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Abstract: Volatile organic compounds ( VOCs) have been recognized as important precursors in the production of tropospheric ozone and secondary
organic aerosol. Studies on the concentration speciation and chemical reactivity of VOCs are necessary to further understand the formation process of
atmospheric pollution. Gas chromatography with flame ionization detection ( GC/FID) was employed to monitor VOCs in the urban area of Shanghai during
Chinese Spring Festival ( from Jan. 19" to Feb. 7™ 2009) and the International Labor Day ( from Apr. 23" to Jun. 5" 2009) and 56 kinds of VOCs
were detected. Two peaks in the morning and evening were observed in the diurnal profile of VOCs consistent with the rush hours suggesting that the
atmosphere in the urban area of Shanghai was mainly affected by vehicle emissions. The average mixing ratio of VOCs in the urban area of Shanghai was
(28.39 £18.35) x 10 ~°. The major components of the VOCs were alkanes (46.6%) aromatics ( 27.0%) alkenes ( 15.1%) and acetylene
(11.2%) . The OH radical loss rate and the ozone formation potential were applied to access the chemical reactivity of VOCs. There was a significantly
positive correlation between the mixing ratio and the chemical reactivity. The chemical reactivity of the atmosphere in the urban area of Shanghai was

similar to that of ethylene. The alkenes and aromatics were the dominant species for the chemical reactivity. For the OH radical loss rate the alkenes and
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aromatics accounted for 51.2% and 31.8% respectively; and for the ozone formation potential they accounted for 30.2% and 53.4% respectively.

Considering individual compounds propylene ethylene toluene xylenes and butenes were the most important contributors to ozone formation in the

atmosphere in the urban area of Shanghai.
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1 VOCs (0c)
Table 1  The detection limits of VOCs
/10 ~° /10 ~° /10 7°
0.17 2 3- 0.03 3- 0.06
0.03 2- 0.05 0.10
0.16 3- 0.05 0.13
0.07 0.04 - 0.35
0.03 2- -1- 0.08 0.31
0.05 0.06 - 0.32
0.05 2 2- 0.02 0.21
- 0.02 2 4- 0.02 0.21
0.03 0.02 0.19
- 0.02 0.03 - 0.23
13- 0.01 2- 0.03 - 0.20
0.02 2 3- 0.03 13 5- 0.20
0.02 3- 0.03 - 0.29
0.01 22 4- 0.03 12 4- 0.29
- 0.02 0.04 0.29
0.02 0.04 12 3- 0.35
- 0.02 2 3 4- 0.04 - 0.30
2 2- 0.03 0.05 - 0.28
0.07 2— 0.07 0.47
(5.04 ~90.09) x10~’
3 ( Results)
(25.95 +18.90) x107% ”
3.1 VOCs VOCs (4.36 ~
3.1.1 VOCs 140.77) x 107’ (29.03 +18.90)
VOCs x1077. “ ” VOCs
(4.36 ~140.77) x107° (28.39 11.9%. 20d
+18.35) x107°; : 1/2
46. 6% 27.0% 15. 1% VOCs
11.2%. 1 “ 7 “ » VOCs
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VOCs ( )
or 20 12.52 x 107° ( 48. 2%) 5.50 x 10°°
2595 e May
251 (21.2%) 4.45 x107°(17.2%) 3.48 x
Wl 107°(13.4%); 7 VOCs
% ( ) 13.41 x10°°
§ all (46.2%) 8.24 x107°(28.4%) 4.25
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S 3.483.12 i
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Fig. 1 Mixing ratios of VOCs during two monitoring periods
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Fig. 2 The time profiles of VOCs around the Spring Festival and International Labour Day
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9 “ 1755
VOCs o 20%; 10%
OFP VOCs L L’ OFP 1% ;
OFP R’ L OFP
0.8872 ( n =2096) 0.9002( n =2096) . .
VOCs OH 8. 11 x L 56.9%
10 Pem’™ “leg ! VOCs 0, ( ) 146. 4% ( ) 27. 8% ( ) /35. 2%
3.86 mol*mol ' OH ( ) OFP
(8.52 x10 "Zcm’ “les™) 0, 36.2% ( ) 125.9% ( ) 47.4% ( )/
(4.33 mol*mol ") ( Atkinson and Arey 57.8% ( ). VOCs OH
2003; 2006) ; VOCs 51.2%
. 31.8% ; VOCs OFP
3.2.2 VOCs 7 VOCs 53.4% 30.2% .
L OFP . VOCs
45% L OFP
1 Jan May
60% 60% 30.9% 60% -
5 as% ] L A5%] a5% |
Z, o 8 g
2 300 H 2 30%F 5 30|
- | 2 =
.- o 0% o
& 1%/ 15% 15% (=
oL 0 BP 7 Aa 0
Alkane  Alkene Aromatic Acetylene Alkane  Alkene Aromatic Acetylene
7 VOCs Lo OFP
Fig. 7 The percent of each chemical group in the mixing ratio L°" and OFP
8 VOCs L OFP OFP 10 6
10 3
VOCs L OFP 10 48.9% 14.7% 2.9%. OFP
L 10 15. 7% 12. 3% 10. 6%
7 3 7.0% - 5.2% .
50.6% 17.5%; * ” OH
L 10 6 VOCs
4 L()H
38.4% 21.8%. Lo
10. 0% OFP A
9.3% - 8. 1% 2- 6.5% OFP
6.1% . VOCs
OFP 10 N N
5 4
38.1% 27.2%  2.9%; ”




30

1756

Jan

ANFIAvVLNg-I-1

ANALNY-TSNVHL

15%

tsdiad yy't

SANATAX-d®IN
AN TAHLA
HANANTOL
ANHdOUd
HALLKCL

ANATAX-O

ANIZNAFTAHLA

ANFIAvVLINg-e-1

ANFLNE-T-SNVHL

ANVIVNAd-T

=
=]
=
| | 1 |
ES 2 = £ =)
=) " N =

ueazd 410

May

[[TTTTTTTTITTTTETTTIT saneriax-azi

HNHJOUd
ANATAHLA

TTITTTTTTHTOTI] ananiow

ANALNA-T-AN-T

ANALONY-TSNVYIL
ANALOF-T

[T enerasas

HNHLNE-T-SID

15% —

10% -
%

quadiad

LTI sanariascam
T wanor

ANATAHLA

2% May

eazd 410

10

OFP

LOH

8 VOCs

Fig. 8 The first 10 VOCs with the largest contribution to the L°" and OFP

14. 7% 10. 7% .

28. 4%

46. 2%

( Conclusion)

VOCs
:(4.36 ~140.77) x 107’

(28.39 +18.35) x 10",

VOCs

VOCs
) x10~°

OH

1 VOCs

VOCs

5.04 ~90.09

(

+ 18.90)

9.

x 10~

25.95

(

VOCs

©(4.36 ~
(29.03 +

VOCs
140.77) x 10~

OH

VOCs

9

51.2%

VOCs

9

18.90) x10°

OFP

31.8% ; VOCs

11.9% .

30.2% .

53.4%

VOCs
27. 0%

1%

15.

46. 6%

11.2%;

VOCs

48.2%

(1954—)

»

“«

17. 2% 13. 4%;

21.2%



1757

. E-mail: chench

@ saes. sh. cn.

( References) :

Atkinson R Arey J. 2003. Atmospheric degradation of volatile organic
compounds J . Chem Rev 103: 4605—4638

Atkinson R.2000. Atmospheric chemistry of VOCs and NO, J . Atmos
Environ 34: 2063—2101

Atkinson R Baulch D L. Cox R A et al. 2006. Evaluated kinetic and
photochemical data for atmospheric chemistry: Volume IT-gas phase

. Atmos Chem Phys 6: 3625—4055

Beigin M H Cass G R Xu J et al. 2001. Measurement of aerosol

reactions of organic species J

radiative  physical and chemical properties in Beijing during June
1999 J . J Geophys Res 106: 17969—17980

Derwent R G Jenkin M E  Saunders S M et al. 2003. Photochemical
ozone formation in northwest Europe and its control J . Atmos
Environ 37: 1983—1991

Duan J C Tan J H Yang L et al. 2008. Concentration sources and
ozone formation potential of volatile organic compounds ( VOCs)
during ozone episode in Beijing J . Atmos Res 88: 25—35

Geng F H Zhang Q Tie X X et al. 2009. Aircraft measurements of
0; NO, CO VOCs and SO, in the Yangtze River Delta region
J . Atmos Environ 43: 584—593

Geng F H Zhao CS XuT G et al. 2007. Analysis of ozone and VOCs
measured in Shanghai: A case study J . Atmos Environ 41: 989—
1001

Glodan P D Kuster W C Williams E et al. 2004. Non-methane
hydrocarbon and oxy-hydrocarbon measurements during the 2002 New
England air quality study J . J Geophys Res 109: D21309 1—
14 doi: 10.1029/2003JD004455

LiuY Shao M Lu S H et al. 2008a. Volatile Organic Compound
( VOC) measurements in the Pearl River Delta ( PRD) region
China J . Atmos Chem Phys 8: 1531—1545

Liu Y ShaoM LuS H et al. 2008b. Source apportionment of ambient
volatile organic compounds in the Pearl River Delta China: Part 11
J . Atmos Environ 42 6261—6274

Saito S Nagao I Kanzawa H. 2009. Characteristics of ambient C2 —

C11 non-methane hydrocarbons in metropolitan Nagoya Japan J .

Atmos Environ 43: 4384—4395

Seinfeld ] H Pandis S N. 2006. Atmospheric Chemistry and Physics:
. New York: Wiley

. 20070029.

from Air Pollution to Climate Change M
. 2007. R
.84—86
Shanghai Environmental Protection Agency. 2007. The report of the
environmental quality in Shanghai R 20070029. Shanghai:
Shanghai Environmental Protection Agency. 84—86 (in Chinese)
. 2005.
J. (D) 35: 123—130
Shao M Fu L L LiuY et al. 2005. Major reactive species of ambient
volatile organic compounds ( VOCs) and their sources in Beijing J .
Science in China (D) 35: 123—130 ( in Chinese)
Sillman S. 1999. The relation between ozone NO,_ and hydrocarbons in
urban and polluted rural environments ] Atmos Environ 33:

1821—1845
. 2006. M .

Tang X Y Zhang Y H Shao M. 2006. Atmospheric Environmental
Chemistry M . Beijing: Higher Education Press ( in Chinese)
Tsigaridisa K Kanakidou M. 2007. Secondary organic aerosol importance
Atmos Environ 41: 4682—4692

2008. €2 ~C9

I 28(7): 1430—

in the future atmosphere J .

1440
Wang B G Zhang Y H Shao M et al. 2008. Sources apportionment of
anthropogenic C2 ~ C9 non-methane hydrocarbons in the atmosphere
of Guangzhou China J . Acta Scientiae Circumstantiae 28(7):
1430—1440 ( in Chinese)
1999.
I 20(5): 30—33
Wang X M Fu J M Sheng G Y et al. 1999. Characteristics and
sources of atmospheric volatile hydrocarbons in Guangzhou streets
J . Environ Science 20(5): 30—33 (in Chinese)
. 2004.
J. 17(5): 1—5
Zhang J Shao M Su F. 2004. Study on composition of ambient volatile
organic compounds ( VOCs) in Beijing city J . Res Environ

Sciences 17(5): 1—5 (in Chinese)



