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1. Introduction
 

The largest rainforest in the world (～4,000,000
 

km )is located in Brazilian Amazonia. It is experien-

cing one of the highest deforestation rates in the
 

world,which is associated with slash-and-burn tech-

niques for both primary deforestation and seasonal
 

burning of secondary forests and pastures［Fearnside,

1990;Skole et al., 1994］. Biomass burning in Am-

azonia emits huge amounts of trace gases and aero-

sols［Crutzen and Andreae,1990;Crutzen and Goldam-
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In this study,biomass burning and marine aerosols collected in the Amazon,Brazil and on
 

an island south of South Korea are compared in terms of chemical characteristics and ageing by
 

the determination of water-soluble organic carbon (WSOC), water-insoluble organic carbon

(WIOC), elemental carbon (EC), diacids (C -C ) and related compounds (ketoacids and α-

dicarbonyls), stable carbon isotopic ratios (δ C)of total carbon (TC), and nitrogen isotopic
 

ratios (δ N)of total nitrogen (TN). The concentration ratios of WSOC,WIOC, and EC to
 

aerosol mass are 2-12 times higher in biomass burning aerosols than in marine aerosols. In
 

contrast,concentration ratios of water-soluble cations and anions to aerosol mass are lower by
 

a factor of 0.2-0.6 in biomass burning aerosols than in marine aerosols. Among diacids and
 

related compounds,oxalic acid(C )was found to be the most abundant,followed by succinic acid

(C )in biomass burning aerosols,while malonic acid(C )dominated in marine aerosols. Lower
 

relative abundances of C -C diacids,unsaturated diacids,andα-dicarbonyls in total diacids and
 

related compounds were observed in biomass burning aerosols than in marine aerosols,whereas
 

those of C -C diacids,branched diacids,multifunctional diacids,and ketoacids were higher in
 

biomass burning aerosols. These results suggest that there are significant differences in the
 

sources and photochemical production pathways of individual diacids and related compounds.

While the δ C values (－26.5 to －20.5‰)of TC and δ N values (＋6.8 to ＋26.9 ‰)of TN
 

showed a large variation in marine aerosols,the variations were rather small(δ C:－26.1 to－

23.6‰;δ N:＋21.5 to＋25.7‰)in biomass-burning aerosols. We propose that theseδ C and

δ N values can be used to characterize biomass-burning aerosols.



mer, 1993］, which affect global air quality, climate
 

and biogeochemical distribution of nutrients. The
 

Gosan site in Jeju Island, South Korea, is seriously
 

influenced by the pollutant transports from East
 

Asian countries/areas including Siberia,China,Korea
 

and Japan.

Biomass burning is one of the major sources of
 

atmospheric carbonaceous aerosols that are signifi-

cantly enriched with water-soluble organic carbon

(WSOC)［Graham et al., 2002;Kundu et al., 2010a］.

Water-soluble and -insoluble carbonaceous fractions
 

become elevated in marine aerosols due to the forma-

tion of low-volatility compounds which result from
 

the oxidation of organics in the gas and aqueous
 

phases during a long-range transport［Kundu et al.,

2010d, and references therein］. These species
 

together with inorganic aerosol components influence
 

the aerosol climate forcings［Penner et al.,1998,and
 

references therein;Novakov and Corrigan,1996,and
 

references therein］. It is therefore important to
 

study the carbonaceous and inorganic materials in
 

both biomass burning and marine aerosols. Addition-

ally,comparative knowledge in terms of organic and
 

inorganic composition is essential between biomass
 

burning and marine aerosols for their characterization
 

in the atmosphere.

The ubiquity of diacids and related compounds

(ketoacids and α-dicarbonyls)has been discussed for
 

biomass burning aerosols［Allen and Miguel, 1995;

Narukawa et al., 1999;Graham et al., 2002;Mayol-

Bracero et al.,2002;Gao et al.,2003;Decesari et al.,

2006;Falkovich et al.,2005;Kundu et al.,2010b］and
 

for marine aerosols［Kawamura and Usukura, 1993;

Kawamura and Sakaguchi, 1999; Baboukas et al.,

2000;Mochida et al.,2003a,b;Sempereand Kawamur-

a, 2003;Legrand et al., 2007］. These studies have
 

also discussed their significant contributions to aero-

sol mass,their sources,and their chemical formation
 

and degradation in biomass burning and marine aero-

sols. However,none of these studies has focused on
 

the differences in molecular distribution and chemical
 

composition of diacids and related compounds
 

between biomass burning and marine aerosols.

Diacids and ketoacids account for 2-9% of the
 

water-soluble organic carbon (WSOC) in biomass
 

burning aerosols［Narukawa et al.,1999;Falkovich et
 

al.,2005;Decesari et al.,2006;Kundu et al.,2010a］and
 

for more than 10% of WSOC in remote marine aero-

sols［Sempereand Kawamura,2003］. WSOC in aero-

sols contributes to the CCN activity［Sherwood,2002;

Andreae et al.,2004;Mircea et al.,2005;Andreae and
 

Rosenfeld, 2008］, which affects cloud microphysical
 

properties and hence precipitation patterns and cloud
 

albedo［Kaufman and Fraser, 1997;Ramanathan et
 

al.,2001;Kaufman et al.,2002］. Glutaric acid (a C

diacid)has been found to increase the CCN activation
 

ability of ammonium sulfate, a major inorganic
 

species in atmospheric aerosols［Cruz and Pandis,

1997,1998］.

Theδ C of bulk organic carbon has been success-

fully used to better understand the contributions of
 

marine and continental sources to aerosol carbon

［Chesselet et al., 1981; Cachier et al., 1986, 1989;

Narukawa et al., 1999, 2008;Turekian et al., 2003］.

However,stable carbon and nitrogen isotope ratios in
 

biomass burning and marine aerosols have not previ-

ously been studied extensively［Turekian et al.,1998;

Kawamura et al.,2004;Kundu et al.,2010a］. Stable
 

carbon and nitrogen isotopic ratios not only provide
 

information about the origins of aerosols but also
 

about the isotopic fractionation that is likely to occur
 

during biomass burning and after the emission of
 

aerosol particles or their gaseous precursors into the
 

atmosphere［Kundu et al.,2010a,c］.

In this study,we report on the differences in the
 

chemical (bulk organics, diacids and related com-

pounds and water-soluble inorganic ion)and isotopic
 

composition (stable carbon isotope ratios of total
 

carbon and nitrogen isotope ratios of total nitrogen)

of biomass burning and marine aerosols in order to
 

explore the characteristics of these two types of
 

aerosols.

2.S amples and methods
 

Aerosol sampling was carried out during an inten-

sive biomass burning period (dry season), 16-26 Sep-

tember 2002, at the FNS (Fazenda Nossa Senhora
 

Aparecida)site (10°45′44″S,62°21′27″W,315 m asl)

located in the western province of Rondonia, Brazil

［Figure 1a］. Aerosol sampling procedures have been
 

described in detail elsewhere［Hoffer et al., 2006］.

Briefly,fine(PM )aerosol samples were collected on
 

pre-combusted (～10 h at 600℃)Pallflex quartz fiber
 

filters using  a dichotomous virtual  impactor

［Solomon et al.,1983］mounted on a 10 m high tower.

Total suspended particles (TSP) in the atmo-

sphere were collected at the Gosan site over 2-7 days
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throughout the year from April 2003 to April 2004.

TSP samples(n＝84)were collected on pre-combusted
 

quartz fiber filters using a high volume air sampler

(Kimoto AS-810) installed on the roof of a trailer
 

house (～3 m above the ground). The Gosan site is
 

located on a cliff(～71 m asl)at the western tip of Jeju
 

Island (33°29′N,126°16′E). It is approximately 100
 

km off the south coast of the Korean Peninsula,～500
 

km off the east coast of China (Jiangsu province or
 

Shanghai), ～200 km to the west of Kyushu Island,

Japan, and ～1000 km off the northeast coast of
 

Taiwan (Figure 1b). The site and its surroundings
 

are covered with grasses but there are no trees. Due

 

to its location and very limited local anthropogenic
 

emissions［Kim et al.,1998］,Gosan has been consid-

ered as an ideal site to monitor the impact on air
 

quality of the western rim of theNorth Pacific due to
 

the outflows from East Asia［Carmichael et al.,1996,

1997;Chen et al.,1997］. Gosan was used as a super-

site for the ACE-Asia campaign in 2001［Huebert et
 

al.,2003］,and for the PEM-West A and PEM-West B
 

programs conducted between 1991 and 1994［Hoell et
 

al.,1996,1997］. It is now used as one of the supersta-

tions of the Atmospheric Brown Cloud (ABC) pro-

gram［Lee et al.,2007］. A more detailed description
 

of this site is given elsewhere［Kim et al., 1998;

Comparison of biomass burning and marine aerosols

 

Figure1：Map showing geographical location of aerosol sampling site at (a)Fazenda Nossa Senhora Aparecida (FNS)in
 

Rondonia,Brazil and(b)Gosan in Jeju Island,South Korea.A star symbol indicates the FNS and Gosan sites.Fire location
 

data (red dots)are cited from http://dup.esrin.esa.int/ionia/wfa.
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Kawamura et al.,2004;Lee et al.,2007］.

The concentrations of organic carbon (OC)and
 

elemental carbon (EC)were measured using an OC/

EC analyzer (Sunset Laboratory Inc., Portland, OR,

USA). The WSOC was measured with a carbon
 

analyzer (Shimadzu, TOC-5000), whereas water-

soluble inorganic ions were measured using a Metro-

hm 761 ion chromatography (IC) system (Metrohm,

Herisau, Switzerland). The detailed analytical
 

methods for the measurements of OC,EC,WSOC and
 

water-soluble inorganic ions are described in Kundu et
 

al.［2010a］.

Analytical procedures for the analyses of diacids
 

and related compounds are described in detail by
 

Kawamura and Ikushima［1993］. Briefly,aliquots of
 

filter samples were extracted with organic free pure
 

water. The extracts were dried and derivatized with
 

14% borontrifluoride in n-butanol at 100℃. The
 

derived dibutyl esters and dibutoxy acetals were
 

determined using a GC instrument (Hewlett-Packard,

HP6890)equipped with a capillary column and FID
 

detector. Authentic diacid dibutyl esters were used
 

as external standards for the peak identification.

The compounds were also identified using a GC/mass
 

spectrometer (Thermoquest,Trace MS).

For TC and TN analyses,a small disc(area 0.95
 

cm )was cut off from each filter sample. The disc
 

was put into a tin cup and shaped into a rounded ball
 

using a pair of flat-tipped tweezers. The samples
 

were introduced into the elemental analyzer (EA;

model:NA 1500 NCS,Carlo Erba Instruments)using
 

an auto-sampler,and were oxidized in a combustion
 

column packed with chromium trioxide at 1020℃,in
 

which the tin container burns to promote the intensive
 

oxidation of sample materials in an atmosphere of
 

pure oxygen. The combustion products (CO and
 

NO )are transferred to a reduction column packed
 

with metallic copper that was maintained at 650℃.

Here excess oxygen is removed and nitrogen oxides
 

coming from the combustion column are reduced to
 

molecular nitrogen (N ). The N and CO derived
 

during this process were isolated on-line using a gas
 

chromatograph and then measured with a thermal
 

conductivity detector. Aliquots of the N and CO

gases were then introduced into an isotope ratio mass
 

spectrometer (ThermoQuest, Delta Plus) through an
 

interface (ThermoQuest, ConFlo II). The isotopic
 

composition ofδ C and δ N was determined using
 

the following standard isotopic conversion equations

(1)and (2),respectively:

δ C(‰)＝
C/ C
C/ C

－1 ×1000 (1)

δ N(‰)＝
N/ N
N/ N

－1 ×1000 (2)

Acetanilide was used as an external standard to
 

determine TC, TN and their isotope ratios. The
 

concentrations and isotope ratios reported here are
 

corrected for the field blanks. The reproducibility of
 

TC and TN in atmospheric aerosol samples ranged
 

from 0.7-9% (av.2.5%)and 1.4-4.8% (av.3%),whereas
 

the standard deviations of theδ C andδ N measure-

ments ranged from 0.08-0.24‰ (av.0.12‰)and 0.03-

0.45‰ (av.0.13‰),respectively.

3.Results and discussion

3.1 Molecular composition of diacids,

ketoacids and α-dicarbonyls
 

Straight (C -C ) and branched (iC , iC & iC )

chain aliphatic diacids, diacids with additional func-

tional groups (hC ,kC & kC ),unsaturated aliphatic
 

diacids (M, mM & F), aromatic diacids (Ph, iPh &

tPh),ketoacids(ωC -ωC ,and Pyr),andα-dicarbonyls

(Gly and MeGly)were detected in this study. Table 1
 

presents their concentration ranges and average con-

centrations together with abbreviations of the com-

pounds.

Figures 2a and b show the molecular distributions
 

of diacids and related compounds in biomass burning
 

and marine aerosol samples. Oxalic acid (C ) was
 

found as the most abundant species,followed by suc-

cinic acid (C ) in biomass burning aerosols, and
 

malonic acid (C ) dominated in marine aerosols.

Concentrations (700-2060 ng m ,av.1360 ng m )of
 

oxalic acid (C )in biomass burning aerosols are two
 

times higher than those (90-1290 ng m , av. 560 ng
 

m )in marine aerosols. The dominant presence of
 

oxalic acid (C )has been reported in biomass burning
 

aerosols［Kundu et al.,2010b,and references therein］

and in remote marine aerosols［Kawamura and Sa-

kaguchi,1999;Kerminen et al., 2000;Mochida et al.,

2003a,b］.

The third most abundant species is malonic acid

(C )in biomass burning aerosol samples followed by
 

glyoxylic acid (ωC ), glutaric acid (C ), adipic acid

(C ), phthalic acid (Ph), pyruvic (Pyr), glyoxal (Gly),

methylglyoxal (MeGly)and malic acid (hC )(Figure
 

2a). In contrast, succinic acid (C )is the third most
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abundant species in marine aerosols followed by
 

glyoxylic acid(ωC ),glutaric acid(C ),methylglyoxal

(MeGly),phthalic acid(Ph),terephthalic acid(tPh)and
 

adipic acid(C )(Figure 2b). Azelaic acid(C )was the
 

most abundant in the range of C -C diacids in both
 

biomass burning and marine aerosols (Figure 2).

Total diacid concentrations ranged from 1040 to
 

3480 ng m (av.2170 ng m )in biomass burning aero-

sols versus 140-1880 ng m (av.640 ng m )in marine
 

aerosols. Total diacid concentrations in our biomass
 

burning samples are higher than those (220-2610 ng
 

m ,av.1160 ng m ,Graham et al.,2002)reported in
 

aerosol samples collected from the same site during

 

the LBA-EUSTACH campaign in 1999. It is impor-

tant to note that Graham et al.［2002］detected some
 

of our diacid species and also some additional diacids
 

that have not been detected in our study, including
 

hydroxymalonic acid, 2-hydroxyglutaric acid, and
 

2-ketoglutaric acid. Our diacid data in marine aero-

sol are in the same range as that(130-2070 ng m ,av.

660 ng m ) reported for the same sampling site for
 

aerosol samples collected between April 2001 and
 

March 2002［Kawamura et al., 2004］. Similar con-

centrations (410-1500 ng m ,av.850 ng m )were re-

ported over the East China Sea for aerosols collected
 

by a ship during the ACE-Asia campaign whereas
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Table 1：Concentrations of diacids,ketoacids andα-dicarbonyls detected in biomass burning aerosols
 

over the FNS site in Rondonia,Brazil and in marine aerosols over the Gosan site in Jeju Island,South
 

Korea.

Concentrations (ng m )

Biomass burning aerosols (n＝15) Marine aerosols (n＝84)

Nameof compound  Range  Average  Range  Average
 

Saturated n-diacids
 

Oxalic,C 695-2059  1356  92-1293  458
 

Malonic,C 95-345  188  7-167  58
 

Succinic,C 124-428  277  7-190  48
 

Glutaric,C 3-88  47  0.9-69  13
 

Adipic,C 22-101  47  0.6-19  5
 

Pimelic,C 8-28  15  0.1-11  2
 

Suberic,C 0.07-23  8  0.01-9  2
 

Azelaic,C 9-46  22  0.01-13  4
 

Sebacic,C 1-8  4  0.02-4  1
 

Undecanedioic,C 0.19-7  3  0.2-9  2
 

Branched diacids
 

Methylmalonic,iC 3-16  10  0.3-5  2
 

Methylsuccinic,iC 15-71  42  0.2-12  3
 

Methylglutaric,iC 2-11  6  0.1-5  1
 

Unsaturated diacids
 

Maleic,M  10-56  23  0.1-13  3
 

Fumaric,F  3-15  9  0.4-12  3
 

Methylmaleic,mM  3-30  14  0.2-12  3
 

Phthalic,Ph  25-66  42  0.5-52  10
 

Isophthalic,iPh  1-5  3  0.01-5  1
 

Terephthalic,tPh  2-26  12  0.01-30  8
 

Multifunctional diacids
 

Hydroxysuccinic,hC 10-44  22  BDL-21  4
 

Ketomalonic,kC 0.14-36  17  0.1-6  1
 

4-Ketopimelic,kC 5-13  9  0.01-21  4
 

Total diacids  1039-3480  2174  142-1875  636
 

Ketoacids
 

Glyoxylic,ωC 65-225  131  6.3-148  34
 

3-Oxopropanoic,ωC BDL-23  3  0.0-4  1
 

4-Oxobutanoic,ωC BDL-8  4  BDL-4  0.5
 

9-Oxononanoic,ωC 2-4  2  BDL-6  2
 

Pyruvic acid,Pyr  12-50  27  0.5-15  4
 

Total ketoacids  78-309  167  8-170  41

α-Dicarbonyls
 

Glyoxal,Gly  19-54  30  0.4-106  4
 

Methylglyoxal,MeGly  13-43  25  0.9-60  11
 

Totalα-dicarbonyls  31-93  56  2-108  15
 

Note:BDL means below detection limit.



much higher concentrations(480-2100 ng m ,av.1200
 

ng m )were reported over the Japan Sea［Mochida et
 

al., 2003b］. Total diacid concentrations (6-550 ng
 

m ,av.140 ng m ,Mochida et al.,2003a)in aerosols
 

over Chichi-Jima Island in the western North Pacific,

ca.2000 km away from East Asia,are several times
 

lower than those observed at the Gosan site,suggest-

ing that the Gosan site is strongly influenced by the
 

continental outflow from China,Korea and Japan.

Total ketoacid concentrations ranged from 80 to
 

310 ng m (av.170 ng m ) in biomass burning aero-

sols versus 8-170 ng m (av.40 ng m ) in marine
 

aerosols. Total dicarbonyl concentrations ranged
 

from 30 to 90 ng m (av.60 ng m )in biomass burn-

ing aerosols versus 2-110 ng m (av.15 ng m ) in
 

marine aerosols. Graham et al.［2002］reported two
 

ketoacids,namely glyoxylic and pyruvic acids,whose
 

concentrations ranged from 10-230 ng m with the
 

mean value of 80 ng m in samples collected from the
 

same site during a biomass burning period (1-29
 

October 1999). These concentrations in marine aero-

sols are similar to those(ketoacids:2-170 ng m ,av.

50 ng m ; dicarbonyls: 0.1-85 ng m , av.12 ng m )

reported for aerosol samples collected at the same site
 

between April 2001 and March 2002［Kawamura et al.,

2004］.

Diacids, ketoacids and α-dicarbonyls accounted
 

for 1.5%, 0.1%, and 0.05% of OC, respectively, in
 

biomass burning aerosols and 6.6%,0.5%,and 0.3%,

respectively, in marine aerosols (Table 2). On the
 

other hand,their contributions to WSOC were found
 

to be 2.3%,0.2%,and 0.08%,respectively,in biomass
 

burning aerosols and 12%,0.8% and 0.4%,respective-

ly,in marine aerosols(Table 2). The higher contribu-

tions of diacids and related compounds to the car-

bonaceous fraction in marine aerosols than in biomass
 

burning aerosol suggest that marine aerosols are more
 

photochemically aged.

3.2 Aerosol mass and its carbonaceous
 

and ionic components
 

Table 3 gives a statistical summary of the concen-

trations of aerosol mass,carbonaceous materials and
 

water-soluble inorganic ion in biomass burning and
 

marine aerosols. Concentrations of carbonaceous
 

materials are significantly higher in biomass burning
 

aerosols than in marine aerosols. On average,EC is
 

higher in biomass burning aerosols than in marine
 

aerosols by a factor of 2,and TC,OC and WSOC are
 

higher by factors of 10-15. Contributions of TC to

 

Figure2：Molecular distributions of diacids,ketoacids and α-dicarbonyls in (a)biomass burning aerosols and (b)marine
 

aerosols.
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aerosol mass are an order of magnitude higher in
 

biomass burning aerosols than in marine aerosols. It
 

is interesting to note that although the mean concen-

tration of TN in marine aerosols is similar to that of
 

biomass burning aerosols, the mean contribution of
 

TN to aerosol mass is higher in marine aerosol than
 

in biomass burning aerosols by a factor 2 (Table 3).

The relative abundances of carbonaceous mate-

rials (WSOC, WIOC and EC) and water-soluble in-

organic ions to aerosol mass concentrations were also
 

different between biomass and marine aerosols (Fig-

ure 3). As seen in Fig.3, biomass burning aerosols
 

are significantly more enriched with carbonaceous
 

materials than marine aerosols. On average, the
 

ratios ofWSOC,WISOC,andEC to aerosol mass are
 

0.3, 0.2, and 0.2, respectively, in biomass burning

 

aerosols versus 0.02, 0.02, and 0.01, respectively, in
 

marine aerosols.

In contrast, marine aerosols are more enriched
 

with water-soluble cations and anions. Na was the
 

most abundant followed by NH ,Ca ,Mg and K

among the cations whereas SO was the most abun-

dant followed by Cl ,NO ,CH SO and F (Table
 

3). Higher abundance of SO suggests that Gosan
 

site is significantly influenced by the continental out-

flows from East Asia. On average, total cations to
 

aerosol mass ratio is 0.05 in biomass burning aerosols
 

and 0.09 in marine aerosols. Total anions to aerosol
 

mass ratio is 0.03 in biomass burning aerosols and 0.25
 

in marine aerosols.

The concentrations of carbonaceous and in-

organic fractions and their contributions to aerosol
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Table3：Organic,inorganic and isotopic composition of biomass burning and marine aerosols.

Biomass burning aerosols (n＝15) Marine aerosols (n＝84)

Components  Range  Average  Range  Average
 

Bulk analyses (μg m )

Aerosol mass  83-190  110  27-268  82
 

Total carbon (TC) 23-86  53  0.7-14  5.4
 

Organic carbon (OC) 20-86  50  1-12  3.7
 

Water-soluble organic carbon (WSOC) 18-51  31  0.2-7  2.1
 

Elemental carbon (EC) 0.6-3.6  2.4  0.2-4  1
 

Total nitrogen (TN) 1.2-4  2.2  0.2-9  2.5
 

TC／aerosol mass (%) 28-45  46  1.3-16  6.4
 

TN／aerosol mass (%) 1.4-2.1  1.8  0.7-7  3.2
 

Ion analyses (μg m )

Na 1.6-4.1  2.6  0.2-12  3.5
 

NH 0.3-2.2  1.3  0.1-6  1.7
 

K 1-2.9  2  0.03-2  0.5
 

Mg 0.01-0.08  0.04  0.03-2  0.5
 

Ca 0.02-0.2  0.1  0.06-5  0.7
 

F 0.05-0.2  0.1  0.001-0.12  0.02
 

CH SO 0.2-0.6  0.3  0.007-0.3  0.06
 

Cl 0.05-0.4  0.1  0.08-33  6.1
 

NO 0.4-4.9  2.1  0.7-20  4.4
 

SO 2.2-3.4  2.7  0.4-23  9.3
 

Isotope analyses (‰)

δ C (TC) －26.1 to－23.5 －24.7 －26.5 to－20.5 －23.5

δ N (TN) ＋23.5 to＋25.7 ＋23.5 ＋6.8 to＋26.9 ＋15.1

 

Table2：Contributions of diacids,ketoacids and α-dicarbonyls to carbonaceous fractions (OC and
 

WSOC)of biomass burning and marine aerosols.

Abundance in bulk  Biomass burning aerosols (n＝15) Marine aerosols (n＝84)

carbon (%) Range  Average  Range  Average
 

Organic carbon (OC)

Total diacids  1.1-2.2  1.5  2-17  6.6
 

Total ketoacids  0.07-0.2  0.1  0.2-1.2  0.5
 

Totalα-dicarbonyls  0.02-0.1  0.05  0.04-0.7  0.3
 

Organic carbon (WSOC)

Total diacids  1.7-3.1  2.3  4.2-26.4  12
 

Total ketoacids  0.1-0.3  0.2  0.3-2.1  0.8
 

Totalα-dicarbonyls  0.04-0.1  0.08  0.08-1.1  0.4



 

mass concentrations in the size class of PM in
 

marine aerosols can be different from those in total
 

suspended particles (TSP). The contributions of
 

organic carbon (OC), cations, and anions to PM

mass concentrations are reported to be 10%,20%,and
 

40%, respectively, in Gosan site［Yang et al., 2004］

whereas their contributions to TSP mass concentra-

tions are found to be 5%,10%,and 30%,respectively,

in our study of marine aerosols. These results sug-

gest that OC and ions are more enriched in fine
 

particles than in coarse particles.

3.3 S table carbon and nitrog en isotopic
 

composition of aerosols
 

The average value of δ C for TC in biomass
 

burning aerosols was－24.7‰ with a range of－26.1
 

to－23.5‰,while it was－23.5‰ in marine aerosols
 

with a range of －26.5‰ to －20.5‰. The δ C
 

values in biomass burning aerosols suggest the pre-

dominance of C plant burning over C plant burning
 

as sources of smoke aerosols. The dominant pres-

ence of C plants is characterized at the sampling site
 

and its neighboring areas from which smokes are
 

transported［Kundu et al.,2010a］. The averageδ C

 

value in aerosols collected from the C plant-

dominated Santarem region of Brazil was reported to
 

be －25.8‰ with a range of －26.9 ‰ to －24.9 ‰

［Martinelli et al.,2002］. Theδ C values in marine
 

aerosols from Gosan site can be interpreted by a
 

significant contribution of carbonaceous aerosols
 

from continental sources,whoseδ C are lower than
 

those from marine sources［Cachier et al., 1986］.

This result is consistent with the fact that Gosan site
 

is seriously influencedby continental outflows almost
 

throughout the year［Kundu et al., 2010c］. Air
 

masses are significantly transported to the Gosan site
 

from eastern and northeastern China in spring,East
 

China,China Sea and Pacific Ocean in summer,and
 

northeastern China in autumn and winter［Kundu et
 

al.,2010c］.

The averageδ N value of TN for biomass burn-

ing aerosols was＋23.5‰ with a range of＋23.5 to＋

25.7‰,whereas it was＋15.1‰ with a range of＋6.8
 

to ＋26.9 ‰ for marine aerosols. Our average δ N
 

value in biomass burning aerosol samples is higher by
 

12-13‰ than those (10.6-11.5‰) reported in atmo-

spheric aerosol samples collected from Santarem and
 

Piracicaba regions in Brazil where major sources of
 

aerosols were unburned vegetation tissues［Martinelli
 

et al.,2002］. Higherδ N values in biomass burning
 

aerosols could be interpreted by the fact thatδ N of
 

aerosol particles produced from the vegetation burns
 

are higher than the source vegetation［Turekian et al.,

1998］. The significant δ N variability in marine
 

aerosols is due to the contributions of nitrogenous
 

species from different sources in Gosan site because
 

different air masses are transported from different
 

sources. This variability can also be explained by an
 

enhanced atmospheric processing of nitrogenous
 

species during a long-range transport including oxida-

tion of NO to HNO and the subsequent gas-to-

particle conversion via the reactions with NH , sea
 

salts and dust particles［Kundu et al.,2010c］.

Stable carbon and nitrogen isotope data of both
 

marine and biomass burning aerosols are plotted in
 

Figure 4. The figure shows that the isotopic signals
 

of biomass burning aerosols are completely different
 

from the marine aerosols, which are influenced by
 

outflows from East Asian countries and marine air
 

masses from the Pacific Ocean.
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Figure3：Contributions of diacids and related compound
 

groups to total molecular organics detected in biomass
 

burning and marine aerosols.The Y axis begins at 60%,
because the contributions of lower-molecular-weight

 
diacids(C -C )in both aerosols account for＞60%,thus the

 
relative abundances of other organics can be visualized.



4.Conclusions
 

Biomass burning aerosol samples from the Fazen-

da Nossa Senhora Aparecida (FNS)site in Rondonia,

Brazil and marine aerosols from the Gosan site,Jeju
 

Island, were analyzed for bulk organics (TC, OC,

WSOC, and EC) and water-soluble inorganic ions.

They were also analyzed for molecular organics in-

cluding diacids, ketoacids and α-dicarbonyls, stable
 

carbon isotopic ratios of TC, and nitrogen isotopic
 

ratios of TN. A chemical mass closure approach
 

demonstrates that biomass burning aerosols are enri-

ched with carbonaceous materials(WSOC,WIOC and
 

EC)whereas marine aerosols are enriched with water-

soluble cations and anions. This study shows that
 

molecular distributions of diacids and related com-

pound as well as their contributions to total diacids
 

and related compounds differ between biomass burn-

ing and marine aerosols. Several times higher contri-

butions of diacids and related compound-carbon to OC
 

and WSOC in marine aerosols than in biomass burning
 

aerosols suggest that marine aerosols are more chemi-

cally aged. This study demonstrates that the δ C
 

values of TC and δ N values of TN in biomass
 

burning are quite different from those in marine
 

aerosols influenced by pollution from the East Asian
 

Continent.
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