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Table 1  Soil structure characteristics and relevant parameters
(m) (m) (g/em?) (g/em) (%) (g/kg) (cm/s)
0~4.1 4.1 1.30 2.77 40.5 16.8 5x107°~8x107° 2m
4.1~6.5 2.4 1.48 2.77 28.6 9.3 8x10°% ~1.0x1077
6.5~8.5 2.0 1.50 2.77 30.0 5.8 1x107° ~3x107
8.5~13.8 5.3 1.46 2.70 30.4 7.6 2x1072 ~7x1072
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Table 2 Results of concerned potential contaminants

() (%)
38 18.4 3.16 nd ~ 6.63
38 21.05 38.26 nd ~ 509
38 2.63 1.05 nd ~33.6
158 48.10 1360.61 59.1~17 800
Cr( 158 42.41 358.74 nd ~ 5270
18 38.89 4.05 nd ~57.4
18 66.67 386.51 nd ~ 5260
18 0 0.37 nd~3.3
48 18.75 538.73 57.1~5240
Cr( 48 35.42 301.43 0.01 ~3730
23 86.96 21.05 0.29 ~ 220
23 91.30 1 465.57 0.54 ~ 8 520
23 0 0.11 nd ~0.68
11 0 103.43 46.1 ~ 345
Cr( 11 20 16.0 nd ~ 111
12 8.33 0.31 nd ~ 2.55
12 41.67 26.60 0.8 ~169
12 0 0.06 nd~0.12
3 0 57.3 51.1~66.7
Cr( 3 0 0.20 nd ~ 0.407
6 16.7 0.072 nd ~ 0.724
6 0 0.73 nd ~ 4.34
6 0 0.012 nd ~ 0.048
Cr( 6 0 0.006 nd ~0.01
( ) 2009-07-15) ( 2009 )
mg/kg mg/L nd
2 BERT|RRE
Table 3  Exposure pathway of each layer
Cr( )
(0~
2 m) Cr( )
Cr( )

2.2
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4 10°°
2.4 1
HERA
x4 XESFYFHSH
Table 4 Toxicity parameters of concerned potential contaminants
(mg/(kg-d)) (mg/m’) (mg/(kg-d))  (mg/(kg:d)  (mg/kg:d) ' (mg/kgd)'  (mg/(kgd)’ (mg/m’)"!
0.004 0.03 0.004 0.007 7 0.055 0.055 0.007 8
0.08 5.0 0.08 1.28 -
0.20 0.1 0.20 0.0255 - -
Cr( ) 1.50 - 0.019 5 - - - —
Cr( ) 0.003 0.000 1 0.000 075 0.000 025 5 0.5 20.0 329.0 84.0
KB R RAE
Table 5 Summary of carcinogenic risks and non-carcinogenic hazard quotients of concerned contaminants
Cr( ) Cr( )
1.52<107° 1.28 5.15%<10" 531107 1.83<107" 1.42><107  97.60
7.11=<107° 5.76 2.14 - 425107 N N N
1.55><107" 12.5 1.92 - 5.69>=<10"° N N N
1.02><10° 8.23><107 2.08><107 - 5.28><10™* N N N
2.67><107 2.12%<107 6.84><10"* 4.05><10"* N N N
cc 33 ceN?? ( )
Cr( ) Cr( ) Cr( )
Cr( )
5 Cr( ) Cr( ) (
[4] )
Cr( ) 1 ( ) ()
Cr( )
Cr( )
2.5
[4]
2.5.1 HERA
Cr( )
«C 2 6
cr( ) 6

Cr( )
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Table 6 Contributions of exposure pathways of individual contaminants to carcinogenic and non-carcinogenic risks
Cr( ) Cr( )
PPC™¢ 3.37 6.99 19.67 73.56 34.99 19.09 100
PPCY 0.01 0.01 66.48 21.88 0.01 0.38 -
PPC” 0 0 13.85 4.56 0 0.08 -
PPCM™ 0.29 0.28 - - 0.13 7.34 -
PPC 0.1 0.1 - - 0.07 0.08 -
PPCY 96.23 92.62 - - 64.8 73.04 -
PPC 0.11 0.11 - - 0.11 0.11 -
PPCY 99.89 99.89 - - 99.89 99.89 -
PPC 0.1 0.1 - - 0.1 0.1 -
PPCY 99.9 99.9 - - 99.9 99.9 -
PPC 0.1 0.1 - - 0.1 0.1 -
( ) PPC" 99.9 99.9 - - 99.9 99.9 -
PPCy, 0.1 0.1 - - 0.1 0.1 -
PPC, 99.9 99.9 - - 99.9 99.9 -
PPCY pPCY
PPC?” PPC"
PPCI PPC*
PPC,, PPCY,
60% cr( ) Cr( )
cr( ) 2.5.2
20%
64.84% Cr( )  Cr( ) (4]
73.5% 100%
Ccr( )
Cr( )
7
R RESESBEIEBUE XU A SR L )°
Table 7 Parameter sensitivity ratios of carcinogenic and non-carcinogenic risks
Ps P B Ep, Epy D iga Arey
-607.15 170.97 -34.92 0.66 0.66 -0.26 -0.92
A, Ly Ey By, Jom Orcrack L —
-0.94 -0.92 -0.92 -0.26 -1.11 0.13 0
Cr( ) Ps Pe P Ep, Ep, Osira By,
0 0 0 0.70 0.18 0.14 0.28
Jon Ary A
0 -0.85 -0.96
E,, Eq, D 1k A, Ap,e
LB E R B Wa acrack

0,

wearck

Osira
[4]

(1]
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Cr( ) (HJ 25.3-2014)
4 HERA
4 21 ( 8
=8 ETAELIERBRENKENEE BiRE

Table 8 Remediation targets of health risk assessments with different depths

Cr( ) Cr( )
0.434 708 433 24900 0.251
0.807 2460 71.7 N N
1.42 4440 119 N N
2.51 8 140 227 N N
2.76 6 340 118 N N
ceN?? mg/kg mg/L
2.7
2.7.1 (
) (CrC )
5.9 11.5
C(C ) Cr( ) ( )
9 2)
&9 AMBFEELEE
Table 9 Remediation ranges of benzene and methylbenzene
(m?) 1 600 3180 3134 1927
Cr( ) (24 900 mg/kg) Cr( )
Cr( )
Cr( ) cr( ) cr( )
Cr( )
(0.251 mg/kg) (10 (0 ~2 m)
2.7.2 1) (2~8.5m)
(0 ~ 6.5 m)
[13-14] 3
1) -
(SVE) (6.5~ 13.8 m) Cr( ) Cr( )
Cr( )
(10°%) Cr( ) 1
2) Cr( ) Cr( )
2)

(0.251 mg/kg) Cr( ) 4 HERA
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Table 10 Remediation range of Cr(VI)
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Layered Health Risk Assessment in a Compound Industrial
Contaminated Site

XU Wei', SHI Weilin®", SHEN Zhen', ZHANG Jianrong', ZHENG Jiachuan'

(1 Suzhou Environmental Science Research Institute, Suzhou, Jiangsu 215007, China; 2 School of Environmental Science and
Engineering, Suzhou University of Science and Technology, Suzhou, Jiangsu 215011, China)

Abstract: Taking a typical organic and heavy metal contaminated site as the study object, the soils were divided into four
layers, backfill soil layer (0 — 4.1 m), silty clay layer (4.1 — 6.5 m), silt soil layer (6.5 — 8.5 m) and silty sand layer (8.5 — 13.8 m)
based on hydro-geological characteristics. Layered health risk assessment was carried out by HERA software. The risk levels and
remediation targets of concerned contaminants in soil and groundwater were estimated, and on the basis remediation area and
technology were determined. The results indicated the presence of serious organic (benzene and methylbenzene) and heavy metal
(Cr( )) contamination in soil. The maximum carcinogenic risk of benzene and non-carcinogenic hazard quotient of
methylbenzene were 0.000 155 and 2.14; Cr( ) in surface soil had carcinogenic risks (0.014 2) and non-carcinogenic hazard
quotients (97.6), while Cr( ) in lower soil was not harmful to health due to no exposure pathway. The health risk of concerned
contaminants in groundwater was within the acceptable range. The remediation targets of benzene and methylbenzene in different
layers were 0.434, 708 mg/kg in backfill soil layer, 0.807, 2 460 mg/kg in silty clay layer, 1.42, 4 440 mg/kg in silt soil layer and
2.51, 8 140 mg/kg in silty sand layer. However, the remediation target of Cr( ) only calculated was 0.251 mg/kg in backfill soil
layer. The remediation targets of VOCs (benzene and methylbenzene) increased with soil depth increase, while the remediation
targets of heavy metal (Cr( )) did not follow this rule. Therefore, layered health risk assessment is more suitable for the health
risk assessment of VOCs.

Key words: Compound chemical contaminated; Layered health risk assessment; HERA; Remediation target



