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Spatial Variability and Evaluation of Soil Heavy Metal Contamination in the

Urban-transect of Shanghai

LIU Yun-long', ZHANG Li-jia', HAN Xiao-fei’, ZHUANG Teng-fei' , SHI Zhen-xiang' , LU Xiao-zhe'

(1. Geography Department, Shanghai Normal University, Shanghai 200234, China; 2. Minhang Environment Protection Bureau,
Shanghai 201100, China)

Abstract: Soil heavy metal concentrations along the typical urban-transect in Shanghai were analyzed to indicate the effect of
urbanization and industrialization on soil environment quality. Spatial variation structure and distribution of 5 heavy metals ( Cu, Cr,
Mn, Pb and Zn) in the top soil of urban-transect were analyzed. The single pollution index and the composite pollution index were used
to evaluate the soil heavy metal pollution. The results showed that the average concentrations of the Cu, Pb, Zn, Cr, Mn were 27. 80,
28.86, 99.36, 87.72, 556.97 mg-kg™', respectively. Cu, Cr, Mn, Pb and Zn were medium in variability, Mn was distributed
lognormally, while Cu, Cr, Pb and Zn were distributed normally. The results of semivariance analysis showed that Mn was fit for the
exponential model, Cr, Pb, Cu and Zn were fit for the linear model. The spatial distribution maps of heavy metal content of the topsoil
in this city-transect were produced by means of the universal kriging interpolation. Cu was spatially distributed in ribbon, Cr and Mn
were distributed in island, while the spatial distribution of Pb and Zn showed the mixed characteristic of ribbon and island. With the
result of soil pollution evaluation, it showed that the pollution of Cr, Zn and Pb was relatively severe. Cr, Zn, Pb, Mn and Cu were
significantly correlated, and heavy metal co-contamination existed in soil. Difference of soil heavy metals pollution along * Urban-
suburban-rural” was obvious, the special variation of heavy metal concentrations in the soil closely related to the degree of
industrialization and urbanization of the city.

Key words:urban transect; soil heavy metals; geostatistics; spatial variability; pollution assessment
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Fig. 1 Distribution of soil sampling sites
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Table 1  Description statistics of soil heavy metal concentrations

b e o o N K-S #5340
LB %/;izﬁla o /izﬁfl /Z,jfl R WEE  Aeymp.Sip. | XTHCEH
(2-tailed) (2-tailed)
Cu 27. 80 10. 69 86. 67 15. 67 0.38 3.02 11.97 0. 00 0.12
Cr 87.72 12.42 137.33 54.67 0.14 0.44 3.56 0.48 -
Pb 28. 86 16. 38 168. 33 13.00 0.57 5.19 12.36 0. 00 0. 08
Mn 556.97 98.94 830. 00 296. 33 0.18 0.04 2.51 0. 44 -
Zn 99. 36 30. 81 249. 67 56. 00 0. 31 1.85 4.38 0. 00 0.23
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Table 2 Theoretical models and parameters of semivariance of soil heavy metals

_ s Hegx i SE1H Hed: 74 . , "
TEFETE PRI AR AY (Co) (Cy +0) [Co/(Cy +C,)1/% LTS e R
Cu SRkl 111.8 111.8 100 1. 52E +03 0.276
Pb LR PR 277.2 277.2 100 2.89E +04 0. 685
Zn LR ARE Y 882.5 944.7 93. 4 7.51E +04 0. 063
Cr LR PERRY 139. 64 163.97 85.2 8. 84E +02 0. 467
Mn TR EpR A 5930 16 930 35 1.53E +06 0. 968
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Table 3 The comparison of interpolating error with different soil heavy metals

o FHyiRE ¥Jrminsz FEIR R 2 AR L P PRIEALE AR ER 22
Cu -0.1023 10. 09 10. 89 -0.009 5 0.927 6
Cr 0.1677 12.05 12.02 0.013 6 1.004 0
Mn -0.0090 84.18 84.62 ~0.000 002 2 0.9927
Pb 0.096 4 15.3 16. 86 0. 005 6 0.9095
Zn 0.001 4 27.79 29.82 - 0. 000 062 0.9330
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Fig. 2 Spatial distribution of soil heavy metal contents and the composite pollution index
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Table 4  Correlation coefficients of the 5 heavy metals in the soil

Cr Mn Pb Cu Zn

Cr 1. 000 0.417** 0.153" 0.278"* 0.345"*
Mn — 1. 000 0.165°* 0.152* 0.192 "
Pb — — 1. 000 0.434** 0.521""
Cu — — — 1. 000 0.753* "
Zn — — — — 1. 000

1) " * FRBEME(P<0.01), " TRBEMHKE(P<0.05)
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