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Pollution Characteristics and Health Risk Assessment of Atmospheric VOCs in

the Downtown Area of Guangzhou, China
LI Lei'? LI Hong' ,WANG Xue-zhong' ,ZHANG Xin-min' , WEN Chong’

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Zhejiang Tianyu Environmental Protection Equipment Co., Lid., Jiaxing 314100, China; 3. Xi’an
Municipal Research Institute of Environmental Protection, Xi’an 710002, China)

Abstract: The measurements of 31 kinds of VOCs in the ambient air of a site were carried out in the downtown of Guangzhou by online
method from November 5, 2009 to November 9, 2009. The ambient level and composition characteristics, temporal variation
characteristics, sources identification, and chemical reactivity of VOCs were studied, and the health risk of VOCs in the ambient air in
the study area was assessed by using the international recognized health risk assessment method. Results showed that the mean and the
range of the mass concentrations of 31 VOCs were 114. 51 pg-m > and 29. 42-546. 06 pg+m | respectively. The mass concentrations
of 31 VOCs, and those of alkanes, alkenes, and aromatics all showed a changing trend of higher in the morning and in the evening,
and lower at noontime. Vehicular exhaust, gasoline and liquefied petroleum gas evaporates were the main sources of VOCs with the
volatilization of paints and solvents being important emission sources. Toluene, trans-2-butene, m/p-xylene, i-butane, and 1,3,5-
trimethylbenzene were the key reactive species among the 31 VOCs. Vehicular exhaust and gasoline evaporation were the main sources
of VOCs leading to the formation of ozone. Health risk assessment showed that n-hexane, 1, 3-butadiene, benzene, toluene,
ethylbenzene, m/p-xylene and o-xylene had no appreciable risk of adverse non-cancer health effect on the exposed population, but 1,
3-butadiene and benzene had potential cancer risk. By comparing the corresponding data about health risk assessment of benzene
compounds in some cities in China, it is concluded that benzene can impose relatively high cancer risk to the exposed populations in the
ambient air of some cities in China. Therefore, strict countermeasures should be taken to further control the pollution of benzene in the
ambient air of cities, and it is imperative to start the related studies and develop the atmospheric environmental health criteria and

national ambient air quality standard for benzene in China.
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VOCs ) FE RIS AN A ML e v B
FERTA ) R R SO A 25 5 R AR T
MBI, & 43 VOCs W) F B A %5 58k 14 B P S BUR
PES Bt TR T AR R A PR, KA VOGs
A5 2% ) B 2 22565 g 5 HY . ] i 2 e bl Tl 2 45
28 VOCs (93 B2 A8 i 00, 308 43 W 0 R 8 11 Jo
YRR T A S SR [ R A AR R R TR
WRERRE . HATTR B VOCs FREEFEE M BT 73 i Ak
TR B, i WA I E VOCs 1Y FREE 28 S5 2 bp
e (EJEIREE 25 S VOCs 1O B /K - 5 2 B2 F
FROLZH TRE:E e RENCE " FkE
R PR A B E DN LA BRARE 35 G i O e ) o) « LA 3RS
S5 I A O FL bR 0] e 9, O ri) < BRI XU 75 4
NH IR FE” KR (http://www. mep. gov. cn/
zhxx/hjyw. htm) . (EZAREE LR+ 2107 BRI )
SR 155 G W ) N 5 B -5 BRE XUBS: I A 1) F
FT. 2012 AEIRIE LR ER AT A PRIR 2 U A )
(GB 3095-2012) "' 4582 T PM, ¥ B FRAE AR 4
8 h V- Rk B IRAE. DX, 78 & I T e 31 85 a5 vk
VOCs V5 YHFIE | 55 5 el FE XU T BiF 52 2+ 03
WAELH.

AWFFETF 2009 45 11 H 5 ~9 HAE) Mo
Il DX SR P 28 W I 7 125 00 B 45 25 0 31 VOGs
PrRhEAT 7RI, S3 BT T VOCs Yk B 7K 7 5 28 4k
RRAE | W B2 SRR L A RO TG A, O A 1 JE
fiki )M T PG IR IX IR T 25 T VOCs B e AL
W BEAT 7T, A D st ) N T PR S AU
PEACHE , [ S 3 B 2R VOCs 1458 k4 14 F 58 AR
FAHOCEERIEE .

1 MRS

1.1 REES

SRAE R EAE ) M T BRI O B T
(23°07'N,113°15'E ), SRAf I B b 1 1) 1o B 24 A
25 m. [P T EREE Wil oo S 67 T 55 IX 75 A ¢ 95
S MR D S S RIR A X, B Rk AR
Fi= B e SR = BUA Kb 2 NI Y B DN B -y N
ARG M T LAY ) 3nk T PR, W00 245 2R R 408 Jo e
T2 DX R 43 7T ER PRI () PR BE 25 S . PR, AR
KBS T M AT D IR X A 4 S VOCs 15 ¢
RRAES M S48 B KU TR AR5, HA — R AR k.

1.2 FEECRES T

VOCs MLl % FH i 2% SYNSPEC 72 &) 4E 72 1
Syntech Spectras GC955 LRI R G, s SRR
et TR R TR TR B E A GC955-611 FI
GC955-811 Wi £l 37 1) 43 B & 4, B (8] 43 BE %
0.5 h. GC955-611 fay i s 73 A AR H A 8 e Tk
45 R G0, VOCs L TSR = Tenax GR & L, #Ulit
BT ATTM-1 A F 43525 LUK R e fE 4 1, FF B 1k
HERMRACE YR TI; KI RS RADEE T
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B POWe 45 R 4, VOCs fE 5°C Wl Wk 45 &
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RGBT 30 28 79 2 e A A5 30 40 B A R
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I S AL AT AR B R AP B s K2R
PID FKCHE B A As il £ (FID) .

KA FID, PID JEAGIN H 31 Fl VOCs #9055
TRER | wiE | PUERDS R 4 MG, Hth ¢, ~
C, FOBERR | Iz dt 19 #, C, ~ C, BT FIRHN
Pkt 12 Fl 2 EBR A 0 ~ 300 x 10 7. ASHFZE (1R WL
] 2009 4E 11 H 5 ~9 H L WEmAE 5] 220 413155
233, VOCs . [ B X W80 3 [i) A 5 DX A IR | KL
R OMREE | EE AR KBRS S8 AN AR DL
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KR BN —XT AR RGBT T
72, SR | AR R IR Ia] B DAl R ik s XU
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== RE L BHAS thE S E R, 2 E B AN
fa e RS T 7 . AR TS e 2 5 A Bum ik %
TR RS PN 20 R B0 USSP F1 L E S0 XU P
1989 4F, EFEREEEYE (U. S. EPA) i T —Fh4t
XPRERE 3 I W 38542 15 G 0 1 i B XUz TP A1 T 1k
(EPA/540/1-89/002) , 3T 2009 4EXHZ )5 EE47 T
HUBrE % (EPA-540-R-070-002) B 7 sdg i 4 i-40
W AT Gy f B XURS B, i fift FH 28 < rp ks
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i FHE T RT3 % (IR ) AR (BW ) 743 21 A Il
AFEAGE U0 mg- (kg-d) =" 1. Z09 XU {1 I 1
B LA IR (B EUR 9 B R AR e A A - R B
WP, BRI AT .

Mk 12 1 R R B Y R 88 R FE (exposure
concentration ) ;

EC = (CA x ET x EF x ED)/AT

A B XU & F BT {H (hazard quotient)
HQ =EC/(RfC x1 000 wg-mg™")
L5 Y S FE R E 2 M, B & 3 48 21 (hazard
index) : HI = > HQ,
2 B0 B ( Risk )
Risk = EC x IUR
FRAK ARSI IR 1.

&1 ERNETFERFTEREXSE

Table 1  Related variables used in health risk assessment

A E X Bl Hpr

CA contaminant concentration in air s i mg-m ~?
ET exposure lime FFR BT[] 24 h-d~!

EF exposure frequency TR 365 d-a”!

ED exposure duration T S [E] 70 a

AT averaging time A [A] 70 x 365 d

IUR inhalation unit risk BRI B0 KU (g m -3 ) -1
RfC reference concentration SHWRE mg+m >

2 HFREITiE

2.1 VOCs ¥R BRI K HARLRAE

WM A5 SR UL A [A] B 58 X 31 Ff VOCs 1Y
SER R 114,51 pe-m ~° MRBEVE R 29. 42
~546.06 pg-m . LEkE | MR BB FIS AR B
W H X EAMKRIK R 59.97, 15.18, 0.12 A0l
39.24 wg-m >, Y B S AL Y5 FLAR YR 10.86 ~
426.03, 1.11 ~ 61.75, 0.01 ~ 4.52 F1 3.80 ~
179.25 pg-m > (WFE2).

LI A (] 5 DX R85 25 S VOCs 1434 i
WL HASBARE QR 1 s, T LU 3 A B
T RPN R R | TR RIRZ | IR
R ARAARAE. 4 (07:00 ~09:00)31 F VOCs ¥
Pl - 2479 B2 R 110,93 pgem >, B2 (1300 ~
15.00) FH4 9% 4 59.05 wg-m ™, F (18.00 ~
20:00) FXu B K 93,33 wg-m , FAFFIG A H
BEO IR 1.9 F 1. 6 5. ke ke, O
Frdee A7 R b R v B 43 ol 2 T AR MR B 2.2
L85, L2 A 1.6 %5, 1.8 F1 1.3 £, ke e fI o5 7
TR BE 1 H AR AR B2 R T 2. 31 Fl VOCs | Feke |
LY I i e e U VRN 7 L = R 7 (]
SFAIE 2% B R 5l Ry e s BEAIL Bl 4 R A IO K
31 B VOCs, keke, Mk S IR IR EE K
AR S R

WA 50 VOCs R H AR (bl 4 2 227 5]
TG YYIRIEARE | etk RN RS | BRI
SEPIZR A A P 6 A2 3 e WA B, 7 G A HE ik 3

T, SHG R 1 5L R RN R R e BRI 15 AN
S BT R S BOR . MRS 2 VOCs Bk
£2 VNHEAHARXFEEZSH VOCs THRERE ug-m ™
Table 2 Average mass concentrations of VOCs in the

ambient air of the study area/pg-m 3

&Y e i X LRI

oHE 0.04 ~18.09 2.95 1.83

ke 0.16 ~40.23 7.48 5.22
Tkt 1.49 ~56.97 11.33 6.20
IEThE 0.12 ~111.84 21. 11 12.57
Sk 0.02 ~0.27 0.03 0.03

N % 0.02 ~0.82 0. 06 0.03
2-F ek 0.04 ~2.81 1. 00 0.73

3-F L 0.13 ~15.25 3. 66 2.63

ke 0. 15 ~36.46 4.95 3.17
BN 0.04 ~308. 68 4.76 0.54

Bl 0.02~17.13 2.63 1.08

A 0.01 ~4.06 2.15 2.19

s 0.08 ~2.71 0.62 0.37

1- T 0.13 ~9.75 1.43 0.74

5T 0 0.01 ~7.53 1.97 1.52
J-2-T 4 0.23 ~13.61 3.52 2.61

ke I-2-T 0.04 ~7.21 1.57 1. 15
1,3-T 4% 0.01 ~3.11 0. 49 0.21

2 -2- 1% 0.01 ~5.68 0.30 0.10

J5-2- 15 4 0.01 ~4.86 0.54 0.13

SR T 0.01 ~2.95 0. 40 0.28

1-E ks 0.02 ~12.81 2.19 1.44

Wl bk 0.01 ~4.52 0.12 0.01
S 0.28 ~54.69 6.84 3.39

R 0.52 ~78.93 19.76 14.35

LA 0.05 ~17.97 4.26 3.11
FERE B/ HR S 0.59 ~13.83 3.06 2.03
&8 —HIZE 0.30 ~12.13 2.42 1.62
1,2,4-=HZE  0.21~14.24 1.13 0. 61
1,3,5-=H%  0.10~14.35 1.77 0. 69
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B 18:00~20:00

X XX
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DN
%;

Tl B 31FVOCS

E1 WNHEHREXFEESH VOCs FERER HETLHFHE
Fig. 1 Diumal variations of VOCs in the

ambient air of the study area

FEHBLEF 13:00 ~ 1500 B EARAA, AT LI
SR R R T R AR A2 R B T e XA R
K PR G S T AR R TS e 9 i i
AR T 85825 S VOCs k2.
2.2 VOCs 4RSI U

BEIE | Wl | RTINS A e ) B ik FE AR 31 A
VOCs HHT &7 bl 435l R 52. 4% | 13.3% , 0. 1% Al
34.3% . FILAT UL, ek i & & 31 A VOCs Bi
R —2F AL S LI 40 [ 1F 5% DX A B 25 R 3 i
MEGWEREAENY. IET k. 5T 5. Nhik
ot Je Tk BE e e W 2H 43, P 8 B R R AR IR
21.11, 11.33 F17.48 png-m ™, =F L Skt b
(1) 66. 6% . SCHERAMEF B A5 28 S IE T 4e
ST 0, PEr) FERFEERAL AT E RN
Heik, 2- R ek | 3-H R g JHR 4ok FVRIMZE S
FIRAS A A 2 1 DR I L) 34 ) fF 5 IX B 85 s
el FEORFENLS) R HE, RmZESR
MRS AWMER. J-2- T 1-CB4, o 7T
M -2- T . 1- T A1, 3-T 0 AP 2 o Bk
JEZ A 13.32 pg-m ™, HIEIEE RN 87. 7% , &
i EE MR 5 W AR AP HE O &
ST BE R R E R 0.40 pgem 7, A
SRR 2.6%. J2-2-T i 1Y 32 B R R J& 7R 7%
RS LTS T R Aok [T, Seih W
AR 3 kR AR 1,3-T i &
Bk R RAN R B I, 00 [ A A
X IBE A S IR AR I ORI IR ZE & bl sl 4
FESHER, A HE O i s ik 2

2K 2R 2R TR/ R 4R — F R 1) °F-
P 2 Ml 36.33 pgem 7, I ER MR
92.6% . W2 | ]/ %) ZHZHN1,2,4- = F 2R 23R
FRA . SEMERA . RIS A &

FEHFFRAEY), KA CHRER T 53 R T4
R AR A AN IR | 22 5t 36t 70 e, g A 77 o
SRR A A AR X S R A HE B TR, O
[ RIS X 23 P 05 A Ry T 2R IR 2 ML sh 42
SRR, VRO ZE A WA A e R R i 8
FHEE.

WEoE R B, AR 28 5 WY 28 Y e AiE v B2 L B
(B/T) AT AR M5 B I i vl BESR R 22 24 B/
T(m/m) 15 0.5 A7 i, 52 38 Y52 i PR 23 o
IR F BRI, B 1 B/T U AT RS2 A4k
T AR RREHERBE i 2 MR, BT i /)N U 15 B I 52 3
VRANEA R | 15044 2 B 0 A e ) o itk
AL 2 Ao ABEFE R B/T O 0.31 (0,15 ~
0.79) , WidBA 1 BRHLEN 4 A HERC b, LI 1 a] A
FE DR 25 P TR R R 4 R 2 07 e i) o
Hh— A E BRI

F bR 3B AT R WL S ] B 5 DX R A A
VOCs #Y FZR P52 ML 3h 4 B AHERL, [A) v 22
L WBESA T AR e LA R U RE I TR Y 45 kA 2
VOCs f—E ZE AR I
2.3 VOCs fb# i o b

A WE 5T R M B R B A K BT PE(Cmax
incremental reactivity, MIR ) 3 #1 /7 Al 5 VOCs 4%
2053 % AR A Y BT K. VOCs 3 i 2 N T P
(incremental reactivity, IR) £S5 ffif /2 T VOCs tb &%)
AR SN 1 KX Oy Az TR A A 52 vl [R) I 2% 1 T
VOCs W54 3l 1 2 S P AL B vz 3% 1. A
WFFE T MIR Z80B A SCHR[ 1], P 2 45 7 L )
B X PR B 2 o e e | ke . 5 TR i i
Kkt OPF RYBTHRAR. i 2 rTRIE 5 VOCs
JitHE o B R 52. 4% ke ke, X OFP f 5T Rk R
18.9% , AN & 20.0% ; 5 & VOCs Bt & 7 0k
13. 3% WY I &, X OFP B STRR 2y 38.6% ; i &

60

B UL R E A I
50 @ AOFPIF k3

sl rits P
B2 MNHHBEHEER VOCs REREHBEET OFP fRERE

Fig. 2 Mass concentrations of VOCs and their contribution

to OFP in the ambient of the study area
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VOCs T8 N 34. 3% Y5, %t OFP # 51
BN 42. 5% ; XF OFP B STk Fd K 205 & ke,
HUGRIERE, BTk R Z flm ik 81.1%. it
AL UL 55 5 48 AU 2 ) T A0 3k X IR 8 22 R
VOCs 54 RO R R TE PR 2H 5

A4 VOCs IR OFP 1 5T sk R 19 KN, F
3 4515 T A OFP STERZEHEA A 10 LAY Ap. bl
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Table 4 Comparison of the results of health risk assessment of benzene series compounds

among this study and the results of related studies in China
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