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Compositions of Organic Acids in PM,, Emission Sources in Xiamen Urban

Atmosphere

YANG Bingyu' > HUANG Xing=ing' > ZHENG An'’® LIU Bidian' > WU Shui-ping'

(1. State Key Laboratory of Marine Environmental Science Xiamen University Xiamen 361005 China; 2. College of the Environment
and Ecology Xiamen University Xiamen 361005 China)

Abstract: The possible organic acid emission sources in PM,, in Xiamen urban atmosphere such as cooking biomass burning vehicle
exhaust and soil/dust were obtained using a re-suspension test chamber. A total of 15 organic acids including dicarboxylic acids fatty
acids and aromatic acids were determined using GC/MS after derivatization with BF;/n-butanol. The results showed that the highest
total concentration of 15 organic acids (53% ) was found in cooking emission and the average concentration of the sum of linoleic acid
and oleic acid was 24% =+ 14% . However oxalic acid was the most abundant species followed by phthalic acid in gasoline vehicle
exhaust. The ratios of adipic to azelaic acid in gasoline combustion emissions were significantly higher than those in other emission
sources which can be used to qualitatively differentiate anthropogenic and biological source of dicarboxylic acids in atmospheric
samples. The ratios of malonic to succinic acid in source emissions ( except gasoline generator emissions) were lower (0. 07-0. 44)
than ambient PM  samples (0. 61-3.93)  which can be used to qualitatively differentiate the primary source and the secondary source
of dicarboxylic acids in urban PM,,,.
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1 Structure of re-suspension test chamber
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30°C *min "' 120°C 8%C *min "' 300°C
0.3 mL 14% BF,/ ( SUPELCO USA) 10 min. 250°C 1 pL
( ) (99.999%)
10 m, 100°C ( SIM) (1.
30 min. 3 mL (0.1 ~ 50
~ 0.3 mL 5 mL pgemL )
3 min 3mL (
2) .
200 pl. di-C, . diC, di-C.\ diC,  diC,
10 pl. 50 pgeml™'  C,Dy( SUPELCO Ph(0.30 pg =0. 12
USA) . 18) ~ Cie0(0.50 pg £0.23pg) Cis:o(0.48 pg =
9 2 0.27 ue)
.3 1 (1), dic, i,
AccuStandard (d) 15%
Agilent 6890GC—5973MSD ~ HP-5 MS ( 2).
: 50C 2 min (mgeg™).
1 GS/MS
Table 1 ~ Abbreviation molecular weight and names of derivation products of organic acids and their detection ions in GS/MS
(m/z) (m/z)
di-C, C,H,0, 90 57 103 73 57
di-Cy C3H,0, 104 105 57 87 105
di-C, C4HgO, 118 101 57 157 101
di-Cs CsHgO, 132 115 171 87 115
di-Cq CeH,0 0, 146 185 129 111 185
di-C, C,H,0,4 160 199 143 199
di-Cg CgH 404 174 213 157 213
di-Cy CoH; 604 188 227 171 152 227
di-Cy, CioH;50, 202 241 185 241
Ph CgHgO, 166 149 223 149
Cis:0 CigH;, 0, 256 257 239 257
Cis:o CisH3 0, 284 285 285
Cis:n CigH;, 0, 280 263 336 263
Cis:y CigHy, 0, 282 265 338 265
t-Cig:4 CigH3,0, 282 265 265
2
2.1 PM,, :
3 PM,, ( )
15 PM,, Ph 0.20 ~1.84
mgeg”'
53% Cs.» PM,,
Croo 2% +14%
; 5
C]812 C]SZ]
, PM,,

PM,,



1 PM,, 11
2 N
Table 2 Standard curves blank values and average relative deviation of parallel samples for instrument analysis
(R?) (n=6)/pg (d) 1%

y=0.0000339 x -3.94 0.99 NDY 18.9

y =0.000009 7 x - 0. 62 0.98 ND 7.5

y=0.0000013 x+1.71 0.98 0.09 +0. 06 3.0

y=0.0000024 x +2.30 0.97 ND 8.9

y =0.000 004 6 x +2.09 0.98 ND 8.3

y =0.0000052 x +1.87 0.98 ND 7.8

y=0.0000034 x +1.24 0.99 0.07 £0.03 8.0

y=0.000 0037 x +0.96 0.99 0.09 +0. 05 6.8

y=0.0000044 x+0.73 0.99 0.01 0. 06 15.3

¥ =0.000 000 8 x -0.83 0.99 0.30 +0. 12 13.5

y=0.000 0079 x +0.22 0.99 0.50 +0.23 14.8

y =0.000 008 8 x +0. 39 0.99 0.48 +0.27 8.2

y=0.000047 3 x +0.78 0.99 0.10 0. 04 11.8

y=0.000017 4 x +0.42 0.99 0.05 0. 04 14.3

y=0.000021 3 x +0. 44 0.99 0.08 +0. 06 6.6
1) ND

3 PM,, D /mgeg ™!
Table 3 Concentration distribution of organic acids in PM,, from different sources/mgeg !
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
di-C, 491 0.61 4.84 478 259 1.79 0.50 2.76 1.25 0.73 0.10 0.01 0.30 0.39 0.01 0.03 2.59 0.63
di-C, 0.06 0.02 0.03 0.05 0.02 0.03 0.08 0.05 0.03 0.02 0.01 0.003 0.01 0.03 0.005 0.01 0.12 0.01
di-C, 0.58 0.14 0.40 0.62 0.21 0.14 0.23 0.77 0.12 0.19 0.02 0.01 0.04 0.07 0.002 0.01 0.29 0.03
di-Cs 0.72 0.11 0.32 0.64 0.10 0.07 0.12 0.35 0.05 0.06 0.01 0.01 0.0l 0.03 0.003 0.01 0.15 0.01
di-Cy 0.48 0.06 0.18 0.42 0.04 0.06 0.08 0.09 0.03 0.02 0.01 0.01 0.01 0.03 0.0l 0.03 0.05 0.005
di-C, 0.46 0.05 0.14 0.34 0.03 0.06 0.07 0.19 0.04 0.03 0.004 0.004 0.005 0.02 0.001 0.005 0.01 0.001
di-Cg 0.54 0.06 0.14 0.36 0.04 0.11 0.09 0.79 0.06 0.05 0.01 0.01 0.0l 0.05 0.002 0.01 0.02 0.002
di-Cq .62 0.19 0.27 0.8 0.15 0.56 0.35 2.63 0.21 0.18 0.02 0.02 0.03 0.27 0.0l 0.02 0.04 0.005
di-Cy, 0.33 0.03 0.07 0.30 0.02 0.12 0.00 0.26 0.09 0.08 0.003 0.001 0.003 0.02 0.001 0.01 0.01 0.001
Ph 0.08 0.03 0.03 0.06 0.03 0.25 0.23 0.13 0.12 0.04 0.08 0.03 0.05 0.11 0.31 0.76 1.84 0.20
Cig.0 14.26 7.90 29.47 38.13 23.28 1.22 1.45 1.87 1.58 1.95 0.12 0.08 0.32 1.26 0.32 0.63 1.28 0.14
Cis.0 19.00 11.44 38.03 29.84 8.15 0.66 0.80 1.06 0.8 0.60 0.13 0.04 0.25 0.81 0.23 0.46 0.47 0.06
Cig:n 108.41 211.34 27.27 343.38197.44 1.09 0.19 0.09 1.24 1.40 0.05 0.01 0.05 0.25 0.03 0.07 0.04 0.00
Cig: 42.60 44.53 49.02 106.91 76.54 0.22 0.32 1.42 0.78 0.62 0.04 0.0l 0.08 0.15 0.10 0.42 0.34 0.04
t-Cig. 4 10.06  4.67 6.90 5.04 2.94 0.08 0.08 0.11 0.12 0.10 0.03 0.01 0.03 0.08 0.03 0.18 0.13 0.02
204.13 281.18 157.10 531.72 311.59 6.44 4.59 12.57 6.62 6.07 0.63 0.25 1.20 3.58 1.06 2.64 7.38 1.17
1)1 2. + 3 4 + 5. + + 6. 7. 8. 9.
10. 11. 1 12. 2 13. 1 14. 2 15. 16. 17.
18.
2010 9
1.99 8 500
2000
« ” « ”» 15
1.32 mgeg™"  0.32

mgeg .

17 kg
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28 144 di-C, di-C,
= di-C, di-C, 1.3%
~2.1%.
di-C, di-C, 17% ~95%
2.2
4 di-C, di-
Co
(Cieo  Ciso) (G Ci) 2.3
(diC, ~di-C,,) di-C,
e 3 di-C, di-C, (di-C;/di-C,)  di-Cg
di-C, (diCq/di-Cy) . di-C, /di-C,
di-C, Co
24 . (
Kawamura » ) di-Cg /di-Cy
~ (
(di-C, ~di-C,,) Ph di-C,
Ph ). di-C, /di-C, 0.07 ~0.44
65% ( )
di-C, Ph 0.61 ~3.93 ( 4
86%
di-C, Kawamura
di-C, /di-C, (0;)
PM,, (R*=0.63 n=19) di-C,
di-C, di-C, diCy 3 di-C;. Kumagai
61% . Kundu 2
(di-C, ~ di-C,, di-C, /di-C, (2.19)
Ph) (0.94) (0.29).
4
Table 4 Ratio of propylene acid and succinic acid in atmospheric particulates from different areas
2 7 b 2 2 . 31 23
PM, ; TSP TSP TSP TSP PM, 5 TSP TSP TSP
(- ) 2002~2003 1988 ~1989 1991-10 1999-07 1997-06 2001-02 1990-09 1987 ~ 1988 1984
di-C; /di-C, 1. 00 1. 49 0.82 1. 89 2.09 0. 61 3.93 0. 66 0.51
di-Cq /di-C, 0.03 2
~1.21 ( 2) PM,; di-C,/diC,
( 0.03 ~0.24 0.78  0.97
0. 03) =
(0.96 ~1.21) 5 PM,,
di-C, diC, (diC,/diC,)  diCq
di-C¢ /di-Cy 0.74 di-C, ( di-C4/di-Cy) . di-C, /di-C,
~40.0 17.2
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i PM,,
0.80 | P
3 (3) 95%
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Fig. 2 Distribution of di-C¢/di-Cy in PM,; from different sources
1 Yokouchi Y ~Ambe Y. Characterization of polar organics in
( ) aitborne particulate matter J . Atmospheric Environment
PM,, di-C, /di-C, 0.07 ~0.44 1967 2009) 17274734
2 Facchini M C  Mircea M Fuzzi S et al. Cloud albedo
( ) enhancement by surface-active organic solutes in growing droplets
di-C;/di-C, I . Natre 1999 401(6750): 257-259.
3 Kerminen V M. Relative roles of secondary sulfate and organics
dl-c6 /dl—C9 0.24 ~0.61 in atmospheric cloud condensation nuclei production J . Journal
dl—Cé/dl—Cg of Geophysical Research 2001 106( D15) : 17321-17333.
4 Galloway ] N Likens G E Keene W C et al. The composition
di-C, /di-C, vIN
of precipitation in remote areas of the world J . Journal of
0.03 ~1.21 Geophysical Research 1982 87( Cl11) : 8771-8786.
5
( ) I
2009 54(17): 2568-2573.
6 Wrigge H Zinserling J Neumann P et al. Spontaneous
PMlo breathing improves lung aeration in oleic acid-induced lung injury
J . Anesthesiology 2003 99(2): 376-384.
5 PM,, di-C; /di-C, 7 Kawamura K Tkushima K. Seasonal changes in the distribution
di-C, /di-C, of dicarboxylic acids in the urban atmosphere J . Environmental
Table 5 Seasonal variation of di-C4/di-Cy and di-C; /di-C, Science and Technology 1993 27(10) : 2227-2235.
in urban PM,, of Xiamen 8 Huang X F Hu M He LY et al. Chemical characterization of
diCy /diC di-Co /di-Cy water-soluble organic acids in PM, 5 in Beijing China J .
78 56 050 036 Atmospheric Environment 2005 39( 16) : 2819-2827.
342 304 0.61 0.35 9 Ho K F Lee S C Cao J J et al. Dicarboxylic acids
162 1.82 0.51 0. 24 ketocarboxylic acids and di-carbonyls in the urban roadside area
1.21 .17 0.51 0.31 of Hong Kong J . Atmospheric Environment 2006 40( 17) :
3030-3040.
3 10 Kawamura K Steinberg S Kaplan I R. Homologous series of
C, ~ C,y monocarboxylic acids and C, ~ Cg4 carbonyls in Los
( 1) PM10 Angeles air and motor vehicle exhausts J . Atmospheric
Environment 2000 34(24): 4175-4191.
11 Zhao Y L Hu M Slanina S et al. Chemical compositions of
fine particulate organic matter emitted from Chinese cooking J .
Environmental Science and Technology 2007 41(1): 99-105.
(2) / 12 Kundu S Kawamura K Andreae T W et al. Molecular

distributions of dicarboxylic acids ketocarboxylic acids and «-



34

13

14

15

16

17

18

19

20

21

dicarbonyls in biomass burning aerosols: implications for
photochemical production and degradation in smoke layers J .
Atmospheric Chemistry and Physics 2010 10(5) : 2209-2225.
Wang H B Kawamura K Ho K F et al. Low molecular weight
dicarboxylic acids  ketoacids and dicarbonyls in the fine
particles from a roadway tunnel: possible secondary production
from the precursors J . Environmental Science and Technology
2006 40(20) : 6255-6260.

Narukawa M Kawamura K Takeuchi N et al. Distribution of
dicarboxylic acids and carbon isotopic compositions in aerosols
from 1997 Indonesian forest fires J Geophysical Research
Letters 1999 26( 20) : 3101-3104.
Yao X H Fang M Chak K C
dicarboxylic acids in PM, 5 in Hong Kong J .
Environment 2004 38(7): 963-970.

Hsieh LY Kuo S C Chen CL et al. Origin of low-molecular—

et al. Characterization of

Atmospheric

weight dicarboxylic acids and their concentration and size
distribution variation in suburban aerosol ] Atmospheric
Environment 2007 41(31): 6648-6661.
Soga T Ross G A. Simultaneous determination of inorganic
anions organic acids amino acids and carbohydrates by capillary
electrophoresis J . Journal of Chromatography A 1999 837( 1-
2): 231-239.
PM, 5
J. 2009 29(6) :

Narukawa M Kawamura K Li SM et al. Dicarboxylic acids in

1139-1145.

the Arctic aerosols and snowpacks collected during ALERT 2000
J . Atmospheric Environment 2002 36 ( 15-16): 2491-
2499.

Wang G H Niu S L Liu C E e al. Identification of
dicarboxylic acids and aldehydes of PM, and PM, 5 aerosols in
Nanjing China J . Atmospheric Environment 2002 36( 12) :
1941-1950.

Limbeck A Kraxner Y Puxbaum H. Gas to particle distribution

of low molecular weight dicarboxylic acids at two different sites in

22

23

24

25

26

27

28

29

30

31

central Europe( Austrid ] . Journal of Aerosol Science 2005
36(8): 991-1005.

I 2005 18(6): 23-26.
Kawamura K Kaplan I R. Motor exhaust emissions as a primary
source for dicarboxylic acids in Los Angeles ambient air J .
Environmental Science and Technology 1987 21(1): 105-
110.
Kawamura K  Steinberg S Kaplan I R. Capillary GC
determination of short-chain dicarboxylic acids in rain fog and
mist ] International Journal of Environment Analytical
Chemistry 1985 19(3): 175-188.
Kumagai K Tijima A Shimoda M et al. Determination of
dicarboxylic acids and Levoglucosan in fine particle in the Kanto
Plain Japan for source apportionment of organic aerosols J .
Aerosol and Air Quality Research 2010 10(3): 282-291.
PM, 5
J. 2004 25(5): 21-25.
Khwaja H A. Atmospheric concentrations of carboxylic acids and
related compounds at a semiurban site ] Atmospheric
Environment 1995 29(1): 127-139.
Rohrl A Lammel G. Low-molecular weight dicarboxylic acids
and glyoxylic acid: seasonal and air mass characteristics J .
Environmental Science and Technology 2001 35(1): 95-101.
Limbeck A Puxbaum H. continental

1999 33

Organic acids in
background aerosols J . Atmospheric Environment
(12) : 1847-1852.

Kawamura K Sakaguchi F. Molecular distributions of water
soluble dicarboxylic acids in marine aerosols over the Pacific
Ocean including tropics J .

1999 104( D3) : 3501-3509.

Journal of Geophysical Research

Kawamura K Kasukabe H Barrie L. A. Source and reaction
pathways of dicarboxylic acids ketoacids and dicarbonyls in
arctic aerosols:

Environment 1996 30( 10-11) :

one year of observations ]

1709-1722.

Atmosphere



