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Heavy Metals in a Typical Region of the Yangtze River Delta
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Abstract: The method of factorial kriging based on the theory of coregionalization is developed by the combination of multi-statisticss
geostatistics and GIS. Soil available heavy metals of 126 topsoil samples in Kunshan city; a typical region of Yangtze River Delta; were
analyzed> and the spatial distribution pattern was investigated by the method of factorial kriging. Based on the analysis of multi-scale spatial
structure characteristics of available heavy metals; we discussed the pollution source and cause of this spatial distribution by means of spatial
scale-correlation analysis and spatial principal component analysis. Our results show that all the available heavy metals distribute normally or
lognormally with great variability, and the contamination of available Cd is the biggest. The available heavy metals are categorized into three
spatial scales, i.e. nugget> short-range (15 km) and long-range (40 km), respectively, and a linear model of coregionalization comprising
these three spatial scales is fitted to the experimental auto-and cross-variograms of the soil available heavy metals. Significant relationship is
found between Cd and Zn in the three scales. The spatial correlation of available heavy metals in short-range and long-rang are stronger than it
in nuggets while the long-rang has more obvious negative correlation than the other two spatial scales. The results of spatial principal
component analysis show the pollution sources are different in the three spatial scales. The kriging interpolation method was applied to work out
the distribution maps of first and second principal component of available heavy metal, which indicate that available heavy metal concentrations
in the soils are closely related to their industry activity, sewage irrigation and soil characteristics.

Key words: soil available heavy metals; factorial kriging; coregionalization; spatial scale correlation analysis; spatial principal component
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Fig.1 Sampling locations of soil available heavy metals
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Table 1  Descriptive analysis of available concentrations of soil heavy metals
L T I — Sﬁémﬁ;%ms A AR
/mgkg™! /mgekg™!  /mgekg™! £ 4 ' Symp: g e IURERL /mgkg™!
(2-tailed) (2-tailed)

Cd 0.154 0.136 0.027 2.45 0.88 6.10 42.25 0.000 0.206 74 0.12

Cr 0.352 0.215 0.125 1.74 0.61 3.34 15.76 0.000 0.566 38 65.7

Cu 5.56 3.336 0.87 18.44 0.60 1.76 3.89 0.001 0.238 30 22.8

Ni 1.53 0.737 0.59 7.42 0.48 4.40 32.02 0.001 0.396 22 29.1

Pb 3.83 2.557 0.42 18.65 0.67 2.72 10.56 0.000 0.247 43 20.4

Zn 7.86 6.117 1.58 46.85 0.78 2.83 13.05 0.000 0.232 59 73.0

Co 0.78 0.327 0.21 2.47 0.42 1.32 4.49 0.529 — 17 13.0

Hg  9x107* 6x107* 3x10°* 4x107° 0.79  2.30 7.32 0.001 0.228 60 0.16
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Table 2 Total variance explaination of factor analysis
e HIAARFAEAR PEIH BT i EIERQ =)
FRAEAL Ti%%  BBITEI% R TiZ%  BBITZEI%  FRIEAR 77 %1% FMTT %%
1 3.178 39.723 39.723 3.178 39.723 39.723 2.613 32.663 32.663
2 1.272 15.895 55.617 1.272 15.895 55.617 1.503 18.782 51.445
3 1.003 12.536 68.154 1.003 12.536 68.154 1.109 13.867 65.313
4 0.818 10.224 78.377 0.818 10.224 78.377 1.045 13.065 78.377
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Table 3 Non- and rotated component matrix
i Jié & i e s

e EE HT 2 EEE M7 4 EE W72 EEE M7 4
Cd 0.696 -0.363 -0.198 -0.035 0.809 0.031 0.009 -0.021
Cr 0.724 0.255 0.181 0.033 0.444 0.510 0.340 0.223
Cu 0.845 -0.112 -0.087 0.060 0.783 0.323 0.116 0.074
Ni 0.372 0.771 0.030 0.246 -0.081 0.849 0.258 -0.022
Pb 0.783 -0.429 0.006 -0.283 0.882 -0.120 0.259 0.135
7n 0.683 0.067 -0.275 0.461 0.582 0.605 -0.223 -0.063
Hg 0.189 -0.239 0.902 0.252 0.063 0.006 -0.011 0.983
Co 0.450 0.471 0.181 -0.629 0.140 0.191 0.892 -0.023
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Table 4  Double-models and parameters of experimental auto-and cross-variograms of soil available heavy metals
i 71 i 751
B Pt e K gjf@j;j—; AR i KR 4k +%§: 2 AR FE
Bt 4 7E % /km eyt Y AT /km
Cu 0.048 6 Bk 0.0332 14.42 BRIk 0.0345 43.30
cd 0.050 1 BRIR 0.0379 16.82 BRIR 0.0379 31.64
Cd-Cu 0.0490 BROIR 0.0333 14.57 22N 0.0351 43.30
Cr-Cu 0.1230 BROIR 0.0776 14.19 BRIk 0.1116 43.30
Cu-Hg 0.1282 Bk 0.1024 14.10 BRIk 0.1949 34.98
Pb-Cu 0.157 1 BRIR 0.1749 12.99 BRIR 0.187 8 43.30
Zn-Cd 21.6930 5 SN 16.8400 14.40 2SN 18.290 8 43.30
Hg-Cd 0.1700 BROIR 0.0008 15.88 Bk 0.001 4 43.30
Co-Cu 0.0952 BROR 0.006 6 15.02 BRIR 0.1419 43.30
F1 0.3552 BRIR 0.758 6 14.01 BRIR 0.7586 31.63
F2 0.6260 EROIR 0.5658 12.99 — — —
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Table 5 Correlation coefficient of available concentrations of soil heavy metals

Cd Cr Cu Ni Pb Zn Hg Co

Cd 1.000 0.375" 0.396" * 0.090 0.669" * 0.422" " 0.060 0.115
Cr 1.000 0.510" " 0.401"* 0.422° " 0.341°" 0.156 0.317° "
Cu 1.000 0.175" 0.702" "~ 0.633" " 0.110 0.283" "
Ni 1.000 0.000 0.266" " -0.021 0.290" "
Ph 1.000 0.289" " 0.168 0.250" *
7n 1.000 0.038 0.178"
Hg 1.000 0.032
Co 1.000

D n=1265 ros.16 =0.174s o011 =0.216, * K78 p <0.05 FHIEZFEMAKTFE, x *« FRIR p<0.01 FHEEEAKTF, FHE

Fo RERETIRANSESRHEXAY

Table 6  Correlation coefficients of available metal concentrations at nugget effect structure

Cd Cr Cu Ni Pb Zn Hg Co
Cd 1.000 0.440" * 0.144 0.197" -0.095 0.990" * 0.168 0.181"
Cr 1.000 0.541"" 0.050 -0.504" " 0.434" " -0.433"" -0.048
Cu 1.000 -0.375"" -0.168 0.146 -0.114 -0.443""
Ni 1.000 0.291° " 0.261" " -0.253"" 0.867" "
Pb 1.000 -0.069 -0.223" 0.409" *
Zn 1.000 0.133 0.280" "
Hg 1.000 -0.275""
Co 1.000

F7 NRETIHEAHSEERMBXRE
Table 7 Correlation coefficients of available metal concentrations at short-range structure

Cd Cr Cu Ni Pb 7n Hg Co
Cd 1.000 0.337" " -0.251" " 0.295" " -0.170 0.986" " 0.114 0.254" "
Cr 1.000 0.300" * 0.007 -0.343"" 0.355"" -0.370" * 0.716"~
Cu 1.000 -0.265" " -0.246" " -0.212" 0.023 0.206"
Ni 1.000 0.321° " 0.266"* -0.229" " 0.392" "
Pb 1.000 -0.106 -0.288" " -0.393""
Zn 1.000 0.152 0.274" "
Hg 1.000 0.267" "
Co 1.000
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Table 8  Correlation coefficients of available metal concentrations at long-range structure

Cd Cr Cu Ni Pb Zn Hg Co
Cd 1.000 -0.008 -0.321"" 0.638" "~ -0.435°" 0.599"* 0.372"* -0.032
Cr 1.000 -0.162 0.553" " -0.206" -0.178" -0.297"" -0.669" "
Cu 1.000 -0.527"" -0.471"" -0.366" " 0.088 -0.307""
Ni 1.000 -0.114 0.559" " -0.244" " -0.196"
Pb 1.000 0.120 -0.438" " 0.638" "
Zn 1.000 0.201" 0.429"*
Hg 1.000 0.217"
Co 1.000
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Table 9 Total variance explaination of factor analysis at different scales

< Pl R ANRUE KIRE
FEAEAR BT 1% FEAEAR BT 1% FEAERR BRI 2%
2.573 32.156 2.719 33.981 2.587 32.337
2.494 63.334 1.910 57.861 2.368 61.941
1.483 81.868 1.607 77.951 1.883 85.478
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