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Composition and transformation of
organic aerosols in the atmosphere

Kimitaka KAwAMURA"

U Institute of Low Temperature Science, Hokkaido University,
N19W8 Kita-ku, Sapporo 060-0819, Japan

| started a study of polar organic compounds in the atmosphere of Los Angeles and its vicin-
ity in early 1980s, when acid rain problems became an important environmental issue. In late
1980s, another two problems were recognized to be serious; i.e., global warming due to the in-
creased greenhouse gases and depletion of stratospheric ozone discovered over Antarctica. |
have developed GC and GC/MS methods to determine various organic compounds in the atmos-
phere including water-soluble mono- (C.:-Cy) and di-carboxylic (C.-Co) acids. Using those meth-
ods, formic and acetic acids were found as major monoacids in rainwater and in gas phase, fol-
lowed by propionic acid. Total monoacids were found to account for up to 12% of total organic
carbon in the Los Angeles rainwater. Their concentrations were equal to 1/4 to 1/2 of those of in-
organic acids (sulfate and nitrate). Similarly, oxalic acid (C.) was found as the most abundant
diacid species followed by malonic (Cs) and succinic (C.) acids in aerosols and rainwater. Studies
of diacids in the atmosphere of urban Tokyo showed a diurnal variation with daytime maxi-
mum, indicating that secondary photochemical production of small diacids is more important
than the primary emission from fossil fuel combustion (motor exhausts).

Although diacids (C.-Cio) account for 0 2% of total aerosol carbon in the urban atmosphere,
the values increased up to 9% in the Arctic and 26% in the marine aerosols from the Pacific. Po-
lar sunrise experiments conducted at Alert in the high Arctic further confirmed a significant
secondary production of small diacids in early spring when sun returns on the horizon. Based on
the spatial distributions of diacids over the Pacific, photochemical transformation (aging) of or-
ganic aerosols was characterized by an enrichment of oxalic acid in the marine atmosphere. Be-
cause dicarboxylic acids are water-soluble and can act as cloud condensation nuclei (CCN) in the
atmosphere, they likely contribute to the formation of cloud droplets and thus affect indirectly
on radiation balance of the Earth and the climate changes. Recent advances in the organic aero-
sol studies are also reviewed together with the studies on their hygroscopic properties (CCN ac-
tivity) with a scope for the future study.

Key words: organic aerosols, hydrocarbons, dicarboxylic acids, photochemical production and
transformation, long-range atmospheric transport
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Distributions of monocarboxylic acids, benzene carbox-

ylic acids, and phenols in Los Angeles rain sample col-
lected on UCLA campus (26 March 1982) and snow sam-
ple collected at Mt. Pinos, north of Los Angeles (11 No-
vember 1982) (Kawamura and Kaplan, 1986).
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Figtl  Distributions of low molecular weight

monocarboxylic acids and aldehydes in Los
Angeles rainwaters (Kawamura and
Kaplan, 1991). Gly and mGly mean glyoxal
and methylglyoxal, respectively. See Fig. 3,
for their chemical structures.
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(A) Solvent Extractable Organic Compounds
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FigtlD Chemical structures of solvent extractable
(A) and water-soluble (B) organic com-
pounds detected in the atmospheric aero-
sols.
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Tabled Concentrations of total carbon and various organic compounds in the aerosols
collected from urban Tokyo and the remote marine atmosphere in the west-
ern North Pacific (Chichi-Jima).

Components

Concentration range (average)

Tokyo (1988-1989)!

Chichi-Jima (1990-1993)?

Aecrosol mass, pg m3

Total Carbon (TC), ug m?

TC/Aerosol mass, %

n-Alkanes (C,-Cyg), ng m™

UCM Hydrocarbons, ng m™

Polynuclear aromatic hydrocarbons, ng m3
n-Alcohols (C;,-Cs), ng m*

Fatty acids (C,-Csg), ng m™

Diacids (C,-Cyo), ng m™

Diacid-C/TC, %

54-220 (107) 11-294 (53)
10-44 (22) 0.11-1.9 (0.63)
11-38 (20) 0.16-5.4 (1.8)

31-323 (95) 0.11-14 (1.8)
270-3000 (880) 0.22-59 (5.4)
2-71 (20) 0.0-0.70 (0.07)
- 0.14-15 (1.9)
110-1100 (390) 2.4-60 (14)
90-1400 (480) 6-550 (140)
0.2-1.8 (0.95) 0.3-26 (5.7)

UCM means unresolved complex mixture of branched/cyclic hydrocarbons derived from combustion of
fossil fules. UCM appears as a hump on the GC chromatogram.

All the aerosol samples were collected usinig pre-combusted quartz filter and high-volume air samples

and were stored in clean glass at -20°C in darkness.

Marine aerosol samples were collected at Chichi-Jima Island.

'Data from Kawamura and Ikushima (1993) and {4 &(1995).
Data from Kawamura et al. (2003) and Mochida et al. (2003a).

_ C G Cq uicz Cs
! ﬂ ! L l Ph
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§ Gly
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= { ;
NL du,de
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FigtlD  Capillary gas chromatogram of dicarboxylic acid dibutyl esters and related po-

lar compounds (ketoacids and dicarbonyls) isolated from the arctic aerosol
sample (4-11 April 1988) (Kawamura et al., 1996b).
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Figlll  Seasonal changes in the concentrations of
dicarboxylic acids presented as (a) ngm™?,
(b) percentage in the aerosol mass, and (c)
relative abundance of diacid carbon in the
aerosol total carbon (TC) in the urban aero-
sols collected from Tokyo, 1988-1989
(Kawamura and Ikushima, 1993).
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Figllld Reaction mechanisms proposed for the photochemical production of (a) C.-C
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phere (Kawamura and Sakaguchi, 1999).
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ments. When relative humidity increases
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water vapor and grow to form cloud drop-
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