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Cr
[23]
Zn
1.4 10% Zn
SPSS19.0
GS+9.0 4 Cr Zn
As>Hg 0~10 cm
ArcGIS10.1 Cr As 0~10cm 20 ~ 30
(ordinary kriging OK) cm 10 ~ 20 cm s
- 7z Zn Hg
2
(SD)
2.1 (CV)
0~10 10~20 20~30cm [26-27] CV = 100 10
Zn Cr Hg As CVvV 100 CV <10
1 1 1 Cr Zn As
4 (24l 10% ~ 100%
Cr Hg As 82.09 0.063  31.77 mg/kg 3
0.6 2.1 1.8 Hg
60% 100%
3
251y
x1 MRXEZESEHEAMRITER
Table 1 Descriptive statistics of heavy metal contents in soils of study area
(cm) (mg/kg) (mg/kg) SD (%) (mg/kg) (%) K-S P
Zn 0~10 26.24 ~ 81.23 48.05 144.82 12.03 25 68.80 2 0.75
10~20 25.60 ~72.94 47.49 107.75 10.38 22 4 0.42
20~30 24.55~86.06 46.06 135.97 11.66 25 2 0.72
Cr 0~10 30.84 ~187.06 84.74 2 484.72 49.84 59 49.30 63 1.66
10~20 29.74 ~174.91 80.42 2 074.57 45.55 56 61 1.48
20~30 26.67 ~191.90 81.11 2227.99 47.20 58 59 1.59
Hg 0~10 0.01 ~0.51 0.07 0.01 0.10 142 0.02 61 2.11
10 ~ 20 0.01 ~0.27 0.06 0.05 0.07 116 60 1.84
20~ 30 0.01 ~0.58 0.06 0.10 0.09 150 62 2.18
As 0~10 1.48 ~119.20 32.63 290.59 17.05 52 11.20 92 1.22
10~ 20 3.19 ~59.37 30.53 136.65 11.69 38 94 0.47
20 ~ 30 3.53~97.31 32.17 250.58 15.83 49 96 1.13
2.2 0.05 QQ
2 2
K-S P Co
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Zn As Hg
CotC Cr 4
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=75% A
25% ~ 75%
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|
D
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0.54 ~ 0.92
4 Zn Cr Hg As
Zn  As
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Table 2 Semivariance function types and model parameters of soil heavy metal contents

(cm) Co (Co+ C) Col(Co+C)(%) A(km) R D
Zn 0~10 84.06 181.07 46.4 0.58 0.69 1.98
10 ~20 33.15 153.21 21.6 0.41 0.57 1.91
20 ~30 76.64 179.35 42.7 0.61 0.63 1.94
Cr 0~10 0.05 0.08 62.5 0.03 0.54 1.94
10 ~20 0.02 0.08 25.0 1.07 0.46 1.98
20 ~ 30 0.04 0.06 66.7 0.03 0.57 1.97
Hg 0~10 0.14 0.28 50.0 0.87 0.89 1.56
10 ~20 0.04 0.21 19.1 0.09 0.78 1.88
20 ~30 0.07 0.22 31.8 0.11 0.92 1.70
As 0~10 71.08 192.38 36.9 0.48 0.89 1.84
10 ~20 19.32 150.42 12.8 0.18 0.91 1.89
20 ~ 30 68.94 129.92 53.1 1.01 0.83 1.99
2.3 ASE RMSE
RMSSE 1
( 3)
0~10 10~20 20~30cm
Zn Cr Hg As 3 Zn Cr Hg As
¢ 3
ME MSE 0
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Fig. 2 Semivariance functions of soil heavy metal contents
*3 ITEESEXXNWIEREESH
Table 3  Precision parameters of cross validation of heavy metal contents in soils
(cm) ME MSE ASE RMSE RMSSE
Zn 0~10 0.417 0.039 9.014 8.634 0.861
10 ~ 20 -0.230 -0.012 7.826 6.476 1.095
20 ~30 0.334 0.035 8.782 8.590 0.798
Cr 0~10 0.260 0.018 4.365 4.657 1.079
10 ~ 20 0.208 0.009 3.982 4.054 1.025
20 ~ 30 0.345 0.024 4.230 3.895 1.034
Hg 0~10 -0.105 -0.137 0.108 0.102 0.868
10 ~ 20 -0.003 —0.246 0.105 0.078 1.156
20 ~30 -0.011 -0.287 0.107 0.106 1.290
As 0~10 ~0.037 0.005 8.641 9.785 1.119
10 ~ 20 -0.123 0.002 7.524 9.060 1.114
20 ~ 30 0.180 0.016 9.325 10.782 1.207
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Fig. 3 Spatial distributions of heavy metal contents in soils at different depths
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Spatial Variabilities and Distributions of Heavy Metal Contents in
Opencast Mine Soils

Abdusalam ABDUJAPPAR" %, WANG Hongweil’ ” YANG Shengtian3, Mamat SAWUT"?,
Zaytungul YAKUP"*, HE Zhenzhen'*

(1 College of Resources and Environmental Science, Xinjiang University, Urumqi 830046, China;
2 Ministry of Education Key Laboratory of Oasis Ecology, Xinjiang University, Urumqi 830046, China;
3 School of Geography, Beijing Normal University, Beijing 100875, China)

Abstract: The open coal mine in East Junggar Basin was selected as study area, a total of 52 soil samples around mine
were collected from the depths of 0—10 cm, 10-20 cm and 20-30 cm of soil profiles and the contents of Zn, Cr, Hg and As were
tested, geostatistical methods was used to quantitatively analyzed the spatial variability and distribution of heavy metal contents.
The results indicated that the contents of soil heavy metals were in the order as Cr Zn As Hg, and Cr, Hg and As were 0.6,
2.1, 1.8 times higher than those of regional background values, respectively, the over-limit rates were all above 60%. The
Gaussian, Exponential and Spherical models mostly conformed to semi-variance function, and nugget values were positive. The
surface and deep nugget coefficients of soil heavy metal contents presented medium spatial correlation between 25%—75%,
mainly influenced by random factors and structural factors. The spatial distribution showed that high values of heavy metal
contents assembled around the coal mine area and industrial parks, while low values in the southern of study area and edge of the
Gurbantunggut Desert. Heavy metal contents showed increasing trends from south to north. The contents of Zn and Hg decreased
with the increase of soil depth, while As content existed great differences in all horizons. The above results provide theoretical
bases for controlling of soil heavy metal pollution and improving the ecological environment.

Key words: Opencast mine; Heavy metal; Spatial variation; Geostatistical analysis
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