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Pollution Characteristics and Health Risk Assessment of Atmospherlc VOCs in
Chengdu | Z)

LI You-ping', TANG Ya', FAN Zhong-yu', PU Mm , ZHANG Jin-lian', ¥ANG Zheng-zheng' , WU Dd lel
(1. College of Environmental Science and Englneenng, Chlna West Normal Unlver51ty, Nanchong| 637009, China’ 2 ﬂdenter for
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Environmental Economics and Policy Researth; Guangdonv Academy of Social Smenoe Guangzhou 510610, China) i’
Abstract: Volatile OI.‘ngIIC compounds ( VOCs) were, medsured .in atmospheric bdmples collected, fromy urban and roadside atmospheric
envirphments in Chengdu in September 2012/ |The composmon chemical reactlv1ty, sand conceniration level and its Vanatlon-
chatacterjtics of VOC% were studied, and Ithé’ health'""rqsk"af aromatic compounds was assessed. PResults showed that sthe_mean I’I’ldbb i
concentrations of-tot.il VOCs (TVOCs) Were (108 57 +52 439 pgem =3 and (132! 613+49.31 )% p,g m ™ for the urbdn and roadslde
atmospheric env1ronments respectively. The hlghest mass Concentrations were observéﬁ for alkanes followed by aromatlcs alkeyes
and-alkynes. Aromatlcb and alkenes contnbu}t‘d more jo ozone formation potential (OFP) of the urban and roadside atmoqpherlc
env1r9nments and mVp -xylene, toluene, ethene, o- xylene andpropene were the key reactive species.. The values of hazard quotient
and hazard index gvere less than 1 for benzene, toluenel, et-hylbenzéne and o-xylene (BTEX) , showing that they had no appreciable
risk of montcancer health effects on the expo%ed population. Howevel the value of cancer risk was above the safety threshold for
benzene ,/showing that it was a potential cancer risk to the exposed population.

Key words: volatile organic compounds ( VOCs); pollution characteristics; ozone formation potential; health risk assessment;

Chengdu

T A R R I Pl 4 R A ALAL S ) (volatile AN BT, FEXT VOCs BYA R SE £ B AR
organic compounds, VOCs) W 2 h¥ A% 15 ok ik &2 =M K =AMt s S X R IF, Cai 251
&M VOCs EER H 54 BB B AT I 1 32 18 Xt BT VOCs W58 R B, VOCs B4 pk =22 h b
ATV R AP | A R e it i 7% ixﬁ%%<5§1£A% FEORRE T ACHE IR, TR |
RAA A SRIEHERAE ). RZ VOCs RMLA B WRBHE K . 1 390 00 1 FH LA K A W T R AR e 55
AR BT | BUm AR, BRI o R R R Louie fy“”iﬂ“fz‘k:ﬁjiﬂll: X VOCs BIBFFE R, F5
A S Ty S AN, X A AR 3 Bl 2Pk el 18 SR X O, L A BTk R A3 80% 5 Li 451
Pefik ' s BEBIE VOCs fENRTHY, 2696 F 2012 4EX$HL 5T BTEX fHHERUR 19 BT 55 45 SR 6
JCR SRR, 6500 1 4 90 15 o W1, BTEX AELE IR SRR , {52 0] e 7
AL 05 FIZIRA LIRS — R 5| K79,

XL = ) 2538 R SO 2E IS5 FUK SR S5 1P 238 s B9 2017-01-08; f&3THEA: 2017-06-21

N1 = Sy [9~12] = EL2WH . WIEFHETIE (2015]Y0094, 2017KZ0041) 5 fb2F
B, FEIXBARTE AR, VOCs 1975 W TS mﬁummﬁﬁaﬂﬁxﬁa(cepczom42)

YT | 4 7l : 5k EBMA: FAO(1979 ~), 5, WALBFGck, Bl#E, E2R
GEREAE | AL, IS ARl | X U M A B TR ﬁﬂfﬁtm{b’f“w‘ﬁ\%fﬁﬁﬁ, ol 0206 163,

SR TN R; AR B A e AR 25 A R BF Y com



2 4

ZEROFAE . BT RS VOCs 15 YRR fiE B AR R AU DA

577

O AR

IR T A U )1 25 M P, DU 1148 48 S IR,
BT 2855 X By HO IR, AN ERE 10007, AR
K, BUERHEIX RIS VOCs I AH S EE 5 E
FHIFRE, L4 T 2011 ~ 2012 4EX%F Bk i
ANFEIIFEX KA VOCs W B9 252216 F1 OFP A
2R, VOCs IR B AR b Rk 25 f o T 4 22 e A1
ANRITIEE X VOCs ¥ & Al OFP (1) K /N o 22 38 Jg
RIEAX > Tk IX > KA IX; FMH% F 2014
EE%H&%WE%I&EMmeLﬁ%%%
Mr, @REHMIIAEIX VOCs MY EMIIT, VOCs
WL SR R AW, 07 T R AU 18 02 52 4k
SN P OC B A A, 4k SR N AR Bl X R R

VOCs [4775 Y ] £ 17 A 7] 75 1w B F 55 A 3 o 22
AL SE R S, AT 5l o xRS i Sl i A g i R

AARBEHATRFE, o P 2EA A 3 T KA B P
VOCs B3 YL AE FXE O, A= i STk, I Xt B3R
FEEPZR HIK | KM WK (BTEX) #47
R XU AN, DL R i KR Hﬁﬂﬁﬁﬂﬁ
BERE2E AR £

1 Mﬂ%ﬁ%f“‘ I

11 x#éﬁﬂ,“ /o /
%avmx*#uﬁmmkmﬂﬁﬁﬂﬂﬁ
ﬁﬁﬁﬁxﬁﬁ Horr, ﬁﬁﬁmﬂﬁﬁﬁﬁ

u?m%mﬁ$z mfﬁﬁﬁmﬂ%om ﬁ,

ﬁﬁﬂ@%ﬁm%ﬁ% y L BTG/ ,%ﬁﬁ"
ARSI AT I 7 IR B 3h *#ﬁmu%
TR T BV XN B R B R — PR, Gl R LI
SRFHT, SR AE U [H) PR [ B g /0N B B4 2
2 0024#.
1.2 RHIE

SREERFIEIA 2012 49 H 13 ~20 H, A RKREE
i [A] R R 7E 08 .00 ~ 10:00 F1 17.00 ~20.:00 P4
AIE AT R B, PR AR S R A R — DA,
SRAEIA MR R AL SRR 6 DA LS. Ik
VOCs RAEF AW HER A, RAETHE N BEASUTE 1k
AP, FHBLELZS . RRUCREERT, PR RAEFEDE S AT
Be—ABRIEI, KA R ACRFEREN, HE
K, BRUCRAE 1 h. BEJERAERT ) SRAEREGE S B
M2 1.5 m, BSIEEE2 m, ELRAEMSE FEITCH] B4HE
T
1.3 FESh T

ffi F1 Entech 7100 i ¥ 45 & 4t ( Entech

Instruments Inc, California, USA) Fl Agilent 5973N
AAH % - T i A O A D 2%/ L 1 R T
(GC-MSD/FID/ECD, Agilent Technologies, USA ) X
VOCs #4753 8. A3 BT ie, FEM & R R 9 =%
VO Ik A 4 E AT Mk 4 e 2 SRR ERE B GC-MSD/
FID/ECD £%¢, fEG R, HmAaTME O
43I = 4B MSD | FID A1 ECD A&, 43#riet
FEVE DL SCHR[ 21 ].

i PAMS #5 IR & K ( Spectra Gases,
USA) 57 5 AR BB iRt 2, HAnfl
BV A SC R EAE 0.992 ~0.999 Z[H]. Ky £ 43
Mr R G ER P, B K Hr e SRR e o b —
AAEREA, SRE AT — AR AR R A A AR
A, dPRS I mbaE LR iRE A 10% , 70
FOHTRCHERR M 2. AR T IS S 5% @%
BEH 5% . L~
1.4 OFP 157k | o Ji

VOCs 1E 4,04 2 R RT RS ﬂoo%iﬁﬁ
HEMIER B TR VOCs %ﬁﬂ’])ﬁ‘r’fk%fi
[2ﬁﬁﬁtééﬂﬂﬁfjt XF0, éEEEEﬁjfﬁkﬂlZ:ﬁﬂ Eﬁii
ﬁ%vmx%ﬁ%mwﬁﬁ%ﬁﬁn Hei gk

ﬁ%vmx%ﬁﬂ?ﬁ(gimﬁﬁﬁi - OEP
TR A RCA, "
" {0Fp, ~F0VOC), x MIR, gI)

=, WPﬁ%wm%ﬁ 5L B, B
A wg-m 5 ¢(VOC), NIEYFP i BHk B, B
M pgem ™y MIR, 3 VOCs #Fh i 1Y e KI5
PERE, HE BRIP4 VOCs 4453 %F OFP 1Y
BTk, MIR R EF 2% & VOCs ¥l [ 1 3l 71 24 FAL
il S N 36 M, £ A R4 VOC 1) i B T P B Xt
OFP () A A 5% M, A FF 58 48 1 SClk [ 22 ] w9
MIR 1H.
1.5 (@RI ik

RS Gy 2 A5 B BURYE 305 R R XU
A0 hy Al S0 fait 3 JRURS: T A7 0 285008 it B JXURS: 2F
W, A58 R FH 55 E IR B AR P38 (EPA) 7 2009 4F
B X TE AR S T WA IR 42815 4 40 ) SR XS AR
771 (EPA-540-R-070-002 ) , AR A [ K< FR
B B 28 TR RIS, R
PEATHEE R KBS A, 38 T AR BUE HE BORUR A
AR B KU T8 5, R IPAL BLER TR AR
VOCs fE7ERIAS: . Hat B ARh

CA x ET x EF x ED

EC = AT

(2)

..-'



578 woom B 39 %
o - EC (3) KL AL SCRUSHEHO A R

REC x 1000 1 VOCs A8k BTk,
HI = > HQ, (4) L1 0TI B T R S A A R s
Risk = EC x IUR (5)  VOCs i 4 KLY B, rTLUE L, PIF A
b, EC M Ve AR A v B, p iy KARBEEEEUNGR > 5 ER > MR > HuR gl
weemy CA K ¥ e M B PR BE vk BE, M i o B, BURRDFEIRIONIL B, SRR

pgem ’; ET MR EER A, $4 Ah-d™", BUEN
24 EF MRS, i Ryd-a", BUEH 365; ED
R FERRITE], AL a, HUEH 705 AT V¥ 6f
], B2k h, BUE N 70 x365 x24; HQ KIF 50
S E E R E ; RIC WS BT, B0k pgeom ™
HI M Ee 40, R 2 Fhis Je 38 Boii K fa & i
B BRI Risk 28 B 808 XU {E ; TUR S BRI
HOm G, B pg-m~*. RIC F TUR AY{E K I
TCER[23].

2 HREITE

2.1 HEBK VOCs I H-AE

AUIES T 59 Fl VOCs, MALRKERT 1
Beke 20 B, IR 1T B, Mk 12Fb, Hukg 1 .
R 1 AU A 1 %mmﬁﬁw@@ >
ﬁﬁﬂﬁﬁ%% RS T A AR PR M%M
R BT K Vmbﬂrz@ﬁﬁhﬁﬁﬁ ﬁm
ﬁmﬂﬁm%ﬂtmﬂﬁ¢ﬂm&%¥ﬁﬁﬁﬁ

5&7&(10§.57:t5%m43) pgem A (132,61 £49/31)
w28 AL R K A%ﬁ4ﬂB}mgHﬁ
C1 47 4 abiod =

ng- n17$ﬁ73 80 213.07 pg-m .
2012 4E'8 A 23 ~ 24 HAERE TR 6 VOCs HEFT
KEEDHT, 155] TVOCs HE N 106 pg-m ™, 54
MV E Y L

T R AR ik B B = 1 5 R A4y 1A
AR ME/XF IR R RS E, 5 RS G
e B ik F) 48.64 pg-m’, 5 TVOCs ¥ Ky
44.80% ; BN KA IR ok B fe = 1 5 R A oy
'JjJEﬁZIK\ Chse . ke Tl T HZERIE ) S Fil
SYL WU E R 56.97 pegem Y, (5 TVOCs ¥k ¥ 1Y
42.96% . FIRNI T W AN [R], E R 30 T R AR
RS EE Fems 19 5 Fp A ARTR, FTRLACIX 5
PR RS R S TR L3 VOCs. 5 e 9t
IR GV R & R i 2 Bk
SR MR BERE A, VBN RIREREE ™, Al EE
K H CNG IR B HRL, 5 BCER K 7 #E 3 i ik
REVR CNG IRAA O, A IR FA)/ X Z AR AR
REE R Tz, 5 R RN S 5 22 8 IR HE A

ST IR BT BE 3 5 R 47.08 | 44.25
11.53 Fi15.71 pg-m > M 65.07, 47.09, 14.33 Fl
6.12 pg-m . HEH R A IAEE B Bk 5 T IR K
S, HFHRBE. HRERMPERE S T3 m KX
L.

150

NN A
V222 fi ke

12

hn

100 |-

e g m™
uh -]
= L
1 I

[
wn
|

0

B 1 ﬁk%ﬂ%l.*ﬂﬁkﬁip%ﬁqﬂﬁ& I‘iﬁ*MJCA‘%E’WJﬁSZ
Fig. 1 ; Composition of VOCb in the roadside find Grban .--""-‘
J @ﬂwsphenc enhronmemb in Chengdu ~*

%zmﬂﬁﬁmkmﬂﬁ¢% th%ﬁ@
JiE 55 [ AN ST T, TR A S — e Bt
M K, 28 B BTEX, Hip ™ b
P RIES HARPAR R H AR 5 SRR
DXk A X, T T R SR AR DX Ay 3 T A 3 X s
HVRT T R R 2 doe Tk B v 2k BT A R L
W, X HOIR TR 1.9 ~5. 8 £, 7EAER, CNG 4
BRI R HBHE T, fd ] CNG AR ML 3h 25 K B g
I, AT RER B K AREREE Hh b e A A LA
T AR T R FREE b £ Be R R AR T K EAN,
A T HAXT FL IR, W A R KO Bk
HREE I KA KA LS IE T HEAR T biix
3 i A e R K T 5 R ORI AR 2, IR T
ML bRt HARPHASEN H AR 5 PImR R 42 2%
BRI S RGeS R TR, AR T B KR A
MRS TR ACT-F Y, W KPR B A
REHMY A R T S0 VL SR R A
LBV FE AT RO EE 3T A L A T S5 KO 5 R
Y BTEX W B & T 0T RJIEF H AP A,
SR AR, KT B AR L. BEA R KA



2 4 ROV . AR T RAREE VOCs 15 YR AE B AR HE XU P 579

R1 BEHBEAIMBHASHEFEREETVUAMRE ng-m

Table 1  Concentrations of VOCs in the roadside and urban atmospheric environments in Chengdu/wg-m =3

voc Wi KA B KA
S

e ] EHIE PR 2 e BTG EHIE bR 25
s 3.70 ~11. 10 6.37 3.05 8.27 ~22.37 14.01 4.69
ke 1.94 ~8.56 4.25 2.70 4.35~8.96 6. 40 1.96
STt 2.28 ~9.27 5.02 2.59 4.20 ~7.31 5.91 1.19
1E Tk 1.47 ~8.40 4.05 2.91 3.53~6.97 5.17 1.59
S 3.24~21.12 10. 00 7.68 5.08 ~14. 40 9.47 3.46
1E ke 1.06 ~ 18. 44 5.81 7.22 2.16 ~6.01 3.84 1.33
2,2- " H T ke 0.15~0.33 0.25 0.06 0.29 ~0. 68 0.43 0.14
ke 0.05 ~0. 15 0.11 0.04 0.13 ~1.08 0.33 0.37
2,3-"HIFET 0.19 ~0. 84 0.45 0.24 0.50 ~1.28 0.74 0.29
2-FR L e 0.78 ~2.90 1.83 0.96 2.28 ~5.40 3.13 1.24
3-H ke 0.49 ~1.96 1.20 0.62 1.44 ~3.36 1.96 0.71
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Table 3 Top 10 abundant VOC species of OFP in the roadside and urban atmospheric environments in Chengdu
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Fig. 2 Mixing ratios of different VOCs and VOC contributions to

-

OFP in the roadside and urban atmospheric environments in Chengdu
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Table 4 Comparison between non-cancer and cancer risk of BTEX in Chengdu and other cities
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