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Multivariate Geostatistical and GIS-based Approach to Study the Spatial

Distribution of Soil Heavy Metals in Field Scale

LU An-xiang, WANG Ji-hua; PAN Yu-chun, MA Zhi-hong, ZHAO Chun-jiang
(National Engineering Research Center for Information Technology in Agricultures Beijing 100097, China)

Abstract: One hundred and two surface soil samples were collected from four fields in a farm in Daxing district of Beijing, and analyzed for
concentration of Cus Zn, Pb, Cr and Cd. Soil pH, OM; the concentration of Fe and Mn was also analyzed. The results of statistical analysis
indicated there was no significant difference among three wheat fields, but the difference between wheat field and vegetable field was evident.
In the wheat fields, the concentration of heavy metals in soil was all below the critical value of first level in environmental quality standard for
soils. On the contrary, the concentration of Cd in some plots of vegetable field exceeded the critical value of second first level in environmental
quality standard for soils. Principal component analysis was applied to estimate the sources of heavy metals. The results grouped Cus Cd> and
Zn in factor 1, Cr in factor 2, Pb in factor 3. Semivariogram of factors in the whole farm was fitted well by Gausssian model. Further analysis
showed good spatial correlation of factor 1, and poor spatial correlation of factor 2 and factor 3. The approach of ordinary kriging interpolation
approved the Cus Cds Zn in the soil was associated with the agricultural landuse. The distribution of heavy metals was mainly attributed to the
excessive input of fertilizer and pesticide in vegetable product practice.
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Fig.1 Distribution pattern of collected soil samples
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Fig.2  Box-Whisker plots of pH, OM and heavy metals in the four different plots of the studied farms
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Table 1  Correlations matrix for the heavy metals; pH> SOM and Fe, Mn in the vegetable field
pH SOM Cu Pb Zn Cr Cd Fe Mn
pH 1 0.376 -0.116 -0.226 -0.100 -0.276 0.453" -0.265 -0.170
SOM 1 -0.155 0.177 -0.046 -0.305 0.094 -0.223 -0.059
Cu 1 0.057 0.933" " 0.726" " 0.264 0.152 0.755° "
Pb 1 0.061 0.379 -0.343 0.052 0.204
Zn 1 0.676" " 0.345 0.174 0.775° "
Cr 1 -0.027 0.514" 0.722" "
Cd 1 -0.075 0.067
Fe 1 0.432
Mn 1

1) % % FoR8 99% BAG XA EE, « FoR 95% EfFXIMEE, FHE



7 Fili 22 F 45 - /N RUBEAR FH 358 vh BE 0 I e v 20T 5 2 TB) 3 AR AT 9 1581
%2 KHEHLIEpH. AR .Fe.Mn FILEEERBTREHEXRY
Table 2 Correlations matrix for the heavy metals; pH, SOM and Fe> Mn in the wheat field
pH SOM Cu Pb Zn Cr Cd Fe Mn

pH 1 0.103 -0.262" -0.062 -0.017 -0.053 0.099 -0.139 -0.228"
SOM 1 -0.078 -0.089 0.028 -0.075 0.014 -0.139 -0.249°
Cu 1 0.611° " 0.349" ~ 0.499" ~ 0.308" 0.392" " 0.668" *
Pb 1 0.326" " 0.176 0.222" 0.170 0.468"
Zn 1 0.319" " -0.022 0.101 0.2327
Cr 1 -0.075 0.301" " 0.4337
Cd 1 -0.096 0.101
Fe 1 0.419" "
Mn 1
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Table 3 Eigenvalues of factor for the studied farm

SN A ﬁﬁ%ﬂ?%ﬁ%ﬁﬁ A ﬁﬁ%’ﬁ%ﬁ%ﬁ
LS RORIES TR/ % FF kA % AL IR/ % 2Tk %
1 2.32 46.4 46.4 2.28 45.5 45.5
2 1.34 26.8 73.2 1.12 22.3 67.9
3 0.786 15.7 88.9 1.05 21.1 88.9
4 0.357 7.13 96.1
5 0.197 3.95 100
x4 EHS KT
Table 4 Component matrixes
T TiE e A e min Ty R T e A J5 T R T
1 2 3 1 2 3
Cu 0.933 0.053 -0.002 0.901 0.197 0.149
Pb 0.180 0.716 0.664 0.043 0.097 0.988
7n 0.906 0.011 -0.034 0.883 0.184 0.094
Cr 0.255 0.744 -0.580 0.081 0.969 0.097
Cd 0.728 -0.520 0.084 0.822 -0.307 -0.193
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Table 5 Semivariogram models for principal component factors

F gy it Pl ¢, el c+ ¢ HRAZERE /m Hea At/ G 1H hE R R?
R e A 2R 0.245 1.24 168 0.197 0.966
W FR g g 0.748 1.04 322 0.719 0.975
W E RS e AR R 0.857 1.06 360 0.808 0.988
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Fig.3 Kriging interpolation map of principal component factors

in the studies farm
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