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Pollution and risk assessment of heavy metals in agricultural soils around a Pb—Zn tailing pond

LIANG Ya-ya', YI Xiao—yun"*, DANG Zhi'?, WANG Qin', GAO Shuang—quan', TANG Jie', ZHANG Zheng—fang'

(1.School of Environment and Energy, South China University of Technology, Guangzhou 510006, China; 2.The Key Lab of Pollution Control
and Ecosystem Restoration in Industry Clusters, Ministry of Education, Guangzhou 510006, China)

Abstract: In order to study the heavy metal pollution of agricultural soils surrounding a Pb—Zn tailing pond in Guangdong Province and
evaluate the risk of heavy metals to the agricultural soils, the contents of Pb, Zn, Cu, Cr, Cd, Ni, and As in the soils were analyzed. The risk
of heavy metals to the agricultural soils was assessed via three methods : the Nemerow index method, potential ecological risk index method,
and fuzzy comprehensive evaluation method. Results showed that the contents of heavy metals in paddy soils were higher than those in vege-
table plantation soils. The contents of Pb, Zn, Cu, Cd, Ni, and As in some soil samples were higher than the criteria of environmental quality
standards for agricultural soils, whereas the Cr contents were lower than the critical level. The exceeded rate decreased in the order of Cd>Zn
>As>Pb>Ni>Cu. Correlation analysis showed that extremely significant correlations existed among heavy metal contents in the soils, and
principal component analysis showed that Pb, Zn, Cu, Cd, and As were dominant factors of soil environmental quality in the study areas.
Based on the three evaluation methods, we concluded that the results of the Nemerow index method and fuzzy comprehensive evaluation
method showed that the soils were in the degree of heavy pollution, whereas the potential ecological risk index showed that the soils were
classified as moderate potential ecological risk. According to the analysis of contents and risk assessment of heavy metals in contaminated
soil, the farmland soil was contaminated by a variety of heavy metals, with Cd pollution the most serious. There was some degree of heavy

metal risk to the farmland soil. Each evaluation method has its advantages. The appropriate method for evaluating heavy metal pollution of
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soil should be carefully chosen based on the evaluation purpose.

Keywords: Ph—Zn tailing pond; agricultural soil; heavy metal pollution; Nemerow index method; potential ecological risk index method;

fuzzy comprehensive evaluation
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Figure 1 Position in the study area and the sampling point distribution
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Table 1 Heavy metal contents in soils

YR FEHD Ea)E /M /mg - kg IR fA/mg kg PR A /mg ke b2 /mg kg R
i -4 Ph 59.62 992.58 245.60 200.06 0.81
Zn 70.36 1362.18 491.05 319.68 0.65
Cu 10.54 101.48 35.59 23.39 0.66
Cr 29.66 97.74 59.78 19.38 0.32
cd 0.61 7.49 2.55 1.64 0.64
Ni 3.12 135.39 37.12 29.67 0.80
As 10.53 156.62 54.76 32.81 0.60
B S+ 1 Pb 29.85 1118.98 138.16 210.39 1.52
Zn 45.89 2 847.48 321.77 547.59 1.70
Cu 9.76 98.01 27.35 19.68 0.72
Cr 12.34 77.33 30.55 17.14 1.83
cd 0.11 16.69 1.77 3.24 1.83
Ni 3.47 55.59 11.74 10.88 0.93
As 6.36 189.85 25.18 33.42 1.33
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Table 2 Correlation coefficients of heavy metal contents in soil

JLH Pb Zn Cu Cr cd Ni As
Pb 1
Zn 0.8547% 1
Cu 0.774%% 0.733% 1
Cr 0.851%% 0.711% 0.615%* 1
Cd 0.855%* 0.938% 0.7407% 0.720%* 1
Ni 0.837%* 0.876% 0.6047 0.821% 0.7975 1
As 0.823% 0.792%* 0.715%* 0.760%** 0.852%* 0.729%* 1
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Table 3 Principal component fator of heavy metal elements in soil

S EN Wi E
1 2

Pbh 0.946 -0.206
Zn 0.940 -0.215
Cu 0.895 -0.051

Cr 0.713 0.599
Cd 0.916 -0.309

Ni 0.744 0.521
As 0.940 -0.094
TR % 76.630 11.803
ST R % 76.630 88.433
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Table 4 Single pollution index and Nemerow index of heavy metal in soil

HE)R 435 pH 5 [H] Ph Zn Cu Cr cd Ni As
PTG YL BT pH<6.5 0.74 1.82 0.65 0.23 5.78 0.68 1.22
6.5<pH<7.5 0.67 1.82 0.30 0.17 8.83 0.45 1.55
WS LR G T5 YL e B pH<6.5 4.24
6.5<pH<7.5 6.40
15 4L 2 531 pH<6.5 WG
6.5<pH<7.5 GG
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Table 5 Potential ecological risk index of heavy metal in soil
i + 48 pH [ Pb Zn Cu Cr Cd Ni As
A S IR TR pH<6.5 3.69 1.82 3.23 0.45 173.4 3.38 122
6.5<pH<7.5 3.34 1.82 1.52 0.34 264.8 2.23 15.5
WA S ER pH<6.5 198.18
6.5<pH<7.5 289.60
15U pH<6.5 g
6.5<pH<7.5 Hh
F6 EMBIRIIEMNE (mg-keg")
Table 6 Evaluation set of evaluation objectives(mg-kg™")
£33 Pb Zn Cu Cr cd Ni As TSR
I 35 100 35 90 0.2 40 15 T
I 250 200 50 250 0.3 45 20 I T
| 300 250 100 300 0.4 50 25 LZSCH
I\ 350 300 200 350 0.6 60 30 EREES
\ 500 500 400 400 1.0 200 40 iYL
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