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Characterization of Atmospheric Volatile Organic Compounds in Shenyang

China

LIU Ya-ting' PENG Yue’ BAI Zhipeng' ZHANG Bao-sheng® SHI Jian-wu' ZHAO Li-juan’

(1. State Environmental Protection Key Laboratory of Urban Ambient Air Particulate Matter Pollution Prevention and Control College of
Environmental Science and Engineering Nankai University Tianjin 300071 China; 2. Liaoning Province Environmental Monitoring
Center Shenyang 110031 China)

Abstract: From April 2008 to July 2009 187 atmospheric samples in four different seasons were collected from five sites in
Shenyang. The 108 species of VOCs were measured by using the method of pre-concentration-GC-MS. The objectives of this study were
to investigate the VOCs pollution level as well as its spatial and temporal distribution and to identify the main source in Shenyang city.
The results showed that the average total mass concentration of VOCs in Shenyang was 371.0 + 132. 4 pdg/ms. The major components
were oxygen-containing compounds halogenated hydrocarbon alkanes aromatics and alkenes which accounted for 57.2% 20%
11.4% 8.5% and 3.0% of the total mass respectively. A seasonal variation of VOCs across all the sampling sites was observed
with higher levels in spring and autumn and lower levels in winter and summer. Related with industrial emission the diurnal variation
of the total mean VOCs concentrations at downtown site showed three peaks in winter and two peaks in summer. The VOCs levels in the
industrial and downtown areas were higher than those in other areas with the lowest concentration observed at clean air site with no
emission source around. From the results of correlation analysis and concentration ratios analysis the VOCs pollutants in Shenyang
were mainly contributed by automobile exhaust coal & biofuel combustion gasoline & solvent evaporation and industrial process.
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Fig. 1 Map of the geographical location of sampling sites
1 VOCs
Table 1  Description of the VOCs sampling sites in Shenyang
1 41°50722. 42" 123°25°18. 65"
2 41°48740. 42" 123°2172.23"
3 41°47°52. 63" 123°2474. 12"
4 41°4670. 90" 123°1725. 09"
5 41°45742. 35" 123°24-58. 88"
2 2.0 mL/min
1.2
3.2 L
( ) -
( ENTECH 3100A MS US EPA TO-14A 29
250 Pa 12 17 20
11 6

108
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N 4 / (
QP-2010 ) ( DB-624 60 m
x0.25 mm x 1.4 pm) N
( ENTECH 7016 )
( ENTECH 7100A ) . N
CO, 100 L L. 3
2

Table 2 Summary of sampling process in Shenyang

/h /C
2008-0445 ~20080449 24 26. 4 Vv Y v vV VvV 24 97
2008-07-30 ~2008-08-05 24 31. 6 Vv v 4 vV % 25
20084021 ~20084026 24 14. 9 Vv vV vV vV Vv 25
20080147 ~2008-01-21 24 Vv 2 Vv vV VvV 23
20090309 ~2009-0314 2 vV 45 90
20090703 ~2009-07-08 2 24 Vv 45
20 18 110 19 20 187
3 GC-MS
Table 3 Operating conditions for pre—concentration and GC-MS
(CTD)
1 trap: -150°C; preheat: 10°C; desorb: 10°C; bake: 150°C ( 10 min)
2 trap: 30°C; preheat: 50°C; desorb: 180°C; bake: 190°C (2. 5 min)
3 focus: -160°C; inject: 1.5 min; bake:2 min
El 70eV
El 200°C
150°C 1.1 kV
1.2 mL/min 250°C
Scan/SIM Scan
40°C 3 min 8 °C /min 90°C
6°C/min  200%C 9 min m/z 45360 u
1.3 0.006 ~ 0.986 pg/m’
0.075 pg/m’
GC-MS 1d
N 4 5
<30%. VOCs MDL.
2
( method 2.1 VOCs
detection limit MDL) VOCs
120.6 ~639.7 pg/m’ (371.0
( Spectra +132. 4) p,g/m3 VOCs 2
108 VOCs ) 7 57.2%
(S. D) 3.14 20% (11.4%)

MDL (3. 14 xS. D) VOCs (8.5%) (3.0%) .



2780 32
. 42. 8% 33.2%
oAWKk mHfRER oXTE  THRE ok ( ) ( )
- . (30.1%)
(20.4%) -
: (55.9%) .
ﬁ VOCs
$ ; \
é NMHC
e
% (
N 4
JepE —E KEH Kt XER endi N s
( BTEX)
2 VOCs
. o . 1997 2000 ;
Fig. 2 Composition of VOCs at every monitoring
station and the whole city 2003 ~ 2001
2003 2002
52.3% 40.2%,
29 ¢, ~C, L9 2~
C4 6 ;
C,~C, 29 2.2 VOCs
4 VOCs /pg e m™?
Table 4 Comparison of VOCs concentrations between Shenyang and other urban centers/pg * m ~*
NMHC m p- o—
1982 145.1 53.2 81.6 279.9 9.1 36.6 6.2 18.5 7.1 21
1989 77.9 19.0 32.8 129.7 8.4 15.6 1.9 21
1990 138.7 24.2 120.3 283.2 20.9 44.8 8.5 27.0 10.9 21
1991 169.7 13.2 149. 4 332.3 30.6 60. 4 13.3 36.0 13.3 21
1997 2.1 6.6 1.3 4.1 1.6 22
2000 1.3 5.1 0.6 2.2 0.1 23
2001 6.0 21.8 10. 8 3.3 24
2003 5.6 52.6 8.5 17.5 7.1 21
2003 273.7 113.2 160. 5 547. 4 4.5 30.0 5.7 7.1 5.2 21
2000 430.0 47.0 84.2 20.3 1
2000 33.8 62.0 15.6 38. 1 18.2 23
2002 4.2 16.0 3.3 9.9 4.3 16
2004 57.9 26.6 38.0 122.5 7.5 12.5 2.2 4.0 1.4 6
2004 9.0 10.2 3.6 2.7 5.0 13
43 2005 19.3 23.8 6.6 37.1 16. 6 21
2008 42.3 11.0 31.5 84.8 5.6 5.8 1.4 7.9 3.5
2008 4 ~2009 1 2
VOCs 4 10 7 10
3
VOCs : ( (>6
) 4 .7 46% ) (
10 60% ) 10 4 7
( 2 ) 14 10
7 1 ; 10
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Table 5 Selected hydrocarbon concentration ratios and correlation coefficients at downtown site
S. D. R’ S. D. R’
/ (B/T) 0.77 0.28 0.51 0.61 0.23 0. 64 0.5~0.62 23 30 31 0.2 ~0.64 6 32 33
/ (B/E) 3.18 1.77 0.30 2. 14 1.35 0.22 2.26 ~3 30 32 3~7 6
/ (B/X) 1.84 0.99 0. 31 1.62 0.99 0.19  0.38~1 30 32 0.75~2.33 6
/ (T/E) 4.10 1. 69 0.79 3.57 2.04 0.38 3.62~5.63 30 32 5~14 6
/ (T/X) 2.38 0.94 0. 81 2.82 1.76 0.25 0.75 ~1.67 30 32 3.5~3.67 6
/ (E/X) 0.59 0.09 0.95 0. 81 0.25 0.84 0.17~0.33 30 32 0.25 ~0.33 6
551 3.12 — .52 0.93 —
/ 0. 06 0.03 0.02 0.01
/9 G, ~CsVOCs"  0.08  0.03 0.22  0.12
TEX? / 0.54 0.10 0. 66 0.36
1)9  C, ~Cs VOCs ; 2) TEX
5 N (0.02 <0.06)
( N
0.79. 0. 81 0.95 )
( ) N n/i- n/i-
( TEX) 0.30 ~0.51 Cs ~ Gy
TEX 9 C, ~C, VOCs
0. 84 0. 64 (0.22) (0.08)
0.19 ~0. 38
/ TEX
(B/T) 0.77 B/T » C, ~C, TEX/
0.61 /
( B/E) (0.66 >0.54)
BTEX N
TEX 6
34
35 36
/ (B/X) . / 4
(T/X) / (E/X)
B/X 3"
B/X 7
38
VOCs



] 2004 17(5): 1-5.

2784 32
6 VOCs 8 VOCs
Table 6  Correlation coefficients between different VOCs J. 2010 31(7): 1438-1443.
concentrations at Taiyuanjie site 9
VOCs J. 2010 26(4): 4-8.
1.00 0.53 0.72 0.96 10 Geng F' H Zhao C S. Analysis of ozone and VOCs measured in
1.00 0.38 0.62 Shanghai: A case study J . Atmospheric Environment 2007
1.00 0.87 41(5) : 989-1001.
VoGs 1.0 11 Geng FH Tie X X. Characterizations of ozone NO, and VOCs
measured in Shanghai China J . Atmospheric Environment
2008 42(29): 6873-6883.
12 “ 7
(1) 108 VOCs ! 201030
(9): 1749-1757.
(57.2%) (20%) 1
(11.4%) (8.5%) (3.0%) . J. 2004 20(2): 14-16.
VOCs (371.0 £132.4) pg/m’ 14 ZouS C Lee S C. Characterization of ambient volatile organic
compounds at a landfill site in Guangzhou South China J
(2) VOCs Chemosphere 2003 51(9): 1015-1022.
. 15
' J. 2003 22(1): 89-92
16 HoKF LeeS C.ldentification of atmospheric volatile organic
S compounds ( VOCs)  polycyclic aromatic hydrocarbons ( PAHs)
and carbonyl compounds in Hong Kong J . Science of the Total
(3) VOCs Environment 2002 289( 1-3): 145-158.
17 Lee S C Chiu M Y. Volatile organic compounds ( VOCs) in
’ urban atmosphere of Hong Kong J . Chemosphere 2002 48
A A (3): 375-382.
18
(4) . 2006 29(10) : 112-114.
VOCs . 19 10
J . 2009 35(1): 6-8.
20 2008 M .
2008.
21 Hsieh C C Tsai J H. VOC concentration characteristics in
LuCM XuZ DuY G et al Analysis of volatile organic Southern Taiwan J .Chemosphere 2003 50(4): 545-556.
compounds concentrations and variation trends in the air of 22 Pankow J F Luo W T. Concentrations and co-occurrence
Changchun  the northeast of China | . Atmospheric correlations of 88 volatile organic compounds ( VOCs) in the
Environment 2000 34(26) : 4459-4466. ambient air of 13 semi—sural to urban locations in the United
Jackson R B Schenk H J Jobbagy E G e al. Belowground States ] . Atmospheric Environment 2003 37(36): 5023-
consequences of vegetation change and their treatment in models 5046.

J . Ecological Applications 2000 10(2): 470-483. 23 Chan C Y Chan L Y. Volatile organic compounds in roadside
Atkinson R. Atmospheric chemistry of VOCs and NO, J microenvironments of metropolitan Hong Kong J . Atmospheric
Atmospheric Environment 2000 34( 12-14) : 2063-2101. Environment 2002 36( 12) : 2039-2047.

24 Na K Kim Y P. Diurnal characteristics of volatile organic
R . : 2005. 114-115. compounds in the Seoul atmosphere J Atmospheric
VOCs Environment 2003 37(6): 733-742.
I . 2004 25(6): 7-15. 25  Khalil M A K Rasmussen R A. Forest hydrocarbon emissions:
Barletta B Meinardi S Rowland F S et al. Volatile organic Relationships between fluxes and ambient concentrations J
compounds in 43 Chinese cities ] . Atmospheric Environment Journal of the Air and Waste Management Association 1992 42
2005 39(32): 5979-5990. (1): 810-813.
26 Guenther A B Zimmerman P R Harley P C et al. Isoprene and

monoterpene emission rate variability: model evaluations and



(VOCs) 2785

27

28

29

30

31

32

33

sensitivity analyses ] . Journal of Geophysical Research 1993

98( D7) : 12 609-12 617.

Jobson BT Wu Z Niki H et al. Seasonal trends of isoprene
C,-Cy alkanes and acetylene at a remote boreal site in Canada
J . Journal of Geophysical Research 1994 99 ( D2): 1589-

1599.

Filella I Penuelas J. Daily weekly and seasonal time courses of

VOC concentrations in a semi-urban area near Barcelona J .

Atmospheric Environment 2006 40(40) : 7752-7769.

Sexton K Westberg H. Nonmethane hydrocarbon composition of

urban and rural atmospheres J . Atmospheric Environment

1984 18(6): 1125-1132.

Mohamed M F Kang D W. Volatile organic compounds in some

urban locations in United States J . Chemosphere 2002 47

(8): 863-882.

Lonneman W A Seila R . Meeks S A. Non-methane organic

composition in the Lincoln Tunnel J . Environmental Science

and Technology 1986 20 (8): 790-796.

Gee I L Sollars C J. Ambient air levels of volatile organic

American and Asian cities J

2497-2506.

compounds in Latin
Chemosphere 1998 36( 11) :

Brocco D Fratarcangeli R Lepore L et al. Determination of

34

35

36

37

38

39

aromatic hydrocarbons in urban air of Rome J . Atmospheric

Environment 1997 31(4): 557-566.

I 1999 20(5): 30-34.
Andreae M O Merlet P. Emission of trace gases and aerosols from
biomass burning J . Global Biogeochemical Cycles 2001 15
(4): 955-966.
Moreia dos Santos C Y De Almeida Azevedo D De Aquino Neto
F R. Atmospheric distribution of organic compounds from urban
areas near a coal-fired power station J Atmospheric
Environment 2004 38(9) : 1247-1257.
Zielinska B Fujita E M. Characterization of ambient volatile
organic compounds at the western boundary of the SCOS97-
NARSTO modeling domain ]
2003 37(s2): 171-180.

. Atmospheric Environment

Na K Kim Y P. Seasonal characteristics of ambient volatile
organic compounds in Seoul  Korea J

Environment 2001 35(15) : 2603-2614.

Atmospheric

Ohura T Amagai T Senga Y et al. Organic air pollutants inside
and outside residences in Shimizu Japan: Levels sources and
risks J . Science of the Total Environment 2006 366(2-3) :
485-499.



