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Fig. 1 Soil sampling sites in Dafeng City
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Zn Pb Cr As Hg
x 1 ITBREEBHRITHIEE
Table 1  Statistical parameters of soil heavy metals
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) #(mg/kg)
Cu 162 6.82 49.62 17.40 5.22 29.99 1.84 9.57 35
Zn 162 44.01 126.65 74.38 15.23 20.48 0.53 0.44 100
Pb 162 11.36 33.21 18.14 3.56 19.61 0.83 1.38 35
Cd 162 0.001 0.305 0.105 0.04 38.2 1.02 4.02 0.2
Cr 12 29.27 88.84 55.58 12.64 22.73 0.12 —-0.45 90
As 162 3.56 14.62 8.33 2.11 25.33 —-0.03 0.19 15
Hg 162 0.052 0.139 0.074 0.016 21.16 1.03 1.14 0.15
Ni 162 16.93 50.75 25.73 4.68 18.19 1.26 5.09 40
e i (GB 15618—1995)12"
2.2 8 3
(P<0.05) 8
0~15 15~30 30~45km 3 3 Cu Zn Pb
48 53 61 As Hg Ni6 30 ~ 45 km
Cd 15 ~ 30 km
2 Cr 0~15km Zn
2 Cu Zn Pb Cd Cr 0~15km 30~45km
Pb Cr Hg Ni 6
As 15 ~30 km 0~ 15km
cd 30 ~ 45 km (P<0.05)
* 2 AEHBRETREBEXELTIEECESERHE
Table 2 Concentrations of soil heavy metals in different areas perpendicular to coastline
0~15km 15 ~30 km 30 ~ 45 km
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
Cu 7.91~31.48 1542 ¢ 27.21 13.08 ~ 24.46 19.59b 13.00 6.82 ~49.62 20.73 a 33.39
Zn  44.01 ~106.56 67.44 ¢ 17.02 59.68 ~ 111.37 80.64 b 13.80 62.57 ~ 126.65 8738 a 18.31
Pb 11.36 ~29.22 16.23 ¢ 16.81 14.44 ~22.58 18.97b 10.79 13.51 ~33.21 2185a 16.48
Cd  0.001 ~0.172 0.096 b 34.69 0.059 ~ 0.305 0.130 a 39.21 0.036 ~0.208  0.104 b 34.06
Cr 29.68 ~ 80.36 50.72 ¢ 21.15 40.55 ~75.32 59.06 b 15.40 29.27 ~88.84  65.64a 20.77
As 4.11 ~ 14.62 8.93a 20.15 4.15~12.74 8.85a 15.99 3.56 ~ 14.57 6.20b 33.97
Hg 0.052 ~0.091 0.064 b 10.76 0.070 ~ 0.114 0.086 a 13.51 0.061 ~0.139 0.090 a 16.02
Ni 16.93 ~39.01 2398 ¢ 16.08 20.89 ~31.32 26.70 b 7.15 17.96 ~ 50.75 29.58 a 20.06
P<0.05
2.3
5 3 8
5 Cu Zn
Pb Cr Hg Ni6
Cd
> > As

http://soils.issas.ac.cn



355

> > > >

#3 ARELHF AL LTIESEEESE(mg/ke)

Table 3 Concentrations of soil heavy metals in different land use types

Cu

Zn Pb Cd Cr As Hg

Ni

18.63+4.94b 77.11+£1522b 19.10+3.53b 0.121+0.052a 57.82+11.57b 852+2.08a 0.079+0.015a 26.59+533b
20.17+594a 84.40+14.16a 20.70+3.28a 0.103+0.033¢c 63.03+13.74a 6.90+2.33b 0.081 +0.016a 28.43+4.60a
1596 +4.67¢c 73.72+14.88¢c 17.12+2.80c 0.112+0.039b 51.18+12.37¢c 8.34+1.44a 0.078+0.018a 23.88+3.47c¢
1595+3.5¢c 68.69+1236d 16.78£2.47¢c 0.094+0.035d 53.19+11.55¢c 8.74+1.52a 0.065+0.008 b 24.71 £3.76 ¢
1587 +£5.55¢ 67.08+14.06d 16.66+3.89¢c 0.096+0.033 cd 51.13+10.21c 9.30+2.19a 0.064 +0.007b 24.46 +4.66 c

P<0.05
24 Cd Cu
As Ni Zn Pb Hg Cr
Cr Hg
0.450 0.5
(22] Pearson
4 4 As
x4 MREXFTEITIEEFELE Pearson FHXRE
Table 4 Pearson's correlation coefficients of soil heavy metals in study area
Cu Zn Pb Cd Cr As Hg Ni
Cu 1
Zn 0.795" 1
Pb 0.816" 0.851" 1
cd 0.165 0.364" 0.252" 1
Cr 0.683" 0.713™ 0.684" 0.244™ 1
As 0.135 —0.044 ~0.004 0.026 —0.074 1
Hg 0.538" 0.577" 0.649™ 0.278" 0.450" -0.151 1
Ni 0.913" 0.827" 0.873" 0.138 0.748"" 0.099 0.539™ 1
* P<0.05 ok P<0.01
2.5 Zn Pb Cr Hg Ni 1
1 1
pH (OM) (TN) 2
(TP) (TK) (AN) (AP) OM TN pH AN
(AK) 2
2
KMO 0.833 As As
Bartlett <0.001
[15] >1 AS
4 77.138% As
[23] 3 TP
5 AP
TK Cu cd cd
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As As
4 pH OM TN

AN TP TK AP AK

x5 FEMSHFHEE. FERBES RRRME
Table 5 Eigenvalues, variance contribution and accumulated
contribution rates in principal components

(%) (%)
1 7.706 38.530 38.530
2 3.244 16.219 54.749
3 2.400 12.002 66.751
4 2.077 10.386 77.138

*6 BEFEARREMS LRI

Table 6 Various factors loadings in principal components

1 2 3 4

Cu 0.895 0.105 0.141 —0.026
Zn 0.840 0.243 0.213 —0.038
Pb 0.863 0.277 0.093 -0.059
Cd 0.179 0.013 0.703 0.090
Cr 0.830 0.182 0.108 0.037
As 0.170 —0.694 0.200 -0.211
Hg 0.539 0.434 0.244 0.066
Ni 0.949 0.112 0.022 -0.019
pH —-0.265 —0.811 -0.200 0.316
(OM) 0.297 0.710 0.264 0.231
(TN) 0.320 0.663 0.163 0.237
(TP) 0.185 0.071 0.821 0.105
(TK) 0.768 —0.044 0.110 0.005
(AN) —0.265 —0.811 —-0.200 0.317
(AP) —-0.004 0.316 0.649 -0.202
(AK) 0.016 —0.065 —-0.057 —0.81

3.1

Cu Zn Cd Ni

[24] Pb
(23] Hg Cd As
Cu Zn As [26]
2010
Cd Zn Pb

[27]

3.2

Cu Zn Pb Cr Hg
Ni 6 Cd

[28]

[29]
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Distribution and Source Analysis of Soil Heavy Metals in Coast
Development Zone

CUI Shanshan', LIU Qing'", WANG Jing®

(1 College of Resources and Environment, Qingdao Agricultural University, Qingdao, Shandong 266109, China;
2 China Land Surveying and Planning Institute, Beijing 100035, China)

Abstract: A case study of Dafeng City of Jiangsu Province was carried out to explore soil heavy metal pollution in the
coast development zone. A total of 162 topsoil samples were collected in 2014, the contents of Cu, Zn, Pb, Cd, Cr, As, Hg and Ni
were measured, the spatial distribution characteristics and the correlation of heavy metals with the land use were studied, and the
possible sources of these heavy metals were discussed by the principal component analysis. The results showed that the average
contents of Cu, Zn, Pb, Cd, Cr, As, Hg and Ni were 17.40, 74.38, 18.14, 0.105, 55.58, 8.33, 0.074 and 25.73 mg/kg, respectively,
and with the little coefficient variation between the different sampling points. Cu, Zn, Pb, Cr, Hg and Ni gradually increased in
three areas of 0—15 m, 15-30 km and 30—45 km from the coast to inland along the vertical direction of the coastline, while As
gradually decreased and Cd first increased and then decreased. The highest contents of Cu, Zn, Pb, Cr, Hg and Ni were all in
paddy soil, the highest content of Cd in dryland soil, and the highest content of As in beach land soil. As was not significantly
correlated with the other heavy metals, Cd was extremely significantly correlated (P<0.01) with Zn, Pb, Hg and Cr, while Cd was
not significantly correlated with Cu, As and Ni. The principal component analysis showed that the accumulation of Cu, Zn, Pb, Cr,
Hg and Ni in soil were more affected by soil parent material, the accumulation of Cd affected by phosphate fertilization, the
accumulation of As also affected a little by phosphate fertilization, while rice planting may decrease the content of soil As. The
findings can provide guidance for land use planning of coastal development zone.

Key words: Heavy metals; Concentration and distribution; Coast development zone; Dafeng City; Principal component

analysis
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