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Spatial Distribution Characteristics of NMHCs During Winter Haze in Beijing
DUAN Jing-chun', PENG Yan-chun®, TAN Ji-hua’, HAO Ji-ming*, CHAI Fa-he'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Department of Environmental Engineering, Changsha Environmental Protection College, Changsha 410004,
China; 3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China; 4. State Key
Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Tsinghua University, Beijing 100084,
China)

Abstract: NMHCs and NO_ samples were simultaneously collected and analyzed in six urban and suburban representative sampling
sites (Sihuan, Tian’anmen, Pinguoyuan, Fatou, Beijing Airport and Miyun) during a typical haze period in winter 2005, Beijing. The
concentrations of NMHCs during the sampling period in descending order were: Sihuan (1101.29 pg:m ™) > Fatou (692.40
pgem ™) > Tian’anmen (653.28 wg+m ) > Pinguoyuan (370.27 pg-m ™) > Beijing Airport (350.36 pg-m ) > Miyun (199. 97
pg-m ). Atmospheric benzene pollution in Beijing was rather serious. The ratio of NMHCs/NO, ranged from 2. 1 to 6. 3, indicating
that the peak ozone concentrations in urban Beijing were controlled by VOCs during the sampling period. Analysis of propylene
equivalent concentration and ozone formation potential showed that the NMHCs reactivity descended in the order of Sihuan > Fatou >
Tian’anmen > Pinguoyuan > Beijing Airport > Miyun. B/T values (0.52 to 0.76) indicated that besides motor vehicle emission, coal
combustion and other emission sources were also the sources of NHMCs in Beijing in winter. The spatial variations of isoprene in
Beijing indicated that the contribution of anthropogenic sources to isoprene increased and the emissions by biogenic sources decreased in
winter. The spatial variations of propane and butane indicated that LPG emissions existed in the urban region of Beijing.

Key words:NMHCs; haze; spatial variation; ozone formation potential; VOCs
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Table 1 ~ Concentration of ozone precursors in Beijing/pg-m ~3

NMHCs Hr B[qILE2 HHEHL REZI] &k PR

Lk
Ethane 3.68 13.75 8. 11 11.92 1.44 2.23
Propane 5.91 23.23 17.39 30.28 69.70 21.73
i-Butane 3.15 15. 69 6.83 18.19 27.71 12. 46
n-Butane 3.96 19.28 10. 01 20. 00 33.62 13.25
i-Pentane 25.14 205.10 21.92 41. 82 46. 85 29.12
n-Pentane 14.10 21.79 11.47 15.82 21.55 7.57
2,2-Dimethylbutane 0.24 11.33 0.67 1.59 1.90 0.93
Cyclopentane 0.28 5.22 0. 84 1.79 1.91 1. 18
2 ,3-dimethylbutane 0.70 19.75 2.27 5.03 5.06 3.59
2-Methylpentane 2.13 70. 54 7.23 15.17 22.95 10. 88
3-Methylpentane 1. 56 25.93 4.56 10. 26 11.62 6.79
n-Hexane 2.12 7.17 4.84 9. 65 14. 81 6.43
Methyleyclopentane 1. 11 8.01 3.37 6. 14 7.17 4.23
2 ,4-Dimethylpentane 0.21 1. 60 0.93 1.41 1.76 1.05
Cyclohexane 0.54 9.17 1. 11 2. 66 76 1.48
2-Methylhexane 0.71 4.15 2.89 3.97 4.45 2.32
3-Methylhexane 1.13 8.24 6.52 8.38 12.09 4.65
2,2 ,4-Trimethylpentane 0.12 3.19 0. 80 3.01 1.65 1.55
n-Heptane 1. 15 8. 94 8.48 9.35 8.83 3.94
Methylcylohexane 0. 66 5.49 2.27 5.26 4.86 2.71
2,3 ,4-Trimethylpentane 2.26 0.99 0.92 0.53 0.41 0.28
2-Methylheptane 1.59 7.44 3.71 4.92 4.73 2. 66
3-Methylheptane 0.52 3.33 1.95 2.51 2.97 1. 69
n-Octane 0.75 23.79 9.29 19.23 21.24 4.48
n-Decane 1.47 12.54 7.96 7.19 5.98 2.42

ke
Ethene 6. 80 41. 68 30. 23 19.33 3.57 9.55
Propene 8.35 17.54 14. 63 19.71 20. 62 11.98
i-Butene 0. 00 0. 00 0.00 0.00 0.00 0.00
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gk
NMHCs LN JLpaEs HHL K% Bk R
trans-2-Butene 0.33 7.93 2.40 6. 10 6.12 3.42
1,3-Butadiene 0. 00 0.33 0.11 0.24 0.43 0.31
cis-2-Butene 0.39 8.52 2.58 6.47 6.21 3.76
3-Methyl- 1 -butene 0.20 2.53 0.71 1. 69 1.52 1. 16
1-Pentene 0. 00 5.05 1.90 3.50 3.79 2.79
Isoprene 1. 54 4.67 1.36 1.65 4.13 6.39
trans-2-Pentene 0.22 10. 11 2.40 6.52 4.85 6.98
2-Methyl-2-butene 0.15 3.28 0. 80 2.05 1.94 1. 65
cis-2-Pentene 0.54 19. 14 4.63 12. 54 10. 47 10. 02
alpha-Pinene 0. 65 2.85 0.97 2.35 6.38 0.45
beta-Pinene 0.15 0.55 0.19 0.34 0.22 0.23
Jriz
Ethyne 5.14 26.33 18.65 41.93 13.33 7.93
Ji ke
Benzene 5.16 23.72 19. 06 28.70 47.92 16.35
Toluene 81. 56 83.52 28.88 55.24 63. 40 28.16
Ethylbenzene 1.51 27.17 7.43 19.52 18. 61 6. 04
m/p-Xylene 3.45 64. 66 21.55 49. 49 50. 03 26.24
0-Xylene 1. 40 26.42 7.26 18.08 18.24 9.45
i-Propylbenzene 0.15 1.39 0.36 0.73 0.59 0.55
n-Propylbenzene 0.35 5.98 1.40 3.63 2.51 2.02
m-Ethyltoluene 0.67 17.88 3.26 10. 82 6.91 7.11
p-Ethyltoluene 0.75 19.56 3. 68 11.89 7.59 7.73
o-Ethyltoluene 0.62 10. 39 2.21 5.69 4.07 4.20
1,3,5-Trimethylbenzene 0.43 10. 21 2.48 6.01 3.90 0.00
1,2 ,4-Trimethylbenzene 1. 80 48. 81 9.69 28.09 18.79 22.09
1,2,3-Trimethylbenzene 0.71 14.51 3.44 8. 66 6.33 5.20
1,3-Diethylbenzene 0.56 20. 54 3.74 8.81 6. 85 5.80
1,4- Diethylbenzene 0.53 18.27 3.60 7.88 6.78 5.92
1,2-Diethylbenzene 0. 69 22.06 4.41 9.54 8.30 7.22
A7 NMHCs 199. 97 1101.29 350. 36 653. 28 692. 40 370.27
T T L/ % 51.50 38.62 36.91 44. 62 39. 88 42.52
Jeded of H/ % 38.59 49.83 44.12 41.89 49.77 41.28
Il 5t/ % 9.92 11.55 18.96 13.49 10. 35 16. 19

1) BRI 45 SR B AR 5 1 5 A4
2.2 dbtutT NMHCs B2 i 7

WFoE RN FEm NO, &4, A B R R
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|2 VOCs/NO, FfE/INT 10 FrRHBE | B4R A I (E e
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NO, {0 VOCs/NO, #1753, AR P ER% =k
FE 5 NMHCs/NO, 355 46 (32.7) , Ho B R S AE
2.1~6.3 BIEHIN. X —0F58 0 AL T 2006 4
Z i LRI e B BEAO R ME 11,8 3.9 ik K W]
SRR 5T R AR W MR B &2 NMHCs 42 il

PR AR X — 22 S R R AT g E R A T AR | SRR
NMHCs [ 8 98 70 F1 4 2R B2 5 b NO, 1Y K &
HERL.

F% T NMHCs/NO,_ WIS, R T34l VOCs 1Y
DAY PRIV & I = WA SR S T A N i
TSR M S5 R80HR B2 725 ( Prop-Equiv) FTA]H VOCs 21
I B B K R A AR I PR (MIR) T8 5 S A v 34
ﬁﬁijw, 2

PN SRR P AT

Prop-Equiv(j) = Conc.(j) x kOH(j)/kOH (N%)
K, Cone.(7) W Fl j F ppbe 7R I ; kOH
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Table 2 Concentration of ozone precursors in Beijing

Wb B rIKIE B[ AU HHHL K] (eSS R
NMHCs/ppbv 64.7 337.0 128.8 219.5 214.5 115.2
NMHCs/ ppbc 327.4 1779.9 567. 9 1063. 8 1119.3 601.0
NMHCs/ pug+m =3 200. 0 1101.3 350.4 653.3 692. 4 370.3
P SEROR I / ppbe 99. 1 799.2 236.5 499.9 479.5 340.2
0, MBS/ pgom =3 564.7 4 066. 2 1271.0 2454.5 2223.5 1538.0
B/T( i) 0.06 0.28 0. 66 0.52 0.76 0.58
NO 1.4 257.5 156.2 193.0 171. 6 257.5
NO, 8.6 24.0 21.6 28.5 18.6 25.5
NO, 10.0 281.5 177.8 221.5 190.2 283.0
NMHC/NO, 32.7 6.3 3.2 4.8 5.9 2.1

2.3 JbEiTi A NMHCs SRR 0

FEAE FU 7 2 A fT SRR B P %) SR R it BT 7 12k
Hor 2R 5 B 2R Al (B/T) £08 48 75 NMHCs
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Y TRIREHR DS | A B s IR 2 FEAR TS
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