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Fraction Distribution and Risk Assessment of Heavy Metals in Iron and Gold

Mine Soil of Miyun Reservoir Upstream

GAO Yan-xin', FENG Jin-guo’, TANG Lei*,ZHU Xian-fang', LIU Wen-qing’, JI Hong-bing'

(1. The Key Laboratory of Metropolitan Eco-Environmental Processes, College of Resource Environment and Tourism, Capital Normal
University, Beijing 100048, China; 2. Beijing Geo-Engineering Design and Research Institute, Beijing 101500, China; 3. State Key
Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)
Abstract: Environmental pollution and risk assessment of heavy metals in soils of iron and gold mine areas of Miyun Reservoir
upstream in Beijing were researched in this article. Soil and sediment samples were collected around the mine areas. The contents and
extractable contents of heavy metals( Cd,Mn, Zn, Cu, Pb, Ni, V, Cr) were analyzed. Heavy metal contamination was evaluated by
the Tucker3 model and risk assessment code (RAC). The results showed that the concentration of most heavy metals in mine areas
were exceeded the soil background of Beijing. The fractions of heavy metals in soils were analyzed by BCR sequential extraction
procedure. The results showed that exchangeable fraction content for Mn accounted for 20% - 30% of the total concentration;
exchangeable and Fe-Mn fractions contents for Zn, Cd, Pb respectively accounted for about 17% -24% ,10% -23% ,30% -45% of the
total concentration; residual fraction contents for Cr, Ni, V accounted for more than 80% of the total concentration. The Tucker3
model further demonstrated that potential hazards of heavy metals in mine areas. The risk indices were 0. 03% -55. 18% and 3. 94% -
67.16% from Mn in soils of iron and gold mine areas of Miyun Reservoir upstream. The risk assessment of Mn had a high potential
ecological risk. Other metals had a low potential ecological risk. The conclusion will provide scientific basis in mine environmental
pollution control and protection of Miyun Reservoir in Beijing.

Key words :iron and gold mine; heavy metal; fraction; Tucker3 model; risk assessment
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Table 1  Distribution of average contents of heavy metals in soils of mines of Miyun Reservoir upstream

Fedh

TE/mgkg ™!

RIFALE Mo Cu Ph Ni Cr In Mn v O
Lenil7 n=13 0.17£0.08 52.10£34.07 28.40£29.96 84.2328.64 140.82+39.67 109.58+30.73 801.63+311.32 77.27+23.14  6.84 2.46
HIEEEEED n=10 0.79:1.35 122.28+88.35 37.95+26.29 96.58+23.27 200.84 +52.43 164.80+94.34 926.83 +219.86 187.62+92.67  6.69 2.4
JRA a0 n=15 0.36£0.48 30.30=11.72 26.64+14.67 68.65+27.8) 119.96+45.55 106.52+68.81 646.22£220.58 77.39+25.14 6.9 2.37
BRI n=10 0.15£0.04 20.65+7.99  19.02£4.52 51772373 94.95+21.58 90.79+18.10 646.21+94.90 120.80+39.08 6.73 2.83
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Table 2 Distribution of fraction of heavy metals in soils of iron mines

o , " JGE/mg-kg ™!
HmiiE  ELERES %
e v H cd Cu Ph Ni Cr 7n Mn v
Al (A <0.01  1.08+1.89 0.28+0.22 1.33+1.61 0.18+0.15 5.17+4.30 183.78 +186.13 0.11 +0.06
Hetsil/ % <0.01 2.16 1.30 1.79 0.15 5.21 22.96 0.13
P (A 0.02+0.06 1.79+3.00 9.07 +13.45 3.61+3.51 1.34+1.06 12.55+5.85 215.97 +236.41 4.38 +2.40
LA T % 9.33 3.26 31,48 4.91 1.03 12.45 26.00 5.21
R IR
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i A
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®3 STRXIBEFESERSHH"

Table 3 Distribution of fraction of heavy metals in soils of gold mines

v 3 " JLE/mg-kg ™!
WiE ESRES 5
HiiE ELRP & cd Cu Ph Ni Cr 7n Mn v
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in soils of gold mines
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Table 4  Correlation coefficients of heavy metals, pH and organic matter in iron mine soils

Cd Cu Pb Ni Zn Mn \Y pH oM
Cd 1. 00
Cu 0. 06 1.00
Pb 0.68"" 0.24 1. 00
Ni -0.16 0.52° 0.17 1. 00
Cr 0.10 0.48" 0.19 0.73" " 1. 00
Zn 0.23 0.80" " 0.47" 0.48 " 0.47" 1.00
Mn 0.12 0.87"" 0.27 0.50" 0.58" " 0.85"" 1.00
\Y 0.19 -0.40 0.23 -0.36 -0.18 0.07 -0.06 1. 00
pH 0.12 -0.06 0.21 -0.08 -0.11 -0.07 -0.16 -0.20 1. 00
oM 0.25 -0.31 0.15 -0.43" -0.25 -0.05 -0.31 0.31 -0.18 1. 00

1) * *

FORTE @ =0.01 KV TR, « FIRME a=0.05 KT RBFH

®5 @TRIRESELES pH A BNRZEMEXRE

Table 5 Correlation coefficients of heavy metals, pH and organic matter in gold mine soils

Cd Cu Pb Ni Cr Zn Mn A% pH OM
Cd 1. 00
Cu 0.51"" 1. 00
Ph 0.21 0.18 1. 00
Ni 0. 14 0.33 0. 08 1. 00
Cr 0.17 0.52"* 0.38 0.76* * 1.00
Zn 0.87"" 0.57** 0.43" 0.11 0.21 1. 00
Mn 0.20 0.63"" 0.26 0.26 0.57"* 0.32 1. 00
\ 0.23 0.85"" 0.18 0.39 0.59" " 0.35 0.56" " 1.00
pH -0.11 -0.37 0.15 -0.26 -0.30 -0.05 -0.30 -0.49" 1.00
oM -0.02 -0.30 0.19 -0.10 -0.20 0. 06 -0.41" -0.31 0.33 1. 00
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Table 6 Potential risk index of heavy metals in mine soils of Miyun Reservoir upstream/ %
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