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Preliminary Health Risk Assessment of Heavy Metals in Soil in Shen—fu Irrigation Area
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Abstract: As the largest oil —containing wastewater irrigation area in northeast China, Shen—fu wastewater irrigation area has been the re—
search focus on organic pollutants. However, rare study on heavy metals in this area has been reported. In this study, concentrations of Cu,
Hg, Ni and Cd in soil in this area were analyzed, soil environmental quality was evaluated with the combination of single pollution index and
comprehensive pollution index, and health risks of Cu, Hg, Ni and Cd caused by soil ingestion were assessed using USEPA health risk as—

sessment model. Soil samples were taken from farmland soils in irrigation area. The results showed that the concentrations of Cu, Hg, Ni and
Cd in soil ranged from 22.1~40.8 mg-kg™ for Cu, 0.036~0.310 mg-kg™ for Hg, 29.8~44.4 mg-kg™ for Ni, 0.145~0.956 mg-kg™ for Cd. The
average concentrations of Cu, Hg, Ni and Cd followed the order: Ni>Cu>Cd>Hg; Concentrations of heavy metals in this research were below
the grade Il national soil quality standard except Cd. Soil environmental quality assessment in Shen—fu irrigation area showed that pollution
caused by heavy metals in soil in this irrigation area was at a low level. The average individual health risks of heavy metals for children and
adult were all lower than the acceptable risk level 107, the health risk order was Cd>Ni>Hg>Cu; Cancer risk for children was 3 times of
adult. Children were more easily affected by soil heavy metals than adults, for they may ingest more soil in their daily life.
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Table 1 The grade Il standard for soil environmental quality(mg-kg™)

iH pH Cu Ni Hg cd
Frifi pH<6.5 50 40 0.30 0.30
pH=6.5~7.5 100 50 0.50 0.30
pH>7.5 100 60 1.00 0.60

W * 24.6 27.9 0.05 0.19

TE - ARV AR B X 9 378, Btk 11 O 7748 B i
24 45)(2001—2005)",

R 2 TEESTN S RITE

Table 2 Classification criteria of soil comprehensive evaluation

ERRN G GRATSUARE TS YR TG Y KT
1 P<0.7 Gh THH
2 0.7<P<1 A 2 i IR T
3 1<P<2 BEY LRI ARG ZIE Y
4 2<P<3 TG Y IR Z BTG Y
5 P>3 WSS RIEY 2 S YA Y
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FEMR AR 3] BRI IX 10 4~ B SRR 43513
AR E 4 FhEE 43 R U BE R (A, I FH fedt R U A
AU T SV o AN FIZERS e dpid i T IEg Bisit
HEA RS T 5 1R 1 i e XU DA A2 8 G 45 R B0
I B RIS B 53510

R:%xlm (1)
. R FoRAEEUE XK ; CDI(chronic daily intake ) ¢
7~ H g EGH &, me kg™ +d™; RfD (reference dose)
AR TS G He R R B IR AR N IS E & mg -
kg™-d™,

cancer risk=CDIXSF (2)
K cancer risk 75 B WK ;CDI R X (1) 3 SF
(slope factor ) 7R R F kg -d -mg™; 38 o + 5%
BREERENE SR B8R0 & CDI nfidit =X
(3R]

CSXIRXCFXFIXEFXED
CDI= BWAT (3)
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tion rate ) & 7 5% B K, mg soil - d!'; CF( conversion
factor ) /R, 10° kg mg™; FI(fraction ingested
from Contaminated Source ) & 7 £ U 43 %54 (JE Fil 0.0~
1.0) ,%;EF(exposure frequency ) /N B2 iR ,d-a™;
ED (exposure duration ) 4 % &% £-F ZL H5f [0] ,a; BW (body
weight ) £ /R A H kg ;A T(averaging time ) 2 7~ “F- 44
s 1], d
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Table 3 Parameters of exposure assessment models

Ep—— . =
BW 70 16 EPA1989d, EPA1985a
IR 100 200 EPA1989g
ED 30 10 EPA1989d
FI 0.0~1.0 S A
EF 365 EPA
CF 10 EPA
AT A : 70x365 EPA

JESUE . EDx365

FRAE 9% [ EPA Z545 KUK 7 B8 142 (IR IS ) B
PRI A T A 4140 (WHO )3 53 4 T PEH Ak 224 it
o P T SRR W A 1 43 2R R G, Cd A R R
B IS G, BURRPREF SFAAE W3 4;Cu Ni
B Hg kg o800 AR 1A B AL &4, o TR 30 9 it
JIT B AR AU , S5 5 1 — AN 2B 4, Cu Ni Hg
3MESIRA RD HWFE 4,

2 HR5iTR

2.1 kEEBRERTIEESBITEKE
I A B HE X £4 Cu Hg Ni Cd 4 Fh 4 )8 i

=4 WBSHRMD I SFE
Table 4 The values of RfD and SF of model parameters

FEWSMEE RO 5, N S ATLIE 4 FhE &R TE
TEIX A5 IS HE AV BEYE R 43 308 Cu:22.1~40.8 mg-kg™,
Hg:0.036 ~0.310 mg -kg',Ni:29.8 ~44.4 mg kg ',
Cd:0.145~0.956 mg-kg™', WEX 45 AfH+3 Cu Hg Ni
B BIR AN B A F R S TN P
GJE Cd, g5 1.2.6.9 DORF 4 Cd 5 5 W 4 A
e, 2 4 SRR BV X 3457 8)) Cu Hg Ni Cd AN[R] & A
AR, A0 iy o 4 e 2 el A e 2 A5 L

R5 MEFBEEX T Cu Hg Ni .Cd BFHKE (mg-kg™)
Table 5 Average concentrations of Cu, Hg, Ni and Cd in soils

in Shen—fu irrigation area(mg-kg™)

Jevive a5 pH Cu Hg Ni cd
1 6.35 30.5 0.111 38.8 0.956
2 6.27 26.4 0.036 30.8 0.690
3 6.62 22.1 0.067 324 0.170
4 6.49 325 0.156 29.8 0.189
5 6.49 31.9 0.139 34.4 0.161
6 6.32 33.7 0.166 30.2 0.788
7 6.48 40.8 0.108 325 0.145
8 6.60 408 0.122 335 0.145
9 6.45 37.8 0.256 44.4 0.473
10 6.35 383 0.310 425 0.197
YN 6.62 40.8 0.310 44.4 0.956
/ME 6.27 22.1 0.036 29.8 0.145
T C 644 33.5 0.147 349 0.391

22 TEESEMEREFN
DU R A S o i s vfE ( bR ) I b
HERTE X 39 T 4 JE V5 e AR B 35 6,
MM A5 AT LA, HEIX 1% Cu Hg Ni &1
PR o [ 5+ PR T i — bt 1T Cd i [
KR IEALE i —WARE, U X L1852 3] Cd 75
Yo NER BTG AR B R 2= P s> 1 UL WIREIX 138
B TR Ao ST AR AR, AT LIS
B IX 4R 15 PR B0 Cd>Ni>Cu>Hg; Btz 4h,
AT DX A4S RAE i 07 B 4 i V5 e AR B B T LA
HEIX Hg Fil Cd W& B A2,
% 6 X Cu Hg Ni,Cd BB REITMN
Table 6 Index of environmental quality of Cu, Hg,

48 RfDImg-kg-d” SFkg-d-mg” AR UERRIE Ni and Cd in soils in irrigation area
Cu 3.7x107 - Zyn| HEA! OIS e AL N
. IiH - - SEATT YR AL
Hg 1x10™ - 211 EPAIYI Cu Hg Ni cd
Ni 2x1072 - %0 IRIS™ JEEIE  0.44~0.82 0.12~1.03 0.75~1.11 0.48~3.19 1.03
cd 1x10° 0.38 %11 OEHHAM M 0.67 0.49 0.87 1.30
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BEFHZE 5 BYBRATR MR8 T AT (1 f R KU AR 1
LRRIZH, Al LIS A 200 X e o ad i £ 2
RAR TS AP A AR, 45 2R L3 7

F 7 L3 Cu Hg Ni .Cd WIBEREEEREEEN
FHNANERBE(a)
Table 7 The health risk caused by Cu, Hg, Ni and Cd

in soils by soil ingestion pathway(a™)

ks s
. [ WL
Co Mg N SEE S50

A 1.3x10° 2.1x107° 2.5x10° 5.9x10° 9.1x10* 9.1x107*
JLE 1.1x107% 1.8x10° 2.2x10® 5.1x10° 2.7x107 2.7x107
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(2) DA 5K TP o i — bR PP i it
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QLIREOR/ N Cd>Ni>Cu>Hg, HER Cd 41, Cu Hg Ni [
AR T E 5 R T R
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