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Application and Benefit Evaluation of Tiered Health Risk Assessment Approach

on Site Contaminated by Benzene

JIANG Lin'??, ZHONG Mao-sheng'*?*, LIANG Jin'*?, YAO Jue-jun'*?®, XIA Tian-xiang'>”, FAN Yan-
ling' >, LI Jing-dong*, TANG Zheng-qiang®

(1. Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, Chinaj 2. National Engineering Research Center
of Urban Environmental Pollution Control, Beijing 100037, China; 3. Beijing Key Laboratory for Risk Modeling and Remediation of
Contaminated Sites, Beijing 100037, China; 4. Beijing Municipal Solid Waste and Chemical Management Center, Beijing 100089,
China)

Abstract: The procedures of implementing tiered health risk assessment approach were introduced in detail, and took a large-scale site
polluted by benzene in Beijing as an example, the difference on the remediation target of benzene in soil, as well as the corresponding
soil remediation volume and costs, were compared. The results indicate that the benzene concentration in soil within 1.5 m in depth
and the one below should be remediated to 0.26 mg-kg™' and 0.15 mg-kg™', respectively, in order to keep the cumulative
carcinogenic health risk below 1 x 10 ™ based on tiered I assessment. However, according to tiered Il assessment result, which is
based on the benzene in soil gas within the contaminated areas in the investigated site, the soil in the corresponding depth should only
be remediated to 2.6 mg-kg™' and 1.5 mg-kg™', respectively. That means the soil remediation volume delimited on tiered III
assessment result is less than the one on tiered II by 139 537 m® and the corresponding remediation costs will be reduced by 57 million
Yuan, meaning the enormous economic benefits compared to the costs (‘around 100 thousands Yuan) spent to carry out tiered Il
assessment in the site.

Key words :tiered approach; benzene; health risk; benefits evaluation; cost saving

Wt e Pl ol iy A 6 B S W4 E , VF 22 3T
Il T A B LR R R IO IR e, B8
WRE AR L T3 RO Y — BB T G Al (e T
J7OBRERTT RN AR I IR AR i Tl el X G
B OGP, I A i8R DA o ol s A . (H
Je , T AL T30 2 = i AR v A i R SR P A
RS B KR S AT il it T 5 A DN, — 28 )
DX 38 R KA AT RERTS . AL, XX 2R,

o FETF R FH AR A 7 (e XU 1A, DA o2 3 oA
AT FH N 18 XU 70 ST SH K bt it R I 1 4 o) B
FRAE it

Kim B 2012-06-27; 1EiTHH] . 2012-09-17

EL2TH . JtEmR 2% E KT H (D08040900360804 ) ; FREE{RH1/
2R PEAT AL BHIF L 351 (201009032 )

EE® M. 21964 ~) 5 18 BEFE 6L, BRI 10 k159
i AL B S AR 75 G P ], E-mail : jl-iep
@ vip. 163. com



34 TR JRUCAARE R XU A 75 VR AR A5 e 7 i 10 10 R 3k i 1Al 1035

H T, N B AT e 3 b XU TE AL R
U3 A O SRR AR SRV FH 5 [ R R B 2 B T
1972 A3 Y Y RURS TTAG JEL 8% | BV AN KURR T4 43
JfEEVFUN  BEEIEAL | FEPEITAL BRES RIE 4 4
SRS (HR AN AR (R R R K
PEVEAL) | BT 85 S04 22 3 MR B 37 1R R B2 R AIE
SR X 3 b 0 T AR FORS 8 0 PR AL 1%
M TS e (A B XU | 5 6T 33k 46 2 04 S AT TR 2
JEIAE  FLRUAS R A w5 Y | 3T A R A s A
FE. DRI, b S 0 2 8 SRORE M 5 R A R A T
(27 JiG TR B AN A 15 S 3 0 e BR XURS: , >R FHJZ IR
PERBSPEM F R AR DT BB £ [E
FRAE 5 15 Y I b RS PEA F R T DU B 257568 30 17
FHIZ OIS T S0 56 | L sl G 1 28 o B3 A
ZARMEGIRDS O T IR E A Tk TE e i
JRUBG PP AUl RS A5 R %o A e, B SR AT S AR S ) o
WP E R R 2 Ak T8 T R 5 G 375 o XU 3T
P SR R 2 R E S8 A AL I E A
G AT RIS 2 T B AR PTA B S
A3 ST B BOS IR AR b (1) ERIN S Bt AT AR DLk
AT VEAY . X R ARG T5 et b, 24 U P4 A
HEAT B — 2 W, 2 AT e 4L FAORSE AT
it BB A

FERRAENT H B B KRR Y5 Y 3 b+ B v Sz
R B 5 SR AR R ST A 39 b e B
SRR IR B e R, SR TR A R 1
~2 RCR G, BT I  ER P ORI T A R
B ARG 1 ~2 AN EICER 2, SR D 3 sl o
WX Z 3 M T R 5 = 2 R KU EAS. Rk, 7E DA
RS RR A FER b AT SR IR DA% R R 5 e
Yy R ), TR AT AR XA S BRI I E H anfa
TFIRZUAL KB TEAL. R A T %7 — 2R
55 = 2 YO PN 4 R 25 5 | s T H %
WA TS Y 3B AT R A2 T RER , LAY N [ P TR
FEKI VOCs 15537 11 J J2 U AL UG DA $ LA
SIE ==

1 MRFE

1.1 JZ2RAEPES ik aER

LG K BRI Y AR, Gyt 18 e b T 7K
15 YL AT B o 22 i AR R AR fg R A A A5 IR
= e E AR S 0 M T 2k 1 . 2 AR R R
Ferk |, Gpiis R SR Z IR A G I, ik
KRR S KA TE Y BRI 5 Y b 74

B R ) 5 — A~ G — 14 [ S 5 AR R
W BRI B 75 GO, X R O, B S R
ek AE [ S Ty 2 e — il e fE.
TORI AR5 0& £ E IR e AL A
FEII TG AT H N 3R [ I 76 A 57 2 5 PP A M 7
PEVEAS BT R A Al T R R R SR A B,
TRIZIH PE(EL RERS 78702 B R4 A g e ) FL Y, 15
SEEAEFARSED T B X BRI A A
BT DURSE B, B A 45 2R, B S e BEAL R ¥ e X Ak
SRR RE SR EAT 0 I A 4 2R 5 DR < 1) B e e
A U, AR SRR ot i KRG Y R PR T 0 e, ) ] )
TE VLI 15 G X AR SR AR ™ Az 114 it B AU, T A4
3, P EAL TAE AT 45, Bz i H G A 72— 2
R DAY, 2 R i R 0 e 88 o O B R, 1t
ARG N B 7 S50l A R S K s AT A 00
36 Kt EAR DR <1 b i € 18 R BDF AT I K, i 2
FEIRSE IR U EA , BIXT 37 b R 47 58 Ry 1 40 11
REEIR A | PO Z G RHIE S BU5 TR R T 1%
Mo TS U b % R R I A0 O B AHL , 22 )5 PR A T Y
PPl RABZ VL H B . Gl E AT, S — 2K
B RE BB ST B R 18 S A g i, 23
TR 5 2 UG PPAG LATH B2 52 3 b 1y DU
BE IR T B 2 Bbr B2 &, (H2,
RARYE S RV 5 R0 5 1018 B FEl S AB 2
AR AN B 5l 32 PO P A 245 2R 3k
FriBaE R A 50 RO S5 R T B 2
AR S = J2 XU A | RIS 377 3P
FAbSERAE | [N X) 2 B PPAG AR K R S AT
EIE TR 5% 5 b 15 e 0 1 3 78 R B A2
ABRERIFIE. R P e IF R = JR UCMEAS , B F
flad R B PR S SRR B AR DAl 1
o F B ST RAREB IR, Z R PR T R
MBS Hbr B 5. I iR A R — R o &
WL E BB R TR R | 8 R AR s
REAR. HAARPEAL T H b J2 O KU DA 7 75 1Y R
e e RS RN 1 s,

HIP 1 AT LA Y Bl XURE S0 2 T B0 AN I 2
e, BARIPAR A SR AN E Mg sl N | A Lz 20 T
i, BE (B A bRl GEEAT S e B WG oL, (HI
AR T X T R S R TR 8 AR A S T, U
F4 22 5 I T T AR ALK I A J2 0K B4 T o T 484 4.
ANFZURE VT 45 R R AR E 1 | oA 25 2R ARG
e . XERA NSRRI OR IR | 7 AR A A
Lt e ZAB S A R 1 5 R A0 1AL 2 .



1036 ®oom B ¥ 34 %
I -
S A B B BUA o . | TR R YR AR _E:T'_’-E-‘__ TS = 2 YR A
elie P | Tl ARTRERANGR? e TR RA L
v | it g TE
5 ! HICREES PIE L 155 'l WS ey A AT R
ey HORFAE B3RS Rty v K AR IR TR
7 ! v ¥ v
) 5 SR YI 25  4  E ' MV SEAESE A AR
AR L | VA SL PR A S i | fESL T
v N
Vl 1
V) ¥ SR
i X X
- i i
F—Ek ( Tiered ) W2W ((Tiered 1) : B=RW (Tiered 1)

1 RXREERE
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Fig. 2 Characteristic of tiered assessment approach
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+)2 x®Z W2
A 1B 3.1x10°8 7.9 x10 73
1BE Hbr/mg-kg ™! 0.26 0.15

M3 2 nH1 A e R = e S et 80 K

e Al
(a) 0~1.5m
ol t RUEER
LI ] ,. . [ ] .
: dg 1%
-
X (c) 6.5-9.5m
- L ]
[
* . .
v,  [aig
< L4 I-'l
. L -
Yoy A .
L
. . = L]
L]

o bR

BT 1 x107°, i3s3z, DA TIB . (),
LRI BRIE | )R LR, 2 R R T
e TR R W AT B . LA 2 it
MBS H AR HEIE SR AT AreGIS B iHEAT 175 G4 43 (6]
SFRAEL, IR IR RA: s 14 W I 45 2R K 37 B3 92 P
T BUGHR (B A R BEA T S B IE , iR AR b
B5E LS AE DX AR A SR B A 5 4. $
LERANE 3 TR,

M 52 [X bk

(b) 1.5-6.5m

B3 FRARREITEHENEEEE
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