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Fig. 1 The sampling sites, mining enterprises and location of research area
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Table 1 Detection limits and precision of the test methods of heavy metals in the soil of research area
(mg/kg) (mg/kg) (mgrkg)
As 8.37 84+13 0.01
Hg 0.0315 0.032 + 0.003 0.002
Cu 12.1 12.6 £0.6 1
Cr 0.060 0.058 £0.011 0.011
17.6 174+ 1.1 0.1
27.6 29+2 0.5
20.5 25+5 5
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2.2 Landsat8 T™M (http://www.gscloud.cn/)
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Table 2 Descriptive statistics of the heavy metal contents in soils of research area
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Zn 663.5 46.5 710 226.8 243 146.78 21 543.03 1.03
Pb 213.9 16.6 230.5 39.18 31.8 30.69 941.89 4.87
Cr 0.33 0.03 0.36 0.08 0.07 0.04 0.15 4.88
Cu 83.8 11.2 95 33.04 30.5 13.74 188.66 231
As 6.38 1.15 7.53 2.58 2.23 1.24 1.53 1.69
Hg 0.12 LD 0.12 0.03 0.03 0.02 0.02 1.84
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Table 3 Theoretical models and relevant parameters of soil heavy metal contents
/ (km)
Zn Exponential 0.726 0.297 0.591 97.6 Ln
Pb Gaussian 0.193 0.049 0.746 1.20 Ln
Cr Gaussian 0.133 0.029 0.782 1.31 Ln
Cu Spherical 0.124 0.008 0.94 4.2 -
As Exponential 4.178 1.084 0.741 98.5 -
Hg Gaussian 0.005 0.0007 0.861 1.85 -
Cd Gaussian 2.011 0.001 0.999 35.51 Ln
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Fig. 2 Semi-variogram of the heavy metals and spherical model fitness
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100% Cd
Iyeo
Cd(9.07)>Zn(1.67)>Pb(0.52)>Cu(0.12)>As(~0.06)>
Hg(-0.24)>Cr(-10.19) (1)
33 3 Zn As
3.3.1 (45 km)
(Lgeo) ( 4 Cr Cr
Zn Cd
67% 5%
84% Pb Cd 40 cm
70% - 2%
54% 44% Cu  As 1l cd
47% Hg -
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Table 4 The classification of heavy metal pollution based on the index of geo-accumulation in the soil of research area
Lgeo /n Pb Cr Cu As Hg Cd
<0 0 2% 16% 100% 46% 56% 53%
1~2 1 - 32% 70% 47% 39% 37%
2~3 2 16% 11% 7% 5% 9%
3~4 3 - 46% 2% 5%
4~5 4 5% 2%
5~6 5 -
6 6 100%
3.3.2 5 Cd>Cu>Pb>As>Zn>Hg>Cr Cd
x5 ETRERY. BESRERENR
6 5 6 Zn Cr Cu As Table 5 Ecological risk coefficient, risk index and classification of
He risk intensity
2% Pb 55% En RI
cd 12% <40 <150
40 ~ 80 150 ~ 300
En 80 ~ 160 300 ~ 600
Cd 160 ~ 320 >600
7 >320
*k6 MRXTFEEGRESREFITFNEH
Table 6 Risk index of heavy metals in the soil of research area
En
Zn 4.01 100%
Pb 11.81 98% 2%
Cr 0 100%
Cu 11.87 100%
As 4.22 100%
Hg 0.04 100%
Cd 53.66 33% 55% 12%
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Fig. 3 The distribution of potential ecological risk index as related with land use types in research area
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Fig. 4 The spatial variation of heavy metals based on the index of geoaccumulation in research area
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Evaluation on Heavy Metal Contamination and Its Potential
Ecological Risk in Soil: A Case Study of Nonferrous Metal
Smelting Zone in Wulatehougqi

YUE Rong', SHI Rui'", ZHANG Hong?

(1 Institute of Environmental Science of Bayannur, Inner Mongolia Autonomous Region, Linhe, Inner Mongolia 015000, China;
2 College of Environmental Science and Resources, Shanxi University, Taiyuan 030006, China)

Abstract: The concentrations of 7 heavy metals in soil in the nonferrous smelting area in Wulatehouqi, Inner Mongolia
Autonomous Region were determined. The spatial variability, potential sources, and ecological risk of heavy metals were
analyzed using geostatisticals, geoaccumulation index, and potential ecological risk index. The results indicated that: 1) the
concentration and distribution of 7 heavy metals in soil of this area were mainly influenced by human activities, and the effects of
soil forming factors were not significant; 2) the geoaccumulation index for these metals followed the order: Cd>Zn>Pb>Cu>As>
Hg>Cr, and the potential ecological risk index followed the order: Cd>Cu>Pb>As>Zn>Hg>Cr. All soil samples were significantly
polluted by Cd; 3) the comprehensive ecological risk was at a relatively low level. The potential pollution sources were
nonferrous metal mining and smelting, transportation, coal combustion, and irrigation with sewage.

Key words: Soil heavy metals; Spatial variability; Ecological risk assessment; Potential pollution sources



