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Distribution characteristics and potential ecological risk assessment of heavy metals in paddy soil along both
sides of river from typical lead/zinc mine area

GUO Zhao-hui, TU Wei-jia, PENG Chi, HUANG Bo, XIAO Xi-yuan, XUE Qing—hua

(School of Metallurgy and Environment, Central South University, Changsha 410083, China )

Abstract: Through a field investigation, the pollution of heavy metals in paddy soil from irrigation along both sides of Xingiang River, which
was downstream of an abandoned Taolin Pb—Zn mine, was studied. The pollution and distribution characteristics of heavy metals in paddy
soil were evaluated using both the Nemero comprehensive index and a geo—accumulation index. The source of heavy metals was analyzed by
relative analysis and hierarchical cluster analysis, and the potential ecological risk of heavy metals was assessed by a Hakanson potential e—
cological risk index. The results showed that the pollution of paddy soil mainly existed in Cd associated with multi—elements of As, Cu, Ni,
Pb, and Zn together. The pollution of heavy metals distributed mainly within 3 km from the abandoned mine, and the point source pollution
characteristics, are significant. Generally, the trends of heavy metal concentrations in paddy soil decreased following the flow direction of
Xinqiang River. The spatial distribution characteristics of As, Cu, and Pb in paddy soil within 3 km of the abandoned mine, and that of Cd,
Ni, and Zn ranging from 3 ~15 km of the paddy soil reached the Grade —II Level of the Soil Environmental Quality Standard of China
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(GB15618—1995). The content of As, Cd, Cu, Ni, Pb, and Zn ranging from 15~30 km of paddy soil from the abandoned mine were below
the Grade—II level. That of Cd in paddy soil ranging from 30~50 km from the abandoned mine, however, was lightly excessed. Cadmium in

over 50% of the paddy soils from both sides of the Xingiang River had moderate or higher potential ecological risk. Along the flow direction

of the Xinqgiang River, the irrigated paddy soils located within 6 km of the abandoned mine exhibited a relatively high potential ecological

risk, suggesting that prior control strategies should be taken.

Keywords: Pb—Zn mine area; Xinqiang River; paddy soil; cadmium; spatial distribution; potential ecological risk assessment
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Figure 1 Sampling sites in the both sides of Xingiang River
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Table 1 Heavy metals content(mg-kg™), pH value and index of geoaccumulation for paddy soil in the study area

A AE

A R HE (L) FEPATH 157y

fohn HEAK Tl A PrifizE 5 0t 73 00" FATHE o (e ZHATE BRER Y%
pH 129 4.20~7.60  5.41 062 493 529 568 640 — — — — —

As 129 1.81~32.7 15.7 6.60 11.3 147 196 253 -0.51 0.70 13.4 30(7K H) 3.88

Cd 129 0.01~5.50  0.65 0.77 0.15 040 099 152 -0.05 3.99 0.23 0.3 54.3
Cu 129 0.98~126  25.1 154 16.2 228  30.1 414 -1.71 0.88 45.9 50 3.88

Ni 129 1.75~79.2 245 12.1 16.6 229 323 406 -1.58 0.33 41.9 40 10.1
Pb 129 8.52~904  62.5 90.5 323 413 522 115 0.13 4.44 27.8 250 3.10
Zn 129 0.64~956 149 146 63.6 110 180 347 -0.58 2.67 99.9 200 17.8

1 ca A HEEREE T AR HE) (GB15618—1995) R hnifE (pH<6.5) ;b Sy H - 38 rp 4 Ja bR aed - HERBE T b Aol ) — b o T o 14 ELA71)
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Table 2 Distribution characteristics of heavy metals content and pollution degree in paddy soil along the Xingiang River

TR B B A sk — HEJE ?i/mg-kg" _— %%iﬁ%%&i&(R) WT@?%%‘E%M%‘:(P%)
SHELHE AARIE bRER AARVHE EBRE BARPHE RME
BT T R A U 18 As 4.02~11.2 6.56 1.80 0.22 0.37 0.37 0.52
cd 0.01~0.15 0.08 0.03 0.26 0.50
Cu 8.72~41.0 19.4 7.99 0.36 0.55
Ni 5.90~21.5 12.4 5.10 0.31 0.54
Pb 28.8~45.7 39.4 4.98 0.16 0.18
Zn 40.1~161.5 81.4 30.6 0.40 0.65
ol a il 2l s 5 As 18.4~29.3 20.1 1.93 0.67 0.77 2.02 3.70
Cd 0.01~1.52 0.74 0.60 2.47 5.07
Cu 28.1~44.8 343 7.20 0.69 0.90
Ni 32.3~47.6 39.3 5.84 0.98 1.19
Pb 27.6~109 474 34.8 0.19 0.44
Zn 86.5~234 142 57.8 0.71 1.17
0~3 km 44 As 1.81~32.7 20.7 5.95 0.71 1.09 2.91 13.3
Cd 0.04~5.50 1.19 1.00 3.95 18.3
Cu 3.36~126 33.6 20.3 0.65 2.53
Ni 3.68~79.2 30.7 13.6 0.76 1.98
Pb 12.4~904 103 144 0.41 3.62
Zn 12.6~956 250 194 1.22 478
3~15 km 22 As 9.14~29.2 14.6 430 0.50 0.97 1.70 492
Cd 0.01~2.01 0.64 0.54 2.13 6.71
Cu 0.98~49.1 25.0 10.4 0.45 0.88
Ni 13.3~46.4 272 8.22 0.66 1.04
Pb 22.3~208 53.0 37.8 0.20 0.69
Zn 54.2~493 151 93.8 0.72 1.97
15~30 km 16 As 9.48~28.8 14.8 5.12 0.50 0.96 0.64 1.34
cd 0.04~0.54 0.20 0.12 0.68 1.81
Cu 1.95~23.6 133 6.53 0.26 0.47
Ni 1.75~32.9 163 8.94 0.40 0.82
Pb 14.0~66.8 36.9 16.0 0.14 0.24
Zn 0.64~182 70.3 55.8 0.34 0.91
30~50 km 24 As 9.99~22.0 13.7 3.09 0.48 0.81 0.94 2.20
cd 0.10~0.90 0.36 0.21 1.18 3.00
Cu 7.74~31.6 19.9 7.13 0.37 0.63
Ni 10.6~34.3 22.0 6.05 0.53 0.86
Pb 8.52~48.1 34.4 8.54 0.13 0.19
Zn 16.5~132 64.3 39.8 0.31 0.66
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Figure 2 Distribution map of heavy metals in paddy soil from the both sides of Xingiang River
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Table 3 Relationship between the content of heavy metals in paddy

soil from the both sides of Xingiang River

JLER As Cd Cu Ni Pb Zn
As 1.000

Cd  0.541%  1.000

Cu  0.365% 0.362%%  1.000

Ni  0436%F 0.428% 0.653**  1.000

Pb  0.341%* 0.462%% 0.522%% 0.304*%  1.000

Zn  0291%%  0.409%% 0.728%% 0.622%* 0.621%*  1.000

T % fRRAE 0.01 P (RUI) \EAHC

0 ? 19 1? 2.0 2]5
Pb[T

In[~
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Cd

As

Ni
3 RN ERELEESESERESITE

Figure 3 Herarchical cluster analysis of heavy metals content in

paddy soil from the both sides of Xingiang River
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Table 4 The potential ecological risk index of heavy metals in

paddy soil along the both sides of Xinqiang River

N YAV v

bR g P NI — SE';”\ ”i‘m oK
As 11.7 486 135 841 11.0 146 188 244
Cd 84.2 100 1.62 195 516 129 198 717
Cu 274  1.67 0.11 1.77 248 329 451 13.8
Ni 2.92 145 0.21 199 274 386 485 945
Pb 11.3 16.3 1.54 580 744 941 207 163
Zn 149 146 001 0.64 1.10 1.81 348 9.57
RI 114 116 16.1 382 720 157 245  799.8
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Figure 4 Integrated ecological risk index map for heavy metals in

paddy soil from the both sides of Xinqiang River
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Figure 5 RI variation trend of heavy metals in paddy soil with the
different distance from the abandoned lead/zinc mine along the flow

direction of the river
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