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Fig. 1 Distribution of research area and soil sample points.
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Table 1 The type of interaction between two independent variables and the dependent variable.
ZHAEH BRI E R FIWr i EH AR
Y @ > g(x,NX:) < Min[g(X)). q(X)] LR
~~~~~ L Min[g(X)), g(X;)] < g(X;NX;) < Max[g(X)), ¢(X>)] XU sl 553
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between ¢(X;) and ¢(X;); - Represents g(X,)+¢(X>), taking the sum of ¢(X;) and ¢(X,); V¥ Represents g(X;NX;), taking the magnitude of the interaction

between ¢(X;) and g(.X;).
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Table 2  Statistical analysis of heavy metals content in soil.
TR THEKE  FEEME FRTHE i . BRER  WRME O ASH A
(mg/kg) (mg/kg) (mg/kg) CV(%) (mg/kg) (%) Sy
Cr 69.175 30.253 45.092 0327  2.898 19.47 64.300 4.08 MEQER M0
Ni 30.675 10.605 19.847 0917  4.306 19.59 27.800 6.12 B Hi
Cu 52.201 8.708 16.492 1457 6.923 40.07 23.100 8.16 IBOERS
Zn 98.060 24,596 47.554 0.341  3.944 26.34 69.500 4.08 MEQER M0
As 12.876 3.014 6.625 0.024 2320 37.81 10.100 10.20 YEOER
cd 0.480 0.173 0.273 0.134  3.363 20.39 0.150 100.00 IBOERS
Pb 38.035 10.766 16.748 1.046  6.604 24.61 22.500 408  MEOESST

e a W2 LT SR A (AR B T b b (AR BRI TR L)

Note: a is the natural background value of heavy metals in surface soil of Handan City (37] ; b is the proportion of soil samples exceeding the natural

background value.
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Fig. 2 Spatial distribution of 7 soil heavy metals in the research area.
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Fig. 3 Degree of single pollution index of soil heavy metal samples in the research area.
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Fig. 4 Single factor and potential ecological risk evaluation of heavy metals in soil.
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Fig. 5 Contribution of factors influencing heavy metal content in soil.
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Fig. 6 Interaction of dominant factors of different soil heavy metals and ecological risk indice (D-mine represents the distance from
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erosion; D-river represents the distance from the river; TEM represents temperature; Hillock represents a gangue hill; PM, 5

represents fine particulate matter; D-POI represents the distance from the enterprise; Road represents the density of the road

network; R/ is the potential ecological risk index of the study area).
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Risk Assessment and Influencing Factors Analysis of Heavy Metals in Soil of
Non-Surface Coal Mines in Southern Hebei Province

LI Silin', WANG Hefeng'**, LIU Jia', ZHANG Anbing', WEI Kaihao', LI Bin'
(1. School of Mining and Geomatics Engineering, Hebei University of Engineering, Handan 056038, China;
2. Key Laboratory of Natural Resources Spatial Information, Handan 056038, China)

HIGHLIGHTS

(1) Through automatic optimization parameter selection of the optimal parameter geographic detector, the main
influencing factors and nonlinear mechanism of soil heavy metal content in the study area were analyzed in
depth, providing scientific reference for targeted pollution prevention and control.

(2) Heavy metal Cd posed the greatest threat to the soil environment, with its content exceeding 78% of the natural
background value. The average contents of other heavy metals of the samples were lower than the natural
background values of the soil in Handan City. The potential ecological risk value of soil in the Fengfeng coal
mine was between 45.70 and 132.77, ranging from mild to moderate risk.

(3) The contribution rate of mining activities to the potential ecological risks of the Fengfeng coal mine was 0.144,

which was the main factor affecting soil environmental quality.

ABSTRACT: Non-surface coal mining is an important means to obtain coal resources. It is crucial to study the
influencing factors and ecological risks of soil heavy metal contents of non-surface coal mines for the protection and
management of mine area ecosystems. The current study on soil heavy metals in the Fengfeng coal mine, a non-
surface mine located in southern Hebei Province, primarily focuses on assessing local soil pollution levels and
analyzing the linear effects of influencing factors, which makes it difficult to provide a scientific basis for the
effective treatment of soil heavy metals in the entire region. To comprehensively evaluate the pollution level of soil
heavy metal of the Fengfeng coal mine and deeply analyze the main influencing factors and their nonlinear
mechanisms, 49 surface soil samples were collected and the contents of seven heavy metals (As, Cd, Cr, Cu, Ni, Pb,
and Zn) were determined. The single pollution index method and potential ecological risk assessment method were
employed to evaluate the soil heavy metal pollution level and potential ecological risks of the mine area, and the
geographic detector was utilized to analyze the main influencing factors of the spatial distribution of soil heavy
metal content. The results indicated that the soil heavy metal contents of seven types in the mine area exhibited
certain spatial heterogeneity, with an overall distribution pattern of high in the north and low in the south. Only the

average content of Cd in the samples exceeded the national natural background value. The comprehensive index of
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soil potential ecological risk was between 45.70 and 132.77, ranging from mild to moderate risk levels. The single
heavy metal pollution indices were ranked as Cd (1.818)>Pb (0.744)>Cu (0.715)>Ni (0.714)>Cr (0.701)>

Zn (0.684)>As (0.656). The spatial pattern of soil heavy metal content in the Fengfeng coal mine was influenced by

human factors such as mining activities and gangue hills, as well as natural factors such as precipitation and soil

moisture. Among them, enterprise distribution and transportation activities were the main influencing factors of the

spatial differentiation of heavy metal Ni; mining activities were the main influencing factor of heavy metals Cu, Cd,

Cr, Pb, and Zn; soil erosion and soil moisture were the main influencing factors of heavy metal As.

KEY WORDS: soil heavy metals; soil pollution; geographic detector; ecological risk assessment; influence factor
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