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Table 1

Soil pollution degrees n the study areas

AKX Sudy area

Syl Sum oil - X Benzene

A LHCE AR L OB ESIER . e (mgkg' ) (mekg )
WANT A R ML+ AN X+ 2 5205 are;ofalkenefamy‘ AT9@I0> 13816
PR AR ZEAR K, [A)— DS 2 i 28 5% et X Petroloum tank $39@I0° 23193
FHZEAR K, Vo5 4 Wbt 26 A W7 10 SR S B 7K 1 bk A WKL H 245 %X Polythene inall
SHELBEHE N S S K2, R A MBI 7 AT v ar of plastic ety o e
Bl T VR S QR AR TE s e X, X 75 /KALER] ™ Waste water treatment plant 80414 01004
ANEX I 22 05 15 m ARWO R ZSa Bl I 2R S 4% Chioric akali factory 55711 01644
AR GEITHAECK D, PEA# ) Tank washing station 45211 01065
A vG g i N A 200 B KR R SRR AR I Syrene ingallaton o130t
B RAT, ] RE I T K I3 o X K area of phstic factary
M K 75 01 1 I W 22 W, K U P i pe g VA Land drain 814 o104
1# F4 Nol 1 drain 30124 01016

1990 44, A Hi~ CHi~ D — £ Hh K ph—

() IR IR S TRER S,

I T TS K P A il G R R BT\ 0 R R BTN H(85- 908 02+ 05) IR 5. 1995
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EF J R i (da ), BA A %A 7, 6 4
DI Jy V54 i T A A (mg kg "d ).
212

R K TSR XA 2 7K U5 s 8E oh SR X () —
4%, AZTE SR () BEAR AL TSR T35 ¥ 75 e
D KT ERS AR5 K B ot R K 5 A
SLo b, DA% KN BE A FH 7K R A P S K ) 3
S 1 MR K, T LSRN IR A M B R 1 b
TAKIUK 1, MR R L 275 YeAE A Hb X I
FEIR O Hb R KA BER e A SPHEA TR . R Y5
YT R i A 1R R AOT RS A R 2
KPR X 443X HEAT R PP 2 B0k T R
11, 3% 2 B3 3 45 A AR TR AR [ () Z0RA,
AL B M AE 8 R I AL 2 B BB R KSR
S, P I 7T (95 BOE e 0 P ot
I B AT VS T 3 A5, AL 2 2 HOR 3 2R
SHUH S I3 [ (101 18 0 00 5 000 O R g X o £
HAZ RS2,

Table 2 Attribute parameters of the study areas

24 Pameters used for modeling caculations

LHOPRKIE SR KA
T X Study area 4 R ‘ 3 M T KL A R
Yy %6 FE Width (m) A J¥ Length(m) ~ Benzere. s content in soil  Distance with receptor
(mgkg ") well (m)
W )R RBEE X Cracki ipment
i FAELE Cracking equipm 165 170 139 1100
area of alkene factory
BURH 3 L) B IX Polyth, )
w o yihene e 150 200 0169 1000
prent area of plastic factory
HIRL)T K L3 E X Syrene equipment
130 265 01 304 800
area of plastic factory
Jfi ke ] % 1R Alkene workshop 250 1080 01 084 1000

213

F 2 TR 3 (1) 8 2 50 (i i A\ MMSOILS 45
b DM BRI TR DX 1) 3 25 e
TR UEAE L, G AN IR IT B 34 A1 e 4 38 J 1V R
ROK R RS AE (K 4) . TTLLE L, H KA 5
T Y EEORYE TR A E X L3R 2R IR, X2
WMk ) 2 % IS e N )T IX R 3 — A
FEAEE, % X R UK B E B ik 13816

mg kg |, T R0 A X R /KK R 32 B i
Yo FABILA 43 X BB AN . A5 4 P XU
53 1 tp bRk BT LG, FTRLE AR R4
X L 398 P AR AT, HL 20 0 R Rl 42 T B fok 44
7= (VR 7K A R X0 8t ARG o A8 R [ 43
I 13 V5 e A MBI R A f 40 b 7K At B
WA K 1% @107 °, K T3 [ FR B3 B A A4 fe
JEIA G AR 107 U720 i S [ B (48

(2) 5= FE B R 3 K {5 B AR 48 (Integrated Risk Information System) , 7% ) ¥ 3 : http: / / www. epa. gov/ iris
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3

B QU TSI IESS (S W bR Eitha P
Joe e e e Y R R G R 1132 mg kg
I, 5 A DA AR T3 5 R R K fERE A 1
AHeBARE 107 %,

Table 3 Evaluation parameters of the model

et SO S

EpE! SRS S AL

, _ 4 WA 4 _ 4 A
Type of input Meaning and unit Type of input Meaning and uni
Value Value
parameter of parameter paramet er of parameter
1 MU E 2 50 MR £ 5% Hydraulic condu@ WE ik sE sk F R B Henry. s law constant (atm
o | 1132/21 s . 01005 55
Land characterigic  tivity (an h™ ') PhysicQ chemical m’mol ')
parameters FHIF] $57K % Field water holding parameters T 4 F 3% Molecular
0127/ 01091 01088
capacity (cm cm™ ) diffusivity in air (cn? 5™ ')
MR 5 7K Z Saturated moisture KR4 F 3 U Molecular diffi
01485/ 01 395 01000 009 8
content (cm cm’ ') sivity i water (cn? s™ ')
W dh 2k 38 0 Exponent for FAEK T R IE Solubility of ben2
. 513/4105 1791
moisture curve zene in water(mg L ')
MU JZ 5L Thickness of ur2 FHLBAR AL 73 B F L K Adsorption
200/ 2 800 617
saturated layers( cm) wdficient on organic carbon(ml g ')
KA Intake of  HI5 ¥k H] /K it Drinking water . WS JEEK) ~F- 4 WA B 3 4% Equilibrium .
drinking water per day (L d" 1) absorption constant of Kd (ml g™ ')
WRkERss  HFAKEE Goundwater gad2 01007 sy HIREUESN KT Cacingamic fa2 01055
Groundwater ent(mm- ') Toxicological ~ tor via oral route (mg kg- 'd-1)- !
transport parameters  /KJJ % T RE Gromdwaer hyp 9 parameters W\ B0 2% MR T Carcinogenic factor 0102
11118 7

draulic condudvity(m & ')

via inhalat ion route (mg kg 'd 1) !

D/ * /% 050 50k — 2R ZAEM RN Z (1 2 3L The digits on the two sides of slash represent parameters of two hyers of unsaturated zones

4 A

Table4 Healh risk level of drinking water in Digtrict A

i ¢ XU (. Health risk value

R HRREIX Gacking B OMAEIX Polythene AR ZIHALEX Styrene Kk ) it
iz
Exposure pathway installation area of ingtallation area of installation area of Alkene s
um
the akene factory plastic factory plastic factory workshop
WA R 7K Drinking
9 2@10" 3 A 54@10 7 3124 @10° 7 2165 @10 7 9 MU @10 3

groundwat er

214

FRE 1% /KR B AL 1999 4E 4 2002 4EXF A Hids

H R 7K A 28 B Sz s A, A A =X 3) A1

(4), A 55 R TSI BB 2117 2K et R oK 5 1

(PP AR R UG L ( 1) 3) , 5 MMISOILS 8 #4114
(VR FH L R 7K R BSHE JEAT XS B, 2 BT 3L 22 e it (R
A B BT (R fis 2 X R ok )

R= 1- exp(- CDI @SF) (3)

o, R M2 B0 Y S 3N @ E = A A N &R

o AU 7K CDT 4 25 B i 35 588 77
mg kg ' d ' SF kb S BRI I B R R
(mgkg 'd" )" '
TROK 3 4% (1) 637 4 T 11 349 B2 % 700 CDL il 4
T AT
CDI = 212 @C/ 70 (4)
v, 212 S ok La ¢
VEYILE O TP IYRBE, mg L 15 70 K AR A T4
1A, kg
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—eo— i 7K #3K /& Benzene content in groundwater —#i— fFf K& (& Health risk value

Benzene content in groundwater (mg L ')
R KRR

R R fi
Health risk value (X 10 %)
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B3 A D T /K RS B szl B R XU
Figl 3 The benzene concentration in goundwater and s heath rsk level of drinking water

1B 3 0 LA, 2Ry i ) A s R B
IKAERE K A T 212 @107 °~ 5158 @107 “ 2 i), H.
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3 5o I BOSKFP SEBR ARTT e Al AR R AR A4 T
K e A VAR SRR 0 (1) B IX B
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ML RIE DL T, 8 2 10 595 Jei) bk Bk T 7K,
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IR EAA ), AE1FE K )Z N5 G iE B il
R 53 2%, B T K 2R A AR K, T
FEALLEAB LI R Hhofg B AN 9 X A0 A 35 PR % 7K
J25 (3) R IS MY SN 1999 4ETF4h, BEiIH R /K2
2657 3 T HEKG Yo T A A IA B B 1 4E, JF Bt
AR DA RN, A BE P M7 e R K 1) 2 B R Ny
365 da ', AT T O A R N 1987 ) T4,
b KA ZRHZ 3 T HORIE B F A v g,
BB MR 7K 2Rk B (A, FLR A V5 Y R K
BFEAE K360 da” e

3 iS5l
ARl K51 Hl 1 9 Hl 4 R R 205 e 4, SR

MMSOILS #5788 PPAN I Je | 37 3 48 v e e A X 1)
TR 7K AR RURS: 7P BIF 5% 4 Aoy X, 2R

BE X AT YR A A ML X LR Ky B 3
BURYE, ML AL =N DX 52 /s, HAN RSy XA
SR PSR ARG, 77 Pt ™R A A P R A ; 0
FR) AR 23 X 2R Y550t A H K Az ) fe B s XS
{E 9194 @107 °, KT 36 B IR 85 (R 3128 A A fk B X
BEESUAE 107 ©, SF A\ A fele e A o £ gy, L o
Tk ] SR B X A 3 A TS Y G XU Sl I
FETF IRy et A H DX 7 A AR A R KRS T R IR T
e ) e B, TR SRR R A A X
AT b S ey 3, MBI BT, MG R AR
DX - R 2k S8 A PR A &S 1132 mg ke N, A REA
U3 R f B XSS 2K A 10 ©.
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HEALTH RISK ASSESSMENT OF BENZENE CONTAMINATION OF DRINKING WATER

Zhang Yinghua"  Liu Zhiquan"? Li Guanghe' Zhang Xu'
(1 Deartment d Environment al Science and Enginearing, Tsinghua University, Bejing 100084, China)
(2 State Environmental Protection Administration  China, Bejing 100035, China)

Abstract As pollution causes a series of problems with ecdenvironment, food safety and public human health, enviror2
mental risk assessment of contaminated sites has atracted extensive attentionl Based on an investigation of a certain waterhead re2
gion for pollution of organic chemicals, like oils and benzene, heath risk assessment of drinking water in the region was pe2
fomed using the MMSOILS model, a multmedia exposure assessment model, with Benzene as a target contaminantl

The assessment shows that the total health risk value of Benzene contamination of drinking water in District A caused by the

alkene plant is 9194 @10 °, which is far too much higher than the UISI EPA risk limit of 10" ¢ and means that the contamina2
tion hazards public healthl The contaminant comes mainly from the cracking installation, making the drinking water high in
health risk value, being 9182 @10 °, accounting for 9818% ofthe totall According to the nodeling results, risk value in Di

trict A will lower to 10" ¢, posing no risk to human health, only after the Benzene concentration in the soil around the cracking

installation is reduced to 1132 mg kg™ '1 The research results provide an important foundation for effective control of the pollution
and remediation of the contaminated sitesl
Key words MMSOILS Model; Benzene contamination; Environmental risk assessment; Health risk value



