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Pollution Characteristics and Health Risk Assessment of Atmospheric Volatile

Organic Compounds ( VOCs) in Pesticide Factory

TAN Bing'?, WANG Tie-yu’, PANG Bo””, ZHU Zhao-yun’, WANG Dao-han', LU Yong-long’

(1. College of Environmental Sciences and Engineering, Liaoning Technical University, Fuxin 123000, China; 2. State Key Laboratory
of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China; 3. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: A method for determining volatile organic compounds (VOCs) in air by summa canister collecting and gas chromatography/
mass spectroscopy detecting was adopted. Pollution condition and characteristics of VOCs were discussed in three representative
pesticide factories in Zhangjiakou City, Hebei Province. Meanwhile, an internationally recognized four-step evaluation model of health
risk assessment was applied to preliminarily assess the health risk caused by atmospheric VOCs in different exposure ways, inhalation
and dermal exposure. Results showed that serious total VOCs pollution existed in all factories. Concentrations of n-hexane (6 161. 90-
6910.00 wg+m ), benzene (126.00-179.30 pg-m~>) and 1,3-butadiene (115.00-177.30 pwg+m ) exceeded the Chronic
Inhalation Reference Concentrations recommended by USEPA , corresponding to 700, 30 and 2 pg-m ™, respectively. Concentration of
dichloromethane (724.00 pg-m ) in factory B was also higher than the reference concentration (600 pg-m ). Results of health
risk assessment indicated that non-carcinogenic risk indexes of VOCs ranged from 1. 00E — 04 to 1. 00E + 00 by inhalation exposure,
and 1. 00E - 09 to 1. 00E - 05 by dermal exposure. Risk indexes of n-hexane and dichloromethane by inhalation exposure in all
factories exceeded 1, and risk index of benzene by inhalation in factory B was also higher than 1. Carcinogenic risk indexes exposed to
VOCs ranged from 1. 00E - 08 to 1. 00E — 03 by inhalation exposure and 1. 00E — 13 to 1. 00E — 08 by dermal exposure. Cancer risk of
1,3-butadiene by inhalation exceeded 1. 0E — 04, which lead to definite risk, and those of benzene by inhalation also exceeded the
maximum allowable level recommended by International Commission on Radiological Protection (5.0E —05). The risks of dermal
exposure presented the same trend as inhalation exposure, but the level was much lower than that of inhalation exposure. Thus,
inhalation exposure of atmospheric VOCs was the dominant way of health risk in these factories.
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39 2 43 1R A bn AR, TR G bR KR B TO- 15
subset,25 MR A PMESAR, FRifESARES 457 TR bR
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FEA—H, I B4 o 5 3 0 XU DA A5 A
P20 ARBFSE IR USEPA 1Y 2R 815y
Tk MR 254k T35 Be RS h VOCs H filt B
AR AT VAR
L.3.1 BRI

BB TG L0 WA B B i
KA YIRS, TR AR X s
YW R RAEA LY, 12 T L OB T
Iz S DRI AS T 5% 32 2% TR A R B Kk 42 f
A W AR Kk 4 il i B 58 A & CDI
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¢ x IR x EF x ED x ET
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B RAE A A
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BW x AT x 365

CDIy,, = x AF (1)

x 107
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RBIEBRE, em-h™'; EF NERBEIR,d-a™"; ED
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BT kg AT R FI1EFIETH] a.
1.3.2 300 AU RN R 5o XURS:

B A3 T XU (Risk ) e, HoE Sy
KM H A 5 B0m BRI F A3 R, 3RoR B
FA%M TS SO0 — A T R I 1 KT I R
. R G
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Risk = CDI x SF (3)
M EAE R TF 0. 01 B4 & 5 i B R A
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A0 KRS H AR 6 5 (HD) #E1 T
FE SO TR B K HEEAF & 5357 &
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~(2); SF IEIEW IR EFE T, (kg-d) smg™"; RID

o
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HI

MRS mg- (kg-d) ~'. FEFATIEBURA
B I L 2 FE R AR UK.
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2.1 RESERMEAIY 3

1 0JAELE A S R 20 B g &
PEA LY, ZE B, C X 2 A4l 3 1 23 A 19
Flt, 2554 VOCs RO R EH L, E2A e fe 2|
KR, FERE, R, TEANY. S£EEY
heERFEE W BRI, IIEC BE (6 161.90 ~
6910.00 pwg-m™) . & % (1902.30 ~2671.60
pgem ) AR R E B kAR, Hoh
P g 25 H B e (507. 40 ~724.00 pg-m ™), HHKE
DL R 3 (126,00 ~179.30 pg-m ), KL
1,3-T M (115.00 ~177.30 pg-m ) , &8 A
ML B g/, AR I & Fh VOCs R EESY
T 3Ck[28]. HIEC K, &, 1,3-T &M
th T USEPA %5 18 W A SR (700, 30, 2
pgem )P AE S B AW ke A 724,00
pegem LRI S e B IR E 600 pg-m . FEMEAR
YY1, 3T M R A A R (57,5 ~
88.65) , IEC %t . AR EA B m AR EL (Feim o
JIAEN9. 87, 5.98). [EfFEEMZE,1,3-T M2
— T ELA BRI R 31 RO R A A D42 flh—
BT Rl sh 2 240, vl Sk |
Kim | 2B =1 e ER | O ESEER, IEC b
R AR BAT S 45 & M FUIR I , ZE AR W] DL
S A 3 IR B8R TR 2 fi A AR P T (R b R
gi. B IHAESE 13- T M . KEEAH &
AEENED . ATLUE Y, b i VOCs F7 e 5N
JEE VAR AU L R S R A Z 1,3
T REBUETEYI .

MEERAE (K 1), &M TVOC & &
(8990. 20 ~10 658.90 wg-m ) i T [ Py H A%
WAL R & 255 X (H(E431. 7 pgem ) P | K
(R 480 pgem )Y TR BH (B R 639.4
pgem ) P AR A P R g T T
X B SRR 2k T A VOCs MR
7RI A R 3ot [ P9 A S IR A o R AE, {H. 2 HE [ B
AR o LA S ] P At s X155 B0, 4l 37 b A7 7 L
BEEY TVOC V55 KUK, ik A VOCs Bk I
T N ANE FEHLSh RS, T IX AR R
AR IR HE R AN, Al AL T A B SR VOCs
RN B 5 H k J FEEEHE O
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Table 1 ~ Concentrations and classification of VOCs in each sampling area
S e KA R TR LA S pg - m 3 RfC”J
Wit A Y B i C /ugem >

okt 1EC ke 6910. 00 6 680. 80 6161.90 700
Hok 2501.90 2671. 60 1902. 30
AN 507. 40 724. 00 511.40 600
= 5.20 7.00 5.10
SAH B 5.10 1.30 4.30
[a]- A 3.50 4.90 3. 80

AW VUG A 2.20 3.10 2.30
=tV 3.50 5.00 nd
Ak 3.50 6. 40 2.20
Xof- K 1.10 1.50 1.20
48—k 0.70 0.90 0.70
ES 126. 90 179. 30 126. 00 30
% 109. 00 153.70 110. 00
TR 13.70 20. 10 14.20
FERE V% 13.50 nd 13.90

= 3.70 5.40 4.40
1-Z.3-4-H 3 1.20 1.30 0.70

sk 1,3-T =4 151. 00 177.30 115. 00 2
KW 3.50 5.00 3. 60

T PR 17.10 10. 30 7.20
Jos:ie 10 383.70 10 658. 90 8 990. 20

1) 18 HE A 2% 4 (chronic inhalation reference concentration ) 42 EPA Wil 5545 H ) 505 Ge e A ARE 3 P S AT BE 2 1 A 5 5 i)

B S {0
12000 10383,7 10 658.9
10000 89902
2 8000
=i
= 6000
=
£ 4000
2000 214.68 42230 348.00 59 g 431,70 6394 480
0
e oW F GG LG 2
0 T S e
NS R N e

El1 X¥R VOCs BRE5ENHEHHMTL

Fig. 1  Comparison of VOCs concentrations with other domestic cities

2.2 VOCs filt XS EAN

T S50 3 T R AE XS 5t )i A . USEPA
BBESECF MY B A SCHE 5T G LAl
OO g A SRS TR 2 EPA HLUE , AR A\
WA SE R4 5 LE0.27 m*-h™' R T
B RAE fol 2 1T AR SA A 1B Sk R T 2 R L
2200 em®; JRRBIERE K, AL EUE, HALS
PIASTR) T S5, o8 7 A 3 B BCBR A (E 10 P em-h
FREEAR EF | Z2EE A ED 7675 5L 8 A 09 JE ik F
A3EC300 d-a”' 8 h-d ™'y BEH ET BU5 Y
HETAL AR G 0 B RE Y 25 a; SFH R E BW B

15 YL kb N R TP R 65 kg P A HI BT[]
AT, 0 300 RS OSP34 i 70 a, A5 B0 XU B
TR 25 a. THE R Y & B T Ak R B
B ZH(RD Ml SF) #H RAIS™Y Rgi &g, A
WL 2. AR 2 kS W RN, BB
ALY IC T AR ARSI 15 Fhie & 4 it
AR B KBS BF 4, 9 A Ak & 9 4T BUE KU
1
2.2.1 AEBURKEIEH

FIFH USEPA XU DT 4 5 751 43 531 % 4% 4k 245 37 b
2315 Bl VOCs #EAT T AN R i 12 14 A 850 it B
KB B A LRSS | AR R R Y I R 2
AR 2 3. X AEBUE RS, Y RS e EUR
L 1 BN AR S . i AL B C
HACE W 2 W 38 AR 1 AR B0 XU $5 5100 B 7R
1.91E =04 ~2.83E +00, 2. 46E —04 ~2.97E + 00,
1.91E - 04 ~2.52E + 00 Z[0]. £$37 4 IF & ke
(2.52E +00 ~2.83E +00) , & H & (2. 08E +00
~2.97E +00) W A & 4% 0 4k 80 XS Fe 5o i 1
770 R P N R NG 7 Y el N E | S € R
B(1.10E +00) R 1 1. 28 Bz k42 fioh %) A1 B0
K AL B, C 4 BI7E 1. 73E - 09 ~2. 56E - 05 .
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2.23E-09 ~2.69E - 05, 1. 73E = 09 ~2.29E - 05 Z 8], 24 & AR EURE KBS B /N T 1.
£2 VOCs LAYWHHEHEREF"
Table 2 Hazards of VOCs

et} RfD/mg- (kg-d) ! SF/(kg+d) mg ™! TARC 433
IEC 0. 060 0 -2 —
wo ke — — —
AT 0. 006 0 0.002 0 G2B
=R 0.0100 0.0310 G2B
SAH e — 0.0130 G3
] - 5K — — G3
VUG 0 0. 006 0 0.002 1 G2A
=R 0.000 5 0.046 0 G2A
TRk 0.1000 — —
Xof - 0.070 0 0.005 4 G2B
4B- 5K 0. 090 0 — G3
w 0. 004 0 0.0550 Gl
F 2K 0.0800 — G3
T 0.2000 — G3
VoY 3 0. 1000 0.0110 G2B
=HZR 0.0500 — —
1-Z. 54 — — —
1,3-T 20 — 3. 400 Gl
LA 0.2000 — G2B
PR 0.900 0 — -

1) #%ALA P RID FSF 2k [ 26 = B IHHE T8 1Y Oak Ridge IR 5555 2% @7 KB PEAN 15 B R G (RAIS) , LR G IL T aLHE EPA 145
BB AE B ARG (IRIS) | {85 W D7 2 3¢ (HEAST) LA B 85 8 25 1 25048 78 ( PPRTV ) S5 $58i U5 Ak 2% 75 G W 0k N (R fedt A8 35 19 554
2)“—"FIRIZYIT I IC EPA SLHAD TUAE FRRZH SUNIN T A TR 22 S 00 808 5 3) [ BRIFEAE DF S LA (TARC) ¥fb S W fE E S /vl 5 K
2.6l A AZEBUEY) ; G2A, TREAZEEUEYY ; G2B, W BEAZREUREY) 5 G3, X ARBURME M R I MW BTl 545 G4, X A AT REBAT
e 5
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