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Uncertainty in Aerosol Impact Assessment

N/A

??

 Due to lack of  organic aerosol data and their source info. !!!
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Aerosol Composition over World

Adopted from Jimenez et al., Science, 2009

 In fact, OA fraction accounts about 50% or even more (up to 

90% in submicron aerosols (Kanakidou et al., 2005)) at some locations. 

Total mass concentration (in mg 

m-3) and mass fractions of  non-

refractory inorganic species and 

organic components in PM1.0.



Aerosol Composition/Loading over Asia
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Adopted from Carmichael et al., 2009

 Interestingly, OC is much higher than SO4
2- at some locations, e.g., 

Kolkata, Dhaka, Jakarta, etc., in Asia.
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Aerosol Composition in India

Average concentration of

EC: 6.5 & 1.6 μg m−3

OC: 9.1 & 9.7 μg m−3

SO4
2−: 8.8 & 4.1 μg m−3

in winter and summer, respectively. 
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Secondary Formation & Transformations with Aging

 The composition of  

organics significantly 

change with aging

[Poschl, 2005]

From Robinson et al., Science, 2007
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 When precursors are 

not available, 

degradation (to CO2) 

become dominant.



Objective

Objective of our research is to identify the sources and atmospheric

processing of aerosols during long-range atmospheric transport as well as

their variations with time over Northeast Asia through the measurements of:

(i) radiocarbon (14C) in TC & WSOC, and organic tracers,  and 13C and 
15N isotopic ratios in bulk and water-soluble contents 

(ii) diacids and related polar compounds (ketoacids, a-dicarbonyls and 

fatty acids) & 

(iii) compositions of  trace elements, inorganic ions & carbonaceous 

components,

in atmospheric aerosols (collected from Sapporo, Japan & in currently in

Northeast China).



Dicarboxylic Acids and Related Polar Compounds

 Impacts – hygroscopicity & CCN activity [Saxena et al., 1995]

indirect radiative effect & hydrological cycle [Albrecht, 1987] 

 Loading – diacids comprise up to 16% of  aerosol carbon [Kawamura 

& Sakaguchi, 1999]

 Sources – Primary [Kawamura & Kaplan, 1987; Narukawa et al., 1999]

Secondary [Kawamura & Sakaguchi, 1999; Kawamura et al., 1996]

 Origins – Global models: biomass burning and SOA from BVOCs are 

the two major sources of  OA [Kanakidou et al., 2005]

Regional studies: anthropogenic sources contribute ~50% 

of  OA and even more (in Asia) [de Gouw and Jiminez, 2009]

 Thus, there is an ambiguity on anthropogenic and biogenic source

contributions of organics (including diacids and related polar

compounds) particularly in East Asia.
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Dicarboxylic Acids and Related Polar Compounds



Ideal Location for Northeast Asian Aerosol Study

 Generally, wind regimes are:

Westerly & NW in autumn

Northerly in winter

Westerly in spring

Southwesterly & SE in summer
[from Koike et al., 2006]

[Aggarwal and Kawamura, 2008; Yamamoto et al., 2011]

(ACE-Asia 

Network site)



Aerosol Sampling

 TSP & ~2 weeks each (n = 21), ILTS building (~20m AGL), Hokkaido

University, during September 2009 – October 2010

 Potential artifacts – may be negligible because:

 adsorbed organics should be negligible [Turpin et al., 2000],

production/transformations are unlikely & evaporation should be

negligible

Chemical Analysis

 Extracted into organic free Milli Q water, derivatized to butyl esters

and/or butoxy acetals, & measured with GC and GC-MS system

 Recoveries were 91% for C2 and C3 acids & ~100% for C4, C5 & C6 acids, &

analytical errors were >12% for major species

 The data reported here is corrected for field blanks

 Stable carbon isotope ratios were determined using EA-irMS
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Concentrations of  Diacids & Related Compounds

 Oxalic (C2) acid – most abundant

 C3 >C4 >C9 >Ph acids

 Even C numbered fatty acids are

abundant
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Implication for Long-range Transported (Aged) Aerosols

[Yamamoto et al., 2011]
During the study period



15

Temporal Variations of  Diacids

 Temporal pattern 

is similar to that 

of  biogenic 

VOCs [Guenther et 

al., 1997].

 Anthropogenic 

species were 

higher in winter.
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Temporal Variations of  Total Diacids & Related Compounds

[http://www.data.jma.go.jp]



17

Seasonal Variations in Molecular Distributions

 Biogenic emissions might be

the major source of diacids and

related compounds in autumn,

spring and summer

 Anthropogenic emissions may

be significant in winter.

 Marine/terrestrial biogenic 

emissions and photochemical 

formation/transformations 

might be higher in summer.
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Temporal Changes in Mass Ratios

 These trends 

confirm that the 

biogenic origin 

of  organics in 

growing season
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Temporal Trends & Distributions of  Stable Carbon 

Isotopic Compositions of  Diacids & Related Species

 The “NO” seasonal pattern & distributions

in d13C & enrichment of 13C infer that the

Sapporo aerosols are significantly subjected

for photochemical processing (aging)

during long-range atmospheric transport

over Northeast Asia.
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Conclusions

 Our results and their comparisons with the literature, together with the air

mass trajectories, indicate that dicarboxylic acids and related polar

compounds (as well as other organics) are mainly originated from biogenic

emissions over Northeast Asia and significantly aged during long-range

atmospheric transport.

 They further suggest that anthropogenic (including biomass burning)

emissions are significant in this region, particularly in late autumn to winter

whereas the (in situ) photochemical transformations are enhanced in

summer.

 Thus, our research warrants that OA contents & their seasonal variations,

particularly driven by the biological activity, need to be considered in

models for better estimation of aerosol budget and their impacts on Earth’s

climate system.
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