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Fig. 1 Sampling sites in Dachang Smeltery
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Table 1 Basic properties of studied soil profiles
P1 1 P2 1 km
P2 4 ( )
P3 5 P2  1.5km
P4 6 P2  3km
P5 12 P2  6km
1.3
5% 96.4% ~ 105.2%
0.200 0(x0.000 2)g 1.4
25 ml Excel 2003 DPS 6.55
HNO;-HF-HCIO4(2 * 1 * 2) LSD Origin 8.0
50 ml
Mn Zn 1.5
Cr Cd Cu Pb (GB15618-
Hg As Sb 1995) 11 I
0.200 0(0.000 2)g
1:1 [13]
50 ml Cd Cu Mn Pb Hg As
10% 2
%2 TIENERERRMEme/ke)
Table 2  Quality standard of soil environment
pH<6.5 6.5<pH<7.5 pH>7.5 pH >6.5
Cr< 90 150 200 250 300 95.90 + 63.21
Cd< 0.20 0.30 0.30 0.60 1.0 0.659 +1.405 5
Cu< 35 50 100 100 400 32.00 +£20.76
Pb<< 35 250 300 350 500 3520+ 19.59
Hg< 0.15 0.30 0.50 1.0 1.5 0.11 £0.069 1
As< 15 40 30 25 40 20.00 + 14.55
Zn< 100 200 250 300 500 99.50 + 56.01
Mn - - - 794.00 + 723.50
Sb - — - 2.24 £1.621
(P) By
B,.= 2
[14-18] 2
P,=CJS, 1y  Pmn P
P; i C;
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_ n n = 3 I 1I I
Pz(ilwipij'[izl‘,wi} (3) 32 1

" W Cr(IL,2) Cd({,3)
w Swaine! ') Cu(l, 2) Pb(,3) Hg3) Asd,3)
[17] 3
*3 TEEESFEREHSRRE
Table 3 Soil quality grading standard based on comprehensive pollution indices
1 P <07
2 0.7 <P <10
3 1.0<P <2.0
4 2.0 <P <30
5 P >30
2 ( 2 P5
2.1
2.1.1
4 Sb
(0.38 ~ 2.98 mg/kg) 20l (P2) Cu
Sb 32.07 ~ 238.76 mg/kg Pb Mn [12]
131.22 mg/kg 80 ( Cu Pb
2.98 mg/kg ) Sb 1.0 mg/kg
Sb 35mgkg 5.0 mgkg? (2] Cr
Sb Cd Hg  Sb As
2.24 mg/kg Sb 480.94 ~ 537.27 mg/kg
58.58 Sb As 25
As (2 220.00 mg/kg)
As As
Sb (P<0.05) (11.2 mg/kg)*! =
Sb As Cr
Zn Pb Cr
Hg As Cu 11.96 7.99 Cr
745 670 1.60  Mn 26l 27l Cr
2.1.2 pH
12 Sb Hg Pb Cr Cr
9 As 4 6 Zn
3 10 11 Cu P1 Cr Hg As Mn
Cr Hg
6 Cd As Sb
Sb
( 9 Cu Mn 40 cm
2.2 Pb 0 ~
221 40 cm 40 cm

P3 Cr Cd Pb Hg As
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x4 BB RERELEELESE(mgky)
Table 4 Contents of heavy metals in farmland soil
(km) pH Sb As Hg
1 0.5( ) 4.66 +0.48 238.76 + 98.97 216.39 + 159.21 1.20 £ 0.54
2 L5C ) 4.07 £0.51 136.94 +28.16 81.10+11.73 0.86 +0.61
3 3.0( ) 4.77+0.20 211.93 + 68.09 547.92 +36.65 1.10 £0.23
4 0.5( ) 4.86 +0.51 93.71 % 86.60 81.85 +13.05 0.75 £ 0.04
5 2.0( ) 490+1.18 85.47 £ 38.87 116.54 +34.97 0.46 £ 0.06
6 3.5( ) 455+ 0.64 46.02 £ 16.03 44.33 +30.09 0.60+0.11
7 4.0( ) 527 +0.48 66.07 + 41.48 173.82 +34.22 1.25+0.38
8 1.0C ) 5.88+0.51 173.87 £ 125.72 47.64 +5.03 0.87 £ 0.48
9 2.0( ) 4.04+0.33 192.95 £22.01 18.01 + 4.87 0.72 £ 0.07
10 1.0( ) 4524027 187.42 £ 64.16 125.53 £2.25 0.73£0.16
11 2.0( ) 421+0.24 109.47 + 116.23 112.66 + 24.37 0.92+0.25
12 6.0(CK) 4.80+0.28 32.07 £ 16.29 41.91 +5.67 0.38 £0.09
4.07 ~ 5.88 32.07 ~ 238.76 18.01 ~ 547.92 0.38 ~1.25
471 131.22 133.98 0.82
(km) Cu Mn Pb Zn
1 0.5( ) 75.61 +22.60 723.03 + 732.20 112.85 +27.27 479.90 +204.17
2 L5C ) 96.74 +15.11 1430.01 £101.16 91.96 + 16.64 354.69 +209.98
3 3.0( ) 25.77 £ 17.05 1 477.09 +208.41 87.00 £ 19.54 449.58 + 504.55
4 0.5( ) 53.93 +14.71 468.11 + 576.40 101.25 £ 94.20 85.89 + 16.69
5 2.0( ) 33.55 £32.26 111.94 + 87.45 48.60 +27.94 145.46 + 153.83
6 3.5( ) 62.61 + 44.65 195.65 + 71.02 292.27 +206.33 84.51+15.29
7 4.0( ) 60.99 +3.94 1854.41 +1332.40 74.47 +67.12 176.73 + 65.65
8 1.0C ) 85.24 +24.24 487.09 £ 234.63 1 144.94 +926.46 3891.70 + 663.31
9 2.0 ) 87.69 + 12.96 252.94 + 61.38 400.68 +397.19 3511.19 2 072.65
10 1.0( ) 27.07 £ 13.70 569.52 +103.81 497.06 + 635.88 1910.28 2 216.90
11 2.0( ) 11.16 + 1.46 1126.68 +316.97 426.08 £359.1 3043.55+2367.81
12 6.0(CK) 93.78 + 96.96 1392.77 + 929.54 97.53 + 53.95 148.49 + 136.57
11.16 ~ 96.74 111.94 ~ 1 854.41 48.60 ~ 1 144.94 84.51 ~ 3 891.70
59.51 840.77 281.22 1190.16
=5 RETEESESEEH
Table 5 Pollution indices of heavy metals in surface soil
Sb As Hg Cu Mn Pb Zn
1 106.59 10.82 10.91 2.36 0.91 3.21 4.82 2.72
2 61.13 4.06 7.82 3.02 1.80 2.61 3.56 237
3 94.61 27.40 10.00 0.81 1.86 2.47 4.52 2.67
4 41.83 4.09 6.82 1.69 0.59 2.88 0.86 2.17
5 38.16 5.83 4.18 1.05 0.14 1.38 1.46 2.37
6 20.54 222 5.45 1.96 0.25 8.30 0.85 1.86
7 29.50 8.69 11.36 1.91 2.34 2.12 1.78 2.04
8 77.62 2.38 791 2.66 0.61 32.53 39.11 2.61
9 86.14 0.90 6.55 2.74 0.32 11.38 35.29 2.63
10 83.67 6.28 6.64 0.85 0.72 14.12 19.20 2.60
11 48.87 5.63 8.36 0.35 1.42 12.10 30.59 2.34
12 14.32 2.10 3.45 2.93 1.75 2.77 1.49 1.71
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Cr & it (mg/kg) Cd it (mg/kg)
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Fig. 2 Vertical distribution of heavy metal contents in studied soil profiles
Cu 40 cm (Pb )
Mn
P4 As 2.2.2
Cu Pb  Hg 3 4 8
Cr Cd Mn>As>Sb>Cu>Cr>Pb>
Mn 1 944.93 mg/kg Hg>Cd 266.92 175.36 142.04 133.96
2.5 108.02 45.79 1.43 0.89 mg/kg 158.35%

113.39% 68.50% 46.91% 105.59% 70.12% 114.00%
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47.45% (P>0.05) Cu Hg Sb
(P<0.05)
[28] P2
Mn As Cr Hg As Cr Mn 16.50
80% 7.91 4.69 Cd Hg Sb Cu Pb
2.85 2.53 2.41 1.75
1600 —Cr Cu 1.31 Mn
1400 - [ Mn . As P4 As Cu Hg
1200 P2
5 1000 -
§ 800 [
g 600© ( 2 As Hg
4T 400 L
Cd Cu Pb Cr I
200 -
;I_ e e ( ) 1170 950 440  3.80
l I l I l l 1.30 1.20 Hg As I
0.0
PI P2 P3 P4 P5 THEMH 4.70 4.40 Cd Cu
d- g m I 3.00 2.70
3 Cr. Cu, Mn 1 As FHEEETIEFE P Mn Sb
HEAFE i
Fig. 3 The distribution characteristics of heavy metal contents in
studied soil profiles
300 1Cd CIPb [29]
[ Hg = Sb
250 Sb 0.38 ~2.98 mg/kg*”!
oo} 4 Sb
£ 22.21~75.18
é’ 150
I 100
R Sb Hg As Cd Cu Cr Pb
50 l [6]
4T I {I I I I Ii Pb Cu As
stk
0 Hg
PIL P2 P3 P4 P5 IHRME 6
e 1] 3
4 Cd. Hg#0 Pb T2 R 7E TIRFIE FHI S HIFE ¢ 3
Fig. 4 The distribution characteristics of heavy metal contents in
studied soil profiles contents in studied soil profiles P2 cr Cd Hg
3 4 (P5) P4 P3 cd Hg
(Mn ) P1 P55

#*6 TIEAIME

RATTREH

Table 6 Pollution indices of heavy metal at all levels of soil profiles

Cr Cd Cu Pb Hg As
P1 0.31 2.40 0.13 0.24 1.37 0.18 2.02
P2 2.14 5.43 0.39 0.17 11.60 0.01 8.55
P3 0.43 2.67 0.16 0.15 3.67 0.04 2.92
P4 0.45 2.37 0.19 0.22 4.47 0.05 3.49
P5 0.27 1.90 0.14 0.13 2.63 0.05 2.19
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Cd Hg Cd Cu
Cr P2 Hg
P2 Pb P2 P4
[26] As
Pb
3
Arthur  B% 50% Cd P2>P1>P4>
o P5>P3 245 ~
9.41
(6]
20~40 40~70 70~ 100 cm
P, Cr P2
223
P<I Pb
20 ~40 cm
P>1 P1
P Pl
Cd Cu Hg
7 As P,
0~20cm
*7 TEIESERTIEEEESTEELN
Table 7 Pollution indices of heavy metal at all levels of soil profiles
(cm) Cr cd Cu Pb Hg As
0~20 Pl 0.40 2.00 2.67 0.10 7.33 0.79 5.43
P2 1.84 4.87 5.14 0.20 0.70 12.59 9.41
P3 0.42 3.13 1.17 0.14 2.87 0.65 2.45
P4 0.46 2.63 2.06 0.38 1.27 7.40 5.52
P5 0.27 1.67 3.78 0.16 6.70 0.84 5.00
20 ~40 P1 0.36 1.97 1.79 0.64 0.70 0.87 1.58
P2 1.81 6.23 2.77 0.10 1.10 13.43 10.01
P3 0.46 2.20 1.37 0.17 7.13 0.72 5.27
P4 0.47 2.63 3.38 0.21 2.97 6.79 5.20
P5 0.22 3.13 3.06 0.18 6.37 0.66 4.80
40~70 P1 0.37 3.03 3.18 0.12 1.87 1.12 2.51
P2 2.01 6.00 4.10 0.18 19.40 12.91 14.83
P3 0.49 2.67 3.78 0.17 3.00 0.55 2.94
P4 0.44 2.27 2.40 0.15 4.10 7.38 5.62
P5 0.28 1.60 1.43 0.02 1.53 0.70 1.31
70 ~ 100 Pl 0.12 2.53 1.00 0.11 2.20 0.28 1.95
P2 2.89 4.63 5.03 0.20 19.17 12.02 14.62
P3 0.34 2.70 1.27 0.13 1.73 0.63 2.08
P4 0.43 2.00 2.77 0.12 3.53 6.46 4.94
P5 0.30 1.23 1.45 0.17 1.33 0.90 1.21
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2.3 pH As pH pH
pH 4.07~588 4.71
8 pH
8 pH Cr Cd Cu Mn Hg As
Pb As As B2
*8 LTIREERES pHEXMN
Table 8 Correlation coefficients between the contents of heavy metals and pH values
Cr Cd Cu Mn Pb Hg As Sb
Cd 0.834"
Cu 0.684" 0.543"
Mn 0.129 0.083 0.079
Pb —0.001 —0.069 0.001 0.460
Hg 0.632" 0.429 0.501" -0.072 —0.085
As 0.845™ 0.798" 0.6217 0.338 0.033 0.394
Sb 0.436 0.452" 0.230 0.164 0.429 0.327 0.236
pH 0.406 0.381 0.313 0.379 -0.012 0.117 0.723" -0.054
* P 0.05 ** P 0.01 n =60
RS
0 5I 1|0 1|5 2(|) 2|5
P4
(33 Mn Pb —‘
P5
E J
% P1
Cr Cd Cu As H
P3
(6] P2
cd 5 TERAEAGRSSRAERERERE
[34-37] Fig. 5 Cluster analysis based on comprehensive pollution indices in
different profiles
38
70% (s8] HEgs
cd o 10 :? 1|0 1|5 2|0 2|5
As7 J
2.4
4% Cd2
R
E cu3
<
SPSS18.0 # Hgo
( 5) Mn 4
6
( ) Pb5
5 6 5 N
Bo6 FAREERBTEMBENN
4 Cd Hg Pb Fig. 6 Cluster analysis based on the content of different heavy
Cr Cu Sb As  Mn metals
2 P2 P2
P3 As Mn P2
3 As Mn As
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Distribution Characteristics and Risk Assessment of Heavy
Metals in Agricultural Soils in An Abandoned Antimony
Smelter in Guizhou Karst Areas

LIU Ling-fei', LONG Jian'", WAN Hong-fu?, LI Juan®

(1 Guizhou Key Laboratory of Mountain Environment, Guizhou Normal University, Guiyang 550001, China; 2 Guangdong
Institute of Eco-Environment and Soil Sciences, Guangzhou 510650, China; 3 Department of Geography and Environmental
Science, Guizhou Normal University, Guiyang 550001, China)

Abstract: This research was conducted to determine the concentrations of heavy metal in farmland of a typical smelters in
Guizhou Province. Soil samples were collected from agricultural soils including 12 surface layer soils and five typical profiles at
different distances from the smelter chimney in Dachang Town of Qinglong County. Results showed that the mean concentrations
of Sb, Zn, Pb, Hg, As and Cu in surface layer soils were 58.58, 11.96, 7.99, 7.45, 6.70 and 1.60 times of soil background values of
Guizhou, respectively. The vertical variation of heavy metals (except Pb) in soil profiles were significantly different and the
average content of heavy metals in soils was followed the sequences: Mn>As>Sb>Cu>Cr>Pb>Hg>Cd, which were all higher than
the average level of the national soil background value, and more, the average content of As, Cr, Mn and Hg performed to have
great differences, the main pollution elements Hg and As were 4.7 times and 4.4 times of the standard of national grade II,
followed by Cd and Cu which were 3.0 times and 2.7 times, respectively. Correlation analysis and cluster analysis showed that
soil was suffered from combined pollution of heavy metals, such as Cr, Cd, Cu, Sb and As, which were higher at all layers in soil
profile in the light of SFPI and the top-layer (0—20cm). However, certain risk to plant was present according to the assessment
results of heavy metals with Single Factor Pollution Index(NCPI). The pollution levels were followed the sequence: Dachang
village>Zhongxinjie village>Bikang group and Tianba group, and the index was between 1.21 and 14.83.

Key words: Karst areas, Abandoned antimony smelter, Soil profile, Heavy metal pollution, Risk assessment
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