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Table 1 Descriptive statisics of heavy metal concentrations n the soils aound the Nanjing Chanical Industry Pak

Minimum Maximum Average SD Badkground value Frs standad of natimd
Meal Sample number CvV
(mg kg™ 1) (mg kg~ 1) (mg kg~ 1) (mg kg™ 1) (mg kg™ 1) value( mg kg™ 1)
Cu 54 17. 50 3270 23 4 374 15 95% 3220 3500
/n 54 47. 00 1130 67. 09 12 59 18 76 % 76 68 100
Cr 54 57. 60 87. 40 68 70 691 10 06% 5900 20
Cd 54 Q090 Q 250 Q 165 Q034 20 98 % Q 190 Q 200
Hg 54 Q030 Q 960 Q364 Q245 67. 42% Q 120 Q 150
As 54 417 11. 30 715 1. 96 27. 34% 10 60 1500
2.2
C P
2 3
2
2
. . T 2 i for the Cu, Zn, Cr, As
( Dla,gonal dlStaIlCC) able Class centroids for the Cu, n,1 Cr, As
and the Cd, Hg dataset (mg kg™ ')
n(=5)xp(=6) X °
A B
= s
. Class centroids C 7 C As Cd He
(Class centroids) ‘ ! ! i .
G 2024 5910 6463 554 0158 0.143
’ G 2477 673 6818 839 0162 0.397
54x 4 54x2 X1 Xo, G 2812 848 8005 8& 0182 0.767
( :Cu Zn Cr As; :Cd Hg)
c ¢ 3
X Table 3 Partial menberships of the sampled soils to
! ’ 0.5 classes of heavy meal concentrations
, ¢ - (Yr/ 6%)c”
DFirst group YSecond group
2 , 3, - -
0 Sample CP) o Ca Cs CP Cy G G
_ /) OP) ¢ =
( &ﬁ/ 6 ) ¢ ? ¢ 3 1 0.943 0.501 0.444 0.055 0141 0915 0 056 0.029
N 2 0.817 0.33 0.513 0.157 0470 0760 0 010 0.230
c=3 ¢=1.45 , - (SJF/ 6“P)COS , 3 0.684 0.118 0.28 0.59 0037 090 0003 0.017
4 0.195 0.896 0.091 0.013 0727 Q345 0618 0.037
c=3 ¢=1.45 30 0.055 0.023 0.968 0.009 0002 Q99 0000 0.001
ce=3 Y= 1.6 31 0.277 0.015 0.131 0.8%4 0075 0 05 0 005 0.960
32 0.066 0.012 0.961 0.027 003 0016 0002 0.982
00T a3 33 0.314 0.018 0.834 0.148 0013 0006 O 001 0.993
34 0.011 0.004 0.993 0.003 0002 0000 0001 0.999
35 0.821 0.585 0.406 0.009 002 098 0002 0.010
36 0.015 0.992 0.007 0.001 Q013 093 0001 0.006
37 0.017 0.991 0.008 0.001 0002 099 0000 0.001
38 0.004 0.998 0.002 0.000 0006 0003 0000 0.997
39 0.159 0.011 0.915 0.074 0053 0 M5 0003 0.972
40 0.097 0.951 0.048 0.001 0176 0086 0 004 0.910
51 0.846 0.234 0.460 0.306 0033 0016 0001 0.983
2 52 0.466 0.078 0.1% 0.728 0002 099 0 000 0.001
¢ _ ((S]F/(S‘-P) U 53 0.024 0.002 0.011 0.987 0610 0301 0008 0.691
Fig 2 Fuzines exponent (%) agains— ( &/ 59) 5 54 0.062 0.968 0.030 0.002 0016 0007 Q91 0.002
for different class numbas of the Cu, Zn, Cr, As dataset 1) Cu, Zn, Cr, As;2)Cd, Hg; 3) CI: Confusion index
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Fig 3 Kriging prediction of patial memberships of oik to individual fuzzy classes of Cu, Zn, Cr, As (A) and Cd,
Hg data set (B) (Ci= class I; Cy= clas 2; Cs= class 3)
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Fig 4 A scatter plot of confusion indices of soil sampling sites
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SPATIAL PREDICTION OF SOIL HEAVY METAL POLLUTION
BASED ON FUZZY SET THEORY

Tan Manzhi*?  Chen Jie'! Xu Fangming® Zheng Hailong®  Zhang Xuelei'
(1 State K ey Laboratory ¢ Soil and Sustanable A gricdture, Institute o Soil Science, Chinese Academy o Sciences, Naging 210008, China)
(2 Graduate School f the Chinese Academy ¢f Sdences, Bejing 100039, China )
(3 Gollege f Nudeus and Automation Technology, Chengdu University ¢ Tednolegy, Chengdu 610008, China)
(4 Depatment of Geography and Resource Management, the Chinese University o Hong Kong, China)

Abstract Based on the lab data of concentrations of total Cu, Zn, Cr, Cd, Hg, and As obtained through deermination of
54 topsoil samples, continuous classification of heavy metal concentrations of the sampled soils was conducted with fuzzy e-mean
algorithm (FCM). And, membership values of the sampled soils in each class were interpolated using ordinary kriging to predict
spatial distribution of soil heavy metal concentrations and pattern of soil heavy metal pollution of the investigated area. The ob-
tained results show that the concentrations of Cu, Zn, Cr, As and Cd in soils in the area were below the national criteria for soil
environment and even their background values, and that no accident of soil heavy metal pollution had ever occur. The concentra-
tions of Cu, Zn, Cr andAs, however, inthe soils of the west and south paits of the investigated area were higher than that in the
rest, and in a fewer plots enrichment of Zn and Crwas found, perhaps demonstrating influences of industrial activities and traffic
on the soil environment. It was revealed that Hg was the dominant heavy metal pollutant, and soil Hg pollution occurred mainly
in vegetable production bases and land on either side of Chuhe River, especially the vegetable production bases in the central
part of the investigated area. Compared to the interpolation method, spatial prediction based on the fuzzy set theory could achieve
a continuous output with significantly higher accuracy.

Key words Fuzzy set theory; Fuzzy e-means; Continuous classification; Spatial prediction; Soil pollution; Heavy metal



