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Table1 Descriptive sgdistics of soil heavy metal concentrations in Taicang City
K-S
Mean Max Min mp. Reasonable
(mg kg ") v (mgkg™") (mgkg™ ) e Sewness - Rutrests Sig.A(z-n:apﬂed) Sig. ( 2 tailed) samples
pH 730 a7 8. 31 4.36 0.10 - 1.34 2% 0.32 — 1
Cd Q11 0 03 0. 17 0.05 0.27 -0.27 - 081 0.36 — 8
Cr 63 61 20 05 14. & 27. 84 0.32 0. 06 -07 0.99 — 11
Cu 32 37 19 58 91. 19 9.13 0. 60 1. 64 20 0.01 0.39 36
Ni 29 95 747 4. 60 13.76 0.25 -03 - 058 0.88 — 7
Hg 021 (V0] 0. 37 0.14 0.24 1.21 1 46 0.06 — 6
Pb 17. 98 8 14 46. 65 4.23 0.45 1.26 275 0.56 — 21
Zn 92 01 58 9 362. 63 33.46 0. 64 2.99 10 59 0.00 0.12 41
As 12 84 2 8 20. 70 7.19 0.22 1.07 (Y 0.40 — 5
;K-S & One Sample Kolmogorov Smirnov Test
2 , Cd Cr 50% , Hg  As
Pbh 1, 1, 87.0%  98%
i .42 1.46 ,
2 . Cu 92. 6% 2 , 4. 1%
Zn 4 5 , 64.8% 4
, Pb G ,57.4% 5 ,50%
31.5%  42. 6% , 6 , 33.3% 7
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, 16.7% 8 1.4.2 ,

( 3),Cd Cr Cu Ni Pb

Zn : B=(0.264 0.25 0),
6 [18]
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Table2 Degrees of soil heavy metal contaminations in Taicang city

Subjection limit

Local badkground Single factor Over standard ) Synthesis
(mg kg™ ") pollution index rate( %) Fist class Second class Third class Weiht evaluation grade
Cd 012 0. % 50.00 1. 00 000 0.00 0.102
Cr 65 72 0. 97 42.59 1 00 0 0 0.00 0. 109
Cu 22 78 1. 42 64. 81 0 88 012 0.00 0. 081
Ni 29 12 1. 03 57.41 096 oo 0.00 0. 141
Hg 016 1. 29 87.04 0 86 014 0.00 0.128 First class
Pb 20 39 0. 88 31.48 1. 00 0 0 0.00 0.029
Zn 73 02 1. 26 59.26 0 89 Q11 0.00 0. 147
As 8 80 1. 46 98.15 075 025 0.00 0.264
3
Table3 Correlation coefficients of the 8 heavy metals in the il
Cd Cr Cu Ni Hg Pb Zn As
Cd 1. 000 0.74"" 0.391"" 0.968"" 0. 172 0.511"" 0.453"" 0. 010
Cr — 1. 000 0.339" 0.773"" 0. 066 0.581"" 0.58"" - 0. 001
Cu - - 1.000 0.387"" 0. 079 0.554"" 0.364"" 0. 131
Ni — — — 1. 000 0. 142 0.48" 0.430* " 0. 056
Hg — — — — 1. 000 0.365"" - 0.015 -0.238
Pb — — — — — 1. 000 0.462"" 0. 045
Zn — — - - — — 1. 000 - 0. 057
As — — — — — — — 1. 000
2.2 , F ,
[2, 19] 4 ,
, F (p< 0.05),
P
( Co/
, ) (Go+ C))
s P P P
K-S ,Cd Cr Ni Hg < 25% » 25% ~
Pb  As ,Cu Zn 50% , 50% ~ 15%

,> 75%
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Table 4 Theoretic model and paramete's of semivariance of soil heavy metals

/ R2 F
Model
Nugget Sill Range ( km) Nugget/ sill( % ) Dd erminaton coefficient F test
cd Spherical M odel 0.000 4 0.001 0 565 40. 00 0.220 14.62**
Cr Exponential Model 2%. 07 458.85 34 22 64.52 0.117 6.90"
Cu Exponential Model 0.018 1 0.067 2 34 22 26.93 0.299 22.21%
Ni Exponential Model 2.25 61.32 473 .81 0.152 9.30""
Hg Spherical M odel 0.000 2 0.002 5 245 8.00 0.198 12.84"
Ph Exponential Model 27.58 82.13 34 22 33.57 0.275 19.72"
Zn Fxponential Model 0.020 0 0.042 5 34 22 47.06 0.163 10. 10"
As Exponential Model 3.31 8.51 9 34 38.87 0.293 21.50"
i n= 54,R; = 0.336(R>= 0 113) ,Rq= 0.410(R2= Q 168),F 5= 4. 00, Fy o= 7. 08
2.3 . As R
) )
(Ordinary Kriging) , , (20
(2
2 ,Cu 7Zn Pb Cr ,
Cu Zn Pb Cr , ,
,
(1
> , ,
“ 7 . 20~ 50 mg kg ',
) 3~5 )
,45% R , (21
) [20]; Hg
, , ,
)
Cu 7Zn Pb Cr , ,
. , . Hg, ( )
[21]
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0.050~0.065 27.84~37.22 9.13~15.63
0.065~0.078 37.22~4531 15.63~19.68
0.078~0.091 4531~52.29 19.68~22.19

w 0.091~0.103 52.29~58.30 22.19~23.76
@ 0.103~0.115 e 58.30~63.48 W 23.76~26.27
™ 0.115~0.125 W 63.48~69.49 ™ 26.27~30.31
m 0.125~0.136 MW 69.49~76.46  30.31~36.82
m 0.136~0.146 M 76.46~84.55 W 36.82~4728
M 0.146~0.158 M 8455~93.93 W 47.28~64.11
| 0.158~0.170 | 9393~1048 W 64.11~91.19
13.76~18.23 0.140~0.161 4.23~8.15
18.23~22.21 0.161~0.175 8.15~10.97
2221~25.73 0.175~0.185 10.97~13.01
o 25.73~28.86 1 0.185~0.192 13.01~14.48
W 28.86~31.65 B 0.192~0.203 o 14.48~16.51
M| 31.65~34.12 M 0.203~0.217 mo1651~19.34
M 34.12~36.31 M 0.217~0.238 W 19.34~2325
W 3631~38.78 M (.238~0.267 W 23.25~28.68
M 38.78~41.56 -1 MW 0.267~0.310 o W 28.68~36.21
W 41.56~44.69 Hg(mgke™)  m 0310~0.370 Pb(mgke™)  my 3621~46.65
33.46~48.27 7.19~9.44
48.27~58.33 9.44~10.71
58.33~65.17 10.71~11.44
™ 65.17~75.23 ©11.44~1185
B 75.23~90.04 W11.85~12.09
W 90.04~111.83 ™ 12.09~12.50
M 111.83~143.89 M 12.50~13.23
M 143.89~191.07 | 13.23~14.50
4 W 101.07~260.49 X W 1450~16.75
Zn(mgkg™)  mm 260.49~362.64 As(mgkg™) ' mm 16.75~20.70
2

1.46,

50%
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Fig 2 Spatial disribution of heavy metals concentration in the topsoil in Taicang City
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SPATIAL VARIABILITY OF SOIL HEAVY METALS CONTAMINATION
IN THE YANGTZE RIVER DELTA
—A CASE STUDY OF TAICANG CITY IN JIANGSU PROVINCE

Zhong Xiaolan'  Zhou ShenglulJr Li Jiangtaol Zhao Qiguo2
(1 School  Geographic and Oceangraphic Sdences, Narjing University, Narjing 210003,  China )
(2 Institute of Soil Sdence, Chinese Academy ¢ Sdences, Nanjing 210008, China)

Abstract Environment and health of the soil are closely linked with the developments of urbanization, industrialization and
ggricultural intensivism. In this article, spatial distributions of 8 heavy metals (Cd, Cr, Cu, Ni, Hg, Pb, Zn and As) in the
topsoil (O~ 20 an) in Taicang city, a typical region of the Yangtze River Delta, were analyzed by mean of the geostatistical
method, and heavy metal contamination of the soil evaluated comprehensively by means of Fuzzy Mathematical Models. Zn and
Cu were distributed lognamally, strong in variability, while Cd, Ni, Hg, As, Cr and Pb distributed nomally, medium in varr
ability. Apart from Cd, Cr and Ph, all the other soil heavy metals exceeded their background levels in concentration, and As
ranked first in contamination index and over limit rate. Compound heavy metals contamination of the soil inTaicang was quite se-
vere, and evaluated as Grade One. The results of semivariance analysis showed that Hg and Cd were fit for the spherical model,
and the others fitted for exponential model, and the distributions of the 8 heavy metals were correlated in a given spatial range.
The Kriging interpolation method was applied to work out heavy metal concentration distribution maps, which indicate that heavy
metal concentrations in the soils are closely related to their parent material, soil texture, and organic matter contents and the de-
gree of industrialization, urbanization and agricultural intensivism of a city.

Key words Soil heavy metals; Geostatistics; Fuzzy Mathematics; Compound contamination; Spatial variability



