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Vertical Distribution Characteristics and Key Factors Affecting Soil Heavy Metals
in Typical Non-Ferrous Metal Smelting Sites of Hunan Province
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Abstract: The vertical distribution of heavy metals in soils of contaminated sites varies greatly, but the key factors influencing their
vertical distribution remain unclear. This study examines factors such as enterprise scale, production duration, geographical location, and
soil type, focusing on 14 typical non-ferrous metal smelting sites in Hunan Province. It analyzes the vertical distribution characteristics of
arsenic (As), cadmium (Cd), and lead (Pb) in the soil and uses machine learning models to identify the key factors influencing their
vertical distribution. The results show that: (1) The concentrations of heavy metals at 14 typical non-ferrous metal smelting sites in Hunan
Province are significantly higher than the provincial background values. In the surface layer (0-0.5 m), the percentages of sampling points
exceeding background levels for As, Cd and Pb were 100%, 100% and 75%, respectively. Heavy metals primarily accumulate in the
0.5-4.0 m fill layer, and their concentrations decrease with increasing soil depth. (2) Random Forest (RF), XGBoost, Support Vector
Machine (SVM), Linear Regression (LR), and Neural Network (NNET) machine learning models were used to predict the vertical
distribution of soil heavy metals. Among these, the RF model demonstrated the highest accuracy in predicting soil As, Cd, and Pb
concentrations, with coefficients of determination (R%) of 0.97, 0.76 and 0.67, respectively. (3) The RF model identified production

duration, soil type, pH, elevation, and groundwater depth as the key factors influencing the vertical distribution of soil heavy metals. The
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study reveals that the vertical distribution of heavy metals varies considerably at typical non-ferrous metal smelting sites in Hunan

Province. Machine learning models can effectively identify the critical factors affecting the vertical distribution of soil heavy metals. The

findings provide valuable insight for the remediation of heavy metal-contaminated soils at non-ferrous metal smelting sites.

Keywords: smelting site; heavy metals; vertical distribution; influencing factors; machine learning
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Fig.1 Distribution of typical non-ferrous metal

smelting sites in Hunan Province
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Table 1 Statistical overview of typical non-ferrous metal smelting sites in Hunan province
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Table 4 Heavy metal content in soils of non-ferrous metal smelting sites
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Fig.3 Vertical distribution of heavy metals in soil of non-ferrous metal smelting site in Hunan Province
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Fig.4 Performance comparison of different machine learning models for soil heavy metals prediction at contaminated sites

As Cd Pb
L — pH oy
TR [ e L — o e
% T Wik )
ok [ fe Pt i) [ st i) [
TR [ ik [ pH
Wik 0 HHLESE [0 e )
 ERmER [  HxEE [  ERER [
& pH [ ¥ e 0 % s [
2 sk B ki O  wmEs
S HHURE R O S dtEm O S kaEED
EHR 0 EHR AR
e 1n sokE sESME AR [
b g AL A [T
MR 3 Wk [ EHFELR O
i 2 R br L - KE ] .
S wpekR @ | F0T6 ] | e
0 50 100 150 200 0 20 40 60 80 100 0 50 100 150 200
RMSE/(mg/kg) RMSE/(mg/kg) RMSE/(mg/kg)

5 pttEFEEREMIBNIMEAREZSHF

Fig.5 Ranking of factors affecting vertical transport of heavy metals in site soils
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