organic materials. The main reaction products reported
for this reaction are nonanal, azelaic acid, nonanoic acid
and 9-oxononanoic acid (see e.g. Zahardis et al, 2007).
Studies have mainly focused on pure oleic acid droplets.
Only a few studies are concerned with the ozonolysis of
monolayer-thick oleic acid films at the air–water
interface (see e.g. King et al, 2009).
In this work, molecular dynamics simulations
were employed to further both our understanding of film
formation processes, as well as changes in films due to
ozonolysis reactions within the atmosphere. A molecular
level view of the monolayer was created, utilising the
GROMACS simulation software in combination with the
coarse-grained MARTINI force field, Marrink et al
(2007). The standard MARTINI model uses a 4-to-1
mapping, excluding hydrogen atoms. Measuring surface
pressure of a surfactant monolayer, with respect to the
surface area of water available per molecule, is a useful
tool in determining the monolayer’s properties, which is
used here to validate the model. Our simulations include
a compression run in the NPT ensemble to create starting
structures, followed by a 200 ns equilibration and 800 ns
production simulation for each starting structure, in the
NVT ensemble. System set-ups are shown in Figure 1.

Figure 1. Compression run in the NPT ensemble,
followed by a 1000 ns NVT ensemble simulation.
Oleic acid chain (magenta), oleic acid headgroup (blue),
water (teal).
The calculated pressure–area isotherms for oleic
acid at the vacuum–water interface showed that the
standard MARTINI force field parameters can be tuned
to obtain a good agreement with experimental data. Both

the experimental isotherms, Pfrang et al (2014),
Voss et al (2007), and simulated isotherm show
equilibrium spreading pressures of approximately
30 mN m-1 for oleic acid monolayers. When exceeding
this equilibrium spreading pressure, the monolayers
collapse. This approach was adapted to explore the
properties and phase behaviour of the oleic acid
ozonolysis products.
Insight into the molecular orientation within the
monolayers was obtained from simulation data. As
expected, the highest surface pressure corresponds to the
lowest area per molecule.

Figure 2. Angle Distributions of oleic acid’s internal
angles (α and θ) for three monolayers at varying surface
pressures. Oleic acid sites: 1 = headgroup,
4 = double bond, 6 = terminal bead.
By reducing the area per molecule, the molecules
become oriented in a way so as to increase their packing
ability. Increasing the packing density of the molecules
causes them to align straighter with respect to the
monolayer normal (Fig. 2).
Zahardis, J. and Petrucci, G.A. (2007) Atmos. Chem.
Phys. 7, 1237–1274.
King, M.D., Rennie, A.R., Thompson, K.C., Fisher,
F.N., Dong, C.C., Thomas, R.K., Pfrang, C., and
Hughes A.V. (2009) Phys. Chem. Chem. Phys. 11,
7699-7707.
Marrink, S.J., Risselada, H.J., Yefimov, S., Tieleman,
D.P. and de Vries, A.H. (2007) J. Phys. Chem. B 111,
7812–7824.
Pfrang, C., Sebastiani, F., Lucas, C.O.M., King, M.D.,
Hoare, I.D., Chang, D. and Campbell, R.A. (2014)
Phys. Chem. Chem. Phys. 16, 13220–13228.
Voss, L.F., Bazerbashi, M.F., Beekman, C.P., Hadad,
C.M. and Allen, H.C. (2007) J. Geophys. Res. 112,
D06209.
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Ultrafine aerosol particles are electrically charged
in a range of devices to enable their detection, capture
and control. Charging by direct ultraviolet (UV)
photoionization is more efficient than other charging
mechanisms such as corona discharge, particularly in
size ranges below 50 nm diameter. However, the
photoionization behaviour of aerosol ultrafine particles is
not well understood. Existing models for photoionization
are supplemented with empirically-determined constants
which vary for particle size and type. Models often
neglect or inadequately capture particle and ion wall
losses and flow geometry effects. In this work we model
the behaviour of UV particle charging and subsequent
charge transport and collection in a continuous flow as a
means to evaluate photoionization theory and provide
tools for quantitative control of ultrafine particle charge
states. The models developed in this work demonstrate
state-of-the-art capture of particle transport and charging
effects leading to predictive design tools and better
design of charging-based devices.
Particles are charged directly by absorbing
incoming UV photons and emitting electrons, which
differs from diffusive charging that relies on the process
of ion-to particle collision or recombination. Photons are
absorbed, causing the particles to emit electrons, which
in turn collide with the surrounding air forming gaseous
ions. During continued irradiation, the particles increase
in charge state to the Coulomb limit which can reach
upwards of 10 charges per particle (Matter et al. 1995).
Both the charged particles and ions can be moved by an
electric field and captured or be allowed to recombine
with the particles into neutral molecules. Diffusional
losses of both particles and ions to walls can be
significant and affect the resulting charge distribution.
The aim of this work is to provide modelling and
simulation of these processes. Non-dimensional analysis
is used to indicate regimes under which the
photocharging process is dominated by diffusion,
electric field transport, convection, photoionization, or
recombination. A non-dimensional irradiation time is
defined to indicate when the steady-state Coulomb limit
is reached as a function of particle size, concentration,
material, and light wavelength and intensity. Using these
techniques, the geometry, flow rate and electric field
may be designed to output a controlled charge
distribution.
Relations capturing both photoionization and
recombination of ions/particles are modelled in 3D

computational fluid dynamics (CFD) for the first time.
The model incorporates ion/particle advection/diffusion,
wall losses, and electric field transport. Upwards of 50
simultaneous species transport equations are solved to
allow the resolution of local charge distribution and
average charges per particle for multiple charge states.

Figure 1. Sample distribution of charges per particle
during convective flow under irradiation. The charge
level increases in the flow direction due to
photoionization.
Previous studies of photo-charging assumed 1D behavior
that neglected important 3D phenomena. Results from
this 3D study are first verified with existing 1D models
for particle charging (Maisels et al., 2002; Maisels et al.,
2003). The existing 1D models are then enhanced by
incorporating the effect of an external electric field and
the validity of assumptions made for diffusional wall
losses and external electric field action are evaluated by
comparison with results from the CFD model.
The results are presented as a function of parametric
variations in the ratios of different terms in the
governing equations for particle motion, including
charging, transport, and wall loss effects, identifying
conditions where simplified models may be valid (or
not). Final recommendations are made regarding the
level of detail required for the prediction and design of
aerosol charging and transport methods.
Maisels, A., Jordan, F. & Fissan, H., 2002. Journal of
Applied Physics, 91(2002), pp.3377–3383.
Maisels, A., Jordan, F. & Fissan, H., 2003. Journal of
Aerosol Science, 34, pp.117–132.
Matter, D. et al., 1995. Journal of Aerosol Science,
26(7), pp.1101–1115.
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Many experimental studies in aerosol physics deal with
clouds intensively illuminated to visualize particle
motion. This is especially true for the research in
microgravity condition on such topics as particle
transport, complex/dusty plasma (Morfill and Ivlev,
2009), simulation of protoplanetary dust evolution
(Blum et al., 2008), etc. Use of high-resolution optics at
high frame rates requires quite intensive illumination.
If the particles are not perfectly transparent, a part
of the incident energy is absorbed by the particles, which
in turn heat the ambient gas. Due to these effects 1)
photophoresis, 2) thermophoresis, 3) thermal gas
expansion, or 4) natural convection may arise. In
microgravity, the latter is excluded as well as particle
sedimentation.
It was shown (Steinbach et al., 2004) that at high
particle concentration, low gas pressure and relatively
uniform illumination, a thermophoretic motion can
dominate. Upon illumination, the temperature profile
acquires the maximum in the cloud core and a minimum
on the chamber walls, giving rise to thermophoretic
particle motion towards the wall. As a result, the cloud
expands with temporally decreasing velocity. The latter
is because of cloud rarefaction and decrease of energy
release per unit volume.
Our model deals with a cylindrical aerosol cloud
consisting of identical spherical particles of diameter d0,
distributed uniformly with concentration n0. The cloud of
initial radius R0 floats in a coaxial vacuum chamber of
internal radius RC. Initial temperature T(r) = T0, with r
being the radial coordinate inside the chamber. The
cloud is abruptly illuminated with an intensity W0.
Under the assumptions of quasi-steady
temperature
profile
and
of
free-molecular
thermophoresis regime, the mathematical model consists
of the Poisson equation for the gas temperature and the
continuity equation for particles. The exact solution of
these equations gives the position of the cloud boundary
depending on time:
R  R0 1  kTP d 02W0 n0 t 4

where kTP is a coefficient depending on the gas
properties.
The gas temperature profile is defined by
2
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where λ is the heat conductivity of the gas.

Knowing the temperature gradient, we obtain the
particle velocity field within the cloud:
k s W n R2 r
v  TP 0 0 0 0 2
8
R
which linearly grows from zero in the centre to its
maximum value at the cloud boundary. Finally, the
particle concentration evolves as
n  n0 1  kTP s0W0 n0 t  
The solution describes decelerating expansion of
the cloud with abrupt boundary, which remains uniform
but becomes more and more rarefied (see Figure 1).

Figure 1. Temperature (thick curves) and particle
concentration (thin curves) profiles at four time instants.
The analytical solution is compared to
experimental results (Steinbach et al., 2004) obtained
under the following conditions: pressure p = 100 Pa; T0 =
300 K; d0 = 1 µm; n0 = 106 cm-3; R0 = 5 mm; W0 = 1
W/cm2. The observed particle velocity is about 10 mm/s
which corresponds well to the one predicted by the
above model.
Dealing with illuminated clouds, one should take
care – thermal cloud spreading may attain high velocity,
at least locally as in the case of focused beams.
This work was supported by the European Space Agency
PRODEX program, the Belgian Federal Science Policy
Office and the Deutsches Zentrum für Luft- und
Raumfahrt under grants 50WM0036-50WM1236
Morfill, G. and Ivlev, A. (2009) Rev. Mod. Phys., 81,
1353-1404.
Blum J. et al. (2008) Europhys. News, 39, 27-29.
Steinbach, J. et al. (2004) Eur. Phys. J., 15, 287-291.
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Scavenging aerosol particles by droplets is an efficient
way of removing hazardous particles from gases.
Therefore, predicting removal rates by means of a
realistic collection kernel is a purpose in several research
fields like environment, industrial or atmospheric
science. An effective scavenging kernel must take into
consideration several coupled collection mechanisms
such as Brownian scavenging, phoretic and electrostatic
forces
leading
to
capture
and
inertial
impaction/interception which depend on the flow regime
around the drop. Examining Wang et al (1978)
collection kernel
(describing scavenging situations
where only Brownian, phoretic and electrostatic
mechanism take place), and Mohebbi et al (2003)
scavenging kernel (predicting exclusively inertial
capture) shows the lack of universality of scavenging
kernels but also the lack of precise numerical or
experimental reference data enabling a more general
correlation for the scavenging kernel to be derived. We
propose to improve available reference data using
numerical scavenging experiments: simulations of
particles-laden
flows
(particle
diameter
) around a water drop of diameter
at moderate Reynolds number
(
) are achieved. A global collection kernel
is then derived from these new scavenging efficiencies.
The microphysical modeling is achieved in two
steps. First, the continuous phase motion is simulated in
non-dimensional form by a finite volume method, taking
into account the shear stress continuity at the droplet’s
interface. Then, the discrete phase is modeled using
Lagrangian stochastic tracking method with large time
steps (one way coupling): the explicit integration scheme
(Mohaupt et al (2011)) is used to predict position and
velocity of particles taking into account flows velocities,
particle’s deviation due to inertia and Brownian motion.
Status of particles at the end of the simulation (i.e.
captured or not) is computed to acquire collection
efficiencies for each scavenging situation.
Data thus obtained are used to set up a new
collection kernel by upgrading
which depends,
among other parameters, on a mean ventilation
coefficient implemented to take into consideration the
asymmetry of the aerosol concentration field around the
drop due to the flow regime. Similarly, the concentration
field of inertial particles is asymmetric because of the
deviation of those aerosols from streamlines. Replacing
by
(
being the Beard (1974)
correlation for non-inertial particles) into
extends its
prediction capabilities. In this expression,
and
are
given by (1) and (2):

(

)
(

with

(1)

(
(

(
)

))

)

(2)

(infinite inertia situation) and

where
(resp.
and

is the Stokes number of the particle,
) the dynamic viscosity (resp. density) of the air
the Brownian particle diffusivity.
This
correlation
allows
efficient
and
computational cheap predictions of scavenging
efficiencies depending on Brownian motion, phoretic
and
electrostatic
forces
and
inertial
impaction/interception as shown in Table 1.
Table 1: Deviation between references values (Grover et
al (1977) and Wang et al (1978)) and predicted values of
collection kernels for
and relative
humidities
. RMSE: Root Mean Square
Error, R²: Coefficient of Determination.
Reynolds number
RMSE
R²
1
0,07
0,99
4
0,14
0,97
10
0,13
0,98
30
0,12
0,98
100
0,19
0,96
Mean value
0,13
0,98
Beard, K.V. and Pruppacher, H.R. (1971) A Wind Tunnel
Investigation of the Rate of Evaporation of Small
Water Drops falling at Terminal Velocity in Air, J.
Atmos. Sci. 28.
Grover, S.N., Pruppacher, H.R. and Hamielec, A.E.
(1977) A numerical determination of the efficiency
with which spherical aerosol particles collide with
spherical water drops due to inertial impaction, and
phoretic and electric forces, J. Atmos. Sci. 34.
Mohaupt, M., Minier, J.P. and Taniere, A. (2011) A new
approach for the detection of particles interactions
for large-inertia and colloidal particles in a turbulent
flow, Int. J. Multiph. Flow. 37. 7. 746-755
Mohebbi, A., Taheri, M., Fathikaljahi, J. and Talaie,
M.R. (2003) Simulation of an orifice scrubber
performance based on Eulerian/Lagrangian method,
J. Hazard. Mat. A100 13-25.
Wang, P.K., Grover, S.N. and Pruppacher, H.R. (1978)
On the effect of electric charges on the scavenging of
aerosol particles by clouds and small raindrops, J.
Atmos. Sci. 35.
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Exemplarily, the generalization of HMOM is
applied to a complex trivariate model (Blanquart and
Pitsch, 2009b). The third independent parameter in this
model is the number of active sites on the surface of the
particles (𝐻) which allows for characterization of their
surface reactivity. With the VSH-model, the chemical
processes of surface growth and oxidation can be
described using not only the surface area, but also the
number of active sites available for a reaction. The
physical of processes nucleation, condensation, and
coagulation can also influence the surface reactivity of the
soot particles, and their formulation is therefore different
from VS-HMOM. Originally, the VSH-model was
integrated in DQMOM. While DQMOM is numerically
less robust than HMOM, it is less restrictive for
expressions that are allowed to occur in the moment
source terms. These restrictions for HMOM require
modifications in the formulation of the source terms,
which are discussed in detail. An important example is the
coagulation source term. In the original model, it is
assumed that the surface reactivity	
  𝜒 = 𝐻 𝑆 is not
changed due to coagulation, that is, a new particle of type
𝑖 + 𝑗 formed by the collision of two particles 𝑖 and 𝑗 can
be described by
𝜒*+, = 	
  

-./0
1./0

=

-. +-0
1. +10

.

If this ratio is inserted in the coagulation source term, the
resulting expression cannot be expanded into a finite sum
of moments which is required for HMOM. Therefore, the
description has to be modified. It is shown that the original
trivariate model can be expressed in a way applicable in
HMOM without abandoning the original chemical and

physical ideas.
The multivariate HMOM is validated with an
ethylene premixed flat flame at atmospheric pressure and
a fuel-air-equivalence ratio of 𝜙 = 2.64. This flame has
been investigated experimentally by Xu et al (1997). As
in MOMIC, HMOM allows different orders for the
interpolative part of the closure approach. The new VSHHMOM model is considered with a first order (P1) and a
second order (P2) approach. The original VSH-model is
integrated within Monte Carlo (MC) simulations. As
shown on the left side in Fig. 1, all statistical frameworks
allow an accurate prediction of the soot volume fraction.

2

0.4

P1
P2
MC
Exp

0.2
0.1
0

1019m

0.3

0

0.01

0.02
y [m]



A major challenge in soot modeling is the
compatibility of an accurate physio-chemical description
and computational efficiency. A promising approach to
handle this trade-off are multivariate moment methods,
which are based on moments of the soot Number Density
Function (NDF). In this work, the Hybrid Method of
Moments (HMOM) developed by Mueller et al (2009) is
considered. HMOM is an easy to implement and
computationally inexpensive, robust moment method that
accounts for the experimentally observed bimodality of
the soot NDF. It combines the Direct Quadrature Method
of Moments (DQMOM) and the Method of Moments with
Interpolative Closure (MOMIC). In the original bivariate
model of Mueller et al (2009), soot particles are
characterized in terms of two parameters, their volume (𝑉)
and their surface area (𝑆). This model is referred to as VSmodel. It is now demonstrated that HMOM can be
extended to an arbitrary number of parameters.
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Figure 1. Predicted soot volume fraction (left) and
surface reactivity (right). Experimental measurement by
Xu et al (1997).
The MC simulations are also used as a reference to assess
the accuracy of HMOM for the multivariate case and the
impact of the required modifications for the source terms.
A comparison of the surface reactivity is shown on the
right side of Fig. 1. The surface reactivity can be
important to capture temperature effects on the soot
formation as shown by Blanquart and Pitsch (2009a).
While the VS-model assumes a constant surface reactivity
of 𝜒 78 = 	
  1.7×10=> m@A , both the original and the new
VSH-model predict an increase. The required
modifications that allow HMOM as a numerically more
robust framework do not introduce significant changes in
the prediction of this quantity.
Funding from the EU for the Clean Sky Joint
Technology Initiative under project DREAMCODE
(grant n° 620143) is gratefully acknowledged.
Blanquart, G., and Pitsch, H. (2009a) Combust. and
Flame 156, 1614–1626.
Blanquart G., and Pitsch H. (2009b) In: Bockhorn H.,
D’Anna, A., Sarofim, A. F., and Wang, H. (Eds.),
Combustion generated fine carbonaceous particles,
KIT Scientific Publishing, 439–466
Mueller M.E., Blanquart G., and Pitsch H. (2009)
Combust. and Flame 156, 1143–1155.
Xu F., Sunderland P.B., Faeth G.M., (1997) Combust. and
Flame 108, 471–493.
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Dynamic properties of exhaled e-cigarette aerosol vs. conventional cigarette smoke
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e-cigarette. However, the particle concentration at the
bystander’s position increased up to 50000 #/cm3 with
successive puffs, i.e. ~ 50 times higher than with the ecigarette. The particle concentration returned to
background levels after 30-45 minutes and was
dependent upon the exposure chamber ventilation rate.
Regarding size, particles released during one puff on the
conventional cigarette were in the range 200-300 nm,
and shrank to 80-100 nm within a few seconds (Figure
1). Interestingly, this particle size was unchanged until
their removal after 30-45 minutes.
The rapid removal of e-cigarette particles from
the bystander’s position and thus the indoor air suggests
that exhaled e-cigarette particles are mainly liquid
droplets which evaporate very rapidly. This is in contrast
to the tobacco combustion particles, that are released
when smoking a conventional cigarette and that remain
suspended in the ambient air for some time. This study
shows clear and substantial differences between exhaled
e-cigarette liquid droplets and conventional cigarette
smoke particles.
8x10
3

dN/dlogDp [#/cm ]

Electronic cigarettes (e-cigarettes) are gaining
acceptance with consumers as an alternative to
conventional combustible cigarettes. Both regulators and
public health organisations are beginning to examine
whether particles exhaled following the use of such
products have potential implications for bystanders in
workplaces and enclosed public spaces. E-cigarettes do
not contain tobacco, do not require combustion and do
not generate side-stream smoke. There is limited data
available on the properties of exhaled e-cigarette
particles and how they differ from those released during
the smoking of a conventional cigarette. To that end, we
aimed to investigate the spatial and temporal variations
of exhaled particles following the use of an e-cigarette
and the smoking of a conventional cigarette in a chamber
under controlled environmental conditions.
An exposure chamber with controllable
ventilation rates was used with a bystander simulated
using a “dummy”, whose surface was heated in the range
31-34°C, similar to the temperature of the surface of the
human body. A human volunteer vaped an e-cigarette or
smoked a conventional cigarette according to a set
puffing regime, at three different distances from the
bystander, and under three different ventilation rates.
Three volunteers participated in the study and were
experienced e-cigarette users. Airborne particles were
measured using a fast mobility particle sizer (FMPS), an
electrical low pressure impactor (ELPI), and a scanning
mobility particle sizer (SMPS) at the bystander’s
position. With these analytical techniques, the particle
concentration, size distribution and decay rates at the
bystander’s position were assessed.
During the use of the e-cigarette, a very fast
change in the particle concentration was observed both
in time and space. In the worst case scenario (shortest
distance between the vaper and the bystander, minimal
room ventilation), the increase of the particle
concentration was observed 5 seconds after each puff,
reaching a concentration of 106 #/cm3. The airborne
particle concentration rapidly returned to background
levels <1000 #/cm3 after 5 seconds, irrespective of the
number of puffs taken, while the peak particle size
shrank from 100-150 nm to 20-30 nm during this period
(Figure 1). This is in stark contrast to the conventional
cigarette. The duration of the particle concentration
increase following a single puff was similar to that of the
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Figure 1. Particle number size distributions measured 5
seconds (solid lines), 10 seconds (long dashed lines), and
120 seconds (short dashed lines) after a puff with an ecigarette (in blue) and a conventional cigarette (in red).
This work was supported by Fontem Ventures B.V., a
fully owned subsidiary of Imperial Brands plc, and
performed in Lithuania in accordance with the Code of
Academic Ethics of the Kaunas University of
Technology.
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Exposure Assessment of Nanomaterials at production sites based on Short Time
Sampling: Methodology & Strategy of the STS-EA approach
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The use of nanomaterials in various end products allows
to achieve new and innovative properties which has
resulted in their large scale deployment (Mitrano 2015;
Piccinno 2012). Consequently, 300 000 to 400 000
european workers were potentially exposed to
nanoparticles (NP) or their aggregate or agglomerate
forms (NOAA) in 2012 (European Commission 2012).
A important aspect of the measurement campaign
presented in this work is the sampling duration of the
exposure assessment. Indeed, long-term sampling is
generally recommended to assess toxicology data. Thus,
many studies only provide results as daily exposure
values. But NP or NOAA exposure are believed to be
usually a succession of several short-term exposures
(Pietroiusti 2014). Furthermore, in the absence of
reliable nanotoxicology data, European stakeholders e.g.
trade union groups ask for a zero exposure during
particulate exposure (van Broekhuizen 2012). In
addition, short-term aerosol measurements permit the
identification of nanoparticle release points, thus
designing source control at workplace.
In addition, to satisfy all these demands a relevant
measurement strategy must be able to distinguish the NP
or NOAA from the particulate background and to take
into account the inhalable NOAA i.e. below 10 µm in
size during a very short time of sampling. Therefore the
assessment of exposure measurement should be able to
deal with these issues and must be able to provide an
adapted results analysis with practical recommendations
of nanosafety to all stakeholders. Mini particle sampler
is a new equipment making possible such an
improvement (R'mili 2013).
The objective of the present work is to propose a
global approach to assess the nanoparticle exposure
assessment at workplaces (see figure 1). The
methodology and strategy of the global approach is to
carry out the measurement campaigns using the Short
Time Sampling coupled with exposure assessment,
namely STS-EA merge the tiered approach (Consent
Report 2011) and the INERIS-CEA-INRS (INERIS CEA - INRS 2012) approach. To validate the method the
STS-EA approach has been tested on five different
nanomaterials as NPs of zirconium dioxide (ZrO2),
titanium dioxide (TiO2) and silver (Ag); polyamide
nanofibers; and multiwalled carbon nanotubes
(MWCNT) used in 6 different process lines.

Start
Worker Exposure Assessment
6 production lines

Applications of
nanosafety
recommendations

Basic information gathering
Information provided by companies ,
literature, MSDS etc

Semi-quantitative exposure
measurement campaign

Intensive
campaign

Visual observations, inventory of process
and operations, characterization, of near
field nanoaerosols

No

Yes
Is a
quantitative
sizing
required?

Exposure assessment
Semi-quantitative exposure scenarios,
results of exposure at work places

Yes

Is there an
exposure to
NOAA or NP

Information to
the producer

No

1

Figure 1. Schematic representation of the approach for
Exposure Assessment at workplaces through STS-EA.
The STS-EA approach identified eight steps
prone to short-term exposures of nanoparticles or NOAA
out of total 37 steps distributed in six process lines.
During the entire study, the leading potential exposure
sources were found to be the steps like manipulation
(nano-ZrO2), spray (nano-Ag and nanoTiO2) and
cleaning (CNT, nano-Ag and nanoTiO2) which were
carried out at workplace. The process like spray drying
(nano-ZrO2) or electrospinning (TiO2) which is generally
carried out in a complete confinement was found to lead
to no exposure.
The presented work was funded within the
SANOWORK project as part of the European Union’s
Seventh Framework Programme (FP7/2007-2013) under
grant agreement nº 280716.
Consent Report, (2011), https://www.vci.de/vci/downloads-vci/tieredapproach.pdf
European Commission, (2012), http://eur-lex.europa.eu/legalcontent/en/TXT/?uri=CELEX:52012DC0572
INERIS - CEA - INRS, Witschger O, Le-Bihan O, Reynier M, Durand
C, Charpentier D, (2012),
Mitrano DM, Motellier S, Clavaguera S, Nowack B. (2015),
Environment International, 77, 132-47.
Piccinno F, Gottschalk F, Seeger S, Nowack B. (2012), Journal of
Nanoparticle Research, 14, 1-11.
Pietroiusti A, Magrini A. (2014), Occupational Medicine, 64, 319-30.
R'mili B, Le bihan OLC, Dutouquet C, Aguerre-charriol O, Frejafon E.
(2013), Aerosol Science and Technology, 47, 767-75.
van Broekhuizen P, van Veelen W, Streekstra WH, Schulte P,
Reijnders L. (2012), Ann Occup Hyg, 56, 515-24.
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Conceptual Considerations to establish a Framework on Release for Nanomaterials
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In recent years much work has been conducted to assess
the exposure to engineered nanomaterials (ENM) due to
concerns on possible risks stemming from their
production and use. Whereas exposure measurements are
nowadays established in occupational settings they are
less so during other stages of the ENM life cycle. Also,
the actual release of ENM as a prerequisite of exposure
and the processes involved is much less investigated.
The available studies on release pinpoint in many cases
only the release of a given material during a special test
with fixed conditions (e.g. Froggett et al., 2014). The
link between release and exposure as well as the
establishment of representative test methods are still
needed.
Understanding of the main factors affecting
release, i.e. material or process characteristics, is the key
for the development of safer designs and in the end safer
products. We will therefore present a conceptual
framework to understand the mechanisms that lead to the
release of airborne ENMs during handling of the pure
(bulk) ENMs or products containing ENMs and the main
material characteristic that influence release.
Along the life cycle a release of ENM may occur
during the production and further processing, the use (or
misuse) of products, due to environmental factors (UV
radiation and weathering) leading to ageing and in the
recycling and disposal phase.
The release characteristics depend on the one
hand on the physical form of the ENM which can be
either in powder form, incorporated within a solid matrix
material or within a liquid. In case of powders release is
solely governed by the ENM properties in conjunction
with the process taking place. In case of composites or
liquids the release is grossly dominated by the properties
of the matrix material.
On the other hand different processes acting on
the ENM leading to different release characteristics can
be identified: chemical processes differ from mechanical
and thermal processes. Nanoparticles dispersed in a solid
composite matrix will be released in a different form into
the environment e. g. during sanding (particle will be
mostly embedded in the matrix) compared to
incineration (only nanoparticle fillers because carbon
may be completely combusted). The physical form and
the process lead to the identification of the release

scenario and release mechanisms, respectively, which
together define the release assessment method.
The release taking place due to different
processes can be linked to exposure and to the material
life cycle. The envisaged linkage between the different
release processes and the regulatory and safety needs
within nanotechnology will be presented.
A given activity type, e.g. a process step in the
production, can include several release processes and
release mechanisms. For example sanding involves heat
and mechanical stress. For an exposure scenario we can
have several processing steps in one location leading to a
combination of release processes emitting particles
(including transport and transformation).
Based on experimentally determined release rates
for all involved processes, with or without modelling, a
predictive exposure assessment indicating the likeliness
and level of exposure can be expected. It is thus possible
to better inform workers and industrial hygienists about
the most relevant processes and to give direction when to
use additional safety measures or equipment. Having
general knowledge on different release processes and
being able to link this to various life cycle scenarios also
facilitates the evaluation of different production
pathways and product possibilities.
A concise and congruent approach to develop
harmonized release tests already linked to their possible
future use is an important step towards safe
nanotechnology and safer-by-design approaches.
The research leading to these results has received
funding from the European Research Council under the
European Union's FP7 (FP/2007-2013)/ERC Grant
Agreement n.263215 (MARINA project) and Grant
Agreement n.604602 (FutureNanoNeeds project).
Froggett et al. (2014) Particle and Fibre Toxicology,
11:17.
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UV-C decontamination of aerosolized and surface bound single spores and bioclusters
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Biological particles are rarely individual organisms, but
are clusters of organisms physically bound to one
another, or bound to other material present in the
environment.
The size and composition of these
bioclusters contribute to the protection of the organisms
within the core of cluster from the harmful effects of
ambient UV light. The use of ultraviolet irradiation has
been evaluated in the past as option for decontaminating
surfaces and air; however, previous studies were
conducted with single spores, or poorly characterized
polydispersed aerosols making comparisons between
studies difficult. This study is intended to evaluate the
effect of UV-C irradiation on monodispersed particles of
spore clusters with mean diameters of 2.8 µm and 4.4
µm, and single spores of Bacillus atrophaeus subspecies
globigii (BG) on fixed surfaces and as aerosol.
Ink jet aerosol generator produced clusters and
pipetted single spores were deposited on surfaces and
were exposed to UV-C irradiation. Similarly, Sono-tek
and Collison aerosol generator produced particles in air
were exposed to UV-C irradiation. The amount of
organism kill was determined after exposures. The D90,
the UV-C irradiation doses at which 90% of the colony
forming units were rendered non-culturable, for single
spores and spore clusters of 2.8 and 4.4 µm diameter on
surfaces and in air are provided in Table 1. The decay
curves for BG on surfaces and in air are provided in
Figures 1 and 2, respectively. The first stage decay rate
constant for the surface exposure ranged from 0.012 for
single spores to 0.003 for 4.4 μm clusters. Similarly, the
aerosol decay rate constant ranged from 0.12 for single
spores to 0.04 for 4.4 μm clusters. The results show that
single and clustered spores are more rapidly killed when
aerosolized than when fixed to a surface. The decay rate
of spores contained in clusters is proportional to the
overall particle size, and that it is harder to inactivate
large clusters on surfaces. Therefore, decay rate based on
UV irradiation should consider the following factors: the
physical state of the spores, spectrum of light, intensity
of irradiation, organism and strain used, and the particle
size.
Table 1. The Fluence Values for 90% Kill (D 90) of BG
spore clusters (2.8 and 4.4 µm) and individual spores on
surfaces and in the air.
D90 values for
D90 values for
Surface, J/m2
Aerosol, J/m2
Single Spores
138
27
2.8 µm clusters

725

42

4.4 µm clusters

1128

86-94

Figure 1. UV-C Survival Fraction (+ standard deviation)
curves for the single and BG cluster particles (2.8 and
4.4 µm) deposited on membrane filter surfaces. (Top)
survival fraction for fluence up to 1,000 J/m2. (Bottom)
survival fraction for fluence up to approximately 25,000
J/m2.

Figure 2. The Survival Fraction (+ standard deviation)
curve for aerosolized single and BG clusters (2.8 and 4.4
µm).
This work was supported by the US Army Edgewood
Chemical Biological Center, Aberdeen Proving Ground,
Maryland.
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People spend about one third of their time at
work/school, where a vast range of equipment is used
such as printers, photocopiers, computers and etc. These
equipments are considered a considerable source of air
pollutants that settle down into floor dust (Ren et al.,
2006; He et al., 2007; Koivisto et al., 2010; Hussein,
2014). Regarding the content of office floor dust, the
most frequent and hazardous compounds are polycyclic
aromatic hydrocarbons (PAHs). PAHs are products of
the incomplete combustion of organic matters and they
could be either natural or anthropogenic (Kameda et al.,
2005).
According to our knowledge, PAHs analysis in
floor dust have been given little attention in Middle East.
Therefore, in this study we reported the concentrations
of 13 priority PAHs in indoor floor dust collected in
lecture rooms, offices and workshop areas at the
University of Jordan, Amman, Jordan. The floor dust
samples were collected on the 6th of April 2015. The
building itself is naturally ventilated.
GC-MS analysis indicated that the dominant
PAHs from the collected dust in the Department of
Physics were in descending order, fluoranthene
(16.16%), pyrene (13.61%), chrysene (12.66%),
phenanthrene (12.21%), benzo[b]fluoranthene (11.61%)
and benz[a]anthracene (7.82%). The least abundant
PAHs were dibenz[a,h]anthracene, anthracene and
indeno[1,2,3-cd]pyrene with 0.43%, 3.08% and 3.74% of
the total PAHs, respectively.
Results of analysis indicated that both offices 300
and 200, in addition to 1st floor corridor, contained the
highest PAHs concentrations measured at the Physics
building for
fluoranthene, and phenanthrene,
respectively (Figure 1). In particular, the maxim PAHs
concentrations for the office 300 were equal to 969.35
ng/g (total PAHs concentrations = 5246.23 ng/g), and for
the office 200, the maxim PAHs concentrations reached
up to 809.77 ng/g (total PAHs concentrations = 5152.65
ng/g) (Figure 1). 1st floor corridor showed maxim PAHs
concentrations equal to 709.96 ng/g (total PAHs
concentrations = 4363.94 ng/g). These high
concentrations (maxim and total) were documented
mainly due to students’ frequent entry and activities,
smoking occurring inside and outside those areas, as
well as the constant operation of office equipment (copy
machine, computers, etc.).

Moreover, regarding I/O ratios, , the majority of
the I/O ratios (almost 58.12%) were less than 1,
implying that outdoor emissions contributed to the total
PAHs concentrations levels, as well as lowering the
indoor air quality.

Figure 1. Individual PAHs concentrations.
This work was supported by the European Commission
FP7 (FP7- PEOPLE-2012-ITN) Marie Curie ITN project
(no. 315760, HEXACOMM), the Faculty of Scientific
Research of the University of Jordan and the Academy
of Finland Centre of Excellence (grant no. 272041).
He, C., Morawska, L., Taplin, L., (2007). Environ. Sci.
Technol., 41, 6039- 6045.
Hussein, T. (2014). Jordan Journal of Physics., 7, 7383.
Kameda, Y., Shirai, J., Komai, T., Nakanishi, J.,
Masunaga, S. (2005). Science of The Total
Environment., 340, 71- 80.
Koivisto, A.J., Hussein, T., Niemelä, R., Tuomi, T.,
Hämeri, K. (2010). Atmos. Environ., 44, 2140- 2146.
Ren, Y., Cheng, T., Chen, J. (2006). Atmos. Environ., 40,
6956- 6965.
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Real-time chemical characterization of submicron particles in M’Bour, Senegal
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Numerous field campaigns have been conducted all
around the world to better characterize long-term
chemical composition of submicron aerosols (PM1) with
high-time resolution instruments. Yet, to the best of our
knowledge, only one has been carried out on the African
continent, in South Africa (Tiitta et al., 2014). In this
work, we offer the first insight of long-term chemical
characterization of PM1 in West Africa.

undergo intense photochemistry due to high solar
radiation and temperatures encountered in the region.
The LO-OOA mass spectrum, containing a strong m/z
36 (chloride fragment) peak also added as a PMF input,
combined with wind direction suggests a newly observed
specific source, due to open waste burning areas located
in the surroundings.
a)

Our instrumentation was implemented at the
AERONET station of M’Bour (Senegal) during the
SHADOW-2 (SaHAran Dust Over West Africa)
campaign which was divided in two intensive
observations periods: IOP-1 (Mar. - Jun. 2015) and IOP2 (Dec. - Jan. 2016). Results were obtained using an
Aerosol Chemical Speciation Monitor for NonRefractory (NR) PM1, a 7-wavelength Aethalometer
(AE33) for Black carbon (BC) and Iron (Fe), and a
tapered element oscillating microbalance (TEOMFDMS) for total PM1.
Data acquired during IOP-1 show high variability
both in terms of chemical composition and mass
concentrations. The first half of IOP-1 was marked by
intense but short NR-PM1 pollution events, sea breeze
phenomena and longer Saharan desert dust episodes.
During the second half, the sampling site was mainly
under marine influence. For days under continental
(CTL) and sea breeze (SB) influences, organic (OA)
species dominated (40%), whereas sulfate (SO4) was
predominant (40%) for days under marine influence
(Fig.1a). On average, ~ 2/3 of total PM1 was explained
by NR and BC concentrations, leaving 1/3 for dust and
sea salt which was found negligible in this size fraction.
The IOP-1 OA fraction was furthermore investigated
with Positive Matrix Factorization (PMF). The solution
led to two primary emission sources with 21% of OA
corresponding to Cooking-like (COA) and 23% to
Hydrocarbon-like (HOA) OA. Two types of secondary
oxygenated OA (OOA) were also identified with 42% of
More Oxidized (MO) and 8% of Less Oxidized (LO)
OOA. HOA and COA are locally emitted by traffic and
residential cooking activities (including traditional fishsmoking), respectively, as confirmed by their CTL and
SB daily profiles (Fig. 1c). The MO-OOA high
concentration observed regardless of day type suggest a
rather background regional source. Its high oxidation
level can be explained by primary OA species that

Continental

Sea breeze

Marine

b)

c)

Fig. 1. (a) Averaged pie charts for IOP-1, (b) PMF 4factor solution mass spectra and (c) corresponding daily
cycles for CTL, SB and marine days (left to right).
LHR’s PhD grant and SHADOW campaigns are
financially supported by the CaPPA (Chemical and
Physical Properties of the Atmosphere) Labex. The
CaPPA project is funded by the French National
Research Agency (ANR) through the PIA (Programme
d'Investissement d'Avenir) under contract ANR-11LABX-0005-01 and by the Regional Council “Nord-Pas
de Calais” and the European Funds for Regional
Economic Development (FEDER).
Fialho, P., Cerqueira, M., Pio, C., et al. (2014). Atmos.
Environ. 97, 136–143.
Tiitta P., Vakkari V., Croteau P., et al. (2014). Atmos
Chem. Phys. 14, 1909-1927
Sandradewi, J., Prévôt, A.S.H., Szidat, S., et al. (2008).
Environ. Sci. Technol. 42, 3316–3323
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Exposure to fine particulate matter (PM) is known to levy
a substantial burden of disease, with adverse outcomes
even below 10 µg∙m-3 of PM2.5. Hence, much research is
dedicated to assess the variation of fine and ultrafine (UF)
PM in urban environments. Ambient concentrations of
fine PM result from dynamic processes that occurs at
different spatiotemporal scales, including local and
remote emissions, transport and aging processes. We
hypothesized that analyzing fine temporal scales of PM
records can spatially resolve local short-term processes
from regional phenomena, as has been demonstrated for
UF PM (Sabaliauskas et al., 2014).
A network of relatively low-cost optical particle
counters (OPCs) was deployed in an urban residential
neighborhood for six months. Five nodes were set 150300 m apart and measured number concentrations of fine
particles >0.5 µm. The extremely long time-series (1 min
sampling frequency) facilitated a frequency analysis for
studying PM patterns at selected spatiotemporal scales.
Specifically, we used continuous wavelet decomposition
(CWT) to resolve periodic cycles (e.g. diurnal) and
transient phenomena (e.g. synoptic events, local
emissions).
The spatial variability, i.e., inter-nodal differences,
in the study area was found mostly in the 95 percentile of
PM concentrations, and in the corresponding skewness of
the concentration distribution, leading to overall 19.5–
33.6% RMS, in comparison to 8-16% RMS among
collocated nodes. The variation seems to be related to
anthropogenic activity (commute, commerce). Applying
CWT, we identified synoptic events (e.g. dust storms) and
diurnal cycle of PM concentrations. We then isolated and
reconstructed the short-lived transient component. The
different temporal scale events are demonstrated in the
wavelet scalogram shown in Figure 1.

Figure 1. Time series measured by a mini-OPC at one of
the measurement sites (code name GIL) during AprilJune 2014 (Top), and its continuous wavelet
decomposition (Bottom). The color bar represents the
magnitude of the wavelet coefficient in every
decomposition level, which corresponds to a specific
temporal scale.

We characterized various spatiotemporal contributions to
the ambient fine PM levels in the study area, including
local traffic and commerce. Our results demonstrate that
by using the CWT we can distinguish between inter and
intra neighborhood contributions to observed PM, and
hence improve exposure estimation at the individual level.
This work was supported by the Technion Center of
Excellence in Exposure Science and Environmental
Health (TCEEH).
Sabaliauskas, K., Jeong, C. H., Yao,,X. and Evans, G. J.
(2014) Atmos. Environ.95, 249–257.
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Controlling air pollution at construction sites
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As policies to control air pollution emissions from
industry and transport grow ever stronger the spotlight
falls on emissions sectors that have not previously been
the focus of controls including, most recently, the
construction sector. The 2010 London Atmospheric
Emissions Inventory (GLA, 2013) included construction
emissions for the first time. It was estimated that
construction machinery was responsible for 12% of
London’s NOX emissions, 17% of PM2.5 and 12% of
PM10. Construction and demolition dust added a further
1% to London’s PM10 emissions.
As a consequence London introduced the world’s
first Low Emission Zone for construction machinery in
September 2014 (https://nrmm.london/). Also, dust
management programmes are now required for large
construction
sites
including
perimeter
PM10
measurements and an action limit of 250 µg m-3 (15
minute mean) set to protect the public. If this value is
breached then construction should stop and the cause of
the breach investigated. The action limit was based on a
single study in London in 1999 (Fuller and Green, 2004).
This investigation sought to re-evaluate the 250
µg m-3 threshold as an indicator for construction
emissions given newer measurement techniques and
changes to urban background PM over the last 16 years.
It also investigated the validity of the emissions
inventory estimates from construction.

every construction site. Construction PM10 was most
apparent in the top 0.3% of measurements. Substantial
differences in PM10 concentrations between similar types
of construction site showed the scope for good site
management. Proximity was also a factor in local PM 10
concentrations from construction. However, even by
controlling peak concentrations, local PM10 from
construction might still increase by 4-5 μg m-3 as a
median over a construction project.
Construction emissions of PM10 were detected at
several sites but there was no evidence of PM2.5, NOX or
NO2 from construction machinery exhaust (see Figure
1).

Methods
Pollution measurements from nine construction
sites were analysed. Construction projects varied
between three months and five years duration and ranged
in scale. Projects included the construction of a single
storey out-building, the landscaping of 3.2 ha of urban
space, the construction of 1.8 km urban road and the
demolition and construction of housing blocks. The final
dataset included pre and post measurement periods at
each construction site and comprised 1.8 million
measurements. It is the largest analysis of construction
PM10 to our knowledge.
The pre/post construction period was compared to
construction periods to re-assess the action limit and to
investigate emissions ratios of construction dust
emissions (assumed to be PM10) to exhaust emissions of
PM2.5, NOX and NO2.
Results and discussion
Comparing construction with non-construction
periods, the impacts of PM10 from construction were not
always apparent in the median and 95th percentiles at

Figure 1. Mean diurnal weekday concentration of PM10,
PM2.5 NOX and NO2 before (blue), during (red) and after
(yellow) a road construction project.
Conclusions
A concentration threshold of 190 µg m-3 (hourly
mean) was shown as a reliable indicator of local
construction PM10. This would have very low (<1%)
false alarm rate if used as part of new dust control
programmes. In contrast to emissions inventory
estimates, PM10 from construction and demolition was
far greater than PM2.5 and NOX from construction
machinery.
This work was supported by High Speed 2 Ltd.
Fuller, G. W., & Green, D. (2004). Atmospheric
Environment, 38(30), 4993-5002.
Greater
London
Authority
(2013).
http://data.london.gov.uk/dataset/londonatmospheric-emissions-inventory-2010
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Origins of PM10 in northern coast of France: a one year study to estimate maritime
contributions in the Strait of Dover
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The Nord-Pas-de-Calais Region is one of the most
concerned areas in France by exceeding of the PM 10
daily mean limit value (50 µg.m-3). For a better
understanding of these phenomena, the most complete
identification of PM10 source is crucial. In this region,
numerous studies aiming to the characterization and
identification of particles in urban area and in the
vicinity of industrial emission have been performed. The
objective of this work is to fill the lack of knowledge
about the impact of emissions resulting from the marine
compartment. It includes natural emissions such as sea
salts (Manders et al. 2010) and anthropogenic emissions
linked to the marine traffic especially in the English
Channel, together with the Strait of Dover, that forms a
narrow corridor with one of the greatest concentrations
of shipping in the world (EEA, 2013) (700 to 800 vessels
sailing per day).
The PM10 sampling and measurement campaign
has been performed continuously from 2013/01/01 to
2014/04/15 at the Cape Gris Nez, a coastal French site
selected to study marine impact, in front of the Straits of
Dover. A complementary campaign has been performed
in the port of Calais, from 2014/01/28 to 2014/04/21.
PM10 levels were measured using MP101 analyzer and
collected using Digitel® DA80 sampler (30 m3/h, 24h,
Pall® QAT-UP filter). The characterization of PM10 was
performed considering trace metals, water soluble ions,
EC/OC, biomass burning and biogenic particles organic
tracers. These chemical parameters were considered to
explain PM10 levels observed in the Nord Pas-de-Calais
Region and to estimate the contribution of the maritime
sector to the PM10 levels in coastal sites.
In 2013, at Cape Gris-Nez, PM10 mean value was
22.8 µg.m-3 and is very similar to those observed in
several other sites in the Nord-Pas-de-Calais region. Six
species explains about 80% of the total mass of PM10:
NO3-, OM, SO42-, Cl-, Na+, and NH4+. Contributions of
the different particles types were calculated; sea salts
represents 22% of the total mass of PM10. Concentration
roses were drawn for the 33 studied species. Some
elements show identical rose patterns such as V and Ni,
known as tracers of fuel combustion, as well as Co,
which all point to the North-Sea and the ferries shipping
route between France and England.
An innovative Constrained Weighted Non
Negative Matrix Factorization model developed with the
LISIC laboratory has been used (Limem et al. (2014),
Kfoury et al. (2016)). This model allows taking a priori

knowledge by applying soft constraints on the sources
profiles. 10 sources profiles were identified: sea-salts,
aged sea-salts, secondary nitrates, secondary sulphates,
crustal, biomass combustion, primary biogenic emission,
marine traffic, combustion, metal source. The monthly
evolution of their contribution evidences different
behaviour between the sources: secondary nitrates are
predominant during the cold seasons and appears to be
the most involved in the PM10 peaks; Impact of marine
traffic is mainly evidenced during the summer season.
Study of the contribution roses evidenced that the impact
of the marine traffic mainly results from long range
transport despite the proximity of the English Channel
and the North Sea.
For the year 2013, the mean contribution of the
different sources were 37% for sea salts and aged seasalts, 43% for the secondary inorganic aerosols, 7% for
biomass combustion, 5% for marine traffic. This
distribution varies highly depending on the period and
more particularly during above daily PM10 limits values.
Manders, A. M. M., Schaap, M., Querol, X., Albert, M.
F. M. A., Vercauteren, J., Kuhlbusch, T. A. J., and
Hoogerbrugge, R. (2010). Sea salt concentrations
across the European continent,
Atmospheric
Environment, 44, 2434-2442.
EEA, European Environment Agency (2013). The
impact of international shipping on European air
quality and climate forcing, , Technical report No
4/2013. doi:10.2800/75763
Limem, A., Delmaire, G., Puigt, M., Roussel, G.,
Courcot,
D.,
2014.
Non-negative
Matrix
Factorization under equality constraints—a study of
industrial source identification. Applied Numerical
Mathematics 85, 1-15
Kfoury, A., Ledoux, F., Roche, C., Delmaire, G.,
Roussel, G., Courcot, D., 2016. PM2.5 source
apportionment in a French urban coastal site under
steelworks emission influences using Constrained
Non-Negative Matrix Factorization receptor model.
Journal of Environmental Sciences, in press (doi:
10.1016/j.jes.2015.10.025).
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GAW global site Hohenpeißenberg –how has the aerosol load changed over the years?
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Meteorological Observatory Hohenpeißenberg, Deutscher Wetterdienst, 82383 Hohenpeißenberg, Germany
Keywords: long-term measurements, ACSM, inorganics, source apportionment
.Presenting author email: Johanna.Esser-Gietl@dwd.de

It is well known that airborne particles have an impact
on human health and influence the climate system of the
earth and biosphere. Hence it is of great importance to
monitor aerosols as done at Hohenpeißenberg, Germany,
a global station of the WMO program “Global
Atmosphere Watch”.
The longterm TSP and PM10 measurements
(since 1997) and their analysis on the watersoluble ions
are assissted by PM1 measurements analysed with an
Aerosol Chemical Speciation Monitor (ACSM,
Aerodyne Research) since 2013. The results reflect
typical characteristics of a rural site, low influence of
traffic or industry. At Hohenpeißenberg the aerosol
composition shows a yearly cycle. However, due to the
low background concentration special events as volcano
dust or wood burning can be clearly seen and
determined. Long-term trends of aerosol background can
be monitored. The supplementary measurements with
the ACSM allow source apportionment of the organic
fraction. Due to legislation the aerosol load has been
decreased in the past years. This work studies how the
aerosol composition has changed over the years at a
background site.
The TSP average concentration since 2006 is
9.6 µg/m³, which is well below European PM10
regulations. TSP has a decreasing tendency of 0.4 µg/m³,
which was found at several sites (Barmapadimos et al
2012). The components Cl-, Na+, NH4+ and SO42- show
clear decreasing trends, NO3- is only slightly reduced; on
contrary the trends of Ca, K and Mg are rather stable
since 1997. Sulfate producing emissions, especially from
petrol and lignite combustion are reduced continuously
in Germany since 2000 (EMEP, 2012). Lignite
combustion is also a source of Cl-, which accordingly
decreased with time.
In Figure 1 the seasonal aerosol composition for
PM2 (organics PM1) is shown for the different seasons
in 2014 and 2015. The organics (OA) are analysed by
positive matrix factorization to identify the sources.
Oxygenated organic aerosol has a high share of OA and
has its maximum in summer time. Contrary, NO3-, on
average the second largest contributor to aerosol mass,
has its maximum early in the year, when agricultural
activity and the weather condition which support the
accumulation of aerosol (e.g. temperature inversion) are
coinciding. The seasonality of the chemical components
exists and is independent of the reduction of the aerosol
mass.
Differences in the seasonality of the composition
are a consequence of natural occurences / biogenic
sources of aerosol, typical are the transport of Saharan

dust or sea salt aerosol. These air masses can change the
average composition of PM, as seen in spring 2014,
where a high load of Na+ and Cl- is detected. The
occurrences of these phenomena are highly dependent on
the prevailing weather situation.

a

b

c

d

e

f

g

h

Figure 1. Average aerosol composition (PM1, PM2) at
Hohenpeißenberg, for 2014 (a- winter, b-spring, csummer,d-autumn) and 2015(e-winter, f-spring, gsummer, h-autumn).
Barmapadimos, I, Keller, J, Oderbolz, D, Hueglin, C,
Prevot, ASH. (2012) ACP, 12, 3189-3203
EMEP (2012) Transboundary particulate matter in
Europe, Status report 2012 NILU
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A new on-line monitor for in-situ, time-resolved characterization of the ability of ambient
particles to generate reactive oxygen species
A. Eiguren-Fernandez, N.M. Kreisberg and S.V. Hering
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Airborne particles are collected directly into water
using the condensation growth tube. The suspension is
transferred to the reaction vial, where the DTT reagent is
added. This solution is incubated at 37°C with gentle
shaking. At designated times an aliquot of the reaction
solution is delivered to the mixing T, where it is mixed
with 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) to form a
complex, which absorbance was measured at 412nm.

Results
Optimization of the automated method
The on-line DTT assay and the automated chemical
module were optimized using 9,10-phenanthraquinone
(PQ), a highly active redox compound. Figure 2 shows
the DTT consumed over time for four PQ concentrations
and blanks. The calculated DTT consumption rate per
unit PQ was similar for all samples with an average rate
(+STDEV) of 3.13+0.12 µM DTT/min*µM PQ, which
indicated a linear correlation between DTT loss and PQ
concentration in solution.
Figure 2. DTT consumption overtime for blanks and PQ
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Oxidative capacity of ambient particles in Berkeley
The o-MOCA run unattended for 3 consecutive days
in our laboratory collecting 3-hr PM2.5 samples.
Measured DTT consumption rates and PM2.5 and BC
concentrations (nearby Air Quality Management District
Station data) are shown in Figure 3. Important diurnal
and daily differences were observed. Also, the oxidative
potential of particles followed similar trends to PM and
BC concentrations.
Figure 3. DTT consumption rate (µM DTT/min*m3);
PM2.5 and BC (µM/m3); *: <LOD
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This work was supported by the National Institutes
of Health under grant 1R43ES025468-01.
Cho, A. K.; Sioutas, C.; Miguel, A. H.; Kumagai,
Y.; Schmitz, D. A.; Singh, M.; Eiguren-Fernandez, A.;
Froines, J. R., Environ. Res. 2005, 99, (1), 40-7
Eiguren Fernandez, A., Buglack N., Li, N., Keady,
P., Hering S. Proceedings of the Healthy Buildings
America (2015)
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Oxidative stress has been associated with widelyspread diseases such as Alzheimer’s, atherosclerosis,
diabetes, and myocardial infarction. Despite ample
evidence linking exposure to air pollution and the
incidence of these diseases, the mechanism by which air
pollution exposure leads to health effects remains
unclear. One possible pathway is the ability of inhaled
aerosols to generate reactive oxygen species (ROS). Invivo and in-vitro studies have shown a correlation
between the oxidative potential of airborne particles and
the production of biological markers of ROS formation
and oxidative stress. Yet, these studies are costly, time
consuming, require long exposure protocols and high
particle concentrations. To reduce costs, increase
throughput, and obtain faster results, new chemical
assays have been developed. Among them, the
dithiothreitol (DTT) assay is widely used for the
assessment of the capacity of ambient aerosols to
generate ROS (Cho et al. 2005). The DTT assay is based
on the ability of particle-bound redox-active chemicals
to oxidize the DTT to its disulfate form. The rate of DTT
loss is determined as the slope of its sample regression
line which is then used as a relative measure of the
oxidative capacity of the sample.
Here we present a new system for the in-situ, timeresolved measurement of the capacity of airborne
particles to generate ROS using the DTT assay. The online monitor of the oxidative capacity of ambient
aerosols (o-MOCA) consists of a liquid sample collector
(Eiguren-Fernandez et al 2015) coupled to an on-line
chemical module.
The o-MOCA system
The o-MOCA (Figure 1) provides a new approach
for on-line measurement of the ability of particles to
generate ROS.
Figure 1. Diagram of the o-MOCA
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Finding the building blocks of atmospheric nucleation clusters – the nanoTOF project
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Recent advances in the understanding of
atmospheric new particle formation (Kirkby et al.
2011, Almeida et al., 2013, Schobesberger et al. 2013)
have highlighted the question whether the contributing
mechanisms are correctly depicted by the presently
used instrumentation or if only strongly bonded ion
core clusters without loosely bonded ligands have
been detected so far.
This work offers an alternative approach, using
a new and innovative prototype mass spectrometer
(MS) that includes an integrated axial mobility
classification (AMC) in the inlet of the instrument.
This feature enables the monitoring of the degree of
fragmentation of the ionic clusters in the mass
spectrometer. The new instrument, further on referred
to as the “nanoTOF”, is based on the soft, low
fragmenting transition-technology of molecular ions
into the high vacuum of a mass spectrometer as used
in the Innsbruck PTR-MS and PTR-TOF
developments (e.g. Graus et al. 2010).
The characterization of the AMC system is part
of the first phase of the testing of the new nanoTOF
inlet. For this purpose, well defined, monomobile
electrospray generated cluster ions, size segregated by
a Vienna-type high resolution Differential Mobility
Analyzer (UDMA, Steiner et al. 2010) are fed to the
nanoTOF inlet. Figure 1 sketches the experimental
setup for the AMC characterization.
Cluster Calibration Unit

nanoTOF inlet

closed loop
sheath air

QEM2

Qin

UDMA
QEM1

EM 2

Qex

down the ions and only allows ions below a certain
critical electrical ion mobility (large ions) to pass the
potential maximum. By continuously reducing the
potential barrier, also ions with higher mobilities are
allowed to enter the mass spectrometer (MS) for
detection. For testing the ion transmission efficiency
and the mobility classification characteristics of the
nanoTOF inlet, an Aerosol Electrometer was used
instead of the MS for the detection of the ion current.
An example of the AMC mobility scan of the
monomer ion (A+)1(AB)0 of electrospray generated
tetra-heptyl ammonium bromide (THABr) is shown in
Fig.2.

Fig. 2 Example for a AMC mobility scan of the
THABr monomer ion (A+)1(AB)0; m/z=410.473.
This work is funded by the Austrian Science Fund,
FWF (project no. P27295), the “Tiroler
Wissenschaftsfonds” (nanoTOF-ICE) and the
University of Innsbruck promotion grant four young
researchers.

Qae
EM 1

Kirkby, J. et al. (2011) Nature, 476, 429-433

electrospray
ion source

dry purified air

exhaust

exhaust

exhaust

Fig. 1 Schematic of the experimental setup for the
characterization of the nanoTOF inlet. UDMA (high
resolution Differential Mobility Analyzer), EM1 and
EM2 (Aerosol Electrometers)
The mobility classification in the nanoTOF uses the
same technique as just recently presented by
Bezantakos et al. (2015) and Tammet (2015): an
electric field, opposed to an ion inlet flow, is slowing

Almeida, J. et al. (2013) Nature, 502, 359-363; doi
10.1038/nature12663
Schobesberger, S et al. (2013) P. Natl. Acad. Sci. doi:
10.1073/pnas.1306973110
Graus, M., Müller, M., Hansel, A. (2010) J. Am. Soc.
Mass Spectrom., 21, 1037-1044.
Steiner, G., et al. (2010) Aerosol. Sci. Technol., 44:4,
308-315
Bezantakos, S., et al.(2015) Aerosol Sci. Technol,
49:1, iv–vi
Tammet, H. (2015) Aerosol Sci. Technol., 49, 220–
228,
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Computational tools for functional group analysis of organic aerosols
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First, we describe a tool based on chemoinformatic
algorithms for reducing a set of molecular abundances to
their corresponding proportions in FG space. Through
this tool, we introduce a novel method of formulating
and validating a set of patterns which apportion all atoms
in a mixture to one of several predefined FGs, thereby
bridging the gap between molecular specificity and
atomic composition (Ruggeri and Takahama, 2015). We
demonstrate its application to molecularly speciated
mixture composition of primary OA measured with gas
chromatography with mass spectrometry, and secondary
OA formed from anthropogenic and biogenic precursors
by simulation with the Master Chemical Mechanism
(MCM) v3.2 (Jenkin et al., 1997) with dynamic
gas/particle partitioning (Figure 1) (Ruggeri et al., 2016).
These results are compared with available IR
spectroscopy measurements of FG composition in
chamber studies and comparable systems.
We further present chemometric tools for FG estimation
of OA using IR spectroscopy. While the sample
collection and signal acquisition can be relatively simple,
the processing of the IR spectrum requires one of several
algorithms to correct for substrate interferences, and
relate the remaining analyte absorbance to abundances of
vibrational modes present in the organic mixture. We
describe a new interface that allows experimentalists and
practitioners to access our algorithms (e.g., Takahama et
al., 2013; Kuzmiakova et al. 2016). The FG composition
obtained by this tool can then be used for comparison
against model simulation and other measurements;
estimation of organic carbon (OC) and organic matter

(OM) mass, OM/OC ratios, and atomic ratios. We
briefly demonstrate the scalability of such FG analysis to
short-term field campaign and large-scale monitoring
network measurements.

O:C ratio

The molecular diversity of compounds in atmospheric
organic aerosol (OA) poses challenges for measurement
and modeling of these complex mixtures. Common
methods to interpret OA composition in atmospheric or
laboratory measurements and numerical simulation
include speciated molecule concentrations and atomic
ratios. Functional group (FG) abundance in OA provides
an intermediate chemical resolution that retains source
class fingerprints, capability for OA mass estimation,
and physicochemical properties such as hygroscopicity,
volatility, and reactivity. However, extracting FG
content from measurements such as infrared (IR)
absorption spectra or numerical models have been
impeded by our lack of computational tools required to
harvest this information. We therefore present two sets
of tools we have recently developed to accomplish
model and measurement interpretation through FGs,
which we make available to the aerosol community.
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Figure 1. Simulated O:C ratio from MCMv3.2
apportioned to contributing functional groups.
This work was supported by the.Swiss National Science
Foundation (200021_143298), EPFL, and the U.S.
National Park Service (P11AC91045).
Jenkin, M. E.; Saunders, S. M. and Pilling, M. J.: The
tropospheric degradation of volatile organic
compounds: a protocol for mechanism development,
Atmos. Environ., 31, 81 – 10, doi: 10.1016/S13522310(96)00105-7, 1997.
Kuzmiakova, A., Dillner, A. M., and Takahama, S.: An
Automated Baseline Correction Protocol for Infrared
Spectra of Atmospheric Aerosols Collected on
Polytetrafluoroethylene (Teflon) Filters, Atmos.
Meas. Tech. Discuss., doi:10.5194/amt-2015-384, in
review, 2016.
Takahama, S.; Johnson, A. and Russell, L. M.:
Quantification of Carboxylic and Carbonyl
Functional Groups in Organic Aerosol Infrared
Absorbance Spectra, Aerosol Sci. Tech., 47, 310-325,
doi: 10.1080/02786826.2012.752065, 2013.
Ruggeri, G. and Takahama, S.: Technical Note:
Development of chemoinformatic tools to enumerate
functional groups in molecules for organic aerosol
characterization, Atmos. Chem. Phys. Discuss., 15,
33631-33674, doi:10.5194/acpd-15-33631-2015, in
review, 2015.
Ruggeri, G., Bernhard, F. A., Henderson, B. H., and
Takahama, S.: Model-measurement comparison of
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organic
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formation,
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Recently, we have performed two types of time-resolved
optical spectroscopic measurements on individual
aerosol particles. The first method is similar to direct
infrared (IR) absorption spectroscopy, and the second,
exploits spontaneous and enhanced Raman scattering
spectroscopy. Our objective is to study single aerosol
particles to determine compositional changes and their
dependencies on environmental conditions to understand
fundamental mechanisms for particle transformations.
To achieve our research goals, we have refined an
experimental approach for aerosol particle studies using
a Linear Electrodynamic Quadrupole (LEQ) trap. It also
provides a convenient platform to develop and evaluate
optical measurement techniques on individual particles.
The LEQ apparatus suspends and confines charged
aerosol particles using a combination of four vertical
rod-shaped electrodes arranged on a square, and a ring
electrode at the bottom. The rods are connected in
diagonal pairs to a sinusoidal high voltage, which
confines particles to the symmetry axis of the rods. The
ring carries a stationary potential of the same polarity as
the particles, providing an electrostatic force to balance
gravity and aerodynamic drag. This arrangement is
mounted in an enclosure with optical access windows so
that the trapped particles can be exposed to controlled
environmental conditions (temperature, gas phase
composition and humidity). Advantages of the LEQ
design include: easier procedures (semi-automated) for
introducing particles at the top with very high capture
efficiency, and an ability to capture either one or more
particles simultaneously. When using a droplet
generation method for aerosol production, essentially
identical particles can be introduced, and since they all
possess the same charge polarity, they naturally space
themselves evenly along the LEQ axis. Figure 1 shows a
photograph of several 5 µm polymer beads captured in
an LEQ, which can be maintained stably for periods up
to many hours. More detail on the LEQ design and
operation can be found in Hart, et al (2015).
This talk describes measurements to determine
particle composition using IR absorption and Raman
scattering vibrational spectroscopy. While both of these
general methods have a long history of use, challenges in
applying them to individual particles have impeded widespread usage.
For IR spectroscopy, the extremely small sample size
(picograms) precludes use of any commercial instrument
that directly measures absorption using conventional
continuum light sources. We capitalize on the relatively
recent proliferation of both fixed wavelength and tuneable
quantum cascades laser (QCL) sources in order make
single particle measurements feasible. However, another
challenge remains for signal detection since even with a

laser source, the measurement of extinction of an aerosol
particle includes both elastic scattering and absorption
with the former typically comparable to (or greater than)

Figure 1. This is a photograph of 5 µm polymer spheres
confined in an LEQ. Two of the four vertical electrode
rods are visible.
the latter in magnitude. To overcome this obstacle, we
collect elastically scattered light spectral intensities, and
relate the material dispersion in the real part of the
refractive index to the imaginary part via the KramersKronig relationship. Details of this method will be
described, as well as our latest results for single particle
compositional change over time.
Raman scattering measurements are performed on
trapped particles of both neat and mixed composition, and
can be compared and contrasted with IR absorption
spectral measurements. The use of spontaneous Raman
for environmental sampling is hampered by the low
scattering cross-section, requiring long signal integration
times. We are exploring a technique in which an enhanced
signal may be obtained by presence of metallic nanoparticles (MNPs) on the surface of, or inside, the aerosol
particles (Sivaprakasam et al 2014), similar to surface
enhanced Raman scattering (SERS). Spontaneous Raman
spectra and MNP-enhanced Raman spectra will be
measured on identical aerosol particless under controlled
conditions. The dependence and repeatability of Raman
enhancement factors on spectral response, MNP
composition and aerosol material will be discussed.
This work was supported by Office of Naval Research
funding, ONR B 6.1 56-P017-15.
Hart, M.B., Sivaprakasam, V., Eversole, J.D., Johnson
L.J. and Czege (2015) J. Appl. Opt. 54, F174-81.
Sivaprakasam, V., Hart, M., Jain, V. and Eversole, J.,
(2014) Opt. Ex. 22 (16) 18966-78.
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Elemental composition of ambient aerosols measured in high temporal resolution with
an online x-ray fluorescence spectrometer
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Trace elements are important markers for emissions
sources, and certain metals have been linked to
detrimental health effects. A variety of techniques exist
to quantify these elements in ambient air, including
inductively-coupled plasma mass spectrometry (ICPMS), inductively-coupled atomic emissions spectroscopy
(ICP-AES), X-ray fluorescence (XRF), and protoninduced X-ray emission spectrometry (PIXE). However,
most applications of these techniques require sample
collection and storage, followed by analysis in the
laboratory. This can be very laborious and/or require
access to special facilities such as synchrotrons, making
impractical the routine analysis of large datasets. Thus
there is an urgent need for online methods capable of
ambient trace element analysis.
The Xact 625 Ambient Metals Monitor (Xact,
Cooper Environmental Services) provides real-time,
online measurements of trace element concentrations in
ambient aerosol with a time resolution of 15 to 240 min.
Ambient air is continuously pulled through a Teflon
filter tape, where particles are collected. After the
designated collection interval, the filter tape is moved
into the analysis area, where it is analysed by XRF. In
the present study, the Xact collected PM10 samples with
1-hr time resolution from 23 July 2015 to 13 August
2015 in Härkingen, Switzerland. The site is located in a
rural area, adjacent to a freeway and several small
villages. The sampling period included Swiss National
Day, which was celebrated with fireworks in the nearby
villages.
The Xact measurements were compared with 24hr PM10 filters analysed by ICP-MS and ICP-AES.
Approximately 20% of the total mass is measured by the
Xact, and consists primarily of Si, S, Ca, and Fe. Strong
correlations (R2 > 0.9) between Xact and HiVol filter
measurements are observed for S, K, Ca, Ti, Fe, Mn, Cu,
Zn, Ba, Pb, and Bi. The mean slope (Xact vs. filter) for
these elements is 1.35, indicating that the Xact tends to
estimate a higher mass concentration than the ICP
systems. This difference may be due in part to different
inlet transmission curves for large particles. Most other
elements with concentrations were above detection limits
exhibited R2 values between 0.25 and 0.9.
Data were classified into fireworks and nonfireworks periods based on the concentration of K. The
ratio of trace element concentrations measured by the

Xact for these two periods is shown in Fig. 1. Strong
enhancements in K, Ba, Bi, Cu and As are observed,
with lesser enhancements in S, Cl, Ti, Zn, and Pb. These
enhancements
are
consistent
with
previous
measurements of fireworks composition (Kong et al,
2015). This analysis can be used to derive source
signatures suitable for source apportionment.
Classification of the non-fireworks data according
to south (highway-influenced) and north (not highwayinfluenced) can be used to identify the effect of traffic
emissions on trace element composition. Highway
emissions lead to enhancements in Ba, Cr, Cu, Fe, and
Mn during the day. Interestingly, no enhancement is
observed for Sb, which is used as a tracer for vehicle
brake wear. This likely reflects the local traffic patterns,
as the free traffic flow and flat topology results in
minimal braking on this section of highway. Highway
traffic also contributed to resuspended dust, primarily
observed in the morning and early afternoon. Finally,
enhanced Cl contributions during the first half of the
campaign could be attributed to transported sea salt.

Figure 1. Ratio of trace element concentrations for
fireworks/non-fireworks periods (1 = no enhancement).
This study was funded in part by the Swiss Federal
Office for the Environment (FOEN).
Kong, S. F., et al (2015) Atmos. Chem., Phys. 15, 21672184.
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Improvements of the laser two-step mass spectrometry (L2MS) technique
for the surface analysis of aerosol particles using VUV coherent sources
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Semi-quantitative analysis can be also achieved
by comparing the results using synthetic soot with a
well-known amount of the target species adsorbed on it.
Sensitivities down to 0.1 femtomole per laser shot has
been demonstrated (Faccinetto et al. 2015).
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Determination of the surface composition of soot
particles is a key parameter for a better understanding of
various issues such as their toxic effect on health, their
inception and growth processes in flames, or their
hygroscopic properties and potential role as water or ice
condensation nuclei in the atmosphere.
At PhLAM laboratory, we improve the Laser
Two-step Time-of-Flight Mass Spectrometry (L2MS)
method in order to characterize the species adsorbed on
soot particles at trace level. Particular advantages of the
laser techniques are a low fragmentation and thus a high
sensitivity for large molecular compounds compared to
thermal desorption used in Aerosol Mass Spectrometer
instruments for instance. The soot surface is probed
either with the second (532 nm) or fourth (266 nm)
harmonic of a nanosecond Nd:YAG laser. While mostly
neutral species are produced at 532 nm, the production
of ions or neutrals can be controlled by the laser fluence
of the 266 nm beam.
Besides the dominating polycyclic aromatic
hydrocarbon (PAH) component, we search for their
derivatives (oxygenated, sulphur-containing ...) which
are able to modify the physical and chemical properties
of soot particles. To facilitate the identification of such
species, we propose here to compare the mass spectra
obtained with various ionization wavelengths. Resonant
Two-Photon Ionization (R2PI) allows the specific
detection of aromatic compounds thanks to resonant
*← transitions. In contrast, Single Photon Ionization
(SPI) at 118 nm (10.5 eV) provides a more accurate
picture of the diversity of compounds adsorbed on the
soot matrix including aliphatic species. Practically,
desorbed neutral species are ionized either by the
collimated 266 nm (4.6 eV) beam from a Nd:YAG laser
or by the focused 118 nm beam generated in a homemade Xe-cell by tripling the third harmonic (355 nm) of
the Nd:YAG laser (Butcher 1999). As an additional
ionization source, F2 excimer laser at 157 nm is used for
the exclusive ionization of PAHs with low selectivity.
Differences between R2PI and SPI are evidenced in Fig.
1, especially in the 1-150 m/z range where aliphatic
fragments are detected.
Depending on the laser fluence conditions, we
can avoid fragmentation or use it for the identification of
specific fragments.
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Figure 1. Comparison of the spectra obtained for the
same CAST soot sample using R2PI at 266 nm and SPI
at 118 nm.
Various samples have been analysed including
pure PAH pellets, synthetic soot with a controlledconcentration coverage in PAHs or PAH derivative
mixtures, and model laboratory flame soot. The
identification potential of the method will be discussed
in the light of complementary results obtained with other
techniques especially Secondary Ion Mass Spectroscopy
(SIMS) and Fourier Transform Infrared Spectroscopy
(FTIR) which were used to strengthen the attribution in
the case of complex mixtures.
This work was supported by the LABEX CaPPA
(ANR-10-LABX-0005) and by a “projet BQR
Emergence” of University Lille 1.
Butcher, D. J. (1999) Microchemical Journal 62, 354–
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Faccinetto, A., Focsa, C., Desgroux, P., Ziskind, M.
(2015) Environmental Science and Technology 49,
10510–10520.

