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• Distribution of sources Distribution of sources (emission inventory) & formation processes formation processes 
(primary and secondary) are not well understoodare not well understood

Why  Carbonaceous aerosols ?

Anthropogenic

Plants 

Multi – Sources  & Photochemical oxidations

Soil

•  Regional Air QualityRegional Air Quality (health and environment issues)
• Global Climate Change Global Climate Change 



Tracing Source and Process via Stable Isotopes

Processes

αΒ−Α = RB/RA

RA RB = αΒ−Α× RA
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The Primary Scale: VPDB 
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Sources

Implication of Isotopic Composition of Aerosols

Anthropogenic

Plants 

……..…

δ13CsEC = (δ13CanEC × Fan) + (δ13CbioEC × Fbio) + (δ13CfireEC × Ffire) + (δ13CatEC × Fat) …

δ13Cs1 = (δ13Can1 × Fan) + (δ13Cbio1 × Fbio) + (δ13Cfire1 × Ffire) + (δ13Cat1 × Fat) …

δ13Csn = (δ13Cann × Fan) + (δ13Cbion × Fbio) + (δ13Cfiren × Ffire) + (δ13Catn × Fat) …

Photochemical Oxidation of OCs
=  α * RS

Observation: Rob



Implication of Isotope Analysis in Temperature Profiles of 
Carbonaceous Aerosols

* The distributions of carbon isotopic composition in a temperature profile may release the   
information on the sources and the processes of PM.  

• Condensed outside of the core as the coating;
• Could be primary or secondary aerosols;
• Thermally released at relatively low temperature;
• The isotopic composition reflects mainly process information.

Organic Carbon (OC)Organic Carbon (OC)

• Located at the core; 
• Usually considered as primary aerosols;
• Oxidized at relatively high temperature stage;  
• The isotopic composition reflects mainly source information.   

Black Carbon (BC) or Elemental Carbon (EC)Black Carbon (BC) or Elemental Carbon (EC)

Carbonate Carbon 
(CC)

• Usually from soil dust /cement;  
• Thermally decomposed at

high temperature.

H2O



The Schematic of OC/EC Measurement in Aerosols
(by Thermal Desorption-Optical Method)
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Comparison of δ13C values of OC & EC Standards 
(On-line Method vs. Off-line Method)
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Pacific 2001 Ground Sites

Cssiar 
Tunnel Golden Ears Park

Slocan 
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Isotope compositions in Source Profile and Ambient Air 
(Pacific2001 Campaign at Vancouver, BC)
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OC/EC Abundances and Isotopic Compositions 
in Ambient PM and Their Sources
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Source Apportionment via Isotope Measurements in OC/EC of PM

Two-end member mixing:
∆13Cm= ∆13C1*f + ∆13C2* (1-f)
(EC/TC)m= (EC/TC)1* f + (EC/TC)2 * (1-f)
Where f is the degree of mixing

Slocan Park: ~ 20% of vegetation contribution
~ 30% of anthropogenic contribution
~ 50% of background air



Summary

• Stable isotopic compositions of OC/EC in aerosols can be measured via coupling an OC/EC 
analyzer with GC-IRMS

- Overall accuracy: ~ 0.3 ‰ 
- Overall precision: ~ 0.3 ‰ 

• There are obvious different patterns in distributions of carbon components and their isotopic 
compositions between a biogenic source (Golden Ears) and an anthropogenic source (Cassiar 
Tunnel):

- the δ13C value of EC in tunnel samples tends to be close to the value of OC, 
indicating very small isotopic fractionation between different components in
high temperature processes;

- the δ13C value of EC in the forest samples is obviously different from that of OC.  
The reason is not well understood yet; 

- the δ13C value of OC/EC in aircraft samples are very close to those of Alert 
samples, indicating homogeneous isotope composition of free troposphere aerosols;

It is suggested that combining EC concentration and the isotope compositions of OC/EC 
can provide valuable information to source identification and apportionment for ambient 
aerosols.
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