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Organic Aerosol-an introduction

Mattias Hallquist
Department of Chemistry, Atmospheric Science

Experimental

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

o On-Line Measurements of Aerosols-Pete DeCarlo

o Aerosol Field Measurements-Andre Prevot

o Atmospheric modelling

o Modelling of organic aerosols-David Simpson

Organic aerosol 
Summer school 2008
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Motivation and background
o 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

Outline

Experimental

Effects of aerosol particles?Effects of aerosol particles?
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Physical and Chemical aging

DepositionPrimary emission

Secondary 
Formation
(from gas phase)

Cloud processing

Deposition

Properties?
Number/size

Volatility
Chemical composition

Water interaction

Experimental

Health 

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

Source: http://www.ems.psu.edu/

Experimental

Health

-Are organic particles different 
in a health perspective?

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

IPCC (2007)
Source: IPCC

Experimental

Directs Effects - aerosol scatter or absorb radiation

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

Climate

Clean Case:
fewer but larger 
droplets

Polluted Case:
more but smaller droplets

Simplified
example
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How do organic compounds effect properties of an 
aerosol?

Climate

Examples
• Nucleation-size distribution changes
• Surface tension
• Solubility
• Kinetics (aging and water uptake)

• Light absorption/scattering

Experimental

o Common abbreviations
o TC Total Carbon

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

o OC Organic Carbon

o OM Organic matter (sometimes OC*1.4?)

o WSOC Water soluble organic carbon

o POA Primary organic aerosol

o SOA Secondary organic aerosol

o HOA Hydrocarbonlike organic aerosol (connected to AMS 
measurements)

o OOA Oxidised organic aerosol (connected to AMS measurements)

o Antrophogenic vs Biogenic?

Organic aerosols
- definitions and classifications
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OC/EC classification

Source: Pöschl 2005

Experimental

OC/EC classification



8

Experimental

OC/EC classification

Experimental

Anthropogenic
emissions

Biogenic
emissions
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Szidat et al., Atmos. 
Environ., 2004a

Biogenic-anthropogenic?
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Organic aerosol classification
-Examples from Gothenburg and Zurich

Source: Szidat et al.

Experimental

Organic aerosol classification
-Examples Urban, Rural and Alpine air masses

Source: Pöschl 2005
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Organic aerosol speciation
-Identified compounds are many but with little mass

Source: 2003 NARSTO Assessment

Experimental

Organic Aerosol Sources
-Global Estimates

Source: De Gouw et al., 2008
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Organic Aerosol Sources
-Example on local estimates

Experimental

Organic aerosol contribution

Source: Zhang et al., 2007
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Organic aerosol contribution
-Examples Coarse, Fine and Ultrafine in Los Angeles

OC
OC

OC

Experimental

Organic aerosol contribution
-size distribution of non refractory material

Source: Zhang et al., 2005
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Size and processes

Source: Heinz and Finlaysson-Pitts

Experimental

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

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

o Cloud nuclei activation (large enough to activate)

o Surface reactions

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

Size distributions
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Aerosol general

Source: 2003 NARSTO Assessment

Experimental

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

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

o Cloud nuclei activation (large enough to activate)

o Surface reactions

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

o Number vs mass
o Primary emission distribution?

o Secondary 

o nucleation

o condensation

o gas-to-particle partitioning

Size distributions



15

Experimental

POA emissions

Source: Biswas 2007

• Fine particles: 
combustion related
(biomass, biofuel and 
fossil fuel)

• OC/EC crucial in 
emission inventories

• Volatile vs non volatile

• For coarse particles: 
debris, pollen, fungi etc

Experimental

POA emissions
• Biomass burning:
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SOA formation

Source: 2003 NARSTO Assessment

Experimental

Chemical reaction

Mass transport
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SOA formation
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SOA formation
Oxidation 
OH, O3, 

NO3

Primary 
Gas-Phase 
Organics

First-
Generation 
Products

Partitioning, condensation or nucleation?

Oxidation 
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Experimental

Ozonolysis of a-pinene

Ref: from Fuentes et al, 2000

SOA formation
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SOA in the Atmosphere
Models generally underestimates 
SOA formation (Volkamer et al. 
2006 )

Global formation, uncertain but 
estimated to 12-72 Tg/year 
(Kanakidou et al 2005)

Estimates! Based on rather 
chemically simplified models, e.g. 
mostly α-pinene degradation

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

Experimental

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?

Science 2007 Definition of SOA/POA?
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Welcome to Gothenburg!


