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Heavy Metal Contamination and Pb Isotopic Composition in Natural Soils

Around a Pb/Zn Mining and Smelting Area
SUN Rui, SHU Fan, HAO Wei, LI Li, SUN Wei-ling

( Key Laboratory of Water and Sediment Sciences, Ministry of Education, Department of Environmental Engineering, Peking
University, Beijing 100871, China)

Abstract: The heavy metal (Pb, Zn, Cr, Cu, Cd, and Hg) concentrations in the A horizon and C horizon soils, collected around the
Pb/7Zn mining and smelting area of Shuikoushan in Hunan, China, were investigated, and the Pb isotopic compositions were also
determined to identify the potential origin of Pb in the A horizon soil. Compared with C horizon soils, the A horizon soils exhibit
elevated heavy metal concentrations, especially in the vicinity of the mining and smelting area. This reveals that the surface soil was
contaminated to some degree. The contents of Pb, Zn, Cr, Cu, Cd, and Hg in soils are up to 3 966. 88, 2 086.25, 135.31, 185.63,
56. 15, and 16. 434 mg/kg, respectively. The potential risks caused by different metals are in the order of Cd > Hg > Pb > Cu >
Zn = Cr. Much higher potential ecological risk was observed for the central area ( Shuikoushan Pb/Zn mining and smelting area) than
for the surrounding area. About 34% , 33% , 11% , and 22% of the sampling sites demonstrate low, moderate, considerable, and very
high potential ecological risk in the central area, while about 68% , 16% , 10% , and 6% of the sampling sites show low, moderate,
considerable, and very high potential ecological risk in the surrounding area, respectively. Compared with the Pb isotopic compositions
in the C horizon soils (**Pb/*Pb 1. 168-1. 246 ,** Pb/***Pb 2. 014-2. 130) , the Pb in the A horizon soils has lower ***Pb/*”’ Ph ratios
(1.166-1.226) and higher **Ph/*® Pb ratios (2.043-2.135). The Pb in the A horizon soils predominantly derives from two-
component mixing resources. One is the parent materials of C horizon, and the other is the atmospheric deposition of the smelting flue
gas dust.

Key words: heavy metal; soil; potential ecological risk index; Pb isotopes; Pb-Zn mining and smelting area
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Fig. 1 Location of sampling sites
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(3.13 ~514.63) mg/kg. 36.76 (13.27 ~ 181.44)
mg/kg. 19.56(5.60 ~105. 58 )mg/kg . 0.34(0.01 ~
14.13) mg/kg . 0. 815(0.306 ~3.425) mg/kg.
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Table 1 Heavy metal concentrations in soil samples
S 9 4R W P (E/mg kg ™! -
Pb Zn Cr Cu Cd Hg
s X sk (K E L) 593. 62 357.27 50. 87 49.04 8.35 2.494 KN
KT 1 X3 55.42 81.52 45.87 28.55 0. 69 1.125 ARHEFE
T = 29.7 94.4 71.4 27.3 0.126 0.116 [20]
AR O E T S 26.0 74.2 61.0 22.6 0.097 0. 065 [20]
e K il 629 597 46. 61 92.72 10. 34 — [3]
24 133.55 351.21 — 16. 65 6.96 — [12]
A5 751.98 855. 44 48.52 174.03 6.77 — [13]
i 5] 155 198 — 42.7 1.3 — [11]
P HE 640 621 71 726 1.9 34 [4]
Aty X (K ) 86. 82 108. 70 42. 61 25.83 1.71 1. 008 NI
C 2t KT L] X 29. 83 74. 80 41.15 23.17 0.49 0.915 B
W S {E 29.6 91.6 68.6 25.8 0. 106 0.08 [20]
o A 24.7 71.1 60. 8 23. 1 0. 084 0. 044 [20]

1) 2 HhofRe B SR IS B A 28 7 AR I SCRR D S

2.1.2  F 4 JE A H) A RRAE

CEHWHEERM M4 (F2) BoR,6 FiH
& B R M AR K T T B, WA
FR B A — A X A 55 1 e B oG X C
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BRI X FE LK Cd J& Ph/Zn &7 (0 £ B LA
Iy —"T0 O AR (765°C) | 7E R T AR
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EL 515 Y R

RI 595 e i1
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RIS B 840 B 1 8725 e FELAR G« oty
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80 - E
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£ 40 >\
20 /

0 Pb Zn Cr Cu Hg
(a) 0 XI5

X3 E AR £ B T B X v K,
Pb.Zn Cr ,Cu,Cd Hg 80 E: SE- Y448 K AR Ak 7 43 5
4 49.88 (0.51 ~385.09) . 6.16 (0.16 ~27.46) .
3.12(0.29 ~9.05) . 16.24(1.99 ~80.16) , 205.26
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Fig.3 Assessment of potential ecological risks of single heavy metal
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Fig.5 Composition of Pb isotope in soils
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