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41 Excel 2010  SPSS 19.0
5 0~20cm ArcGIS 10.0
EPA
0.5 kg As Cd
10 100
pH
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®1 TERRALRELREEESE
Table 1 Concentrations of heavy metal in farmland soils around the realgar mine area
(mg/kg)
(mg/kg) (mg/kg) (mg/kg)
As 46.20 ~ 125.60 80.26 17.33 0.22 14 30
Cd 0.35~0.73 0.55 0.10 0.18 0.11 0.3
Cu 25.34 ~43.43 31.47 1.84 0.08 26.0 50
Zn 81.47 ~ 125.12 102.08 3.54 0.05 95.0 200
Pb 24.62 ~37.07 30.54 1.39 0.05 27.0 250
(1]
Cd
As x
[12]
Cd
[10]
As
Cd As ]
[14]
As P ={[(C/S) ae+ (C/S) ma 12}
P C
As As S; i
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As  mg/kg
m 145.0~55.0
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B 0.50~0.60 B 85.0~100.0
. 0.60~0.70 W 100.0~115.0
B 0.70~0.80 . 115.0~130.0
50 100m m
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Fig. 1 Spatial variation of As and Cd in farmland soils around the realgar mine area
2 As
Cd As Cd
As
3 2.2
®2 ITEAETSERERTNRE
Table 2 The soil evaluation standard of Nemerow pollution index
P <07 « )
0.7<P <1.0 ( )
<
1.0<P <2.0 [15] PSS
2.0<P <3.0
- 19.0
P >3.0
Pearson 4 4
®3 TRXEALKBIREERSEEHINGR As
Table 3  Pollution index of heavy metals in farmland soils around 4
the realgar mine area
Cd pH
(%) (P<0.01)
Al 2.41 53.56
’ 0341 Cu pH
Cd 2.09 46.44
2.33
0.412
Zn
Q) 0.428 Pb
As Cd 241 2.09 0.413
2.33 0.396

x4 TERLKBLREEERTRSEUMRZEOEXES

Table 4 The correlation analysis between concentrations of heavy metals and physicochemical properties in farmland soils around the realgar

mine area
pH
As 0.043 —0.169 -0.171 0.242 0.394
cd 0.531" 0.121 0.171 0.341" 0.076
Cu -0.359" 0.331" 0.174 —0.184 0.412"
Zn -0.208 0.301 0.110 0.015 0.428"
Pb 0.045 0.303 0.413" 0.396 0.085

ok (P<0.01) * (P<0.05)
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pH EPA 3
[16] _
H CxIR ., xCFxEFxED
p ADD, . = ! )]
BW x AT
Cx IR EF xED
ADD,,, = = inn < a 2
PEF x BW x AT
CxSAxCFx AF x ABS x EF x ED
ADD, = 3
dermal BW x AT ( )
2.3 ADD=ADD gy + ADDig, + ADDgerma 4)
EPA
5 C
[17] EPA
As Cd As Cd
6
As
2.3.1 - 1.08x10°* mg/(kg-d)  1.00x10° mg/(kg-d) cd
7.36x107 mg/(kg-d)
(18-19] 6.86x10° mg/(kg-d) As Cd
3
[23]
[20-22]
zS5 tBEESEERNEITFNSHENERE
Table 5 The values of exposure parameter for health risk assessment

IRoral (mg/d) 100 200 U.S.EPA, 2013

IRimn (m*/d) 20 7.65 U.S.EPA, 2013

CF (kg/mg) 1x10°° 1x10°° U.S.EPA, 2013

EF (d/a) 350 350 U.S.EPA, 2013

ED (a) 24 6 U.S.EPA, 2013

SA (cm?) 5700 2800 U.S.EPA, 2013

AF (mg/(cm-d)) 0.07 0.2 U.S.EPA, 2013

ABS ( ) 0.001 0.001 U.S.EPA, 2013

PEF (m*/kg) 1.36x10° 1.36x10° U.S.EPA, 2013

BW (kg) 70 15 U.S.EPA, 2013

AT (d) EDx365( ) EDx365( ) U.S.EPA, 2013

70X365( ) 70X365( )
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Fo HUXALAKMKEAITIEEEE As. CAWHREEE
Table 6 Daily exposure doses of As and Cd in farmland soils to human bodies around the realgar mine area
ADDyy, ADDqyy ADD germal ADD
As 2.53x10° 4.52x10°® 1.72x10°* 1.61x10° 6.87x107" 4.50x10°° 1.72x10°* 1.61x10°°
6.21x107° 1.11x10°% 4.22x107° 3.94x107* 1.69x107 1.10x107° 4.24x107° 3.95%x107*
1.58x10° 2.81x10°® 1.07x10°* 1.00x10°* 4.27x1077 2.80%x10°¢ 1.08x10°* 1.00x10°°
Cd 147107 2.62x10"°  9.99x1077 9.32x10°° 3.98x10”° 2.61x10°® 1.00x10°¢ 9.35x10°
5.16x10" 9.21x10™" 3.51x10” 3.28x10°¢ 1.40x10°° 9.17x10°° 3.52x1077 3.29x10°
1.08x107""  1.92x10'°  7.33x1077 6.85x10” 2.92x107° 1.92x10°® 7.36x1077 6.86x10°
HO; i
- ADD; i
mg/(kg-d) RfD; i
mg/(kg-d) 7
2.3.2 EPAPY HI
As < ”” HQ HI<I
Cd “c 77 Cd HQ HI>1
(23] EPA As Cd
SFinn
7 As Cd
HQ,; = D5, (%) - RI.Sk -4
RfD; Risk>1x10
HI =" HOI (6) 1x10 °<Risk<1x10"*
Risk = ADD x SF (7 Risk<1x10"°
(Risk) =" (Risk;) ®) (27]
z7 TERABAMMRETIEEELE As. Cd FRIREIRZHN RD
Table 7 RfD of As and Cd for different exposure routes to human bodies around the realgar mine area
RfDimn RfDoral RfDdcrmal SFinn
As 3.00x10°* 3.00x10°* 1.23x10* 15.1 U.S.EPA, 2013
Cd 1.00x10° 1.00x10°* 1.00x10°° 6.30 U.S.EPA, 2013
Cd 2 Risk
5.58x107* 1.42x10°°
2 2 1x10°* As
HI As>Cd Cd
HI 0.001
0.009 As (28]
0.36 HI 1 Cd
As HI
3.36 10
Cd Risk 6.79x10”
Risk 1.21x10°°
(10°~107% cd 3
Cd 1) As Cd
As Risk 3.13x10°* As 80.26 mg/kg  Cd
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Fig. 2 Health risk assessment results of heavy metals in farmland soils on human bodies around the realgar mine area
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Pollution and Health Risk Assessment of Heavy Metals in
Agricultural Soil Around Shimen Realgar Mine

YANG Min'?, TENG Ying®", REN Wenjie>, HUANG Yang’, XU Defu', FU Zhaocong?,
MA Wenting®, LUO Yongming®

(1 School of Environmental Science and Engineering, Nanjing University of Information Science and Technology, Nanjing
210044, China; 2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Sciences, Chinese
Academy of Sciences, Nanjing 210008, China)

Abstract: The pollution and risk of Shimen Realgar Mine are one of the most important environmental problems, which
have received much attention from environmental groups and the local government. The pollution status and spatial distributions
of heavy metal pollution in agricultural soils around Shimen Arsenic (As) Mine were analyzed. Moreover, the USEPA soil health
risk models were adopted to assess human health risks. The assessment results of soil heavy metals pollution and comprehensive
pollution index showed that the soils were moderately contaminated by As and Cd. The data showed that the average contents of
As and Cd were 80.26 mg/kgand 0.55 mg/kg, respectively, Cu, Zn, and Pb contents were below the soil environmental quality
standard of secondary state. The assessment result by USEPA indicated that hand-mouth intake were the dominate pathway for
personal daily exposure and non-carcinogenic risks. The value of Cd would not cause any non-carcinogenic and total carcinogenic
risks for both adults and children while the total non-carcinogenic index of As for children (3.36) indicated a significant health
threat. Cd would not cause carcinogenic risk of inhalation intake for adults and children while the average carcinogenic risk
indexes of As for adults and children were 3.13x10™, and 5.58x107*, respectively, which would pose carcinogenic risk. Children
were more vulnerable than adults facing As and Cd threats. Thus, the management and prevention for As and Cd contaminated
soil around the mining area should be strengthened.

Key words: Arsenic mine; Soil heavy metal; Spatial variation; Health risk assessment



