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Abstract 

I started a study of polar organic compounds in the atmosphere of Los Angeles and its 

vicinity 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 

increased greenhouse gases and depletion of stratospheric ozone discovered over Antarctica. I 

have developed GC and GC/MS methods to determine various organic compounds in the 

atmosphere including water-soluble mono- (C1-C10) and di-carboxylic (C2-C10) acids. Using those 

methods, formic and acetic acids were found as major monoacids in rainwater and in gas phase, 

followed 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 inorganic acids (sulfate and nitrate). Similarly, oxalic acid (C2) was found as the most 

abundant diacid species followed by malonic (C3) and succinic (C4) acids in aerosols and 

rainwater. Studies of diacids in the atmosphere of urban Tokyo showed a diurnal variation with 

daytime maximum, indicating that secondary photochemical production of small diacids is more 

important than the primary emission from fossil fuel combustion (motor exhausts).  

Although diacids (C2-C10) account for < 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. Polar 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 organic aerosols was characterized by an enrichment of oxalic acid in the marine 

atmosphere. Because 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 aerosol studies are also reviewed together with the studies on their hygroscopic properties 

(CCN activity) with a scope for the future study.  

 

Keywords: organic aerosols, hydrocarbons, dicarboxylic acids, photochemical production and 

transformation, long-range atmospheric transport  



 3 

1.  

㈳ ㈳

, , 

, ヽ

 

, 1976

㈻ , ‘ ‘ よ

, ‘ 200 , 

, , 

よ (Kawamura and Ishiwatari, 1981, 1982, 1984)

, 

″ , よ

, 

, , 

, 

よ  

, 1981  (UCLA) Ian R. Kaplan

, ‘

, ♣

㈻ ,  (SO2)

(Finlayson-Pitts and Pitts, 2000)

 (NOx) , ◢

, , 

, UCLA

, 

 

 



 4 

2. ぜ  

UCLA, Geology Department

, , 

, 

, 

‘ ㈻ (GC)

, ㈻

, 

, (Kawamura and Kaplan, 1983)

ぜ , 

ぜ , 10

Fig. , 

, (C6) 50% , C4, C5

, 0% , , 

さ C16, ″

 

2.1.  

, , 

GC

, モ

, り p-  

(p-bromophynacyl esters) , C1-C10

GC ぜ , 

, 

, Kaplan  “Research is to search again 

and again” オ

モ

ぜ , Analytical Chemistry (Kawamura and Kaplan, 1984)

, (C1) (C2) , 



 5 

(C3), (C4) Fig. 2

(C1)

Fig. 2  

, 

Kaplan ザ

JAMSTEC , 

, 

, 

(Kawamura et al., 1985a) , 

, 

, モ

20

GC , 10

,  

, ㎰

モ , モ , ″ ス

モ , 

, ″ よ , 

さ , 

(TOC) 12 , 1/2

1/4 , ″ ├ っ

, , ┞

┞ 1/10 , ぜ

Kawamura et al., 1996a, 2000, 2001; Kawamura and Kaplan, 1991  

2.2.  

p-

, 



 6 

さ , よ , 

(C4)

, さ , 

, , 

├ GC

, Ⅴ

, Kawamura et al., 1985b

, 

(Kawamura and Kaplan, 1987) , 

e.g., Wang et al., 2002; Li and Yu, 2005  

GC , モ GC ㈻

ゝ(MS) , ㈻

, 

, GC/MS よ

GC 々 , モ

, , , 

GC/MS モ , 

, , , 

(Kawamura and Gagosian, 1987a, 1987b, 1988a, 1988b; 

Kawamura, 1993; Sakaguchi and Kawamura, 1994, Narukawa et al., 2003) ぜ

, , ″ , ″

, 

, 

, 

(Kawamura and Gagosian, 1987a, 



 7 

1988a, 1988b; Kawamura and Gagosian, 1990)

, 

, モ , , 

ぜ (Kawamura and Sakaguchi, 

1999)  

″ ┘ , 

(δ13C) , GC

, CO2

㈻ ゝ(IRMS) (Kawamura and Watanabe, 2003) , 

δ 13C , よ

(Wang and Kawamura, 2006)

, +15 ‰

Kawamura and Watanabe, 2005 , モ モ δ 13C , -20 ~ -30 ‰

, 

よ , よ 12C, 13C

 

2.3.  

, さ

, , 

44 , , っ

(Kawamura and Kaplan, 1991; Kawamura et al., 2001)

, , 

├ , 

Keene et al., 1983; Keene and 

Galloway, 1986 SO2 NOx ″ , 

(VOC)

 

, ぞ

, , 



 8 

, 

VOC VOC

↓ , 

, 

Wang and Kawamura, 2005; Ho 

et al., 2006, ABC Project  

 

3. ㈻ 

, ㈻

, 

々 , , 

Fig. 3 , モ

″ ├ (e.g., Kawamura 

et al., 2003), (e.g., 

Kawamura and Sakaguchi, 1999) , 

さ , レ ぜ , 

, さ (Kawamura and Usukura, 

1993)  

Table 1 , 

, 

さ ″ , 

さ , 

㈻ ┞

Fig. 4 , 

(C2) , (C3), (C4)

Sempéré and Kawamura, 1994, 2003; Narukawa et al., 



 9 

2004; Kawamura et al., 2004 , , , ふ

 

3.1.  

ぜ

, ㌹

ふ Fig. 5, - 2 モ , 

├ モ

, (Fig. 5a, Aug.4) , 

㈻ ぞ

, ぜ Fig. 5b,c

, 7 8  

(TC) , ″

1-2% , 

㈻ 16%

Kawamura and Sakaguchi, 1999 , ふ

26%(Mochida et al., 2003a), 9%

4 ふ , VOC

, 

┞

, (TC) ぞ , 

┞ Fig. 6 ふ , 

Fig. 7

VOC

(Kawamura and Yasui, 2005)  

3.2.  

, 

Barrie and Hoff, 1985; 

Barrie, 1986 , ㈻ Cold Sink



 10 

さ , , 

24 , 

↓

( , Barrie et al., 1994) Leonard Barrie ,

❻ 82.5 モ

, 

よ , 

(Kawamura et al., 1996b)  

㈻

, 

(Barrie, 1986) ふ , 

(150 ng m-3) , 5-20 (Fig. 8)

, 

, , , , 

, 

├ 2 µm , 

10% レ

├ 0.5 µm (Narukawa et 

al., in preparation)  

, レ

, 1992 1 4 24 モ

(Kawamura et al., 2005) Fig. 9 , 2 µm

モ (V) V

, 

, 

2 µm , 20-50 ng m-3 , 

V Fig. 9a , 

, , V



 11 

, ┞

, 

, 

 

V 4 , 

↓ (Fig. 9a) , 

VOC , 4 ″

″ , ″

し

, 

(Fig. 10

, Kawamura and Gagosian, 1987a; Stephanou and Stratigakis, 1993) , 4

, C7, C8, C9

ふ (Kawamura et al., 1996b)  

> 2 µm V ┞ , Ⅵ ″

, < 2 µm , 

┞ 3 ぜ , 3

┞ VOC , 

さ , さ

, VOC , , 

, ㎲  

Fig. 11

, 

, , 

, 

, ┞ , , 

, , 

, 



 12 

, C9 (azelaic acid)

C4-C8 Fig. 10

, ┞

 

3.3.  

, 

, , ″ ″

(Kawamura et al., 2003; Kawamura and Sakaguchi, 1999), 

さ Fig. 12 , モ

Kawamura and Sakaguchi, 1999

こ , 

, ふ (Mochida et al., 

2003b) , (TC) ぞ

, こ

TC 16% (Kawamura and Sakaguchi, 1999)

, ″ , 

, 

こ 50% 75%

, 

 

3.4.  

, 

㈻

Ⅴ Warneck 2003

, ゝ

, OH

(Kawamura et al., 1996b), Warneck , 



 13 

(ωC2) ┞ Ⅴ (mGly), 

(Gly), ″ , さ

Fig. 3 Grahan et al. 2004 , 

ふ , 

, Warneck (2003)

 

ふ , 

Finlayson-Pitts and Pitts, 2000 ┞

Matsunaga et al., 2003, 2004; Ieda et al., 2006

VOC , 

, , 

さ ぜ├ (Limbeck et al., 

1996; Claeys et al., 2004; Kanakidou et al., 2005)

O3, OH , 

 

よ , ふ

さ , , 

, 

Grosjean and Friedlander, 1980; Hatakeyama et al., 1987

よ , 

よ Kalberer et al., 2000; Fisseha et al., 

2004 , 

㎲ , , 

Iinuma et al., 2004; Kalberer et al., 2004; Kroll et al., 2005

 

 

4.  

, , 



 14 

, よ

, , ├ フ

ぜ , 

㈻ , 

よ IPCC2001, 2001

, よ

Fuzzi et al., 2006 ├

20-70% Kanakidou et 

al., 2005 , , 

さ

, 

, 

, , , 

Saxena et al., 1995; Cruz and Pandis, 2000; Kanakidou et al., 2005  

, 

, 

, , 

Fig. 13

, , 

, 

, 

, , 

㎰

, , 

ぜ

 (Menon et al., 2002)

, 

, , , 



 15 

よ さ  

, Hygroscopicity-Tandem Differential Mobility 

Analyzer (H-TDMA) (e.g., Cruz and Pandis, 2000)

H-TDMA Mochida and Kawamura, 2004 , 

ゝ , , 

Peng et al., 2001 , 

, , 

, , 

, , , 

モ

, さ , 

, よ , 

フ ,

, 

,  

UCLA

, 

ぜ 20

, ″ さ , 

さ , 

┞ , 

さ

,  

, 

Vladimir I. Vernadsky (1863-1945) り

ゼ ∟



 16 

, Vernadsky さ

, Vernadsky ”The Biosphere”

∟ ∟ Vernadsky, 1998 ∟ 1926 , ∟ 1928

∟ , , ぜ

∟ ∟ ∟ , ∟

Vernadsky , F. W. Clark 

(1947-1931) V. M. Goldschmidt (1888-1947) , 

, Vernadsky

, Vernadsky Biosphere

, 21

さ  

 

5.  

ヽ , 

ヽ , 

, ┘て

I. R. Kaplan UCLA ヽ , 

, 

R. B. Gagosian , 

, MS よ

Leonard Barrie WMO, Environment Division, Chief , 

, 

 



 17 

  

ABC project: Project Atmospheric Brown Clouds; http://www-abc-asia.ucsd.edu/ 
Barrie, L. A. and Hoff, R. M. (1985) Five years of air chemistry observations in the Canadian 

Arctic. Atmos. Environ. 19, 1995-2010. 
Barrie, L. A. (1986) Arctic air pollution: an overview of current knowledge. Atmos. Environ. 20, 

643-663. 
Barrie, L. A., Bottenheim, J. W. and Hart, W. (1994) An overview of Polar Sunrise Experiment 

1992. J. Geophys. Res. 99, 25313-25314. 
Claeys, M., Graham, B., Vas, G., Wang, W., Vermeylen, R., Pashynska, V., Cafmeyer, J., Guyon, 

P., Andreae, M. O., Artaxo, P. and Mahenhaut, W. (2004) Formation of secondary organic 
aerosols through photooxidation of isoprene. Science 303, 1173-1176. 

Cruz, C. N. and Pandis, S. N. (2000) Deliquescence and hygroscopic growth of mixed 
inorganic-organic atmospheric aerosol. Environ. Sci. Technol. 34, 4313-4319. 

Finlayson-Pitts, B. J. and Pitts, J. N. Jr. (2000) Chemistry of the Upper and Lower Atmosphere: 
Theory, Experiments, and Applications. Academic Press pp.969.  

Fisseha, R., Dommen, J., Sax, M., Paulsen, D., Kalberer, M., Maurer, R., Höfler, F., Weingartner, E. 
and Baltensperger, U. (2004) Identification of organic acids in secondary organic aerosol and 
the corresponding gas phase from chamber experiments. Anal. Chem. 76, 6535-6560. 

Fuzzi, S., Andreae, M. O., Huebert, B. J., Kulmala, M., Bond, T., Boy, M., Doherty, S. J., Guenther, 
A., Kanakidou, M., Kawamura, K., Kerminen, V.-M., Lohmann, U., Pöschl, U. and Russell, L. 
M. (2006) ORGANIC AEROSOL AND GLOBAL CHANGE Report from the joint IGAC – 
iLEAPS – SOLAS workshop, 10 – 12 May 2004, Hyytiälä, Finland. 

Grahan, K. K., Hegg, D., Covert, S. D. and Jonsson, H. (2004) An exploration of aqueous oxalic 
acid production in the coastal marine atmosphere. Atmos. Environ. 38, 3757-3764. 

Grosjean, D. and Friedlander, S. K. (1980) Formation of organic aerosols from cyclic olefins and 
diolefins. Environ. Sci. Technol. 9, 435-473. 

Hatakeyama, S., Ohno, M., Weng, J., Takagi, H. and Akimoto, H. (1987) Mechanism for the 
formation of gaseous and particulate products from ozone-cycloalkene reactions in air. 
Environ. Sci. Technol. 21, 52-57. 

Ho, K. F., Lee, S. C., Cao, J. J., Kawamura, K., Watanabe, T., Cheng, Y. and Chow, J. C. (2006) 
Dicarboxylic acids, ketocarboxylic acids and dicarbonyls in the urban roadside area of Hong 
Kong. Atmos. Environ. in press. 

Ieda, T., Kitamori, Y., Mochida, M., Hirata, R., Hirano, T., Inukai, K., Fujinuma, Y. and Kawamura, 
K. (2006) Diurnal variations and vertical gradients of biogenic volatile and semi-volatile 
organic compounds at the Tomakomai larch forest station in Japan. Tellus B, in press. 

Iinuma, Y., Boge, O., Gnauk, T. and Herrmann, H. (2004) Aerosol-chamber study of the 
α-pinene/O3 reaction: influence of particle acidity on aerosol yields and products. Atmos. 
Environ. 38, 761-773, 2004. 

Intergovernmental Panel for Climate Change (IPCC) 2001, (2001) Climate Change 2001: The 
Scientific Basis. edited by J. T. Houghton et al., pp. 859. Cambridge Univ. Press. 

Kalberer, M., Yu, J., Cocker, D. R., Flagan, R. C. and Seinfeld, J. H. (2000) Aerosol formation 
in the cyclohexene-ozone system. Environ. Sci. Technol. 34, 4896-4901. 

Kalberer, M., Paulsen, D., Sax, M., Steinbacher, M., Dommen, J., Prevot, A. S. H., Fisseha, R. 
Weingartner, E., Frankervich, V., Senobi, R. and Baltensperger, U. (2004) Identification of 
polymers as major components of atmospheric organic aerosols. Science 303, 1659-1662. 

Kanadikou, M., Seinfeld, J. H., Pandis, S. N., Barnes, I., Dentener, F. J., Facchini, M. C., van 
Dingenen, R., Ervens, B., Nenes, A., Nielsen, C. J., Swietlicki, E., Putaud, J. P., Balkanski, Y., 



 18 

Fuzzi, S., Horth, J., Moortgat, G. K., Winterhalter, R., Myhre, C. E. L., Tsigaridis, K., Vignati, 
E., Stephanou, E. G. and Wilson, J. (2005) Organic aerosol and global climate modeling: a 
review. Atmos. Chem. Phys. 5, 1053-1123.  

Kawamura, K. (1993) Identification of C2-C10 ω-oxocarboxylic acids, pyruvic acid and C2-C3 
α-dicarbonyls in wet precipitation and aerosol samples by capillary GC and GC-MS. Anal. 
Chem. 65, 3505-3511.  

Kawamura, K. and Ishiwatari, R. (1981) Polyunsaturated fatty acids in a lacustrine sediment as a 
possible indicator of paleoclimate. Geochim. Cosmochim. Acta 45, 149-155.  

Kawamura, K. and Ishiwatari, R. (1982) Tightly bound β-hydroxy acids in a recent sediment. 
Nature 297, 144-145.  

Kawamura, K. and Kaplan, I. R. (1983) Organic compounds in the rainwater of Los Angeles. 
Environ. Sci. Technol. 17, 497-501.   

Kawamura, K. and Ishiwatari, R. (1984) Fatty acid geochemistry of a 200-meter sediment core 
from Lake Biwa, Japan. Geochim. Cosmochim. Acta 48, 251-266.  

Kawamura, K. and Kaplan, I. R. (1984) Capillary gas chromatography determination of volatile 
organic acids in rain and fog samples. Anal. Chem. 56, 1616-1620. 

Kawamura, K. and Kaplan, I. R. (1986) Biogenic and anthropogenic organic compounds in rain and 
snow samples collected in southern California. Atmos. Environ. 20, 114-124. 

Kawamura, K. and Kaplan, I. R. (1987) Motor exhaust emissions as a primary source for 
dicarboxylic acids in Los Angels ambient air. Environ. Sci. Technol. 21, 105-110.  

Kawamura, K. and Gagosian, R. B. (1987a) Implications of ω-oxocarboxylic acids in the remote 
marine atmosphere for photo-oxidation of unsaturated fatty acids. Nature 325, 330-332. 

Kawamura, K. and Gagosian, R. B. (1987b) Identification of ω-oxocarboxylic acids as acetal 
esters in aerosols using capillary gas chromatography-mass spectrometry. J. Chromatogr. 390, 
371-377. 

Kawamura, K. and Gagosian, R. B. (1988a) Identification of aliphatic ketocarboxylic acids in 
marine aerosols using capillary gas chromatography-mass spectrometry. J. Chromatogr. 438, 
299-307. 

Kawamura, K. and Gagosian, R. B. (1988b) Identification of isomeric hydroxy fatty acids in 
aerosol samples by capillary gas chromatography-mass spectrometry. J. Chromatogr. 438, 
309-317. 

Kawamura, K. and Gagosian, R. B. (1990) Mid-chain ketocarboxylic acids in the remote marine 
atmosphere: Distribution patterns and possible formation mechanisms. J. Atmos. Chem. 11, 
107-122. 

Kawamura, K. and Kaplan, I. R. (1991) Organic compounds in rainwater. In (eds. L. D. Hansen and 
D. J. Eatough). Organic Chemistry of the Atmosphere, CRC Press Inc., Boca Raton, 233-284.  

Kawamura, K. and Usukura, K. (1993) Distributions of low molecular weight dicarboxylic 
acids in the North Pacific aerosol samples. J. Oceanogr. 49, 271-283. 

Kawamura, K. and Ikushima, K. (1993) Seasonal changes in the distribution of dicarboxylic 
acids in the urban atmosphere. Environ. Sci. Technol. 27, 2227-2235. 

Kawamura, K. and Sakaguchi, F. (1999) Molecular distributions of water soluble dicarboxylic 
acids in marine aerosols over the Pacific Ocean including tropics. J. Geophys. Res. 104, 
3501-3509. 

Kawamura, K and Watanabe, T. (2004) Determination of stable carbon isotopic compositions of 
low molecular weight dicarboxylic acids and ketocarboxylic acids in atmospheric aerosol and 
snow samples. Anal. Chem. 76, 5762-5768.  

Kawamura, K and Watanabe, T. (2005) Stable carbon isotopic compositions of water-soluble 
dicarboxylic acids in the remote marine aerosols over the western and central Pacific. Geochim. 



 19 

Cosmochim. Acta 69 (10S), Supplement, A259.  
Kawamura, K. and Yasui, O. (2005) Diurnal changes in the distribution of dicarboxylic acids, 

ketocarboxylic acids and dicarbonyls in the urban atmosphere. Atmos. Environ. 39, 
1945-1960. 

Kawamura, K., Ng, L. and Kaplan, I. R. (1985a) Determination of organic acids (C1-C10) in the 
atmosphere, motor-exhausts and engine oils. Environ. Sci. Technol. 19, 1082-1086. 

Kawamura, K., Steinberg, S. and Kaplan I. R. (1985b) Capillary GC determination of 
short-chain dicarboxylic acids in rain, fog and mist. Intern. J. Environ. Anal. Chem. 19, 
175-188. 

, ┷ , Richard Sempéré (1995) , 
,  29, 1-15. 

Kawamura, K., Steinberg, S. and Kaplan, I. R. (1996a) Concentrations of mono- and 
di-carboxylic acids and aldehydes in southern California wet precipitations: comparison of 
urban and non-urban samples and compositional changes during scavenging. Atmos. Environ. 
30, 1035-1052.  

Kawamura, K., Kasukabe, H. and Barrie, L. A. (1996b) Source and reaction pathways of 
dicarboxylic acids, ketoacids and dicarbonyls in arctic aerosols: One year of observations. 
Atmos. Environ. 30, 1709-1722.  

Kawamura, K., Steinberg, S. and Kaplan, I. R. (2000) Homologous series of C1-C10 
monocarboxylic acids and C1-C6 carbonyls in Los Angeles air and motor vehicle exhausts. 
Atmos. Environ. 34, 4175-4191. 

Kawamura, K., Steinberg, S., Ng, L. and Kaplan, I. R. (2001) Wet deposition of low molecular 
weight mono- and di-carboxylic acids, aldehydes and inorganic species in Los Angeles. 
Atmos. Environ. 35, 3917-3926. 

Kawamura, K., Ishimura, Y. and Yamazaki K. (2003) Four years observation of terrestrial lipid 
class compounds in marine aerosols from the western North Pacific. Global Biogeochem. 
Cycles 17 No.1, 1003, doi: 10.1029/2001/GB001810. 

Kawamura, K., Kobayashi, M., Tsubonuma, N., Mochida, M., Watanaba, T. and Lee, M. (2004) 
Organic and inorganic compositions of marine aerosols from East Asia: Seasonal variations 
of water-soluble dicarboxylic acids, major ions, total carbon and nitrogen, and stable C and 
N isotopic composition. In: Geochemical Investigation in Earth and Space Science (eds. R. 
J. Hill et al.), The Geochemical Society, Publications Series No. 9, Elsevier, 243-265. 

Kawamura, K., Imai, Y. and Barrie, L. A. (2005) Photochemical production and loss of organic 
acids in high Arctic aerosols during long range transport and polar sunrise ozone depletion 
events. Atmos. Environ. 39, 599-614. 

Keene, W. C., Galloway, J. N. and Holden J. D. Jr. (1983) Measurements of weak organic acidity in 
precipitation from remote areas of the world. J. Geophys. Res. 88, 5122-5130. 

Keene, W. C. and Galloway, J. N. (1986) Considerations regarding sources for formic and acetic 
acids in the troposphere. J. Geophys. Res. 91, 14466-14474. 

Kroll, J. H., Ng, N. L., Murphy, S. M., Varutbangkul, V., Flagan R. C. and Seinfeld, J. H. (2005) 
Chamber studies of secondary organic aerosol growth by reactive uptake of simple carbonyl 
compounds. J. Geophys. Res. 110, D23207, doi:10.1029/205JD006004. 

Li, Y.-C. and Yu, J. Z. (2005) Simultaneous determination of mono- and dicarboxylic acids, 
ω-oxocarboxylic acids, and aldehydes in atmospheric aerosol samples. Environ. Sci. Technol. 
39, 7616-7626. 

Limbeck, A., Kulmala, M. and Puxbaum, H. (1996) Secondary organic aerosol formation in the 
atmosphere via heterogeneous reaction of gaseous isoprene on acidic particles. Geophys. Res. 
Lett. 30, doi:10.1029/2003GL017738. 



 20 

Matsunaga, S., Mochida, M. and Kawamura, K. (2003) Growth of organic aerosols by biogenic 
semi-volatile carbonyls in the forestal atmosphere. Atmos. Environ. 37, 2045-2050. 

Matsunaga, S., Mochida, M. and Kawamura, K. (2004) Variation on the atmospheric concentrations 
of biogenic carbonyl compounds and their removal processes in the northern forest at Moshiri, 
Hokkaido Island in Japan. J. Geophys. Res. 109, D04302, doi:10.1029/2003JD004100. 

Menon, S., Hansen, J., Nazarenko, L. and Luo, Y. (2002) Climate effects of black carbon 
aerosols in China. Science 297, 2250-2253. 

Mochida, M., Kawabata, A., Kawamura, K., Hatsushika, H. and Yamazaki, K. (2003a) The 
seasonal variations and the origins of dicarboxylic acids in the atmosphere over the western 
North Pacific. J. Geophys. Res. 108 (D6) 4193, doi:10.1029/2002JD002355. 

Mochida, M., Kawamura, K., Umemoto, N., Kobayashi, M., Matsunaga, S., Lim, H., Turpin, B. 
J., Bates, T. S. and Simoneit B. R. T. (2003b) Spatial distribution of oxygenated organic 
compounds (dicarboxylic acids, fatty acids and levoglucosan) in marine aerosols over the 
western Pacific and off coasts of East Asia: Asian outflow of organic aerosols during the 
ACE-Asia campaign. J. Geophys. Res. 108, No. D23, 8639, doi:10.1029/2002JD003256. 

Mochida, M. and Kawamura, K. (2004) Hygroscopic properties of levoglucosan and related 
organic compounds characteristic to biomass burning aerosol particles, J. Geophys. Res. 109, 
doi:10.1029/2004JD004962. 

Narukawa, M., Kawamura, K., Hatsushika, H., Yamazaki, K., Li, S.-M. Bottenheim, J. W. and 
Anlauf, K. G. (2003) Measurement of halogenated dicarboxylic acids in the spring arctic 
aerosols. J. Atmos. Chem. 44, 323-335. 

Narukawa, M., Kawamura, K., Anlauf, K. G. and Barrie, L. A. (2004) Fine and coarse modes of 
dicarboxylic acids in the arctic aerosols collected during the Polar Sunrise Experiment 1997. J. 
Geophys. Res. 108, NO. D18, 4575, doi:10.1029/2003JD00364. 

Peng, C., Chan, M. N. and Chan, C. K. (2001) The hygroscopic properties of dicarboxylic can 
multifunctional acids: Measurements and UNIFAC predictions. Environ. Sci. Technol. 35, 
4495-4501. 

Sakaguchi, F. and Kawamura, K. (1994) Identification of 4-oxoheptanedioic acid in the marine 
atmosphere by a capillary gas chromatography-mass spectrometry. J. Chromatogr. 687, 
315-321. 

Saxena, P., Hildemann, L. M., McMurry, P. H. and Seinfeld, J. H. (1995) Organics alter 
hygroscopic behavior of atmospheric particles. J. Geophys. Res. 100, 18755-18770. 

Sempéré, R. and Kawamura, K. (1994) Comparative distributions of dicarboxylic acids and 
related polar compounds in snow, rain and aerosols from urban atmosphere. Atmos. Environ. 
28, 449-459. 

Sempéré, R. and Kawamura, K. (2003) Trans-hemispheric contribution of C2-C10 
α,ω-dicarboxylic acids and related polar compounds to water soluble organic carbon in the 
western Pacific aerosols in relation to photochemical oxidation reactions. Global 
Biogeochem. Cycles 17, No.2, 1069, doi: 10.1029/2002GB001980. 

Stephanou, E. G. and Stratigakis, N. (1993) Oxocarboxylic and α,ω-dicarboxylic acids: 
Photooxidation products of biogenic unsaturated fatty acids present in urban aerosols. 
Environ. Sci. Technol. 27, 1403-1407. 

Vernadsky, V. I. (1933) Geochemie in ausgewahlten Kapiteln ゼ, 
, 523pp. 

Vernadsky, V. I. (1998) The Biosphere (Annotations and Translation Revisions, translated by D. 
B. Langmuir), Springer-Verlag, New York, 192pp. 

Wang, G. and Kawamura, K. (2005) Molecular characteristics of urban organic aerosols from 
Nanjing: A case study of a mega-city in China. Environ. Sci. Technol. 39, 7430-7438.  



 21 

Wang, G., Niu, S., Liu, C. and Wang, L. (2002) Identification of dicarboxylic acids and 
aldehydes of PM10 and PM2.5 aerosols in Nanjing, China. Atmos. Environ. 36, 1941-1950. 

Wang, H., and Kawamura, K. (2006) Stable carbon isotopic composition of low molecular weight 
dicarboxylic acids and α-ketoacids in remote marine aerosols. J. Geophys. Res.(in press). 

Warneck, P. (2003) In-cloud chemistry opens pathway to the formation of oxalic acid in the marine 
atmosphere. Atmos. Environ. 37, 2423-2427.  

 



 22 

Figure Caption 

Figure 1. Distributions of monocarboxylic acids, benzene carboxylic acids, and phenols in Los 

Angeles rain sample collected on UCLA campus (26 March 1982) and snow sample collected 

at Mt. Pinos, north of Los Angeles (11 November 1982) (Kawamura and Kaplan, 1986).  

Figure 2. 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. 

Figure 3. Chemical structures of solvent extractable (A) and water-soluble (B) organic compounds 

detected in the atmospheric aerosols. 

Figure 4. Capillary gas chromatogram of dicarboxylic acid dibutyl esters and related polar 

compounds (ketoacids and dicarbonyls) isolated from the arctic aerosol sample (4-11 April 

1988) (Kawamura et al., 1996b). 

Figure 5. Seasonal changes in the concentrations of dicarboxylic acids presented as (a) ngm-3, (b) 

percentage in the aerosol mass, and (c) relative abundance of diacid carbon in the aerosol total 

carbon (TC) in the urban aerosols collected from Tokyo, 1988-1989 (Kawamura and Ikushima, 

1993). 

Figure 6. Relationship between the concentrations of oxalic acid carbon relative to total carbon 

(TC) and the oxidant concentrations for the urban aerosol samples from Tokyo, 1988-1989 

(Kawamura and Ikushima, 1993). 

Figure 7. Changes in the concentrations of dicarboxylic acids (C2-C10) in the urban aerosols 

collected every 3 hours in Tokyo (22 July 1987) (data from Kawamura and Ikushima, 1993). 

Figure 8. Seasonal variation of total concentrations of dicarboxylic acids (C2-C11) in the arctic 

aerosols collected at Alert (82.5 °N), 1987-1988 (Kawamura et al., 1996b). 

Figure 9. Temporal changes in the concentrations of total dicarboxylic acids and vanadium in the 

arctic aerosols: (a) fine (< 2µm), and (b) coarse (> 2µm) fraction (Kawamura et al., 1996b).  

Figure 10. Reaction mechanisms proposed for the photochemical production of (a) C4-C9 diacids 

from unsaturated fatty acids and their oxidation intermediates and (b) oxalic (C2) and malonic 

(C3) acids from succinic (C4) acid in the marine atmosphere (Kawamura and Sakaguchi, 

1999). 
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Figure 11. Possible photochemical production of oxalic (C2), malonic (C3), succinic (C4) and 

azelaic (C9) acids in the atmosphere. For abbreviation and chemical structures, see Figure 3. 

Figure 12. Spatial distributions of (a) concentrations (ng m-3) of low molecular weight 

dicarboxylic acids (C2-C10) and (b) relative abundance (in percent) of the diacid-C in the total 

aerosol carbon (TC) in the remote marine aerosols from the Pacific Ocean (Kawamura and 

Sakaguchi, 1999). 

Figure 13. Aerosol particles as cloud condensation nuclei (CCN) and their behavior in the less 

polluted and polluted atmospheric environments. When relative humidity increases in the air, 

the aerosol particles absorb water vapor and grow to form cloud droplets, whose size becomes 

larger by further uptake of the vapors. Large droplets start to precipitate as rain. However, 

under polluted air in which number concentrations of fine aerosol particles are huge, aerosols 

can form cloud droplets. However, due to the limited amounts of the water vapor per aerosol 

particle, cloud droplets often cannot become large enough to precipitate leading to less chance 

of rain, longer residence time of clouds and more reflection of solar radiation and cooling on 

the ground surface. 
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Table 1. Concentrations of total carbon and various organic compounds in the aerosols collected from urban 
Tokyo and the remote marine atmosphere in the western North Pacific (Chichi-Jima).  
   
Components Concentrations 

  Tokyo (1988-1989)1 Chichi-Jima (1990-1993)2 
Aerosol mass, µg m-3 54-220 (107)  11-294 (53) 
Total Carbon (TC), µg m-3 10-44 (22)  0.11-1.9 (0.63)  
TC/Aerosol mass, % 11-38 (20) 0.16-5.4 (1.8) 
n-Alkanes (C16-C40), ng m-3 31-323 (95) 0.11-14 (1.8) 
UCM Hydrocarbons, ng m-3 270-3000 (880) 0.22-59 (5.4) 
Polynuclear aromatic hydrocarbons, ng m-3 2-71 (20) 0.0-0.70 (0.07) 
n-Alcohols (C12-C30), ng m-3 - 0.14-15 (1.9) 
Fatty acids (C12-C30), ng m-3 110-1100 (390) 2.4-60 (14) 
Diacids (C2-C10), ng m-3 90-1400 (480) 6-550 (140) 
Diacid-C/TC, % 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.  
1Data from Kawamura and Ikushima (1993) and (1995).  
2Data from Kawamura et al. (2003) and Mochida et al. (2003a).  

 



 

Fig. 1 (Kawamura) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. 2 (Kawamura) 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 3 (Kawamura) 

 

OHC

COOH

COOH

C

COOH

O

COOH

COOH COOH

HOOC

HOOC

HOOCHOOC

OHC

COOH

HOOC

OHC
CHO

COOH

CHO

COOH

COOH

H3C

COOH

C

O
OH

COOH

HOOC
HOOC

COOH

COOH

HOOC

CH3C

COOH

O

COOH

COOH

H3C

R COOH

R CH3

R OH

(A) Solvent Extractable Organic Compounds

(B) Water Soluble Organic Compounds

(a) n-Alkanes (C15-C40)

(b) Fatty acids (C12-C30)

(c) n-Alcohols (C12-C30)

(d) Pyrene (e) Benzo(a)pyrene

(f) Benzo(e)pyrene (g) Benzo(ghi)perylene

(h) Oxalic acid (C2) (i) Malonic acid (C3) (j) Succinic acid (C4)

(m) Maleic acid (M) (n) Fumaric acid (F) (o) Methylmaleic

       acid (mM)

(p) Phthalic acid (Ph)

(k)  Adipic acid (C6) (l) Azelaic acid (C9)

(q) Ketomalonic acid (kC3) (r) Malic acid (hC4) 
(s) Glyoxylic acid (!"C2)

(t) 4-Oxobutanoic acid (!"C4) (u) Pyruvic acid (Pyr) (v) Glyoxal (Gly) (w) Methylglyoxal (mGly) 
 

 

 



Fig. 4 (Kawamura) 

 

 



Fig. 5 (Kawamura) 
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Fig. 6 (Kawamura) 

 



Fig. 7 (Kawamura) 

 
 

 

 

 



Fig. 8 (Kawamura) 

 

 

 

 



Fig. 9 (Kawamura) 
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Fig. 10 (Kawamura) 

 

 

 
 

 



Fig. 11 (Kawamura) 

 



Fig. 12 (Kawamura) 



Fig. 13 (Kawamura) 

 
 

 
 




