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48 (5 ~34km) 43 (10~43km)( 1) Pb 56.5 Zn 164 mg/kg)
92 23 5m
5
1 kg
GPS P = {[(C/Save HC/Smax 12} P
G i S;
i
N o R i) 1.4
A Y x T
) fggé’ Excel 2013
& SPSS 20.0
1i)E€EhHﬁMJ# )
o PO
= ..' ° ‘. 2.1
*, 3
\ 115 30
s 1
)
3; %g [18]
1980
BE1 XES5HE [19]
Fig. 1 Distribution of sampling sites
(30 ~ 40 g/kg) (1.5~2.0 g/kg)
(0.6 ~ 0.8 g/kg) (15 ~
10 100 20 g/kg) (120 ~ 150 mg/kg)
0 (<3 mg/ke) (50 ~
HCI-HNO;-HCI0, 51 1Cp- 100 mg/kg)
MS (Thermo X7)
F*1 MRRXEBLIFEERMER®=30)
Table 1 Basic properties of 0 — 20 cm soil layers
pH CEC
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)  (cmol (+) /kg)
53 38.0 1.76 0.72 15.5 125 2.47 58.0 10.4
4.11~7.62 145~577 097~2.66 0.34~155 10.1 ~-19.1 65 ~ 241 0.13~44.26 20~480 7.3~149
0.9 11.0 0.42 033 23 32 2.50 33.0 1.9
2.2 8.60 ( 2) 115
Cd Cd
0.17 ~ 2.58 mg/kg 0.67 mg/kg 99 Zn 8 Cu 10 Cr Ni 2
2.23 2.58 mg/kg Pb Zn
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#*2 MRRITESEERE
Table 2 The heavy metal concentrations in soils
Cd Cr Cu Ni Pb Zn
(mg/kg) 0.67 76.4 27.4 23.9 26.2 115
(n=115) (mg/kg) 0.17 ~2.58 40.3 ~ 501 6.18 ~81.9 11.7 ~ 185 54~110 53.9 ~ 262
(%) 68.1 59.5 52.7 69.1 63.3 38.7
(%) 86.1 1.7 8.7 1.7 0 7.0
(mg/kg) 0.61 77.6 253 242 33.3 109
(n=92) (mg/kg) 0.17~2.02 41.4 ~ 501 6.18 ~80.0 11.7 ~ 185 5.40 ~ 110 53.9~262
(%) 63.5 63.4 453 74.6 65.2 39.0
(%) 83.7 1.1 4.4 2.2 0 5.4
(mg/kg) 1.00 713 35.3 22.6 44.6 138
(n=23) (mg/kg) 0.26 ~2.58 40.3 ~ 152 9.3~819 13.1~39.2 6.16 ~ 86.4 70.7 ~ 222
(%) 68.7 37.1 60.6 36.0 51.7 325
(%) 95.7 4.4 26.1 0 0 17.4
n Cd 0.30 mg/kg Cr 250 mg/kg 150 mg/kg Cu 50 mg/kg Ni 40 mg/kg
Pb 250 mg/kg Zn 200 mg/kg
Cd Cr Cu Ni
(P>0.05) 3
« 3
(201 63.1%
28.3% 8.7%
« 3
cd (10 ~ 20 km)
Cr Cu Ni Pb Zn Cd “ > >
Pb Zn Cu ”?
Cd60.9% Crl1.7% Cu8.7% Ni0.9% Pb15.7%
Zn 13.9% 21
x3 ABFRESFREBHTING
Table 3 Results based on the Nemerow comprehensive pollution index assessment
P >3 2<P <3 I<P <2 0.7<P =<1 P <07
10 9 39 26 8
(%) 10.9 9.8 42.4 28.3 8.7
5 3 8 2 0
(%) 27.8 16.7 44.4 11.1 0
4 5 17 9 3
(%) 10.5 13.2 44.7 23.7 7.9
1 1 14 15 5
(%) 2.8 2.8 38.9 41.7 13.9
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(221 Ni
Pearson Cd Pb Cr Ni
Zn (P<0.01) Cd Pb Zn
0.639  0.861 Pb Zn 2.3
0.644 (P<0.01)
Cd Pb Zn
Cd “«o (23] (P<0.01)
[24-25] cd Pb Zn ( 4 [27]
Cd Pb Zn
Ni Cd Pb Cu Zn Hg
Cr (P<0.01) 0.922 (28] (29]
Ni (2el Cr
R4 IRESERESHEAKTEMEXMSE
Table 4 Correlation between heavy metal concentrations in soils and the distance to smelter
Cd Cr Cu Ni Pb Zn
—0.734%** 0.189 0.036 0.123 —0.671** —0.650%*
—0.745%* 0.258 —0.490* 0.178 —0.583* —0.631**
—0.846** 0.464** 0.229 0.433** —0.797** —0.729%*
—0.539%* 0.040 —-0.150 0.084 —0.678%* -0.177
* *x P 005 P 001 ( )
[30]
Feng 3
(311 Hg Cd Pb Zn ( %)
Cd
[32] 2)
Pb Cd Zn Cu
RS ITRESEREMEBSTUMRENUS
Table 5 Estimated exponential equation between heavy metal concentration in soils and the distance to smelter
y=axe®™ y=axx®
a b R’ a b R’
Cd 1.30 0.046 0.66 5.87 0.850 0.75
2.01 0.077 0.60 6.07 0.854 0.64
1.63 0.056 0.84 7.33 0.913 0.82
0.69 0.023 0.33 2.43 0.578 0.38
Pb 70.4 0.048 0.49 290.6 0.831 0.49
83.3 0.064 0.26 225 0.743 0.30
76.7 0.061 0.70 400 0.999 0.69
81.0 0.046 0.47 714 1.056 0.43
Zn 165 0.024 0.45 377 0.455 0.55
232 0.039 0.38 403 0.425 0.41
178 0.027 0.63 355 0.429 0.58
89 0.003 0.02 113 0.100 0.05
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Fig. 2 Distribution models of soil Cd concentrations with different distances to the smelter
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Heavy Metal Contamination Characteristics in Soils Around a
Nonferrous Metal Smelter in Central Southern China

CAO Xue-ying"?, ZHANG Sha-na', TAN Chang-yin', HU Peng-jie*", CUI Xu?,
ZHOU Tong®, WU Long-hua®*, LUO Yong-ming®

(1 College of Resources and Environmental Science, Hu’nan Normal University, Changsha 410081, China; 2 Key Laboratory of
Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The characteristics of heavy metal pollution in 0-20 c¢m soil layers of the farmlands surrounding a nonferrous
metal smelter in central southern China were assessed from three directions: northwest, southwest and southeast. The correlation
analyses among heavy metal elements and between heavy metal concentrations and the distance to the smelter were conducted to
identify metal spatial distribution and the pollution source. The results showed that the soils in this area were mainly acidic and
seriously contaminated by Cd. Approximately 60.9% and 86.1% of the soils exceeded local soil environmental background values
and the National Soil Environmental Quality Standards, respectively. The soil was polluted lightly by Cu, Zn, Cr and Ni, but not
polluted by Pb. According to the “Nemerow comprehensive pollution index”, only 8.7% of the samples were within the level of
“security”, which suggested that crop production in this area faces serious risk of heavy metal contamination. One factor analysis
of variance demonstrated that the difference of heavy metal concentrations in dry land and paddy was not significantly different,
indicating that farming methods are not the main cause of the different distribution of heavy metals in this area. Soil Cd, Pb and
Zn were significantly correlated and showed remarkable negative relationship with the distance to the smelter. Exponential and
power functions can be used to fit heavy metal distribution patterns with the distance, indicating that these pollutants might come
from the high metal containing dust of the smelter.

Key words: Lead and zinc smelting; Heavy metal in soil; Spatial variation; Risk assessment
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