Carbonaceous
Rerosol

by

Andras Gelencsér




CONTENTS

R R R P R vii
Lol R R R R e T e R e ix
LT T R s S e it O S Y bt v SR st o Bt L e S e 1
2. Methods of Observation of Carbonaceous Aerosol .................c.ocoeeiiiiiiiiininnn, 7
ERlSampling of Carbondceots ASrasol . isics b didiiii, b st dide it 7
2.1 Filter Sampling e caeal . chduaik, BB ApSam S Dbl S Dia i b 8
2512 - IMPActOn SAMDHNE. &iir.vsassmis it b sl ST e des s it ser F R D60 21
2.2 Methods for Determination of Main Carbonaceous
HErOsOLEOIBONGNTR o b o i o e e R 22
2.2.1 Methods for BC DetermMInation .....c......eeeesessmssesssiensenssssasanssashssssnsasise 23
222 - Methodsfor EUTDIBIEITNNARON. ... ovsireads finss s sparaass s fb bassirnihe s 31
2.2.3 Thermo-optical Methods for OC/EC analysis ......c.cccecceveerieenreennnnee 33
2.2.4 Intercomparison of Various Methods ............cccceiriieicrenincnienennnnene 42
3. Major Carbonaccous Particle Types and their Sources ... w4S
3.1 Soot—Black Carbon (BC), Elemental Carbon (EC), Graphitic Carbon ....... 45
Bl S DCTAMEIONS < oortorisnhum douiei i 1 ST T S50 MRS BT gy i R k4 L0 45
2512 <Histony oL S0OL B OIION. Skt - casiubeisis b His vicniammiibs foamsigisasavssisy 48
3.1.3 Properties and Chemical Composition of EC/BC/S00t ...........cccevuuee. 49
3554 Emission Sources,of EC/BUISOOT .. it isainadis silasssisssasssnsiabsssbaiafissssss 55
3:1.5. Atmospheric Observations of BC/SOOT. .ousis saisussssassnsesssiibessobsisienss 58
SE00 - GIODAI VIOAELS O B i L s viisrsanssonss Feadhonas iy bas1yilFip e s o giafhnces 63
Tt G G0 ] et e AR R B L e S B AT RN 69
3:2:1" Natural Primary Aerosol:Senroessi s, sl st S SRldlgil 70
3.2.2 Anthropogenic Primary Aerosol SOUIces .........c.cccoevimniciinieniiiirunnn. 74
g Sccondary Organie AerosolBOA) . . lGu s Al ligk i amidnd 83
3.3.1 Emissions of Volatile Organic Compounds (VOC)
relevant to Secondary Organic Aerosol Formation .............cccccinneee. 84
3.3.2 Gas-phase Chemical Reactions Leading to Condensable Species .....89
3.3.3 Gas-to-particle Partitioning of Reaction Products ...........c.coceccruinens 110
3.3.4 Atmospheric Observations of Secondary Organic Aerosol ............. 129
345 Modelng of SUA TORMBUON. ¢4 o aritaseassst sasiasaraiasssassasishibions o foopses 131
3.3.6 Secondary Aerosol Formation in Heterogeneous and
e el b SRR S et B o e e AT b e i 141
BT oanic Chemistry of Aerosol .......c....ccuvisicsicsirconinnninssnaisasbossisahosgtsatiains 149
4.1 Chemical Properties of Bulk Organic Aerosol ...........ccceniciiveniinisiiinnias 151
Bl OC Vass Concentrations ... cii.ivoisivniuvsnrisee s SRETRSEEL: s b Tt of 151
4.1.2 Global Modeling of OC Concentration Distributions ..........c.c.eu... 155

v




vi

4.1.3 Size Distribution of Organic Aerosol .............cc.ceeeciisiisiidivaisivsiids 159
4.1.4 Organic Aerosol in Mass Closure Studies .............ccoeennirsnsrnreenenes 161
4.1.5 State of Mixing of Organic Aerosol as Inferred from
Indivitial Particle ARBINEER 0l oo il invinsimatnis onirsbunsssars 166
4:1:6- BulkChemical: Charaeterizatontof 00y il Gl i 168
4177 Bulk OC/BC Source ApporHBImERE e 180
4.2 Major Compound Classes and Atmospheric Tracer Compounds ............... 184
4:2:1" Major Classes o Orga e R I et st easerssssvesaanssssnsison 184
4.2.2 Source-specific Organic Tracer Compounds .........ccccovverenrereneiennnens 195
4.3 Chemistry of Water-Soluble Organic Compounds (WSOC) ..............couue. 211
4.3 1 Water-salah O A I . s sos e oserqinoss oasangsssisasasguish 211
4.3.2 Scavenging Efficiency for Organic Species ...........cccoouveieerineriinnes 217
4.3.3 Organic Species in Cloud/fog Water and Precipitation ................... 218
5. Properties of Carbonaceous Aerosol and their Role in the Global
UL e A A i e T T R e R 221
5.1 Optical Properties of Carbonaceous Particles and their Role in Radiative
Y S O T I N e yac s v se s noniasonrresss g ssnsvmspons 221
5.1.1 Optical Properties of Individual Carbonaceous
T UBOI BB . ot St e oo ratapes cisiessosssoavisnssusuba ssopiavs onipn 222
5.1.2 Observations Regarding the Optical Effects of
B D LI O b e it voniuciniss g sornaesd s vardadibanssosngirsy 236
5.1.3 Role of Carbonaceous Aerosol in Radiative Transfer in the
I D T O e e i e tre o0 e Rt Gt aggprsehmambaloshin v s sasna Caps 242
5.2 Hygroscopic Properties of Carbonaceous Particles and
e AN OSp e I  E  OAS ts thivtinocickaviaponssbnghngs Aasss 256
5.2.1 Hygroscopic Growth Attributed to Carbonaceous Aerosol ............. 258
5.2.2 Cloud Condensation Nucleus (CCN) Activity of
U B0 Ly e iy o) v s Vs e et v Siasir S A 268
5.2.3 Ice-nucleating (IN) Activity of Carbonaceous Aerosol ................... 288

" 5.2.4 Contribution of Carbonaceous Aerosol to Aerosol Indirect Forcing 289

5.3 Heterogeneous Reactions on Carbonaceous Aerosol in the Atmosphere ...295
5.3.1 Properties of Carbonaceous Particles Relevant to

B OO HCORE IR I T sy tepanusavei nsasupasssonarsasaaohe 295

5.3.2 Heterogeneous Reactions in the Stratosphere on
O A OUE RO L. o i ivi s sasusatsicanvas sk astinssnsespdgisingsagesasss 296

5.3.3 Heterogeneous Reactions in the Troposphere on
Car DO O I O e i v tusacnssrintmons sutatsagags ivsosisisnnse 299
e e L ol e, 301
GOy I A R W e eI (et oiare cous ehnetsasionsnskinsnrescs oot 333
|0, B A i T T s S L e e e R e N AR N SR e 343

60 e m b b1 £ G e B e eSS ot nbuteiet s e I Al g v anl 349




Carbonaceous Aerosol

by
ANDRAS GELENCSER

Air Chemistry Group of the Hungarian Academy of Sciences,
University of Vleszprém, Veszprém, Hungary

This monograph provides a unique and comprehensive coverage of the nature
and atmospheric role of carbonaceous aerosol particles, these big unknowns of
the global atmosphere. Even the concept of carbonaceous aerosol has just
recently grown out of atmospheric pollution studies, without ever being anchored
to solidified nomenclature and terminology. It is beyond any doubt that no major
breakthrough can be expected in resolving climate issues without a better
understanding of the role carbonaceous particles play in the global atmosphere.

This monograph may serve as an indispensable reference for all those interested
in virtually any aspects of global atmospheric sciences, especially for those who
are stakeholders in inadvertent climate modification. Thus atmospheric chemists,
physicists, meteorologists, and modellers may well find this monograph a thought-
inspiring and sometimes provocative overview of all global phenomena affected by
or related to carbonaceous aerosol. An anticipated advantage of this monograph
is that it brings together these diverse atmospheric phenomena under the
umbrella of carbonaceous aerosol in an interdisciplinary way, which is a
prerequisite of resolving global scientific issues.
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