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o Topics of invited lectures

o Laboratory and theoretical framework
o Partitioning theory and smog chamber experiments Neil Donahue
o SOA from biogenic precursors-Mattias Hallquist

o Field and aerosol measurements
o Off-line Chemical Analysis of Aerosols-Marianne Glasius
0 On-Line Measurements of Aerosols-Pete DeCarlo
o Aerosol Field Measurements-Andre Prevot

o Atmospheric modelling

o Modelling of organic aerosols-David Simpson
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Outline

Motivation and background
o0 General processes and effects of aerosol
o Health

o Climate

Organic aerosol
o Classification
o Definitions/ classifications
o OC/EC
o Anthropogenic vs natural
o Examples classification-speciation
o Organic aerosol fraction
o Sources
o Contribution in atmospheric aerosol
o Size dependence
o POA (Direct emissions)

o SOA (Secondary formation)

Selected issues
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Effects of aerosol particles?
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Primary emission

Health

Small but dangerous

Rocont rescarch indi
vear 2000 caused a

tes that fine particles (PMg £) in the airin the

y b ing of etatistical life expect-
ancy of more than eig e EU, equivalent to 3.6 mil-
lion life years lost annually. This means that these particlea have
the mout serious effects on poople’s health of all air pollutants.

Source: The Swedish NGO Secretariat on Acid Rain , April 2006
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Health

TH
o WHO air quality
guidelines global
update 2005
el
24 Berey Gy, 1630 Orcber 2005

In addition to PM2.5 and PM10, vltra fine particles (UF) have recently
attracted significant scientific and medical attention. These are
particles smaller than 0.1 micrometer and are measured as number
concentration. While there 1s considerable toxicological evidence of
potential detrimental effects of UF particles on human health, the
existing body of epidemiological evidence 1s msufficient to reach a 0 40
conclusion on the exposure/response relationship to UF particles.
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Health

Table 1. Estimated health damage due to PM, ¢ in the EU 2000 and through imple-
mentation of current legislation (CLE) 2020. Source: EC 2005c.

Heaith effect Units (1000s) 2000 | 2020 CLE
Mortality - long-term exp Life years lost 3619 2467
Mortality - long-term exposure Premature deaths 348 272
Infant mortality Cases 068 | 035

| Chronic it Cases 164 128

| iratory hospital i Cases 62 42

| cardiac hospital admissi Cases 38 | 2

| Restricted activity Days 347,700 | 222,000

| Respiratory medication use, children Days 4,200 | 2,000

[ iratory medication use, aduits Days 27,700 20,900

| Lower respiratory symptoms (LRS), child Days 192,800 | 88,900

| LRs, aduls with chronic disease Days 285300 | 207,600

-Are organic particles different
in a health perspective?

Source: The Swedish NGO Secretariat on Acid Rain , April 2006
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Climate
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Radiative Forcing (W m2)
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Climate

Directs Effects - aerosol scatter or absorb radiation

Indirect Effects - aerosols modify clouds to increase
albedo or cloud lifetimes

Simplified
Clean Case: < example —> Polluted Case:

fewer but larger more but smaller droplets
droplets
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Climate

How do organic compounds effect properties of an
aerosol?

Examples
* Nucleation-size distribution changes
» Surface tension
* Solubility
* Kinetics (aging and water uptake)
* Light absorption/scattering
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Organic aerosols

- definitions and classifications

0 Common abbreviations
TC Total Carbon

EC Elemental carbon (sometimes=soot sometimes=BC, black carbon)

OC Organic Carbon

OM Organic matter (sometimes OC*1.4?) : e
WSOC Water soluble organic carbon

POA Primary organic aerosol

SOA Secondary organic aerosol

O O O o o o o o

HOA Hydrocarbonlike organic aerosol (connected to AMS
measurements)

o

OOA Oxidised organic aerosol (connected to AMS measurements)

Antrophogenic vs Biogenic?
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OC/EC classification

Thermochemical Molecul Optical

Classification Structures Classification

Black
Carbon (BC)

Elemental
Carbon (EC)

Graphene Layers
(graphitic or turbostratic)

Folyeyclic Aromatics, Colored

Humic-Like o ;
Biopalymers, etc. Garben

Refractory
Organic Carbon

Optical Absorption

(Nonrefractory) Low-Molecular-Mass (Colorless)
Organic Carbon | Hydrocarbons and  |Organic Carbon
(oc) Derivatives (oc)

Figure 5. Optical and thermochemical classification and molecular
structures of black carbon (BC), elemental carbon (EC), and organic
carbon (OC=TC—BC or TC—EC).*" Depending on the methad of
analysis, different amounts of carbon from refractory and colored
organic compounds are included in OC and BC or EC.

Source: Pdschl 2005 @
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OC/EC classification

methanator

He/CH, photod;nde

_~thermocouple

Figure 1. Schematic of Thermal-Optical Instrument (V=valve)

ELEMENTAL CARBON (DIESEL PARTICULATE): METHOD 5040. -Pagedof9
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OC/EC classification

OC-EC split
OC and CC o EC—
N He - 2440,/ He
Temperature
850-C ~ Tem
FlD /x ﬂ \ |\ Transmittance
/ \ o
=i - \
= ‘ \
ekl | |
0oc J-ch CH,
\J
3 6 g 2

Time (minutes)
Figure 2. Thermogram for filter sample containing organic carbon (OC), carbonate (CC), and elemental
carbon (EC). PC is pyrolytically generated carbon or ‘char,’ Final peak is methane calibration peak. Carbon
sources: pulverized beet pulp, rock dust {carbonate), and diesel particulate.

WRG

NICSH Manua of Anatybical Methods (NMAM], Fourth Edition

Biogenic-anthropogenic?

Anthropogenic Biogenic
emissions emissions
14C extinct 14C contemporary
Flux F, = dm,/dt™>~._ - Flux F, = dm, /dt
f.=0() RN f.=1()
v
f -
Carbonaceous " F.+F,
aerosol
les Szidat et al{pBtmos.
> EnM”lQQrv .pf%a.‘“lllk('.
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Source: Szidat et al.

Organic aerosol classification

-Examples from Gothenburg and Zurich

@
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Organic aerosol classification

-Examples Urban, Rural and Alpine air masses

Table 1: Characteristic aerosol data for urban, rural, and high alpine air in

Source: Pdschl 2005

Urban Rural Alpine
(Munich)  (Hohenpeissenberg) (Zugspitze)
PM2.5 [ugm 7| 20410 1045 4432
TC in PM2.5 [%)] 40£20 30470 20£10
EC in TC [%] 50£20 30%10 30£10
OC in TC[%] 40120 70L£10 7010
WSOC in TC [%] 20410 40420 60+ 20
MWSOC in WSOC [%] 30£10  50+20 4020

[a] Rounded arithmetic mean values £ standard deviation determined
from about 30 filter samples collected at each location during 2001-
2003.
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Organic aerosol speciation

-Identified compounds are many but with little mass

PM, ¢ Organics
42.1 pg/m? 13.9 pg/m?

100% =

BOYo—] COMPOUNDS # ng/m?
Oher 14 5
PAHS 14 12
Ditorponold Acids. a az

0% — Aromatic Polycarboylic Acids 7 £
Aliphatic Dicarboxyld Acids 10 200
N-Alkonolc Acids 1 24
N-Alkanoic Acids 22 256
N-Alkanes 12 54

A40%e -

20% =

0%

Figure 3.10. Speciation results for organic serosol in Southern California (Rogge et al.,, 1993), Even if a

hundred or so individ
s0 of the total organic ma

Source: 2003 NARSTO Assessment

1l organic compounds are identified and quantified, they represent only 15 percent or
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Organic Aerosol Sources

-Global Estimates

Table 3. Estimated Source Budget of Organic Matter (OM) in the

Global Atmosphere and the U.S. Contribution®

LS. Contribution

Description Global Source, Tg a ' Yo Tea '
Primary Sources
Open biomass burning” 40 (21 -91) 345 1L3(07-3.0)
Biofuel use 104 (5.0-21)° 437 04(02-09)
Fossil fuel use 3.8 (1911 10.4° 04 (0.2-1.2)
Secondary Formation
Isoprene 6.2 (2-6.2)" 485 0.3 (0.1-03)
Terpenes 10.2 (102 19.1)*" 635 0.6 (0.6-1.2)
Other biogenic VOCs 15 (5-25)" 50 08(0.3-1.3)
Urban VOCs 8.0 (4.0-12) 259" 21 (1.0-3.1)
Total 94 (49 185) 6.0 (4.7-17)

“Best estimates are bold; uncertainty ranges in parentheses.
[ - - . .
"Includes savanna and forest fires, and agricultural burning.

“Bond et al. [2004].

Henze and Seinfeld [2006].
“Henze and Seinfeld [2006].
'Claevs et al. [2004].

EGuenther et al. [1995).
"Kanakidon et al. [2005].
'EDGAR 3.2 [Mivier et al., 2005].

Source: De Gouw et al.,

2008
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Organic Aerosol Sources
-Example on local estimates

94

0OC (pg-C m™)

MK Shrivasan ot ol | Avwospherite Environmenr 4] [ 007 1 Y155 9369

PMF: this work CMB Others
[ Secondary OC [ Unappartioned OC [ Secondary
[ Hopanes | Vehicles [ Primary
- PAH - Coke
I":I:nluwn 7] Dust

*
[ Biomass (I Biomass + Dotritus e

8

3
Y
:
£

E

OC/EC tracer

CMB solution of Subramarian ¢t al.{2007), Also shown are primary -sccondary splits estimated from PMF analysis of traditional species
{Pekney et al., 2008), the EC-tracer method (Polidor et al, 2006), and fictor amalysis of AMS data (Zhang ¢ al, 2008, “Biomas” for our
PMF analysis represents sum of OC contributions from hardwood and open bum primary biogen data comesponding to THENBURG
this figure are listed in Table $-3 in the onbine supporting information.
O . I t . b t.
Pittsburgh, PA PSP, NY uk  Manch UK TORCH 1, UK TORCH2 uk  Hyytlala QUEST  Taunus, Germany
A s s (Winter] (Summer) s 3 Finland , Finland , N
15 gl 12 pgim 30ugm” 5.2 pgim’ 0 ugim” 5.3 paim T8 paim 2.0 pgim 2.6 pgim 16 pg/m

Vancouver

Storm Peak

Riverside

New York City, NY

co

CA

i /m’
£
3 . -150 fo0 ] 0

12 pgim’ 13 pgim® pgm®  2Bpgm’ BSpgm’ 15 pgm’ 23 pgim”
B
£
: . . .
£
a

Houston  Mexico City Duke Forest Off CoastNE Mace Head Jungfraujoch Cheju
™ NG us Ireland  Switzorland Korsa

Source: Zhang et al., 2007

@

UNIVERSITY OF GOTHENBURG

11



Organic aerosol contribution
-Examples Coarse, Fine and Ultrafine in Los Angeles

Norain
b sl pments

Utrafne PO 1

Igl \frwf rmposition of ambaent aerosol particles in different siee ranges during 20022003 at the USC EPA

EPA452/R-05005 (0] hused on data of Sardar et al, [22]

“Supersite” in Los Angeles. Ca |r!k o becomes i m..n' mﬂn imponant as the particle size reduces. Adapted from Report G

Organic aerosol contribution

-size distribution of non refractory material

Nitrate

2 31 456783

D, (nm)

Size dependent composition of ambient aerosols

Source: Zhang et al., 2005 @
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Size and processes

M AOEL mass. i
I 1
[ L —
oSt numiber
P
Particta dlamatar (i) —e 0,001 oo a1l 10 w
______ - } - - +
—————— ~
| G s wipars Gasta ™ ki Hapid Accumulati SHow Coarss
150; MO, HC|=::::;‘ i comulition e | coaguiason pariicle
[MH;  HpE 1 an .- {imitad) mode
S
T Washeet
FARAY i, Maincut Washout
£y Washour Dithustan Raincut
£ AN i
‘_r Gavecns \“:\ £ ustio
[/ emissions _\.\.r! hotochamica

FIGURE 14.3  Schematic representation of the urban aerosal and the processes that modify it,

Source: Heinz and Finlaysson-Pitts @
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Size distributions

o Particle size influences e.g.
o Particle toxicity (deposition efficiency, dose, surface area)

Light scattering (0.1-1 pm most efficient for scattering solar radiation)

o
o Cloud nuclei activation (large enough to activate)
o Surface reactions

o}

Particle life time (c.f. diffusion and settling), transport time

@
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Aerosol general

, PM,;, Ultrafine PM

—
2 g 2 0
- ) © ]
o 7] (]
= = >
Figure 1.3. Illustrative transport scales for PM and other

atmospheric pollutants.

E 100

8

s ne Dust (PM_, ),
&5 10 CFC, HCFC, GHG
z

‘é X, NOx, PM, ., O,

o 10

&

- Ox, PM,,, PM, ,, O,, VOC, NH,

Source: 2003 NARSTO Assessment
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Size distributions

o Particle size influences e.g.

Particle toxicity (deposition efficiency, dose, surface area)

Cloud nuclei activation (large enough to activate)

Surface reactions

o o o o o

Particle life time (c.f. diffusion and settling), transport time

o Number vs mass
o Primary emission distribution?
o Secondary
0 nucleation
o0 condensation

0 gas-to-particle partitioning

Light scattering (0.1-1 mm most efficient for scattering solar radiation)
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POA emissions ,

* Fine patrticles:
combustion related
(biomass, biofuel and
fossil fuel)
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Early Afternoon Late Aftemoon  Evening
(12:00-16:00)  (16:00-18:00)  (18:00-19:00)

* OC/EC crucial in

emission inventories @ | e
« Volatile vs non volatile " ) T R
« For coarse particles: .

Early Afternoon Late Afternoon  Evening
00-19:00)

debris, pollen, fungi etc (GO QOIS (1%

Fig. 7. (a) Cc

of elemental carbon, black carbon and
d (b) particle volatility ratios at site A,
disti hours during the campaign.

/N Source: Biswas 2007 "@J
{ - UNIVERSITY OF GOTHENBURG
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POA emissions

* Biomass burning:
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SOA formation

A

=
£d ” acids, aldehydes,
= A 7| ketones, organonitrates, ete.
=0 =1000 compounds
FE
- A
S0A Precursors:
alkanes (>CT)
ammalics
obeling{>cH
DOD@LIG! ) Aguoous Asrosol
dialkenes Phase
ate.
=300 compounds Organic Asrosol
Phasa{s)
3
ks
Inorganic Aerosol
Emission of Precursor DORPIHE

Velatile Organic Compounds

Figure 3.9. Schematic of the formation of secondary organic
aerosol in the atmosphere.

- . Ty ; Source: 2003 NARSTO Assessment @
]'i'lCllIT.}" of Science g UKIVERSITY OF GOTHENBURG

SOA formation

Gas Molecular Aerosol Cloud & Precipitation
molecules clusters Particles Particles
o2
e “ 4 “ ﬁ
“—
[ J

| X

4 Chemical reaction

“ Mass transport

@
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SOA formation
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Primary I First- . Second- N
Gas-Phase Oxidation Generation ©Xdation ~ tion Oxidation
Organics OH.Os,  products OH,Os  Products ~ OH. Os,
N03 1 N03 f NOS

54 P Capobam 25,00 202

|
u-u.,m

Putpm lnemte g
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SOA formation

+0,
primary ozonide
% a-pinane
naldehyde

HZCI;

H +m qu o0 +M
aH +HO +Hy0
202 e

-H

o—0H
OH

-H30, e

’ ) 202 pinanaldehyde
Ester channel Crieges-intanmedicias Whannel 168
O\o CH

plmnlc acld ~

zo
L o]
QCGOH gﬁb éﬂo_’ %60134
HP 1 HP 2 HP 3 \ o
84 DH -0H @
g,giu é’ 3
H\'drnuémx\'d channal T 77%

184

Faculty of Science /

184 _OH\
Zn_ +0, +0:4

Ref: from Fuentes et @OOO
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SOA in the Atmosphere

Models generally underestimates

SOA formation (Volkamer et al. ;M TORGH 2003 NEAQS 2002 e
20069) g UK PBL Us PBL

210 F 10
Global formation, uncertain but 16 X ! l AcE-Asia 2001 |
estimated to 12-72 Tglyear 3 polieiod urban s
(Kanakidou et al 2005) T e T T T R a i = madeied
Estimates! Based on rather = " Photochemical Age [ih] =

chemically simplified models, e.g.
mostly a-pinene degradation

However , it is clear that SOA can
dominate the OC fraction and that
biogenic precursor gives significant
input

LW LTW LW W AW W O O AOE SR IO 1S0E DR
Vgl oy
[ S -

on 02 04 08 08 ¥ @

Haculf\' of 'Sqit']'lce ; 2 < . \ 4 _— UNIVERSITY OF GOTHENBURG

Organic aerosol-hot issues..?

Nature 1960 & 2006, Field observations of SOA

Science 2004 Can small molecules produce significant mass
of SOA? (Isoprene)

Science 2002, 2004 Condensed phase processes,
Polymerisation? Change in properties and yields.

Science 2004, 2003; Nature 2002 Importance of SOA for
nucleation and growth? Compounds? Mechanisms?

Science 2006, Cloud-Nucleating Ability? S"31ons in Fach vear
Science 2007 Definition of SOA/POA? 14,000

16,000
12,000
10,000

8,000

6,000
4,000
2,000 i II

0 o riE =+ LMD [ 00 O .F(NMQ'II\WI\-DO

mmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmm
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Welcome to Gothenburg!
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