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speed Road in Beijing

MAO Ting, XU Xiao-bin, WANG Ying

(Key Laboratory for Atmospheric Chemistry, China Meteorological Administration, Centre for Atmosphere Watch and Services, Chinese

Academy of Meteorological Sciences> Beijing 100081, China)

Abstract: Comprehensive two-dimensional gas chromatography ( GC x GC)is a powerful instrumental tool often used to analyze complex
mixtures. An optimized GC x GC method had been applied to the quantitative analysis of aromatic compounds in air samples collected near a
busy high-speed road in Beijing during the 2007 National Holidays. In the resulting GC x GC chromatograms, aromatic species were resolved
from other compound classes and were grouped in a manner that facilitated identification and integration, showing more information of aromatic
compounds compared to traditional one-dimensional GC. Totally more than 30 aromatic species were identified and quantified. The average
concentrations of monocyclic aromatic compounds ranged from 0.75 x 10™° to 24.64 x 10™° C, with toluene having the highest concentration,
followed by m» p-xylene and ethylbenzene. The average concentrations of the measured polycyclic aromatic compounds ranged from 0.03 x
10° 10 2.28 x 107° C, with naphthalene having the highest concentration, followed by 2-methyl-naphthalene and 4-methyl-1, 1’-biphenyl.
The four-ring and higher polycyclic aromatic compounds were not detectable in the gaseous samples. The levels of aromatic compounds were
significantly influenced by meteorological parameters. Benzene and toluene were poorly correlated with higher aromatic compounds though the
latter compounds were highly correlated among each others suggesting that both were significantly influenced by sources other than vehicle
exhaust and gasoline evaporation.

Key words: comprehensive two-dimensional gas chromatography ( GC x GC): aromatic compounds: high-speed road: Beijing Citys
meteorological parameters
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Fig.1 Location of the sampling site in Beijing City

1.2 FES BT
1.2.1 s

B3 HT S FH R W -4 — 4SO 8 3% CTD-GC
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Table 1  Experimental parameters
35 BH
A DB-1MS (30 mx 0.32 mm, J5J% 0.25 pm)

MR BP-20 (1.05 mx 0.1 mm, /% 0.1 pm)
WA A AT 100 em x 0.25 mm, BRJ5 0,32 pom BEIE A2 Rl A7 9045
A 2 3 6s

1.2.2 &t

AR SAT: < SR 25 g R 2 26 7 300°C
I 3 min, WS B9 BCE N YA BIF, TEABF )
JEAE - 10°C A5 B 3 min, 2R Ji5 W% 0] i1 #4241 300°C i T
N GC.

TP Tl : 55— Rt i AR L 46 30°C, 15 B 5 min
J& LA 3 °C/minfIEZTF 51 225°C; 55 AR 0 A i
30°C > 455 % 5 min B 3.3°C/min (PR T+ 2] 245°C .
S(He)E I E AL, 30 1.5 mL/min.

FID £ W % 4% #F: i B 250°C, H, ¥ &= 30
mL/min, 2% I & 350 mL/min; 2085 K 4 40K 100
Hz.

MS o I 25 2% 1 A% B 26 i BE 280°C, - U
230°C ; B A, m/z S 35 ~ 350 u.

2% A« AR VA« A A4 % R i A
AR INFA) e i 2 I TE] 0.3 s W IR
WRAE RS, W TR 5.7 s.
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AT, SR 5 R AMRAT 52 B AR LA N, AR
SR 56 Bl VOCs 410 TR A A< (507100 x 107° C, 56
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Fig.2 GCx GC chromatogram of a roadside sample
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FORFEFVREAE S H X 29 o IR R B X 2 1
B AL —.

AT TE R AURE i T FRER D R IR LR 2.
FLIRJG KR COB ~ COB W BEVEH K 0.75 x 1077 ~
24.64 x 1077 C, Hory, FHRM B gz my, V30 24,64 x
107°C, HARAE ) o6 Z R 2R 5E Bl B2 %, 1
PIREE 5y M0 13.42x107° C A1 13.11x 1077 C. C8B
J5 IR ) F R R A ey, Q9B T, 1,2, 4-=
FH ORR 5 g v . LA 7 48 ) AR R0 20 B I s P S
F A I A o R AU Sk WL 4 R A S v
VOCs B R IR IR SR B, ¥4 2 A VR 28
WAV HE O AT AR R HEBCREAE, B FFE R )6 —
FRORAN 1,2, 4 - = HR I ARG LG A5 AR Y. T ) 05 1 3L
b5 A L T AR, X 5 AT T4 RARTE .
WHkEd C10B BHKIE R 6.45 x 107° €, 5 AR A JE 2
I, CLIB & W FE % c10B K, 4 1.81 x 107° C,
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Table 2 Average concentrations of monocyclic

aromatic compounds in samples

(R AEL/ B S AT 437 o AT TIKRE x107°C
xR 78 CgHs 8.47+3.83
R 91 C;Hg 24.64 +14.83
LK 106 CgHio 13.11+8.77
[B] /% R 106 CgHyg 13.42+10.08
PV 104 CgHg 1.30+0.88
A8 R 106 CgHyo 10.93 +7.22
SRR 120 CoHjp 0.75+0.54
[ES 120 CoHyp 3.18+2.21
1-ZHE P ALK 120 CoH,p 3.95£2.82
1,3,5-= 2K 120 CoH,, 3.77+2.48
1-Z3E R 120 CoHy, 1.02+0.63
1,2,4-= 2% 120 CoHyp 7.60 £4.86
1,2,3- =K 120 CoHyy 1.26+0.89
C10 7K 134 CioHus 6.45+3.39
Cl11 7K 148 Ci Hig 1.81+0.97

LRI T
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{EATY 8 Ik 355 4> C8B A1 C9B 75 4% . W ., HL4R C10B-
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JERVRIIFEAMIE . X 28 22 BUAR 11 05 8 5L A 2 v
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C9B~CI10B~ C11B ¥ & 1 530 5§ vp (1) AH 0 25 B4l
PO R AT L, 5 AL T8 30 R A 5 X OARE
C8B AFN 5t 34 g iy, ol S LR 5 R U 5 1 409
A, Hkag 7B, R IO IR E I 209 LL E
COB AR 7 ot 5% ey . A8 3 308 K AR ot v v ik 5K
(1) 5L ER 5 42 CCOB~ C10B~ CL1B) IR AT 55 = W 8 i T

BRI A AR

cloB ClIB

C93 C6B
15% -  10%

I'\_cm

31%

3 ARXBFESERHAEERDRARFTRIREBRNTESSENL

Fig.3  Comparison of contributions of six classes to the concentration of monocyclic aromatic hydrocarbons in samples

collected near a high-speed road in Beijing with samples collected in residential area in Beijing City
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Table 3 Comparison of the concentrations of roadside ambient BTEX in different cities

- I W x107°C l
KA M R AL (] En mES 7% e T SCHik
=il 2l 2007-10 8.47 24.64 13.11 13.42 10.93 ENTIE
AHFFORFE ST 1 km Ak 2001-11 37.55 46.02 11.86 14.26 10.70 L19]
AT 1E 2001-09 55.70 66.56 20.65 44.69 11.21 (9]
A 2004-12 21.25 138.4 37.46 65.5" L10]
I I 1996-10 ~ 1996-11  97.1 144.1 32.9 150.9" [20]
RV PR A 1995-11 65.8 160.1 4.6 176.8" [20]
U M1 1999-04 ~ 2000-03 9.14 53.71 5.75 7.36 5.27 [21]
ELZE D 1 A B 2004-10 1.44 6.37 [22]

1) 3 B R )E 2 Al

2.2.2 ZHIFIERILLEATIRIE EARATRT T KA LA 5 4, IX 28 2 3R 5 R IR

4oy TR IR B e B AR MR 2 35
JiKe s 28R ZE 3 P bt SR AR 2R R
IR 4 b = e e e AR ZE R L S L 045 1~ 2 ik
FE BRI, 3R 4 TR/ B T R R OR
SULEER AR i R S H DR o 550 BT 151 38 ok 3 Bl
AHINAS U B . 22 BA 95 e~ 3 U BE S L4 0.03 x 1077
~2.28x 107°C, Hor, ZEIRFE f v, P30k 2.28 x
107°C, 2-FHBEZE A-F RGO IR 2, ~P 3443 03l o4 0.93
x107°C A1 0.5 x 1077 C. U LL BRI 34 D57 ke e 7
Rt sk S (R 5T R W, 2 30 05 e ] A
AR AR i, B G 3E— 2 HEBOMT At HEIRRHE A 1
RIORE b R R I 2 IR0 e L NS
e MEFE R 1) 22 B S8 A HE JRCI A AR PRk AT A4
KL, DR 2 AT 3 AN SR ) 22 24 057 8 T
AAAET AR 1T 4 2RI B L9 22 B8 05 I B 7
ARSI ]

F4 HQTRENETEEBRLSNNTRE

Table 4  Average concentrations of polycyclic aromatic compounds in samples

G ARR M AFE TR PR x107°C
% 128 CyoHs 2.28+1.96
2-FAEZE 142 Ci Hyp 0.93+0.86
1- A2 142 Ci Hyp 0.47 £0.40
I 154 CppHyo 0.22+0.23
1-4H %8 156 CpHyp 0.21+0.20
1,7- - FHEE 156 CpHp 0.41+0.23
1,6- - FHEE 156 CpHyp, 0.08+0.06
4-FREI R 168 Ci3Hpp 0.50+0.45
2,3,6-= LK 170 Ci3Hy 0.09+0.18
1,6, 7-— H ALK 170 Ci3Hyy 0.07£0.12
1,4,6-— HIELIKIK 170 Ci3Hy 0.07+0.13
1,4,5- = HIEHOR 170 Ci3sHy 0.03+0.05
Vil 166 Ci3Hyo 0.27+0.23
ElE 178 CiHyo 0.12+0.11
p 178 CiHyo 0.25+0.29

JEARAR, (B LLBURLAS EAH IR S A B S R 2 AR RhE
A IR LW U L — AL LA 2L A 1072 4
B XA R — R A S
Yy, AT Z0 10 S0 AN G )RR PN R
FALRTAW, A 2BV A 2 e I BRI 05
FTHAEY), RESLEAEYRNARPBLR, XF A A pf
2R IE AP F | R AR AT X e ) AR KA R
JEE o3 A A TGO R S S b A T
KA 2 207 Kk E AT WE 9, (AR 502 4 31 LA
ZITRE 2~ 3 IR RS SRAE A T IE AR TRk
FE 3 A 53D I T T 22 I 43 H

O 1 G T 2800 T3 KA 5 R I U A
KH— e SR EE T, KRS 09 5 B kR
(A 5 FOAE OGS 25 e, DB 700 S 31 €10 5 &) AR
WEFAE I GC x GC B K Ar B )1, AMALH T Co
~ C10 J5 75 Ko v B2 R AH O 75 &, 38 [ I UG T 2% 28
VST R AR ) I e 3 2405 vk FE FARDNS 25 2, v Ry
MRS NI/ (TS T EE AL (T
2.3 AR AAEX AL TE 55 O A R H AR T
Al

Bl 4 SRR T AN ) BRI 22 3 05 IR B T
ZZH010 H 1~9 HIEHA B b ] 41, x4
FIRFT IR 2 IR T Rk 1 H AR B X 3200 0 3
KE1RYIRESE 10 H1~4 HE EARIER,
10 7 4 HPBERR, 10 H 5 HEWEE T FE, 10 H
7 HIR B B3 S FE AR, 10 H 8 H.9 HkE
A @ T 8 T Y i R K5 2
KPR BEAE 10 H 3 Hik 25 KME )G, A 10 H 4
HIFun R, 10 H 7 HRJEIE 234 1 R AR,
10 H 8 .9 HABE[RIFE A — i@ B2 [T J& T2k
MW C8 M €O ARFNZE 56 3 KW UK ELE 10 H
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Fig.4 Day-to-day variations of the concentrations of aromatic compounds

in samples collected near a high-speed road in Beijing City
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2.4 RIS

W5 2 R Jo 2 AT AR [F) SRALL IR A UR R SABL 1 K
AIE BRI, WX 2 B B A AR DG AR )
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T BT E IR L MG R

M5 HRIE Y, BRS TIRA R A, R
HARFT M B 7 FR S RS e 5Ky
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Table 5 Correlation coefficients between main aromatic compounds

EN R (8B 9B C10B % FOEZE

EN 1 0.78 0.52 0.40 0.39 0.48 0.32

R 0.78 1 0.76 0.77 0.77 0.73 0.62

(8B 0.52 0.76 1 0.96 0.92 0.94 0.95

(9B 0.40 0.77 0.96 1 0.98 0.90 0.91

C10B 0.39 0.77 0.92 0.98 1 0.87 0.86

% 0.48 0.73 0.94 0.90 0.87 1 0.93
RIS 0.32 0.62 0.95 0.91 0.86 0.93 1

R A 02 vk RN T2 AR IR 24 KA

(1)2007 F E JIHEIFIH GC x GC LA b5
AT KA S F BT T MR, 45 R,

75 B T HAT R PR B R A AR T
A I B B 2 5 T AR G S AR (1

(D HIR TS IE T C6B ~ C9B WL VE R 0.75 x
1077 ~24.64 x 107°C, H 2R MR B o v » JLWR B 43 A1 I8
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RGBSR T 15 R AR K. 23078
PRI BEIEE A 0.03 x 1077 ~2.28 x 107°C, 25k JiE
S5 ey PUBR DL B PRI B B 05 e I e A At L 3K — &5 AL
i gn 7 AC T TR R 0T A R 2 R IR A
ISP SN W Ry SRy L e S I IS

(3B AT AT 18 KA 05 B ek AR AL W] 8.
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