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Which types of organic compounds 
are found in particles? 

Semivolatile/particulate organic compounds
Condensed 
e.g. polycyclic aromatic hydrocarbons 
with high affinity to soot

Oligomeric or humic-like substances
Large, oligomeric substances

Water-soluble and water-insoluble 
compounds
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Analysis of organic compounds 
in particles

OC - thermal oxidation
relatively cheap, but limited information

Identification of compound classes 
based on solution properties followed by 
thermal oxidation or 1H-NMR

Detailed chemical analysis 
identification of hundreds of compounds
tracer molecules
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Fourier Transform MS

app. 450 
compounds!

Reinhart et al., Analytical Chemistry, 2007
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Molecular organic tracers

PAH are combustion tracers 
specific compound patterns differ 
between sources 

Some compounds are specific tracers of 
different particle sources

Levoglucosan - specific tracer of cellulose 
combustion
Hopanes and stearanes - specific tracers 
of (mainly) lubricating oil
BSOA tracers?
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Aerosol sampling
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Aerosol sampling

1. Choose filter material based on type of 
analysis

quartz/glass fibre, teflon (impregnated), 
cellulose, nucleopore/polycarbonate

2. Determine flow, volume of air and time 
resolution

Type of sampler
3. Investigate artefacts
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Sampling of 
marine particles 
The Galathea III 
expedition
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Sampling of marine particles

North Atlantic Contaminated Greenland Clean filter

P. Konggaard
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Aerosol sampling
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Possible artefacts in aerosol 
sampling

Positive artefact 
adsorption of gas-phase SVOC 

Negative artefact 
desorption of particle-phase SVOC

Reactions during sampling
with reactive compounds (ozone, NO2)
with filter surface – quartz fibre
?
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Oxidation of terpenes during sampling
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Evaporation during sampling with 
an impactor

Source: R&P
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Evaporation during sampling with 
an impactor
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Solutions

Positive artefact
Gas-phase denuder
Back-up filter

Total sample
Filter + VOC sampling

absorbants: XAD/polyurethane foam
Removal of reactive compounds e.g. ozone

denuder
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Extraction in solvent

Simple
ultrasound

More complicated – and time-consuming
soxhlet
accelerated solvent extraction

Evaporation of solvent/redissolve
Derivatisation?

Which artefacts may the extraction cause?
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Chromatographic analysis
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Chromatographic separation
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Pump

Solvents

Sample 
injection

Column oven

UV-detector

High Performance 
liquid chromatography
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Inside an HPLC column
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Gas chromatography
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Components in a GC-FID system
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Cross-section of a GC-column

Length typically 30 m (15-100)
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Inside a GC-column
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Which type of analysis for which 
molecule?

De Hoffmann, Charette and Stroobant: Mass 
spectrometry, prnciples and applications,Wiley, 1996.
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Electrospray ionization

De Hoffmann, Charette and Stroobant: Mass 
spectrometry, prnciples and applications,Wiley, 1996.
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Q-TOF-MS
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GC-MS Selected Ion Monitoring
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HPLC-MS

Analysis of organic 
acids in particles 
from oxidation of 
α-pinene

Figure 4. HPLC-ESI-MS chromatograms (TIC and extracted ions) of carboxylic
acids in SOA from gas phase oxidation of α-pinene with ozone. Black peaks at 30 s
derive from post column flow injection.
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Identification of oxidation products
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Hyphenated LCxLC-MS

Simultaneous separation on two HPLC 
columns with different properties
Here ion-exclusion and C18
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Chemical analysis of 
particle samples at AU

The organic composition is analysed by 
advanced analytical methods

HPLC-Q-TOF-MS and MALDI-TOF-MS
Sources to carbon in particles

manmade/natural
biomass/fossil fuel combustion
sea/land sources

To improve understanding of the interaction 
between sources, particles and climate
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High-performance liquid 
chromatography quadrupol 
time-of-flight mass 
spectrometry (HPLC-Q-TOF MS)

1. Particle collection on filter
2. Extraction in methanol (ultrasound)
3. Evaporation of solvent and redissolve in 

methanol/water
4. Analysis with HPLC-Q-TOF with ESI inlet

Mass range: 50-40,000 m/z
Accuracy: <3 ppm deviation (internal cal.)
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Analysis of aerosol from a forest
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Sources to fine particles in air

Globally
Natural fires, volcanoes
Ocean
Combustion of biomass and fossil fuels
Secondary formation from gases

Danish direct emissions
1. Wood combustion for heating
2. Traffic
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Danish PM2.5 emissions
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Emissions of PAH - 2005

Two of the houses are responsible for about 60% of the emissions!
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Composition of wood smoke

Combustion of wood results in:
Ash - mainly inorganic salts
Gases - mainly volatile organic compounds

CO and a variety of hydrocarbons 
Particles/soot - elemental carbon and 
organic compounds

such as polycyclic aromatic compounds 
(PAH) and levoglucosan (tracer of wood 
combustion)
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Ambient measurement campaigns 
1.

Small town with about 2500 inhabitants  
app. 30 km west of Copenhagen.
Measurements in area with adjoined 
rows of houses. 
No district heating or natural gas in 
immediate area.
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Winter diurnal PM2.5 averages
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Winter diurnal PM2.5 averages
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Ambient measurements 
area 2

Another small town (Vindinge) 
Area with detached houses. 
Primarily heating by combustion of natural 
gas (60-80 %).
Active woodstoves in about on fourth of the 
houses.
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PAH in evening samples from 
residential and background areas
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PAH in evening samples from 
residential and background areas
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Particulate PAH - comparison of 
area 2 and street level
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Levoglucosan - tracer of cellulose

Levoglucosan (and mannosan) are monosaccharide 
anhydrides 

formed during combustion of cellulose and 
hemicellulose.

specific organic tracers of combustion of wood and 
paper.
Stable (?), particulate compounds
Average contribution to PM2.5 (evening and night)

1.6% in background area
3.7% in residential area
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Levoglucosan + mannosan in 
evening samples

Glasius et al., Atmos. Environ. 2008, accepted
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Woodsmoke in developed 
countries

Naeher et al., J. Inhalation Toxicology, 2006
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So what should we measure?

Depends on purpose
climate studies
health effect studies
characterisation/reaction studies

Concept of tracers of sources and properties

Important to have long time series!
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Important issues in aerosol 
sampling and analysis

All steps must be quantitative for all 
investigated compounds

Sampling
volatility/reactivity

Extraction and clean-up 
Analysis procedure

Quality control samples are essential
Always be critical!
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Thank you for your attention! 
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