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Composition Characteristics of Atmospheric Volatile Organic Compounds in the

Urban Area of Beibei District, Chongqing

QI Xin', HAO Qing-ju', JI Dong-sheng’, ZHANG Jun-ke*, LIU Zi-rui’, HU Bo’, WANG Yue-si’, JIANG
Chang-sheng'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing 400715, China; 2. State Key Laboratory of Atmospheric Boundary Layer Physics and
Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: In order to study the composition and distribution of VOCs ( Volatile Organic Compounds) in the atmosphere in the urban
area of Beibei district, Chongging, atmospheric samples were collected from March 2012 to February 2013 with special stainless steel
cylinders, and analyzed with a three-stage preconcentration method coupled with GC-MS. 78 species of VOCs were detected in this
study, of which there were 25 species of alkanes, 15 species of olefins, 28 species of aromatic hydrocarbons and 10 species of
halogenated hydrocarbons. The results showed that the top seven species of VOCs according to the order of annual average concentration
in the atmosphere of Beibei were: Dichloromethane (3.08 x 10 "), Benzene (2.09 x107?), Isopentane (1.85 x107?), Toluene
(1.51x107°), Propane (1.51 x107%), m/p-xylene (1.43 x107™°) and Styrene (1.39 x 107°). The concentration of TVOCs
(Total Volatile Organic Compounds) in the atmosphere of Beibei was 33. 89 x 10 ~° during the measuring period, and the seasonal
variation was obvious with the order of spring (42.57 x10™°) > autumn (33. 89 x 10 ~°) > winter (31.91 x 10™°) > summer (27. 04
x107"). In the composition of TVOCs, alkanes and aromatic hydrocarbons provided the largest contribution to TVOCs (31.5% and
30.7% ) , followed by halogenated hydrocarbon, accounting for 27. 4% , and the last one was olefins, with only 10. 4% . By means of
ozone formation potential , the analysis results showed that olefins and aromatic hydrocarbon compounds were the two important materials
which made the biggest contribution to the formation of ozone in the atmosphere of Beibei. We further analyzed the sources of VOCs in
atmosphere of Beibei by the method of Principal Component Analysis ( PCA). Vehicle exhaust was the biggest source and its
contribution to VOCs was 50. 41% . The calculated results with T/B value also confirmed that traffic was the biggest source contributing
to the VOCs in atmosphere of Beibei.
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3-F 3k Pl 0.08 +0. 10 F12 0.42 +0.25 LA 0.97 +1. 04
2,4-Z LA 0.06 £0.07 F11 0.32+0.22 1,2,4-=F3HH 0.90 +0.78
2-F R Pt 0.05 0. 08 Py ke 0.30 +0. 44 LIRS 0.84 +1.20
2,2, 4- = H RS 0.03 0. 05 1,2- ke 0.18 £0.29 AR K 0. 67 0. 65
2,3 ,4-= B30kt 0.02 +0. 03 PO 0.18 £0.22 1,3,5-=H 33 0.38 +0. 35
L 0.99 +0. 82 1,1-Z 52 0.13 +0. 18 [E:%:3 0.20 +0. 14

AUFFIEEZT(3.4.5 H),2%F(6.7, 8
H), k29,10, 11 H) ,&ZF(12 A ~kF2 1)
PATIUZ R 4. 45275 TVOCs FI W N K2
(42.57 x 107") > £k %= (33.89 x 1077) > & %
(31.91 x107°) > HZ(27.04 x10™°) , HEE=W B
ETHEZE(P<0.01). VOCs ¥k & 1Y 2235 PE A8 b 2
2R R L W PeE i HERCE R | - O F-RE LU
KADFZHRAREZE™ . XS it 5
KA JEFE A 9 H PR B2 2 K B v B2 A s, DG R
JE AR, KA oAk 2 RN TR R, AR T
VOCs HYZBR; 735h, 5 ZEREm K H IR R 3
XFRA VOCs [ETERE S5 ; T H R B RIRAS)IZE
FE A AT 1R, A AR5 B e 0 K, K BHAR S 1)
PIVE B SHERIR G2 0w A E ), RIS 1)
PHORIRR REVE IR, DY T80 2R VOCs R IEHL
ik, MFRZ T, D, iR g B R
ASFIT15 G W3 bR A8, 45 K3 VOCs R B

. REE R AR R FE B M T A S
BB SAMREE R L

mE 1 s, S EEMK RS TVOCs 1 ZET
AR RABAHIT , 75 7 8 1) R AR B 45 2% (20, 50 x

50
8TVOCs @ pgifesd
oftlE  o¥ER
8 iz

B E < 107

# L} B %
E1 TVOCs Rk, Mk, iz, FERREFTEN
Fig. 1 Seasonal change of TVOCs and the

four main hydrocarbon classes
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107°) >FkZE(8.71 x107°) > HZ(6.92x107°) >
ZE(5.33x1077) , AR IENFZE(11.99 x1077)
>EZE(10.65x1077) >FkFE(8.25 x1077) >4 T
(6.32x107°) , HIRMWEZEWM B ER TELAEP<
0.01). {HBEIRFGE R 27 A8 Ak 34415 TVOCs
ARKRESR el i 2= 1 AR RRE Sy . & 22 (15. 37
x1077) > Bk ZE (13.34 x 107°) > HZE (7.69 x
107°) >HZF(6.40 x107°) AT EHTHEZE(P
<0.05), NEZM 2.4 f5. R NEZE(4.89 x
107°) >FkZE(3.59x107°) > HZE(3.06 x107°) >
HF(2.39x107°) AT EHTHERE(P<0.05),
FEZERIEN 2.0 f5. ASFE YRR THBOEBA
JARR AT R B, e e AL i AP i & il
W IR AR R TR IR T L8N 4 R A HEA,
WA R —EEORIE | IEC bR B SRR R
BV LA B I AR B R AR R L AR 43 i L
VOCs 1145 20 4y Ak 22 0 M 22 AR K, Btk & 3%
VOCs T[R4 A 25 A2 A 45 5=

32 2 RAUET 5 E Py e P R AR [ P R

b DX BT I 1L AR RS 2 KA VOCs 20 43 vk B 1 %
Fb. BT LR Sk B 1 G R XA A JES sl WL 00 s, A
KT, KA VOCs BA B 5 1Y A% H HE i 4y
(1SR YN R I = VO i L T < | o i
VOCs MW EZ m1F 2, AR KR VOCs W JE
Z R T B 0 N B 15 {H ST R AR
U-T 0 AV B A L 22T W A i s, 1- T 2 T I 1L
b X e B H K I K, o B IR TR B 1 62. 5% 1
FBE Y MR R B T B X LT LA
JEAE KA VOCs Bk B2 A E# (R T35 2
FraN At s bl N BRI R A R T aX
JE R AU R A S 3PS T A TR 3R X, 7 b EE A
B E R R, TR AR &Ik, B A
SRIABIR O R AF, L T E R H AR R X4 = 1l
T, B O K JE AR B, 4 X MB35 R A
38.9% WX Ak R 459% B WE 68 TR AY K
BT IR X R B O Tl k. R A G T L
HUXFERY AR T, NG shxt b i% KR VOCs Y52
M %5 /)N

F2 EREFELEEAEEHETAS VOCs iKEXTEL( x1079)

Table 2 Comparison of averaged concentrations of selected species measured in different cities( x 10 %)

VOCs 414 iy AT Jon e Kypls] ZE| L8 Jexelel g 130 EBEM%
2007 4 2005 4% 2008 4 2010 4F 2008 4 2007 4E 2012 4F
M 0.25 0.93 8.10 4.44 3.08
S 0.98 2.80 1.99 2.23 11.88 6.47 2.09
5 0.58 2.50 2.05 14.52 11.07 1.85
R oR 0.53 14. 09 2.57 10. 40 24.78 20.31 1.51
(RS 5.39 1.03 4.38 7.50 9.85 1.51
[a]/ X} -— H 2% 0.24 2.58 1.34 3.41 6. 86 6.14 1.43
KL 0.12 0. 67 1.39
B 1.79 1.35 1.80 4.52 2.63 0.99
AL 1.93 1.50 5.50 0.98
V% 0.28 2.21 0.91 2.76 6.67 6.50 0.97
T 0.90 2.84 5.28 0.94
TH 0. 64 3.11 0.32 3.77 7.03 0.73
1,3-T 24 0.30 0.17 1.03 0.71
3-H B 0.27 1.02 1.09 0.58
1,2- 5Lk 0.08 0.57 10. 50 0.57
1- T 0.75 0. 60 0.44 0.94 0.52
S R 0.19 0.26 0.16 0.70 1.24 0.58 0.41
1,3,5-=H 3 0.01 0.22 0.25 0.38

2.2 KK VOCs HoridtEsbr

H AT, BF78 K< VOCs A id P vk 354 3
ol SERCN M R B . - OHLIH 6 3 238 TN 45 5 e KO3 o
JIVE T PR 2R B B R A L S (OFP) . A B
g2 TN R AR TR A5 T VOCs Fil- OH I
R WA W K B 5 B2 A% ROV (AN SR RN
NO, f1 0, 5 VOCs By i) , 1 VOCs Y34 & 2

TEYELE G s T VOCs fL &9 0 S L 36 1 B Xt 0,
A T S 2 AR T HILEI R R A SY O,
AN B . A 5E 3 A T OFP SR BIF5E KR
VOCs i,

OFP J& M VOCs i K 5 S 17 M F4H o0 Tk
HHEEH HTIER VOCs 44304 UL A I RE 77,3t
=R/N W



3298 2

i

OFP, = MIR, - [ VOCs, ]
A, MIR, (d5e KHG & K036 M) IR AL (DL 0,/
VOCs 1) Mg-g™", J& Carter FIJ FHHH 55 FE AR L 52 56 15
PR L KAE ), VOCs, 5 IZPRILI T VOCs #Fh
[ RAIRETIR . AAESE tr TR0 5 v i B 1, oA
AEAIL C, B, i K BB R W, AR KRS 20
(R BE AN i AE LR A2 T R i, I e BE
BRI R A B A T R AR 2 48 KR VOGs
F TR P2 2T RS C, MR R
T JCE I OFP A, P I T BB S XA 5E OFP
(43T 77 A — 22 R i 22

TR WA 2 PR, & KA VOCs 414012
14. 39% MM XF OFP [ 5Tk =53k 40. 64% , Ui B
et KA IR I R AIE RS & I R4
8 BT R OFP B BTHRRAL A 13.61% , 3
BRI PR 95 B o) B 48 A B TR 38 B4 B ik
RHHAMREGEANZHY, 53518 45.75% F
42.26% . JGHERAS 37 B he o R4 AR R v 4 ok
R R,k i R AR T A RIS 4G SR —
. K3 F0H T AU RS VOCs X 5L A A i 3 ot
BT 10 295, B AT IREL 80 5 TVOCs 1Y
25.05% , 1 X B AR AR R T ARG BT R R A s
69.96% . S A EAET 10 A g IR A 4
Pl 5 44.25% 55 & A 6 Bl 05 55.75% @it T
LA LR T a0 B RS M &
P, E AR T R R R - P T
S S OGS SRR T A TR A A, T
St I8 1) BT R 3 IR A1, PRI L, 43 o RS0 b i 5 A 43
RGN TR RS 0, W BA EEE L.

70

& % OF P BT ik 3

uy
|
o
=+

ol | £ AU AL

2 40.64

beke prp

E2 BERWILWEKRS VOCs FEATH
EFRS B OFP MSTHkEL
Fig. 2 Mixing ratio of VOCs component and their contributions

to OFP in the urban area of Beibei, Chongging

B 35 %
16
wy
4rz 2 @ XfOFPHMAE ® FASHAE
2t =
# % -4
Swlg 4 & 3
0 0B =
8t H-H m &<
i H = 0 B <2 & 5 -
B ool He B Ao o v o 2 2
e M W w 7= < - "
# %7 Hee 42 [E A A :
T B K2 e M R e B . S
drte M OHS e A A B He B
M oE A U A HR HE B
E e e orE e m M A — A
2H e PR pR e - K A
e o A b e MmO e
o LEM b b bl PH L b D P P D
. ra & i e ¥ ¥ & s
,Qgﬁ* &F ® g gF Qe oF & ok
Lo AT R LR R
LY & , o7 <
@I \ﬁJ- P \"_\3-

B3 HERWILEAS VOCs #13f OFP
TIERE A HIET 10 T4 Fh
Fig. 3 Top 10 species of VOCs contributing to the OFP

in the urban area of Beibei, Chongqing

4 Jdbhi KA VOCs #2150 1 OFP 2715 A%
k. WHRTRLE ) F KA VOCs 1Y OFP {H 5y,
F121.18 x 10 ™7, Bk Z=MAZ R | 435 K 94. 38 x
107°/193.57 x 10, B Z /AKX, 73.89 x 10 7. %
B 22 KA VOCs 1Y RS A v $ i i, T B2 28 A
55. {HEEF 2012 4F A0 E s 2 0, by RRRE
W s K AETEE R HRERE A FETER
5 AT A IEAAHLT. 3 sk Fh B 42 14 i
A REA P . — &R VOCs #h, NO, /2 KR
Az A BRI , 28 0 I BSCHE 40 M 6 B NO,
50, BILHE KM LR, —FUZFE NO, NO,,
NO, Fil O, ¥y 5 4 35 Gk 2005 53 41, T i £
5D FIH GEOS-Chem A58 207t 36 B | & [ 6 3
Hi X R A AR T NO, BB IX . WA NO,,
VOCs X RS 0, A2 1) 5Tk 22/ — 28 JTTT 3 A%
OFP 5K 0, IKEMZEW M A—8. KRtz
A I —A BB R R VOCs 5 0, R4

90

g0l 3 Bk DHRE BRER

70

60_

OFPX 107
&

t H #* %
E4 BRERWILFEKXS VOCs FES ) OFP ETEH
Fig. 4 OFP seasonal change of VOCs in the urban

area of Beibei, Chongqing
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IR AR—2 AR Sz 0, &R 4 A h7e 4k Wi
I HS AT HE LR AR LR WE I , 1 VOCs T 2 ) FH R A 4
A = 14.00 ~ 14 .30 RE—KSHFE. HRKEM
UL FE B, KR VOCs #R B A BB a9 H 21k,
— BRI H L E 07:00 ~ 0900 M IRk 3 5 0 A
MFE N4 1400 2247 BB ARAE 7", fh b of
Wi AAF 5% o A5 R = T F 14:00 ~ 14.30 B RFE T
i) T e P HORRE S VOCs Mk 2 1 R AR,
IF it 53 OFP fE AR AR, M5 RS 0, W BE /Y 2
oA AR—E. EAIG G, 23R e sE 8
(R R T 3 FAS RS 43 BT 7 3, DT Jn 3 AR 52 36 2%
77 T B 55
2.3 KA VOCs KM

FLAT 53 BT (PCA ) 2 — i i b2 4 of 17 TL 4

PS5 oM i, B3 2o 8 2 AN A8 Ak o A HUL
LRGSR X LA 256 728 5 AT DA 5ok 24>
AR E R, A T X SR A AR B T 5 i
FEREAES, EANZHMNEAHEE. M n=m+50
(n FnFEARE, m FTRFFAMITE R ) | fE
AR E ) PCA S5 158 WS es vE4T %
o T I T IEAT 78 A~ 255 75 TR TR 25 R vk
JE, o B P i 33 Fh 4 B E AT VR A BT (20
VOCs SR LR 87.28% ) , 1 /& F2 Lo 73 B vk B 2
RIS, F FRAERAEAE > 1 AR BUF U ( Kaiser A7
HE) 158 6 AR T, LEE 3, BB — E AR 22 5 A
B ER R 25.00% , 1 6 4 F 4 B 2
TUHRCRIBE] T 91.26% , BRI BUCAT 6 4> 32 4 2
PLR VOCs B35,

#3 ERWIEXKS VOCs EHSHH

Table 3 Principal component analysis of VOCs in the urban area of Beibei district, Chongging

, EHF
VOCs fli 2
HF 1 HF2 HF 3 HF 4 HF 5 HT 6
Pk 0.953
TR 0.914
Tk 0. 844
S 0. 947
ke 0. 967
2-FR L e 0. 898
3-F b 0.387 0. 866
EC K 0. 550 0.418 0. 655
HO ki 0.778
Pk 0.979
T-he 0. 959
L 0. 844
- T 0.384 0. 749
1,3-T 24 0.817 0.316
SR W 0. 566 0.318
F12 0. 671
ST B 0. 800
F11 0. 674 0.715
A 0. 469 0. 825
= B 0. 630 0.612
1,2- 28Tkt 0.419 0. 831
U Ak sk 0.956
J2-1,3-ZARNK 0. 300 0.756
PUGR Kt 0. 841
PN 0. 903
2 0. 536 0.441 0. 643
V¥ 0. 965
[a] /% -— B 0. 950
KN 0. 893
A5 L 0.912
SR 0.954
1,3,5-=H3K 0.785
1,2,4-=H IR 0. 640 0. 391
WIRAFEE 9. 366 8. 001 6.278 3. 194 1. 878 1.399
VIR Ty 2 25.001 23. 643 20. 999 10. 063 6.383 5.171
BRIz 25.001 48. 644 69. 642 79. 706 86. 089 91. 260
Bk L/ % 27.395 25.907 23.010 11. 027 6. 994 5. 666

1) £ ERFETF 53 >0.3 BE
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B 35 %

MR 3 sl E UK VOCs 743 N2k
KU, HF 1 EBHR, LK /- R 4B
HILAE | SN R SR8 A, KA IR 269
[T A W RO UR . L3N 4 R AHE R R R R
AR AF7E LB ALR KA T/B AR, RAHFLEY IR
FEORIE T AN 4 B AHE L, L 1 nl 05 L
S RAHE, %M F R sTRk Ry 27. 40% . KL
ST e AT BRI TRk A il AR, S e A
eI TR &, 1 2 %R VOCs 1 BTRk
25.91%. ¥ 3 i EBEY A PGk, T, H
SRR, T/B H R K R EORIEF AL
TRASHEN, Bkt . Tt F A7 Tacm s,
FEARIE R 2 B, 5 8 0 EZE AR YR IR I ik &
AT AR Atkinson 25 BYBFST A B X S %,
T DL R A A sk R, LR AT 4Bk VOCs
[ 90% , SR, S )% —Jas . ml LA VR WL h 2 BR Rk
BrBerm =9 JnHR RSBk H gl 5
S 1, 3-T s Z 1AL EL A AR A A A e
TEARIF IR TS 1, 3-T In B A En
LYEIEM LR R (R =0.56, P <0.01), W7
TR FEEORIE LS 4 R A HE . B, 3
W LAVE AL Bl 42 R ACHER, DTk e 23.01% .
+ 1 FEF 3 Bl sh 4 R SHE, X RS VOCs
() TR ik 50.41% . BT 4 h E S A U
TRt . 2R 20 , 3 2e ) i 2R IE T A Ak T LA
KBRS 5 g & H B, DS b
PR FAT6 HiR-1, 3- A& ks 2 h
FEME | BRI T HE L. 74,5, 6 ¥5 Tk
AR S (HRTRR VOCs B2 IF ARk, Bt
kL2490 23. 68% , 5 R F 2 Mk L AR ARAH Y. 8
it PCA 43t W, ALAE KRS VOCs EERIE THL3h
T RASHERL, WA A i A T AR & DA Tl
A 7 P T U A A 555

3 i

(1) db&F K< TVOCs ¥k B #5AI%, 4E ¥ {H N
33.89 x 10 7, RN EF > kT > L% > HF, b
K&, R )AE, EEXT TVOCs B BTk 430k
31.5% . 30.7% . 27. 4% F110. 4% .

(2)EERA T/B (H R/ 28) HEAK, HEH
0.50, 574 0.56,FkZ= 0 1. 18,424 0.91 478
B4 0. 73 , FRIRA A AR Bt ZR IR THL3h
T RAEHEL, Z R & /.

(3)JdLAE RS VOCs T X OFP 51 ik 5 fe K1) &

PSRRI, 535N 45.75% F1 40. 64% , i ka1
DUHR A AL, K 13.61% . P | Tl %A
1,3-T 7, 1,2, 4-=HILIE | FHIRZEY) i R 4R
A SRR TTRR A

(4) BTk aR B JUhE R VOoCs FE0k

T HLSh 4 R UHEL, BTk LA 50. 41% ;5 WAL AT

T U AT & DA R Tl A 7= HE TS B4 5 e AR

XS, TR L7030 25. 919% F1 23. 68% .
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