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2.2
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[22]
[23]
[24]
ArcGIS
As Cd Cr Cu Ni Zné6
Hg
2.2.2
[25]
[26]
R 7
7
7
3
31
(D pH 54~10.7
9.0 N P
456 mg/kg 1 068 mg/kg K,0
21.3 ~37.5 mg/kg
0.9~29.9 g/kg 9.7 g/kg

http://soils.issas.ac.cn



4 821
3.2
F1 TEEARBEUEREIT
Table 1 Basic physical and chemical properties of soil
pH N(mg/kg) P(mg/kg) K,O(mg/kg) (g/kg)
54~10.7 189 ~ 1 847 214 ~2942 21.3~37.5 0.9~299
5.4 189 214 21.3 0.9
10.7 1847 2942 37.5 29.9
9.0 456 1068 28.3 9.7
1.1 430 430 33 4.6
( 2 Cu Hg Ni Cr Zn Cd 36.65
31.12 29.20 2891 28.74 23.38 23.00
As Hg Cd Cr Cu Ni Zn7 Hg Cu Ni
( 6.84 0.024 0.078 46.01 15.75 19.78 Cr As Cd Zn 35833 32.06
49.93 mg/kg) 29.93 28.77 28.33 28.21 25.63
As Hg 29.2
Hg Cd Cr Cu Ni Znb6 358.33
As Hg Cd Cr Cu Ni Hg
Zn7 6
1.02 1.7 1.2
1.14 1.14 1.07 1.04 Hg
6
33
7 As
*2 ZERETERE. RREEEMREINER
Table 2 Descriptive statistics of heavy metals in topsoil and deep soil in Zhaoyuan County
[27] [28]
(mg/kg) (mg/kg) (mg/kg) (%) (mg/kg) (mg/kg)
As 2.00 ~ 13.00 6.84 1.94 28.33 0.127  -0.549 11.2 6
1.90 ~ 15.70 6.71 2.46 36.65 0.456  0.057
Hg 0.007 ~2.552 0.024 0.086 358.33 26.327 736.479 0.065 0.06
0.004 ~ 0.033 0.014 0.040 29.20 0.831 2.306
Cd 0.030 ~ 0.169 0.078 0.022 28.21 0.669  0.631 0.097 0.35
0.040 ~ 0.136 0.065 0.150 23.00 1.07 2.593
Cr 12.46 ~78.51 46.01 13.24 28.77 -0.044 -0.801 61 70
13.05 ~71.30 40.33 11.60 28.74 0.009 -0.466
Cu 4.37~27.77 15.75 5.05 32.06 -0.08 -0.786 22.6 30
5.10 ~ 26.80 13.77 4.29 31.12 0.19  -0.332
Ni 5.01 ~35.30 19.78 5.92 29.93 -0.102  -0.657 26.9 50
6.09 ~33.90 18.45 5.34 28.91 0.107 -0.243
Zn 20.18 ~ 87.07 49.93 12.80 25.63 -0.094 -0.503 74.2 90
22.87 ~ 85.90 48.15 11.26 23.38 0.176  0.258
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1.05 1.00 0.98 1.10
229 125 1.17 122 1.31 1.08
( 3 974 As Cd Cr
239 Cu Ni Zn 6
3
Hg Cd Cr Cu As Cd Cr Cu Ni Zn
Ni Zn 6 6
As 6
As Hg 1.38 2.29

As Hg Cd Cr Cu Ni Zn7
0.93 1.38 1.30 1.10

*3 ZEFRETEABIBRMNIIEREMRAEZELEESE(mgke)

Table 3 Heavy metal contents in topsoil and deep soil with different soil parent materials in Zhaoyuan County

As Hg Cd Cr Cu Ni Zn
2.60~13.00 0.008~0.136  0.030~0.156 15.39~72.45 4.54~27.72 5.76~31.33 20.18 ~73.01
(n=536) 6.45 0.018 0.07 40.32 14.11 17.61 43.14
1.64 0.008 0.02 11.58 4.69 5.34 10.08
2.60~1570 0.004~0.027 0.042~0.133 13.05~6034 6.03~253 6.09~30.44 22.87~78.47
(n=132) 6.91 0.013 0.062 36.7 13.43 17.62 44.06
2.47 0.0039 0.014 10.45 3.81 5.00 10.45
2.00~11.80 0.007 ~2.552  0.033~0.169 12.46~77.80 4.37~275 5.01~353 2228~ 86.30
(n=438) 7.48 0.032 0.086 53.10 17.94 22.55 57.52
2.10 0.13 0.02 11.83 4.69 5.50 10.93
1.90 ~13.40  0.008 ~0.025  0.040 ~0.136 17.01~71.30 5.1~268 8.45~339 27.34~85.90
(n=107) 6.76 0.014 0.069 4535 14.67 19.94 53.28
241 0.0037 0.015 11.27 4.52 5.39 10.22
34 ArcGIS
34.1 As Cd
SPSS 7 Cr Cu Ni Zn 6
7
0.01 Hg
Cr(0.639) 2 2
Ni(0.598) Zn(0.585) Cu(0.557) As(0.493) Cd(0.167) DAs Cr Cu Ni Zn 5
Hg(0.100) 7
Cd Hg
, Cd Hg Cd Hg
Cd Hg
3.4.2
7 @

As Cr Cu Ni Zn 5
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Fig. 2 Spatial distribution of heavy metal contents in topsoil and deep soil in Zhaoyuan County
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Fig.3 Clustering analysis of heavy metals in topsoil in Zhaoyuan County
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Table 4 Factor matrix of heavy metals in soil in Zhaoyuan County Hg
1 2 1 Hg Hg
As 0.833 -0.084 0.786
Hg 0.129 0.984 0.709
Cd 0.596 0.097 0.682
Cr 0.981 -0.057 0.96
Cu 0.968 —0.042 0.953
Ni 0.981 —-0.066 0.972 A
Zn 0.917 0.051 0.944 4 Zit
(%) 68.147 14.227 75.013 1)
(%) 68.147 82.373 75.013
Cr Cu Ni Zn 4
0.944~0972 As Hg Cd 3 2) Hg
0.682 ~ 0.786 R
7 Hg
2 2 Hg
68.147% 14.227% 82.373%
Cr Cu Ni Zn 4 3) As Cd Cr
Cu Ni Zn
Hg As
0.984 Cd Cr Cu Ni Zn
Hg G45
Hg
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Discrimination of Heavy Metal Sources in Topsoil in Zhaoyuan
County Based on Multivariate Statistics and Geostatistical

ZHANG Hui, ZHENG Zhizhi, YANG Huan, MA Xinpeng, WANG Juwu
(College of Resources and Environmental Sciences, Northeast Agricultural University, Harbin 150030, China)

Abstract: Pedosphere is one of the most significant spheres for human health effects. Discriminating the natural and
anthropogenic sources of soil heavy metals is of great significance to soil remediation and safeguarding human health. This study
took Zhaoyuan County in Heilongjiang Province as the study area, by using the methods of spatial interpolation analysis,
principal component analysis and cluster analysis, analyzed the contents and spatial distribution of heavy metals of As, Hg, Cd, Cr,
Cu, Ni and Zn in topsoil and deep soil, and then analyzed the sources of heavy metals in topsoil. The results showed that soil
parent material, as an important source of topsoil, has a significant influence on the contents and spatial distribution of heavy
metals in topsoil; Hg in topsoil showed a whole range of enrichment in topsoil, and Cd showed a certain enrichment in the local
area, which are caused by human pollution; the immigration of heavy metals to upstream catchment areas is attributed to the mild
enrichment of heavy metals of As, Cd, Cr, Cu, Ni and Zn in topsoil in the study area.

Key words: Multivariate statistics; Geostatistical; Heavy Metal; Source
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