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Health-based Risk Assessment in the Excavating Process of VOCs Contaminated
Site

FANG Zeng-giang' , GAN Ping’, YANG Le', DAI Zi-yu', QI Shi-hong', JIA Jian-li', HE Xu-wen'

(1. School of Chemical & Environmental Engineering, China University of Mining & Technology ( Beijing) , Beijing 100083, China;
2. BCEG Environmental Remediation Co. , Ltd. ,Beijing 100045, China)

Abstract: The dissipative concentration test of VOCs in the remediation process of a typical contaminated site was operated, and three
routes of exposure were set up for health risk assessment in the repair process. Analysis showed that carbon tetrachloride was the single
pollutant with highest multi-route cumulative non-carcinogenic index, which was as high as 8. 86E + 01, and its contribution rate to the
integrated non-carcinogenic effects was 74.45% . Respiratory exposure was the exposure route with highest multi-pollutant hazard
index, which was 1. 01E + 02, accounting for 84. 87% of the comprehensive risk index, and the index of integrated non-carcinogenic
damage was 1. 19E +02. 1,2-dichloroethane was the single pollutant with highest multi-route cumulative carcinogenic index, which was
as high as 3. 08E — 02, and its contribution rate to the integrated carcinogenic effects was 69.53% . Respiratory exposure was the
exposure route with highest multi-pollutant hazard index, which was 3. 96E — 02, accounting for 89.39% of the comprehensive risk
index, and the index of integrated carcinogenic damage was 4. 43E - 02.

Key words: VOCs; remediation of contaminated sites; health risk assessment; exposure pathways; carcinogenic risk ; non-carcinogenic

risk

Wit e Pl Sl iy A R A bR, B DR e )
M, KB VOCs {5 b 2 AT 3 B 52, AR
T, 67 S A6 2 aod o ) i T XU PP AN BIF 2 AR 2, I
I, 15 e by i G 520 e ) T DX S 22 £
HHSE F, — S RO AR XS YL 37 e fdt B
B PP AT — s BB SE. T SE AR OB
A5 12 B STl el B LIS DAY 39 T 1k BEA T T A 48 R A
B WESEHAE 1 —SEfd B KU AN TP S EL, IF R
B PEVEAT T 40T, KRR WO A TR
RS VA v B ] RE AN B 2 R PR S PR T
AKIGG . RHEEGE  ORATS G AR O B R XU T
MORFSE. 2 S e A T X i F IR 2D T 4
J& 3 A R AR TF LT J 1 B0 58 4 BRE KU DV, o i
AT F K AR T T 4 TS Y AT T R
ST, k7255 B IR A ST T b s X
FERIXIK IR Cu, Hg 55 5 4w A9 WL, 0 26

i R XL PP A5 TR0 ph TR K 7 2 R ) A A R
B HEA T TR0 AT, 225 DT A8 o AR V8 Ja
S SRR IR, ARG B T3 R K B 58 1R 42
TFe 1A R KU PP, I X5 8 52 R 3647 1 IF SR
PIRETTAET | TR A0 SR A B KR DA 1 D7 1R
X 7K B S50 N A B KU E AT TR BRI
AR A A R T T Y 4 M e T XU DA
S FIT595 X AN [ 35 e LA A () 8 42 1Y) 2 e
JrBEATORE , S A 1 1 B I AU A 22 e i gk A2 R
Tl Y AT R XU, PO AR, AL A5
HK S S5 A M P AR A LAY T BRI
PRHY, 2 0AE N X AL TR X kit 13 v 2 305

i BHEA: 2013-07-02; 1EiTHHA: 2013-08-13

EEWB . WERA 25 HEAT B4 T (201109017 ) 5 o 51,
R (ALt KA ALL I 2R 2135 B (Y20131310)

EE RN FBIeiR (1988 ~ ), I Wi+, = EMIT 5 0 A 15 e 3 s
52 AR IT A, E-mail :891698088@ qq. com



12 4 D H5RAE . VOCs 15 Ye b Moz i i i BRIE B XUR: AR 4613

FE 1 5% BA RR AR 50 AE KU R AT T R AR, SO0 AR
T RN A AT MR TS Y g
) VOCs/SVOCs , PAHs | 757575 FIi i i V5 Y ) I
J T RS PR, AR BT T PRA TEAELL
TG Yo - A RS T T i . ASBIFSE S A Sk
BRI e Sy A& 52 28061, AT S HI R ARSI, 58 i)
HFZ Y806 5 3 A ) A B XURS AN, BE T 85T 1 57 75
Yl i & AR e KU P i, nT RS e
B A B35 )5 47 DL K37 M5 e B 3 TR 5 S AR 35

1 RS HE
1.1 R

111 BERREHR

7 TR TR AR ) T SR fet B XU PR A T 4 A
g1, TS B A P (VOCs) X AHRE Y
fEERRZEE, R4 T5 Y 3850 B F2 vp 9 S B
P ST, EEST 5 G X —HOR A (FE 3 ) — 5 Y
VI 2 B8 iR AR — R R L ) B A A L ]

AWFFEHE H VOCs 2 i8 ik 7 R 2ALHE 3 5%,
WE 1 PR, B8 1 R AR s Y s 2
A P R R T AR AR, B4R 2. RIS
Pt A G e 385 N 0] BE 4 fh , 8 A R R 2 ik
TR T HARARE. 12 3., 297 A 75 Yek
WKLY , BERTF I R GEHE AR, AR MR e
BRI B FE N, 15 Y XK AR il 4 > AN
SIS K, B LU AN 5 18T Y il 7K B
R RS

:
i

1 RRHEER

Fig. 1 Exposure conceptual model
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Table 1  Statistics of every part of the body skin surface area/m>

AU _ It I _ Uit —
EHE e/ ME SN A f/MA FRME
S 0.118 0.09 0. 161 0.11 0.0953 0. 127
R (B FED) 0. 569 0. 306 0. 893 0.542 0.437 0. 867
i3 0.319 0. 169 0. 429 0.276 0.215 0.333
FiF 0.228 0.109 0.292 0.21 0.193 0.235
S 0. 143 0.122 0. 156 — — —
A 0.114 0.094 5 0.136 — — —
T+ 0. 084 0.0596 0.113 0.074 6 0.0639 0.082 4
T 0. 636 0.283 0. 868 0. 626 0.492 0. 809
i 0.505 0.221 0. 656 0. 488 0.423 0.585
PN 0.198 0.128 0. 403 0.258 0.258 0.36
/IR 0. 207 0.093 0. 296 0. 194 0.165 0.229
i 0.112 0.061 1 0. 156 0.0975 0.083 4 0.115
PRI 1.94 1. 66 2.28 1. 69 1.45 2.09

BRI A1~ 8 T WS PR3 B JEk i 3 2R KK
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%2 HHBEISEET B2 A LA (1),
Table 2 Statistics of dermal absorption and permeate divisor (3 ) EZH&T&%@» %%% ﬁﬂ

. ) F kW R FeRk B3 AL
¥R N £ FR (ABS) Jem -1
i} 0.01 0.008 9
Py Ak ik 0.01 0.0224
1,1- &k 0.01 0.008 9
1,1,2-=5 ke 0.01 0.0157
[ B 0.01 0.0159
1,2- &k 0.01 0.005 3
ES 0.01 0.0207
=N 0.01 0.0157
Uty 0.01 0.048 1
1,1,1,2-lUE 258 0.01 0.0099
1.1.3  BEREABIR A Ey

W R R, 008 AR S
Yy R A g B XU DAY v 1) B 2 )

(1) WP 2 o R S 7Y

A 28 W 5 R M) 175 e ) A 4 4% i
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I IYNINSI YNNI S Gl U 2 (IR N
I TR AT R 8

¢ x IR x ET x EF x ED

ADD = BW x AT (0

U, ADD (absorbed dose) AP 252 VOC 1) H
EBEAE, [mg(ke-d) ™' ]; IR H WL HOR
(m’+d™")HL20 m*-d ™' ¢ HIRBEZS S VOC 1l
B (mg-m ™) ; ET MR FRZERE (h/IK)
IS5 hed™'; EF AR (d-a™'); ED HREERE
ZEAFE] (a) ; BW M AR (kg) 5 AT NP2
BEI(d) 5 EF = (AR5 A8 x H TAEH % - @
TR EE) x H TAE/NE x BEEMER 24 h(EE
TRHE10 d, TAEFRY 35 aif).

(2) W 5 Y P AT ) 2 i A 7R

— P11 37 b At R XS VT 2 2% 28 A5 P B A
R S 1 e BRE XU , 4R T P 1 350K 400 7T DA 2 I )%
RGN GRNTE, 22 HE45 5 X B R i3 3, B
GRS e, W T A R R fEE. 5k,
YA E I, A B 205 Y ok ). AR
SCPRAIR ST T4 G A R4 18 B 4 1 Rl B XURS: DEA, 792
Pt AR e A KR B R, R T P AR AR IS
PEFORI A TS L. TR = R

CP x FP x IR x ET x EF x ED
Intake = BW x AT (2)

b, CP oA P AT I AR B9 35 5 (mgem ™) 5
FP S UR ) 15 G B (mg kg ™) 5 HA TR

B JRBE fleis e ) S AE S B R o A R AR E B
() — TR, ARIRAHOCHIESY , - HEXT Kz JIR Ao Ak B
FECF 0.2, ATRERETHIE 0 it X T A
s sl A TAERIA R T AT KA TAE, P
Tl Pl B 2 5 T RO [A] , 283 H 33053 )2 SA, =
0.756 m”, SA, =0.202 m*. HERBFMR(3):
c, x F, xSA, x ABS x EF, x ED x CF
BW x AT
+cs x F . xSA, x ABS x EF, x ED x CF (3)
BW x AT
A, ABS g Bz JIR W i 22 %5,0. 01
1.2 BEIGE
1.2.1 55 IR S
ORIE AR g, R B K2 87 = i 16 E ,
b, SR b R A B TS e b XL DA TS e IX
RGN DI 35 FH R R A ORE VR N S Rl e D%t
AL FEXT LR b, 508 3 AR, B SR FE S
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R ALY HOR B R IBUs A s (18 2).
DLACIR R TOUR, 32 RUA] Sy FE R AR LR 70 U] 3l
EAERIEIBAREI SR A SR R, R
PN 30° 4538 — S5 RAELR, 76 TR FELL b, 8575 YL IR
FIBEES I 1. 3,5, 10, 15,20, 25 £130 m.
FRAEL B 5 RFELE I s BB 1,35,
10, 15,20 125 m. SRAEEF, {5 #5 2 R0 X AL
PH-1A A5 Ui Ry AR Al , KGE A 1.1 mes ™', Al

ADD =

P : 7

{5 e LT SRR 2
HUA g

i (
HHEM )

LI RIX

2 SRIBERESSHRE

Fig. 2 Distribution of contaminated soil sampling points
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78 &SR3 DYM3 A S RAE N 102. 24 kPa, <,
R 11°C, RAMFHEE N 67% , =8N 7 1, ik
=5 k.

O H PR 23 SR il R 4R D7 R BT LA 4
Tt A 28 SURMEVE | AR BRI RAE 1 | 2 [T A
TR RS PR AP YR AR i 15 5P
Tl et O v B B AR IF IR AR L B 1.5 m.
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i
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RS E AT A A2 R =Y T
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1.3.1 ARSUEXE

AN Y ) P — T B iR AR 1 AR B0 XU, 2o -
YGRS 5 8 A HI A 25 55 H B K o 45 A
(CDI) BREAE P 225 ) 4 (RID) 7545 i, L HQ
(hazard quotient) 7, R E .

CDI
HQ = v (4)

XF T 25 Y ) 2 R i R G AE U KU
PA Hl( hazard index) #&7n, iH5E2H

a0 & CDI,
HI = ;; 2. R, (5)

o, CDIL SR @ RS Yl s j R B e AR i1 1
HBpfr BR i it RID, AR @ Fpi5 Yed sty j Fh 22 58 ik
BEHSE R 0, HAEBUE W ATE A
B n, WERBRIBEAEL
1.3.2  BUE K

BTG YL P — T R AR AR A B0 KUK 3 1S 3
FREA TR 55 VR R 00 57 2 55 H B AR B A B
(CDI) FIEUE RN 1 (SF) 545 W, UK R
PR, MBI TF AR K (Al 5 RS (B 7E
0.01 LATF) B, SR FHZR MR 8 S0 KU B A, 3158
R =CDI x SF. Y2 AL T = KU 2K F (Al
BB (E = T 0.01) B, R — R oh i AL,
#F:R=1-exp( —CDI xSF).

A5 Y ) 2 Fh B B AR KA B0 RS T
Favi(I

1
1€:§;Zcmgxﬁb (6)

R = 21: [1 —exp(-CDI, xSF,)] (7)

A
e, CDLOSY i Fi5 YL sy j o i ik 42 101 2
B R FR R RID, NS RS j AR R
RIS ESHFIE; 0, HAEBORIAS R
B ny WRBRRRIANE. RS T5RH1
BATHOR E BRI 5 EIM RS 4 KR (5 B R 4%
(IRIS) ™ # LUK 3 PR

®3 EEXBITENER

Table 3 Health risk assessment indicators

BUES I/ mg- (kg-d) !

BUEAPEHE F/mg- (kg-d) 7!

AT TG KD, NI kD, PUURE RD, AT SE, AW Sr, WERms, | Ok
I B Y 5.0E -2 5E-2 5.71E -2 6E -1 6E -1 1.75E -1 C
1,2-5 ke 2E -2 2E -2 2.0E -2 9.1E -2 9.1E-2 9.1E-2 B,
vl 1E -2 2E -3 — 6.1E -3 3.05E -2 8.05E -2

ES 4E -3 3.88E -3 8.57E -3 5.5E-2 5.67E -2 2.73E -2 A
Ui g 7E -4 4.55F -4 — 1.3E-1 2E -1 5.25E -2 B,
=R 3E -4 4.5E -5 1. 14E -2 4.0FE -1 2. 67E0 4E -1 B,
VU5 2 1E -2 1E -2 1.71E -1 5.4E -1 5.4E -1 2.07E -2 B,
1,1- =58k 2F -1 2F -1 1.43E -1 — — — —
1,1,2-=5 % — — — — — — —
1,1,1,2-PUs 2% — — — — — — —

1) “—"FIR AR A B BEA WA DFFEER R AE R AW BT, 20T 0 2 LA VO S 20 bl 28 B TR i AR b s of

2 HREITE

2.1 TGRS
08 USEPAB260C X T A (it it il i 537

VOC BRI, 5 FH ARG USRS oA SR 0 33 I 3 366

X (7980-5975C) . KA G5 T3 4 .
R EE T IH Sk YA [ 5 75 e vk R[]

B an Az 7 2 (R Vs e - 3 R B O ey, A 3 I X TS
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R4 BRMREBELER /mg-kg™!
Table 4  Concentrations of pollutants/mg-kg ™"
RIS
— — — — =

VOOSNOG Ll B 12 gy kgt <o mmess DR D2 SR L
1%5(1.0 m) 1.26 10.0 2.89 0.05L 0.05L 0.583 0.05 L 0.05 L 0.05 L 0.05 L
1%5(1.5 m) 0.824 7.31 2.00 0.05L 0.05L  0.448 0.05 L 0.05 L 0.05 L 0.05 L
2%5(1.0 m) 3.09 16.4 8.57 0.05L 9.32 1.42 6. 14 10.0 2.38 0.05 L
25 (1.5 m) 0.934 9.91 422 0.05L 4.08 0. 875 3.36 4.62 0.05 L 0.05 L
3%5(1.0 m) 58.8 84.6 138 44.2 332 27.2 87.7 99.4 0.05 L 0.05 L
3%5(1.5m) 3.25 30.2 4.51  6.06 6.19 3.39 18.0 9.12 0.05 L 0.05 L
15 Y (Y 11.36 26. 40 26.70  8.38 58. 60 5.65 19.20 20. 52 0. 44 0.05

DFEACIRE N 6 W, DL ORI R . RIS BRI R AL

Y A 5 B AR AT, AN R B 75 e W ik Bt A AR K
25 DI, 15 Ye s b is e i G AR AN [R] i g
WRIE ST AT S)  Esf % 1815 Y i i 75 Je 4 21
AT 53 S0 0 s SR 2 i) R R R s
x5

2.2 GGG

PR B R G 2 DAL
A, AR EEHITE 60 mL-min ™", £ 10 min [
BFRS ], 5 ek BEAE 25 R BN 5.

SRR EEERD /mgem

Table 5 Concentrations of pollutants/mg-m ~°

3

15 Yk B 2 R

~ — — — —

VORGSR maik  =moh mmew R DR
15 0.326 5.49 0.323  9.22x1072  0.483 1.92x1072  0.0750 0.151 —
25 0.316 22.2 0.417  0.121 5.11 0.118 0.183 2.47 0. 964
35 0. 407 26.3 4.51 0. 120 4.09 0. 145 0. 208 2.55 1.16
45 0. 296 26.5 4.11 0.152 3.76 0. 146 0.219 2.14 1.24
55 0.0989 19.3 2.43 0.139 3.19 0. 104 0.174 1.23 0. 820
65 0.197 15.1 1.90 9.80x1072  2.89 7.51x1072  0.114 1. 04 0.548
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Table 6 Non-carcinogenic hazard index
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Fig. 3 Contribution rate distribution of non-carcinogenic risk
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