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The Geochemical Characteristics of Heavy Metals in Agricultural Soils
of the Bijiang Watershed in Yunnan Province

ZHAO Xiao-qing, LI Li-jiao, YANG Hong-hui, TAN Shu-cheng

School of Resource Environment and Earth Science, Yunnan University, Kunming, Yunnan 650091

Abstract: The Lanping lead-zinc ore district has the largest lead-zinc reserves in China’s lead-zinc deposits.
The upstream of the Bijiang River originates from the Lanping lead-zinc ore district. Therefore, the Bijiang River
has been affected by mining activities of the Lanping lead-zinc ore district, and has become a river typically
polluted by heavy metals. With the agricultural soils irrigated by the Bijiang River as the study object and
according to the methods of field survey sampling, laboratory experiment and statistical analysis, the authors
analyzed the content and the distribution of chemical constitutions of Pb, Zn, Cd, and As in the agricultural soils.
Some conclusions have been reached: (1) Heavy metals have been highly concentrated in the agricultural soils of
the Bijiang watershed. Examined on the basis of the National Soil Environmental Quality Standards (Class II), the
concentrations of Pb, Zn, Cd, and As have respectively exceeded the set standards by 66.667%, 91.667%, 100%
and 16.667%, and the contamination degrees of the heavy metals are in order of Cd > Zn > Pb > As. (2) Pb and Cd
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in soils mainly occur as the water-soluble state which is easy to migrate and can directly become part of the

ecological cycle, and hence their environmental risks are serious. Zn and As mainly occur as Fe-Mn oxides binding

state and the residual state, which are relatively stable and reluctant to migrate under the common conditions.

The concentrations of environmental available states (the total content of the water-soluble state, the ion

exchangeable state, the carbonate binding state, the humic acid binding state) of Cd and Pb are relatively high.

There exists great potential danger to the eco-environment of agricultural soils once acid rain or acid mine

drainage occurs. (3) The content distribution and chemical states of Pb, Zn, Cd, and As in soils tend to decrease

with the distance from the Lanping Pb-Zn deposit. Their distribution curves are of single-peak shape and

bimodal-peak shape. The chemical states distribution of Cd, Pb and Zn are similar to their content distribution, but

the humic acid binding state and residual state content distribution of As is similar to its content distribution.

Key words: Pb-Zn deposit; heavy metals; morphologic analysis; distribution characteristics; Bijiang watershed
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Table 1 Exceeding-set-standard situation of heavy metal concentrations in agricultural soils of Bijiang watershed

I ( )
Pb Cd As
Gy Bey Gzn Bza Gea Bea Gas Bas
01 4.800 9.231 15.000 10.714 225.000 6.215 0.843 2.391
02 38.000 73.077 35.500 25.357 400.000 11.050 2.750 7.804
03 2.800 5.385 40.000 28.571 332.667 9.190 2.150 6.101
04 1.080 2.077 6.500 4.643 84.000 2.320 0.785 2.228
05 0.680 1.308 1.600 1.143 35.667 0.985 0.398 1.128
06 1.000 1.923 15.000 10.714 226.333 6.252 0.310 0.880
07 0.560 1.077 1.500 1.071 40.667 1.123 0.181 0.513
08 0.520 1.000 0.900 0.643 35.000 0.967 0.111 0.316
09 4.000 7.692 14.500 10.357 243.000 6.713 0.940 2.668
10 0.880 1.692 1.750 1.250 41.667 1.151 0.340 0.965
11 1.760 3.385 2.000 1.429 81.667 2.256 0.640 1.816
12 1.040 2.000 3.900 2.786 55.000 1.519 0.588 1.667
66.667% 100.000% 91.667% 91.667% 100.000% 83.333% 16.667% 66.667%
4.760 9.154 11.513 8.223 150.056 4.145 0.836 2.373
2.197 3.171 54.337 0.216
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Fig. 2 Distribution of Pb, Zn, Cd, As in agricultural soils
’ of Bijiang watershed
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Table 2  Statistics of Pb, Zn, Cd, As concentrations in agricultural soils of Bijiang watershed

F, F, F, F, Fs Fs F;

Pb
/(mg/kg) 1190.000 3.244 3.065 358.817 184.083 162.008 22.955 106.198
1% 0.386 0.365 42.697 21.905 19.278 2.732 12.637
2.219 1.784 1.579 2.655 2.208 1.721 2.188 1.824

Zn
/(mg/kg) 2302.500 8.600 23.806 374.633 227.192 574.849 205.167 449.250
1% 0.461 1.277 20.104 12.192 30.848 11.010 24.108
1.171 1.110 1.464 1.235 0.922 1.294 1.256 1.143

cd
/(mg/kg) 45.017 0.134 4.277 9.181 2.709 6.563 1.442 2.128
1% 0.508 16.179 34.731 10.249 24.829 5.454 8.051
0.862 1.352 1.107 1.307 1.031 1.503 1.105 0.825

As
/(mg/kg) 33.448 0.271 0.051 0.052 8.250 2.415 1.829 14.026
1% 1.007 0.189 0.192 30.677 8.980 6.802 52.154
0.966 0.566 0.492 0.606 1.068 0.712 0.415 0.990

:Fy s Fa 3 Fs ; Fa ; Fs ; Fs ; Fy
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