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Pollution and Source of Atmospheric Volatile Organic Compounds in Urban-

rural Juncture Belt Area in Beijing
ZHOU Yu-min, HAO Zheng-ping, WANG Hai-lin
(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract ; A method for determining volatile organic compounds ( VOCs) by cryogenic dynamic adsorption in solid adsorbent tubes,
subsequent thermal desorption with cryofocusing in a cold trap and analysis by gas chromatography and mass spectrometry was adapted.
Volatile organic content levels, spatial and temporal distribution and sources were studied. Results indicated that 265 species were
detected in atmospheric environment of this area, including alkanes, alkenes, aromatics, halohydrocarbons and oxygenated

3 3 3

compounds. The average concentration of VOCs is 431.7 pg-m ", followed by aromatics 248. 1 pg-m ™, alkanes 130.5 pg-m™,
alkenes 11.7 wg-m ™, halohydrocarbons 22.4 wg-m ™, oxygenated compounds 18.6 pg+m ™, respectively. Benzene, toluene,
ethylbenzene, xylene and so on have a comparatively high content. Aromatics and alkanes are the most abundant VOCs; Organic
pollutants generally occurred at a relatively high level in the morning and evening traffic rush hours. VOCs varied with seasons: winter
maximum, followed by autumn, summer minimum. Source analysis showed that atmospheric VOCs mainly come from vehicular
exhaust, gasoline evaporation, use of adhesive and solvent and vegetation emission. They accounted for 53.4% , 20. 1% , 11. 0% and
5.93% , respectively.

Key words:; Beijing; urban-rural juncture belt; volatile organic compounds( VOCs) ; pollution; source apportionment
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(K 89 mm, #ME 6.4 mm) ; IRIBE KRSES
% SRR, Markes UNITY Series 2 FR FRHAY
LEEAE 6890N/5973 GC/MS {2 T A, ZHEAE
DB-5 ms 60 m x0.25 mm x0.25 pm BHEH:,; &
B RIKE (AL BHE A IRA R .
1.2 FEACREE
1.2.1 RFEEEE

NG R NEE 60 ~ 80 H Y Tenax TA/
Carbogragh 1TD, & ¥ fff /] i £ 100, 200, 300,
335°C Nt i 2E A< (99. 999% ) 45 EALAL B 1 h,
AA UL 100 mLemin ™", BRKCRFE BT 5, FAE
100, 200, 300, 335°C F4&ALFE 15 min. ZALJE 2R
RN OIHEE S, RGeS
WE AT B A TR AR 5L IR AR
4°CHIVKAR.
1.2.2 R

SRAE ST E R B R IR O IR
fb2Eik 4 2T, 18 mo . SRAEHTH B I i
HET AT . SR AR 25 AR I SRR A 10 3
DLZR VUG &0 45 1 e — A e U LAk B (KT F g
IKBREREA (Na,SO, ) MIBE IS A RAEAE ) — i 5 R A
PAHIE b TR 1.5 m A5 A B Sk
WA P R BRAK O, 1 T, JEoK B R 4
R SCRABES T K 4324 oK B R e = e A
550°C 1k 4 h, 13 ENJEHCE 76 T AR & L F
A AR RV E A DRFRI S TR EEFE0°C 22
AP IR | B b e A v A SO R o
FORMEERE R IR UHR O EE %, |
AR I B AR B Al B 529 2 o ATl o . AN
ST ARSI A4 C VK FE A7, A7 A (B AN 2ot 3
d. TESRRAE T IR I T) A TRE SRR SRS
[ (08:00) 14 (12:00) M 1 (18.00)3 4~HEf
B, REEW & 90 mL-min ', SRAERF[E] 120 min.
1.3 AU A

Markes PGSR RFEE TE SR T H 2k
/5\%(99- 999% ) ﬂzﬁ%, W& 30 mLemin '3 1
min. & & BRI R —10C, TN R E =
280°C , B FfHEATEE & 10 min, & 30 mL-min ™',
W RrIZE 535 7% 2 N BV BIE R 42 78 b B oh
BB, DL b R TR FI300°C , 135 I 26 43 6 I 7
NS 3% AT B, TR ] S min, P& S
mL+min "

Agilent 6890N GC &4 . ¥ UA L EE40°C , F/ 7 3
min; 5°C -min "' ) B K Tt iE 3] 140°C s R A D

10°C - min ~' A BERFHEFI220°C , P45 5 min. 465
%(99- 999% WE&’%,E/%E% 1.0 mL-min"".

Agilent 5973 MSD &4 . 2§ F U5 i BE230°C;
B TS (ED s SRR X, mz S
YRR 35 ~300 wu.

2 Z#ER5iItE

2.1 RATHERMEA DA L

TE T FE G LRI 265 R, 5 R PEA
MLTS UL 0 3 e i 431.7 pg-m ™, it 2K R W)
248.1 pg-m™’, BEKE 130.5 wg-m ™, W12 11.7
;Lg-m_3, XA IR 22,4 }Lg-m_3, EEALE Y 18.6
wgem B IR R 57. 0% . 30.0% . 3.0% .
6.0% F14.0% . 1599 & W 27, K R P b
ORI KA S s 8 LA
L.

RARW R SO T TR G R A T ek
O, AHEFE b AT R R W 57 B, FEE R
RO TR RO ZEML, 2, 3-=HIHER A
YR, EEACE WM WL 1. AR R Y H 2R
T, R R ORI ERAY SR
78.3% . Perry %* 45 BT JC A I & 5 BB
FIRAA R HOR  CREF RS YIE M. bt
CL AT i I TCH 0, AT g 25 S B0E m H R
HoAh BRI A G D HE

F1 KSHBHERWREKRE pg-m

Table 1  Annual average concentrations of aromatics/pg-m ~>
& PR bRz EBOKME
H# 25.2 31.2 187.4
LiFS 53.8 66. 6 390.7
IR 31 41.4 208. 8
Xof IR 41.5 55 388.1
[ — 18 23.2 155.9
KN 24.9 31 215.3
4B R 24.1 33 209. 1
LES 2.4 2.5 12.6
1,2, 3-=H% 8.3 10.3 63.4
1,3, 5-=H% 1.8 1.7 9.4
1,2, 4-=H% 3.2 3.1 14.1
1-2.3-4- B HEA 6 5.2 24.5
1-2.3-3-F 2.6 2.9 15.7
1-2.3-2-F 6.5 8 45.2
% 1.1 10.2 66.3
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ARSI F BN AL 5.
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ARSI T AR R AR rh Mk BE AR | B Rk
PR R R IR (G R BTEX) #REZ /K
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FER I I 1z B o G — 26 &1, G B i
R 2 S A B W2 52 e B  25 S0 B ot 1475 e 9
MR HESE I R A TR FY . S50
XAH LG, R AR S di e m, H R 4 2
Barletta 5" fF9E 45 S 2 5. (B 5 & A= AR S0 i)
FAEE, 459 5 vl E A A0 15 Py 4 Al 3k i
FHLG, e R A 2 i F Rk B e (A B e
B SO I I 3 e R i A, AR v 2R
FEFNE IR BB, A F R K F. AR PR AR I
JEFIRKAR 4 RHET RIS H R
WP s, bl TS G 2 R AL R R AR, 15 R 24k
WA EeAT R . 2 AT, S BTEX HA B
B R 350. 7 pgem 7 ARYCRAE BTEX B A T 7
SRR PR =z ). AR 7, BRO3E & Gk B R Bk T Y
BTEX ¥ i 8 3k 45 e Je v [ R 3k it 7 e Wk EAIR, &
Ji v I SR T R R i G A Sy . R R A AT
RERIN 2 45 & M P& LR 22 Rl B s IR A Be AN 72
o3 MU RE 22 A7 AE Ja M i5 Y U5 m 45 ) LA K
A 2 SR T AEAE R Y Tl 5 R HE IR T S
2.2 RAHEEMEEYI 2 AR LR

T TS TAE H /NS AR fR W I 25 SR LI 1 BT
N TG Qv B LRSI T IS AR e - T, 2
XUGEAE AL, 5 HAM AR A 78 45 SR — 3, Ho 26 X &
WRATARRYO WIS, 5= 09.00 ~ 1200
AR 15:00 ~ 1800 Z [0 48 R ¥k J ) BRI A
Velasco 2512 %f 8 U #F IR B 0 9 i h T 5 R A8
FLm Rk R OR8N = ORA B
T TR

R 32 4
#2 BTEX ZEERMETHRHFRE pg-m >
Table 2 Mass concentration of BTEX in domestic

and international cities/ug-m =3

Wi xR R fgﬂliﬁ EPB% BTEX ik

fis 3.6 8.4 2.3 6.9 2.3 23.5 [11]

HUR 8.5 21 3.8 121 4.7 50.1 [12]

FE® 104 23.4 5.7 13.7 5.2 58.4 [13]

ek 3.8 9 1.9  14.7 [14]

s 17.4 58.7 17.5  93.6 [15]

KB 17.8 127.7 38.9  10.9 195.3 [16]

TR 56 52.6 85 17.5 7.1 9.3 [17]

K#H 313 7.9 13.7 116.9 [18]

FHE 12 852 153 17.9 8.7 139.1 [19]

I 7.1 241 59 1.3 2.7 47.1 [20]

K58 4.4 252 5 7 2.4 44 [20]

KR 18,1 29.2 15.1 4.7  67.1 [21]

g 12.6 168 21.9 55.8 16.8 275.1 [22]

84  18.2 18  36.6 8l 28.9  350.7 [22]

Jest 205 28.3 [23]

Jest 502 79.8 411 77.4  29.4 278 [23]

dbst 25.2 53.8 31 41.5 249 176.4 AR

H AR BE 2 2 AR, — e 15 YL Iiom
RAL, RO (AR U X)) U
PEHERCRE N, ARG E B, A LIS e R 2 5
HEPET TRy , A RS 5 e o 5 P I S g D A K
XHRAE IR, Do EEE a8 e AV IR 25 o,
BB TS R E NI, 577 T ik BE AR — k.
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Fig.1 Diurnal variations of VOCs
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Fig.2 Seasonal variations of VOCs
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15 PR TR AR AN T35 Je e B SR G Ak
A HITHBRAVE A R, & AR R HE O 8,
KA VOCs e BE A T+, SV 7, VOCs Wk B
A Zetpim , KR 2, BRI, WA I BLbE G E 2
T T R R SRR RO R S BOR B
Al RESRL B KA OR I 2= Ve R, X5 Y i 2
BRAVE R, BRAIR T 75 YL e b T A B R,
2.3 FERVEAVWIRRIE BT

KA IR LB LY O VR N B 5%, XA
1) 2 BEA LTS YA T 18053 53 B (PCA ) 45 2R L
3. BRSO 4 TR T, 4 A ERS
752 BTk E N 90. 4% . 5 — A ERU R T 2
TR K 53. 4% ,C6 ~ C10 HIkeR 2K R W 111
r AR A HRTBON I T R SR A HLIS YL sTik K
A HE R T B A e e R BRRR S k2 2 2 pE |
SRAE R IX | T HEACH e Gk,
By 1 ARFMLB ZE 1 B ACHERR. 55 A 8 IR
St RIS oE 18 B70 A K, 5 3G o A2 AL B0 VRO 4 % 1)
fEF=4' 020 AIACH R 2 RVRT I S &, BTk
A 20. 1% . FWsr 3 Y CFC-11 ,CFC-113  PUSH
IR L, 2-Z 5 B (1, 2-DCA) T T 8 , CFC
e E R T A i &, 76 Tl 2B 7= FA: 7
RV 9 & 350 AR 58 0 4620 T DU G 20
R 32 AT 1 750 B BT 2 65 e b 25 4 T 23
PRIEVE, 1, 2-DCA J73Z W H T 3567 i ve R i

W AR MBI AR S A X A

IR HZ R AT, R 3 A A T

Hh R 45 R R R A T R R BT B, SRR R O

11. 0% . o-JH A5 80 0 2k B R HE R

TEESY 4 FP R EOR, W 32 4 ARFRAE BRI
£3 UADERSHH

Table 3 Principal component analysis of compounds

., F s

W 1 2 3 4
S 0. 039 0.918 0. 057 0. 165
pes 0.112 0.765 0. 090 0.553
2-H ke 0.727 0.332 0.344 0.208
3-H ke 0. 605 0.328 0.523 0.213
cE 0. 807 0.353 0.419 0. 040
-k 0.926 0.202 0.208 0. 045
Bt 0. 960 0.031 0. 142 0. 063
T-% 0.790 0. 204 0.523 0. 092
5 0.819 0. 468 0.153 0. 179
e 0. 852 0. 062 0. 456 0. 085
EEF S 0.988 0. 042 0.023 0.119
L 0.776 0.051 0. 466 0. 250
Fof U 0. 968 0.179 0.091 0. 097
[f) —H R 0. 823 0. 188 0.422 0.213
4B R 0.974 0.171 0.015 0.077
I 0.937 0.227 0.049 0. 049
ES 0. 803 0.115 0.531 0.183
1, 2-—8 2% 0. 090 0. 605 0.714 0.192
=R 0. 821 0.152 0.323 0. 151
VUG 0 0. 544 0.119 0.674 0. 096
S 0.274 0.315 0.128 0.823
a-JEM 0.073 0.117 0.153 0. 886
LR T 0. 637 0.305 0.395 0.308
FF & 113 0.225 0. 441 0.796 0. 037
R 11 0.112 0.199 0. 899 0.008
FRIEMH 13.356 5.016 2.746 1.482
FETHE/%  53.424  20.066 10. 986 5.930
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Table 4  Seasonal variation of source contributions

W UK/ %

- HE eSS ®E &
ML ERA 65. 1 47. 4 41.6 62.2
MR 14.1 13.8 22.5 9.1
HEFRIFH 11.0 6.1 17.0 14.3
YR 11.0 11.4 8. 1
oyl 90.2 78.7 89.2 85.6

WFFE BB 7548 R A 2R R 2R 8 R AE v 3 L
E(B/T)MBHAE 0.5 2o 4710 AR MR A sl AL
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ERSINAA HAR IR 2R R HEA KIS, 38
1Y B/ T EL U AT 6 32 A W 0K L R0 A 1 R e 1) 5%
Wi BT > 1 W) 3 EAZ R R > AR 5 op B/
T FLfEFE 0.3 ~0.7 Z 8], B/T SEH{E H 0. 47, i
RS R R Y FEH R 2L A

K gt & 3, FI 2R R R
R (BTEX) 45 4 51 22 [a] AH 5C M 43 A1 7] DL Sk Ak 1
BTEX F96 Ak 27 S5 7 52 Wi K ] fig B9 SR R 78 38
TRAAEE T, LARPARIEAXT B — | FEEk A 28 iH
HER O 2R O L IR) I ) = RN 2R 2Z 0] 1 A
K BB 7°0. 816 4. 0.905 4, 0. 883 8, 0. 830 4,
ULEH ZOR 5 R 0 R A O HOR 4P ROk
HAH R IR HERC. Br LA, S8l HERIOE: R R R
HZRA EEOR TR, A AR B e 22 (ML R
R 0. 645) , AT BEJR U R £ 2K 1 KRS F7 A A T
(RREFHMm. 4 d, 05 1.6 d) BAAEAE HAIEALE
I HECIE.

3 g

(1) TES 2 456 Hh R LA Y 265 F 4
BT, R A VLTS Y Yk BE Y 431.7
pgem, H A IE R Y 2481 wgem ™, BE R 130.5
pgem MR 1LT wgem 7 K ARKE 22,4 pgem
FERAGY 18.6 pgom ™, BT K KOE:
57.0% . 30.0% . 3.0% . 6.0% F14.0%.

(2) A UG YY) H AE AL 5 XU AR b, 7E Al B |

M2 g WA NS 8 TR v 7K, i B 2 o B e
AR R A 56, VOCs B W i i 245 78
b, &ML, B B A W, e B N v EIR
RO %% > B > % > B

(3) 720 #r RRAEAL & W0 R AE LU B 23 A AR
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