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Abstract; The purpose of thls s study was to explore the pol]l;tlon of 501,1 heagy metals and ‘the health risk of the contdlmndted soil to residents, which was affected by the copper
mine lp' a smaﬂ basin of a mining area 1n Yunnan Province. Soil (39 samples) , sedlment ( six samples) , water, and corresponding suspended particle ( six samples) and dust
(one samp e) %amples,-Were collected. The contents of Cd,Pb, Hgy*As, Zny Cu Ni, and Cr in the samples and the soil pH were determined. The spatial distribution of
heavy metéls Was dndlyzed and the source of soil heavy metals was 1nn0\fat1vely traced by the relative proportion of heavy metals in various media. The geo-accumulation
index, Nemjerow comprehensive pollution index, and potential ecological risk index were used to evaluate and analyze the pollution status and the potential ecological risk of
soil heavy metals in the watershed, whereas the health risk model recommended by USEPA was applied to evaluate the health risk. The results showed that the heavy metals
in the soil of the upstream area might be derived from the synergistic input of irrigation,, atmospheric deposition,, and soil erosion. In the middle reaches and lower reaches, the
irrigation and the soil erosion of sloping land mainly contributed the heavy metal input, respectively. It was also found that the pollution degree in the upstream area was higher
than that in the downstream area. The farmland soil was seriously polluted by Cd, Zn, Pb, and Cu, and Cd, Zn, and Pb had high potential ecological risks. Although
residents did not face the risk of non-cancer diseases, the carcinogenic risk had exceeded the acceptable level, and children were at higher risk of cancer. In addition,
although the content of As in the soil was lower than that of Cd, Zn, and Pb, it had a higher carcinogenic risk.

Key words: soil pollution; heavy metals; multi-medium; copper mine; health risks
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Fig. 1 Study area and distribution of sampling sites
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Fig. 3 Fingerprint of heavy metal sources in the study area
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Table 4 Geo-accumulation index ( [geo) calculated

by the mean value of soil heavy metals in the basin

i TN B/ T
Cd 5.82 -3.80 0. 84
Pb 2. 15 -1.89 -0.05
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7n 3.45 -1.05 0. 46
Cu 2. 64 -1.67 0.11
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Fig. 4 Geo-accumulation index (1, ) of soil heavy metal
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Table 5  Evaluation results of Nemerow pollution index and single factor pollution index for heavy metals
P, p
HE cd Pb Hg As Zn Cu Ni Cr Py S
A 19.24 0.27 0.05 0. 64 1.50 1.05 0. 61 0.34 4.93 V.
B 24.97 0.38 0.12 0.82 1.57 2.14 0.49 0.27 6.32 e Vol
C 6.47 0.12 0.08 0.56 0.71 1.12 0.55 0.29 1.65 M_,‘e’j.‘-' I
D 3.41 0. 09 0.03 0. 66~ 0.45 0.56 0.56 0.29 0.0 ST
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Table 7 ADD of each heavy metal via three exposure routes for adults and children/mg- (kg-d) ~!

e ADD, ADD,, ADD,,,
JLE LN JL#E LN JL#E EUN

Cd 1.79 x10 3 2.50 x10 ¢ 4,92 x10°1° 2.76 x 1010 5.00 x10 % 9.97 x10~°
Pb 1.76 x10 ~* 2.46 x107° 4.86 x107° 2.72x107° 4.93x1077 9.83 x10°%
Hg 1.68 x10 7 2.35x10°% 1.93 x1077 1.08 x1077 4,71 x10°1° 9.40 x10~1
As 4.52 1073 6.32x10°° 1.25x10°° 6.97 x 1010 3.79 x10 ¢ 7.57 x1077
Zn 7.81x10°* 1.09 x10~* 2.15x10°% 1.21 x1078 2.19 x10°° 4.36 x1077
Cu 2.94x10°* 4.12x107° 8. 11 x10~° 4.54 x10° 8.23x1077 1.64 x10~7
Ni 1.02 x10~* 1.42 %1073 2.80 x10~° 1.57 x10~° 2.85x1077 5.68 x10 %
Cr 2.24 x10°* 3.14x107° 6.18 x10~° 3.46 x10~° 6.28 x1077 1.25 x10 "7
Javill 1.64 x10 73 2.30 x10°* 2.38 x1077 1.33 x1077 8.26 x10 ¢ 1.65x10°°
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Fig. 5 Health risks of heavy metals to adults

and children in the study area
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