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GRAPHICAL ABSTRACT 

 

Abstract 

Solid wastes and acid wastewater lead to the enrichment of heavy metals in the soil of mining 

area. Heavy metal pollution causes the decline of soil quality, ecosystem degradation, crop yield 

reduction, and even threatens human health. For this reason, the real-time detection method for 

heavy metal pollution in mining area is studied. Taking a mining area as an example, the data 

of heavy metal content in mining area soil are collected by PLSR model. Based on the collected 

data, the real-time detection model of heavy metal pollution in mining area soil based on 

improved analytic hierarchy process and weighted average method is adopted to real-time 

detect the heavy metal pollution index in the soil of mining area. The results show that the 

pollution index of Cu, Zn and Pb in the soil of this mining area belongs to heavy pollution, and 
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the pollution of Cd is relatively small. Among them, the pollution index of Pb is the largest 

among the four heavy metals, and the pollution is quite serious. The pollution sources of Pb, 

Zn and Cu in this mining area are the same, and the pollution sources of Cd are different from 

those of other three heavy metals. 

Keywords: mining area, soil, heavy metal, pollution, real-time detection, analytic hierarchy 

process. 

1. Introduction 

Mineral resources are one of the basic sources of human production and life, but the 

development of mineral resources plays an important role in promoting the development of 

national economy, at the same time, it also brings serious environmental problems (Stihi et al. 

2017), (Rahman et al., 2020). In mining, especially in lead-zinc deposits and sulphur-containing 

polymetallic deposits, a large amount of heavy metals (Karbassi & Marefat 2017) are enriched 

in the soil of mining area due to the direct discharge of mining wastewater and beneficiation 

wastewater, the stacking and leaching of solid wastes such as waste rocks and tailings. Heavy 

metals pose a great threat to the environment and human body. Most of the previous mining 

development work in China only focused on economic interests, and the research on heavy 

metals in mining soils was also lagging behind (Chen et al. 2017b), (Zephania et al., 2019). The 

activity, bioavailability and toxicity of heavy metals in soils are closely related to the forms of 

heavy metals. It is not accurate to assess soil pollution in mining areas only by the total amount 

method of heavy metals (Stihi et al. 2017). Therefore, it is gradually on the agenda to study the 

sources, migration and transformation of heavy metals in mining soils, try to use a variety of 

soil heavy metal pollution assessment methods, accurately assess the grade and degree of soil 

pollution in mining areas, and carry out ecological reconstruction of mining areas (Yang et al. 

2017), (Paneru et al., 2020). 

The results show that acidic mine wastewater and solid waste pollution are the main sources of 

heavy metals in soil (Nethaji et al. 2017). In the process of exploitation and utilization of 

primary sulfide deposits, waste sulfide minerals undergo long-term natural oxidation and 

rainwater leaching, resulting in a large number of heavy metals entering the soil of the mining 

area, and forming a certain range of supergene geochemical anomalies (Liu 2017). The 

oxidation rate of sulfide minerals is related not only to reaction time, temperature, sulfide 

mineral content and types, but also to the external environment such as oxygen, water, 

biological activities, especially Ferrobacterium oxide. The production of acid wastewater is the 

result of the oxidation, weathering, decomposition of these primary sulfide minerals and the 

comprehensive reaction of water, acid, gas and minerals (Hamad et al. 2019). In addition, the 

contents of thallium, arsenic, lead and chromium in ores and surrounding rocks are very high. 

Dust pollution is also a source of heavy metals in soil during mining, transportation and 

dumping (Huang 2017), (Laili and Amid, 2019). 

Some metals, especially toxic elements, can’t be biodegraded once they enter the soil, mainly 

through a series of physical and chemical processes such as ion exchange, oxidation-reduction, 



 

 

adsorption/desorption, precipitation-dissolution, and finally exist in the soil in some form 

(Ramdani et al. 2018). In fact, toxicological effects caused by heavy metals have obvious 

lagging effect. The potential hazards and threats are much more serious than the apparent effects. 

Once pollution is formed, remediation will be very difficult and ineffective in the short term. 

The disasters caused by heavy metals are also sudden, that is, chemical time bombs. It is 

particularly necessary to monitor and evaluate heavy metals in soils of mining areas in time (Li 

& Shi 2017). In this paper, a real-time detection method of heavy metal pollution in mining soil 

is proposed, which has important theoretical value for ecological detection of mining 

environment (Pang et al. 2017). 

2. Materials and Methods 

2.1. Data Acquisition of Heavy Metals Content in Mine Soil based on PLSR Model 

The correlation wavelengths of heavy metal elements in mining soils are recorded as 

 1 2 3, , ,..., MX X X X X=  and M = 150. The PCA method is used to reduce the dimension of 

descriptors of heavy metal elements in mining soils (Chen et al. 2017a), (Ali et al., 2019). Firstly, 

standardization is carried out: 

( ) /X X D= −   (1) 

In the formula, X is a M N  matrix; X is the mean of the bands related to heavy metals in 

the soil of the mining area; D is the variance matrix of heavy metals in the soil of the mining 

area. The principal component of the set of bands related to heavy metals in mining soils can 

be obtained by the following formula: 

( )T TV XX V =    (2) 

In the formula,   is a diagonal matrix composed of eigenvalues ( )1,2,3,...,i i M =  and 

1 2 ... M       of heavy metal elements in mining soil, and V is an orthogonal matrix 

composed of eigenvector ( )1,2,3,...,i M=   corresponding to eigenvalues of heavy metal 

elements in mining soil (Cheng et al. 2019). The eigenvectors corresponding to the eigenvalues 

of heavy metals in the soils of the first three large mining areas are selected as independent 

variables, such as W330, W790 and W1440. Then the combinations of these variables are 

analyzed by multiple linear regression (Leung et al. 2017), (Prabal et al., 2020). The regression 

equation is derived. 

76.454 330 2.976 790 23.255 1440 56.232O W W W= − + −  (3) 

Where, O is the content of heavy metals in the soil of mining area. The model of extracting 

heavy metals from soil in mining area is established as follows: 



 

 

73.542 345 3.355 760 20.794 1590 0.862O W W W= − + −  (4) 

2.2. Real-time Detection Model of Heavy Metal Pollution in Mining Soil based on Improved 

Analytic Hierarchy Process and Weighted Average Method 

2.2.1. Detection of Single Factor Pollution Index 

The pollution index detection formula of single factor iO  is as follows: 

/i i i iO P C S=   (5) 

In the formula, iP  is the pollution coefficient of heavy metals in the soil of mining area, iC  

is the actual value of the pollution coefficient of heavy metals in the soil of mining area, and 

iS  is the detection standard of heavy metals in the soil of mining area. Among them, iO  can 

be refined into various kinds of heavy metals in the soil of the metallogenic area according to 

the detected components. 

2.2.2. Detectionof Multifactor Pollution Index  

(1) Establishment of analytical hierarchy process 

The first layer of the hierarchical analysis structure for the detection of heavy metal pollution 

in mining area soil is the target layer, that is, to detect the heavy metal pollution in a mining 

area soil, which is defined as layer A; The second layer is the standard layer, that is, to select 

two standards of the limit values of heavy metals such as Pb, Cd, Cu and Zn in the soil of the 

mining area (0.2, 0.2, 10 and 50 
1mg kg − , respectively) and the toxicity response coefficient 

of heavy metals (5, 30, 5 respectively) 1), to be defined as layer B, two of which are defined as 

1B  and 2B  respectively; the third layer is a specific detection factor, namely four heavy metal 

elements of lead, cadmium, copper and zinc, defined as layer C; The analytic hierarchy is a 

three-layer structure (Ramdani et al. 2018), (Amjad et al., 2019). 

(2) Construction of judgment matrix 

At each level, the indicators of this layer are compared one by one. According to the prescribed 

scaling method, the judgment matrix of heavy metal pollution in mining area soil is written. 

The scaling and its description are shown in Table 1. 

Table 1. Number scale and its description 

Scale Definition (comparative factors I and j) 

1 Factor I is as important as factor j 



 

 

3 Factor I is slightly more important than factor H 

5 Factor I is more important than factor H 

7 Factor I is more important than factor H 

9 Factor I is absolutely more important than factor H 

2, 4, 6, 8 The Intermediate Value of Two Neighboring Judgements 

According to the prescribed scaling method, the A B→   layer judgment matrix (6), the 

1B C→   judgment matrix (7) and the 2B C→   judgment matrix (8) for the real-time 

detection of heavy metal pollution in mining soils are established. 

1 1/ 5

5 1

 
 
 

  (6) 

1 1/ 5 1 3

5 1 5 7

1 1/ 5 1 3

1/ 3 1/ 7 1/ 3 1

 
 
 
 
 
 

  (7) 

1 1 5 7

1 1 5 7

1/ 5 1/ 5 1 3

1/ 7 1/ 7 1/ 3 1

 
 
 
 
 
 

  (8) 

(3) Computation of matrix eigenvector and maximum eigenvalue 

The approximate calculation method for the characteristic vector of the O matrix of the heavy 

metal content in the soil of mining area is as follows: firstly, the judgment matrix is summed 

by rows, then the average values of each row are obtained, and a column vector of the heavy 

metal content in the soil of mining area is obtained (Khoo et al. 2019). Dividing each element 

of the vector by the sum of all elements of the column vector, the column vector thus obtained 

is the eigenvector W  of heavy metals in the soil of the mining area. (Leung et al. 2018). Based 

on the eigenvectors of heavy metals in mining soils, the algorithm of maximum eigenvalue 

max  of heavy metals in mining soils is as follows: 

( )
max

1

n
i

i i

C W

n w
O

=


=


   (9) 

In the formula, W   is the eigenvector of heavy metals in mining area soil, iw   is the i-th 

element in the eigenvector, C is the judgment matrix of heavy metals pollution in mining area 

soil, and n is the order of the judgment matrix of heavy metals pollution in mining area soil. 



 

 

(4) Consistency test 

According to the constructed judgment matrix of heavy metal pollution in mining area soil, the 

weights of all heavy metal pollution factors associated with the above level are calculated (Li 

et al. 2017). In order to measure the consistency of the judgment matrix of heavy metal pollution 

in mining area, the negative average CI of other characteristic roots besides the maximum 

eigenvalue of the judgment matrix is introduced. The formula is as follows: 

max

1

n
CI

n

 −
=

−
  (10) 

In order to measure the consistency of different judgment matrices, the average random 

consistency index RI is introduced. The RI value is shown in Table 2. 

Table 2. Average random consistency index 

Matrix 

Order 
1 2 3 4 5 6 7 8 9 

RI 0 0 0.58 0.90 1.21 1.24 1.32 1.41 1.45 

When calculating the random consistency ratio /CR CI RI= , when 0.10CR  , the matrix 

is considered to have satisfactory consistency. Otherwise, the judgment matrix of heavy metal 

contamination in mining area soil should be reconstructed until it has satisfactory consistency. 

(5) Consistency test of hierarchical total sorting 

The total ranking of the hierarchy uses the results of all the hierarchical ordering in the same 

hierarchy, and the weights of all the heavy metal elements in the upper hierarchy, to calculate 

the weight value of all heavy metal factors in this level for the detection of heavy metal pollution 

in the mining area (Rosen & Chen 2018). The test is performed from the upper layer to the 

lower layer. For example, the consistency index of the factors in the layer B to the single order 

of the layer A is iCI  , and the average random consistency index is iRI  . The random 

consistency ratio of the total order of the layer B is: 

1

1

n

i i

i

n

i i

i

a CI

CR

a RI

=

=



=






  (11) 

In the formula, ia  is the weight value of heavy metal factor in layer A. When 0.1CR  , the 

result of total ranking of layers is satisfactory. According to formula (11), the judgment matrix 

of soil heavy metal pollution in mining area is calculated. The consistency test results of each 

layer are shown in table 3. 

Table 3. Consistency check index of various levels 



 

 

Arrangement max  CI CR 

B A→  2 0 0 

1C B→  4.07347 0.02449 0.2721 

2C B→  4.07347 0.02449 0.2721 

The consistency test meets the requirements. The normalized eigenvector corresponding to 

max  is the weight value of heavy metal elements in the soil of mining area. The weight of 

each index is shown in Table 4. 

Table 4. Weight of various levels index 

Target Layer Subsystem Weight 
Monolayer 

factor 
Weight Total factor Weight 

Detection of 

Heavy 

Metals in 

Soil of 

Mining Area 

Biotoxicity 0.17 

Pb 0.15144 
Pb 0.3773 

Cd 0.63476 

Cu 0.15144 
Cd 0.4579 

Zn 0.06235 

Limit Value 

of Heavy 

Metals in 

Soil and 

Food Crops 

0.83 

Pb 0.42251 
Cu 0.1122 

Cd 0.42251 

Cu 0.10438 

Zn 0.0526 
Zn 0.05060 

2.2.3. Establishment of Improved Weighted Average Method 

The traditional formula of weighted average method is as follows: 

/i i iP c S=   (12) 

( )/i i iP A c S=   (13) 

In the formula, iP  is the pollution factor of heavy metal pollutants in mining area soil, ic  is 

the average measured content of heavy metal pollutants in mining area soil (
1mg kg − ), iS  is 

the reference value of heavy metal pollutants in mining area soil (
1mg kg − ), iA  is the weight 

of a heavy metal element (where the weight is calculated by analytic hierarchy process), and 

P  is the comprehensive pollution index of heavy metal in mining area soil. There are usually 

two methods to determine the value of iS  (Munoz-Colmenares et al., 2017). One is to adopt 

the critical value of Class III soil standard in the national soil environmental quality standard, 



 

 

and the other is to take the arithmetic average value of various standard values. Because of the 

difference in the range of standard values of different types of soils, there are some deviations 

between the two methods (Shahsavari et al. 2019). In order to solve this problem, the weighted 

method is used to determine the iS  value. Taking Cd as an example, the soil grade ranges of 

Cd are  0,0.2 ,  0.2,0.3  and  0.3,1  respectively, and the formula for calculating CdS  

is as follows: 

( ) ( ) ( )

( ) ( ) ( )

0.2 0 0.1 0.3 0.2 0.25 1 0.3 0.65
0.5

0.2 0 0.3 0.2 1 0.3

−  + −  + − 
=

− + − + −
 (14) 

Other heavy metal elements are calculated according to this method. The results are as follows: 

the value of Pb is 250 
1mg kg − , the value of Cd is 0.5 

1mg kg − , the value of Cu is 200 

1mg kg − , and the value of Zn is 250 
1mg kg − . 

2.2.4. Comprehensive Detection 

Based on the above method, a comprehensive detection model based on AHP and weighted 

average is obtained. The formula is as follows: 

       / 250 / 0.5 / 200 / 250Pb Cd Cu ZnP Pb a Cd a Cu a Zn a=  +  +  +   (15) 

Where, a   is the corresponding weight of four heavy metal elements calculated based on 

improved AHP. Here, O calculated by formula (4) is refined into  Pb ,  Cd ,  Cu  and 

 Zn  , which is the measured content value of heavy metals, and P is the comprehensive 

pollution index (Shalmashi & Khodadadi 2019). On the basis of the new detection model, 

considering comprehensively the values of each grade of the national soil grade standard and 

the background values of the soil in the mining area, the new grading criteria are obtained after 

the calculation of the model: 1P    means clean, 1 2P    means light pollution, 

2 3P   means medium pollution, and 3P   means heavy pollution. 

2.3. Test Settings 

Taking the major industrial developed cities in a certain area as the research area, this area is 

one of the most developed and fastest growing areas in China. However, the rapid development 

of industrialization and urbanization has also produced a large number of industrial wastes and 

domestic wastes, resulting in serious environmental problems (Chicalote-Castillo et al. 2017), 

(Islam et al., 2020). Among them, the over-standard content of heavy metals in the soil of 

mining areas in this area is widespread, with the over-standard rates of Cd, Zn and Cu reaching 



 

 

40.1%, 19.8% and 8.1% respectively, which seriously threatens the safety of environmental 

management in mining areas. 

In the sampling area, the heavy metal content of 24 sampling points is detected. Five points are 

taken from each sampling point in the range of 10 10m m . After mixing, the samples are 

sampled by quartering method. After air-drying, the impurities are removed and the 0.15 mm 

pore size nylon sieve is reserved. The soil samples were digested by 3HNO HF HCIO− −  

and the heavy metal contamination in the mining area is detected by the proposed method 

(Szentgyrgyi et al. 2017). 

3. Results 

3.1. Statistical Analysis of Soil Heavy Metal Content Data in Mining Area 

Table 5 shows the statistical results of heavy metals in the soils of mining areas in this area. 

Table 5. Statistical results of heavy metals in soil of mining area in this area 

Heavy 

metal 

Number of 

samples 
Range Minimum 

Maximum 

value 

Mean 

value 

Background 

values in 

this area 

The sum 

Pb 141 4805 60 4864 671 27.3 94599 

Zn 141 8247 184 8431 1197 88.6 168734 

Cu 141 582 17 599 82 25.4 11549 

Cd 141 922 2.1 924 24 0.079 336 

According to Table 5, the average contents of Pb, Cd, Cu and Zn detected by the proposed 

method are 671, 24, 82 and 1179 
1mg kg − , respectively, which are much higher than the 

background values of the corresponding heavy metal contents in the soils of this area, indicating 

that there is an obvious accumulation phenomenon. Among them, the average contents of Cd, 

Pb and Zn are 301, 24 and 13 times of the background values of the corresponding soil heavy 

metals content in this area, which indicates that the pollution of Cd, Pb and Zn in the soil of 

this mining area is significant and common (Liew et al. 2019). The contents of Pb, Cd, Cu and 

Zn in the soils of the mining area range from 60 to 4864 
1mg kg − , 2.1 to 924 

1mg kg − , 17 

to 599
1mg kg −   and 184 to 8431 

1mg kg −  , respectively, which shows that the pollution 

situation in different areas varies greatly. 

3.2. Detection Results of Heavy Metal Pollution in Soil of Mining Area 

The results of heavy metal contamination in soils from the 24 sampling sites are shown in Table 

6. 

Table 6. Test results of soil heavy metal pollution in mining area 



 

 

Number Cu Zn Pb Cd 
Composite 

index 
Pollution Degree 

1 1.38 0.27 0.35 0.23 1.01 Light pollution 

2 0.85 0.23 0.41 0.14 0.67 Clean grade 

3 1.35 0.39 2.56 0.3 1.41 Light pollution 

4 0.83 1.18 0.56 0.41 0.99 Heavy pollution 

5 2.17 0.94 1.28 0.39 1.75 Light pollution 

6 1.01 0.33 1.56 0.13 1.23 Light pollution 

7 2.57 0.27 0.22 0.27 1.91 Light pollution 

8 3.11 0.81 0.8 0.28 1.54 Light pollution 

9 14 0.98 1.97 0.21 10.35 Heavy pollution 

10 18.96 1.87 4.97 0.18 14.17 Heavy pollution 

11 6.88 1.96 3.87 0.52 5.4 Heavy pollution 

12 1.01 1.45 4.98 0.21 3.77 Heavy pollution 

13 9.87 1.23 6.13 0.03 7.61 Heavy pollution 

14 3.58 6.66 6.98 0.34 5.83 Heavy pollution 

15 2.71 14.77 15.92 2.53 12.93 Heavy pollution 

16 3.74 10.03 49.34 1.23 36.7 Heavy pollution 

17 2.34 0.61 0.04 0.29 1.75 Light pollution 

18 3.7 0.26 2.85 0.28 2.9 Medium pollution 

19 21.97 0.32 0.25 0.28 16.05 Heavy pollution 

20 3.11 0.35 1.51 0.79 2.42 Medium pollution 

21 3.34 0.27 0.88 0.37 2.51 Medium pollution 

22 3.47 0.42 2.07 0.28 2.69 Medium pollution 

23 5.37 0.25 1.35 0.78 4.04 Heavy pollution 

24 1.61 0.73 1.47 0.92 1.41 Light pollution 

Composite 

index 
15.93 10.53 35.05 1.82 - - 

Pollution 

Degree 

Heavy 

pollution 

Heavy 

pollution 

Heavy 

pollution 

Light 

pollution 
- - 

According to Table 6, it can be seen that the pollution index of Cu, Zn and Pb in the soil of the 

mining area belong to heavy pollution, and there are great differences among the three heavy 

metals unidirectional pollution index (Qolipour et al. 2019). Among the single pollution index 

of Cu, only two sampling points are less than 1, and 13 sampling points are heavily polluted, 

accounting for 54% of all samples. 

Figures 1, 2, 3 and 4 are pollution index of four heavy metals in the soil of the mining area 

detected by the proposed method. 
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Figure 1. Pollution index of Cu 
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Figure 2. Zn pollution index 
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Figure 3. Pb pollution index 
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Figure 4. Cd pollution index 

As can be seen from Figure 1, Figure 2, Figure 3 and Figure 4, Cu pollution is the most common 

and serious (Figure 1). The comprehensive pollution index of Zn is 10.53, the highest single 

pollution index is 15.17, and the number of samples greater than 1 is 8, accounting for 1/3 of 

all samples (Figure 2). The Pb pollution index is the largest among the four heavy metals, and 

the pollution is quite serious, especially at sampling sites 15 and 16, the pollution index is as 

high as 15.92 and 49.34, respectively (Figure 3). The Cd pollution index of soil in this mining 

area is the smallest, which is 1.82, and the pollution degree is light pollution grade. Except for 

sampling sites 15 and 16, most of the Cd pollution index are less than 1, which indicates that 

the Cd pollution index in this mining area are small (Figure 4). 

3.3. Source Analysis of Heavy Metals in Soil of Mining Area 

Pearson correlation analysis of the four heavy metals detected in the above experiments is 

carried out to study the correlation among the four heavy metals and to analyze the main sources 

of heavy metal pollution in the soil of the mining area. The analysis results are shown in Table 

7. 

Table 7. Pearson correlation coefficients of four heavy metals 

  Pb Zn Cu Cd 

Pb 1    

Zn 0.646** 1   

Cu 0.737** 0.696** 1  

Cd 0.234** 0.522** 0.448** 1 

Note: ** means significant correlation at level 0.01 (bilateral). 



 

 

Table 7 shows that there is a significant correlation among the four heavy metals in the soil of 

the mining area ( 0.01p  ). It can be preliminarily judged that the sources of heavy metal 

pollution in the soil of the mining area have certain similarities. The investigation shows that 

the main activities in the local mining area are the beneficiation of lead-zinc ore and the 

smelting of non-ferrous metals. There are one beneficiation plant and five smelters in the 

sampling area. The main sources of heavy metals such as lead and zinc are the beneficiation 

wastewater and smelting gas. Because the sampling area is mainly around the concentrator and 

smelter, the sources of heavy metals in cultivated soil are closely related to the mining activities 

in the local mining area. 

In order to further analyze the pollution sources of heavy metals in cultivated soil of this mining 

area, the principal component analysis of four heavy metals in cultivated soil of this mining 

area is carried out by factor analysis method (Ng et al. 2018). Through KMO and Bartlett 

sphericity test, the sampling data is suitable for factor analysis. The results are shown in Figure 

5: 
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Figure 5. Factorial Load of Heavy Metals in Soil 

It can be seen from Figure 5 that Cd has higher load on component 2, while Pb, Zn and Cu have 

higher load on component 1. It can be concluded that Cd is different from other three sources 

of heavy metal pollution. Through sampling and investigation in and around the mining area, it 

is known that the main pollution sources of Pb, Zn and Cu are the mining and smelting activities 

of lead-zinc sulfide ores in the mining area and the secondary pollution caused by slag after 

mining. In the smelting process of lead-zinc ore, Cd is one of the main associated products of 

lead-zinc ore. However, the areas with serious Cd pollution are all near the concentrator, which 

explains the source of pollution very well (Osazuwa et al. 2018). Therefore, the first principal 



 

 

component of Cd pollution source is mainly the mining activities of non-ferrous metal mines, 

and the second principal component is mainly the “three wastes” discharge from mining areas. 

4. Discussions 

Real-time detection of heavy metal pollution in mining soils can provide the most basic data 

support for soil environmental remediation in mining areas. The following suggestions are put 

forward for the future restoration of soil environment in mining areas around the research topics 

in this paper: 

(1) Restoration of soil conditions 

In view of the characteristics of harsh microclimate, decrease of biological community and 

homogenization of ecosystem in mining area, bioremediation measures are adopted according 

to local conditions, including vegetation reconstruction, introduction and development of 

microorganisms and animals. The core of these measures is vegetation construction to form 

artificial plant communities. In general, fast-growing, adaptable, well-developed roots and 

strong stress-resistance plants are selected, and mixed allocation of grass, shrub and tree is 

adopted to combine short-term, medium-term and long-term development. Some beneficial soil 

animals (such as earthworms) and soil microorganisms are properly introduced and developed 

to restore the original climate, biology and ecosystem conditions. 

(2) Rehabilitation of soil physical and chemical properties 

For acidic mining areas where soil pH is not too low, bicarbonate or lime can be used to regulate 

soil acidity; for those with too low or high pH, a small amount of bicarbonate or lime should 

be applied many times, or phosphate rock powder can be applied; for land reclamation and 

ecological reconstruction, filling some industrial and mining wastes, fly ash and so on can make 

the soil alkaline, generally sulfur, calcium chloride, gypsum, sulfuric acid, etc. Most mining 

soils lack organic matter and other nutrients. If reclaimed land is used for agricultural 

production, soil fertility must be restored first. Physical, chemical and biological remediation 

measures can be used to improve soil fertility. 

(3) Rehabilitation of soil environmental quality 

Physical repair: including mechanical engineering measures, high temperature pyrolysis, steam 

extraction, curing, vitrification, electro-osmotic method, etc. Mechanical engineering measures 

are physical transfer or isolation of contaminated soil to reduce pollution concentration or 

contact between pollutants and plant roots, such as guest soil, soil exchange, soil dump, surface 

soil removal and isolation. They are generally applicable to small and heavily polluted soils. 

High temperature pyrolysis and steam extraction are suitable for soils containing volatile and 

semi-volatile pollutants, which are decomposed or separated firstly, and then recycling; 

solidification and vitrification are the addition of solidifying agents such as cement, which make 

the soil granular or massive, and the pollutants are relatively stable, suitable for soils with low 

water content and no more than 6 m depth of pollutants; electro-osmotic method can clean the 



 

 

soil by electroosmotic flow or electrophoresis to bring contaminants in the soil to both ends of 

the electrode. It is not suitable for the soil with high permeability and poor conductivity, 

especially for the clayey soil which is difficult to be treated by other methods and has poor 

water adaptability.  

Chemical remediation: includes chemical modifier method, chemical elution method, chemical 

grid method, etc. Chemical improvers are soils that are not heavily polluted. Chemical reactions 

between pollutants and improvers are used to reduce the water solubility, diffusivity and 

bioavailability of pollutants. Commonly used improvers include organic wastes (such as 

sewage sludge, garbage or clinker salts), and inorganic improvers (such as gypsum, zeolite, 

calcium chloride, phosphate, carbonate, etc.), which convert harmful chemicals into substances 

with low toxicity or poor mobility. Chemical leaching is a method of leaching soil with 

chemical solution. It is more suitable for light soil such as sandy soil, sandy loam soil and light 

loam soil, but it is easy to cause groundwater pollution, soil nutrient loss and soil denaturation. 

Chemical grating method is to place some solid materials (such as activated carbon, peat, 

macromolecule synthetic materials, etc.) which are both permeable and have strong ability to 

absorb or precipitate pollutants in the bottom or subsurface aquifers of contaminated deposits, 

so that organic pollutants can be retained in solid materials, so as to achieve the purpose of 

purification and remediation. It is only suitable for the remediation of shallow contaminated 

soil (3-12 m). 

In summary, the main causes of mine pollution in the mining process are acid waste water, 

tailings pond, tailings slag and so on. Therefore, regional pollution control mainly focuses on 

these aspects. The treatment methods involve physical, chemical and biological fields. Firstly, 

the forms of heavy metals in soil are changed to stabilize and fix them. Secondly, various anti-

seepage materials are used to prevent the migration and diffusion of heavy metals. It uses 

various technologies to remove heavy metals from soil in order to recover and reduce the 

content of heavy metals in soil. Phyto remediation technology is the most widely used method 

at present. Compared with other methods, it has the advantages of economy, environmental 

protection, simplicity and convenience, less disturbance to the environment, and there is no 

secondary pollution factor. Phytoremediation is a treatment technology that uses the absorption, 

volatilization, transformation and degradation of plants and their rhizosphere microbial systems 

to remove pollutants. The technology includes plant extraction, plant volatilization, rhizosphere 

filtration and plant fixation. Among them, plant extraction is the most important method in 

phytoremediation technology. Plant extraction is the removal of heavy metal contamination in 

soil by utilizing the super-enrichment ability of some specific plants to heavy metals. At present, 

it has been found that many kinds of plants can be used as hyper accumulative plants, and the 

selection of hyper accumulative plants must consider whether they are suitable for remediation 

of heavy metal contaminated areas. It is necessary to further strengthen the ecological pollution 

effects of heavy metals in the source-stream-sediment and soil-plant systems in mining areas, 

and to establish a three-dimensional research system in time and space, taking into account 

various comprehensive factors. In addition, on the basis of synthesizing various environmental 



 

 

assessment systems, the practical application of remediation should be strengthened. At present, 

the most widely used technology is plant ecological remediation. 

5. Conclusions 

China is rich in mineral resources. Mining has become an important means of production 

activities and economic growth in China. There are nearly 300,000 mining areas in China. Due 

to the neglect of the protection of the surrounding environment in the mining process for a long 

time, especially with the rapid development of science and technology in recent years, the 

problem of mine ecological environment damage and pollution is very serious in China. The 

total area of land destroyed is nearly 6 24 10 hm  , and it is still destroying at the rate of 

hundreds of thousands of hectares every year. The inducing factors of soil environmental 

problems in mining areas are complex, and the soil barrier factors are complex. The degradation 

of soil production function, environmental function and ecological function is prominent. 

Therefore, it is of great significance to study the soil environment and related issues in the 

mining area to scientifically and rationally restore the damaged ecological system in the mining 

area and ensure the safety of production, food security, ecological security and human 

settlements in the mining area. This paper studies the real-time detection method for heavy 

metal pollution in the soil of mining area, and applies it to the test analysis of a mining area. 

The results show that: 

(1) The average contents of Pb, Cd, Cu and Zn are 671, 24, 82 and 117 
1mg kg − , respectively, 

which are much higher than the background values of the corresponding soil heavy metal 

contents in this area, indicating that there is a significant accumulation phenomenon. 

(2) The pollution index of Cu, Zn and Pb in the soil of the mining area belongs to heavy 

pollution, and there are great differences among the three heavy metals in one-way pollution 

index. The pollution index of Cu, Zn and Pb belongs to heavy pollution, and the pollution of 

Cd is relatively small. Among them, the pollution index of Pb is the largest among the four 

heavy metals, and the pollution is quite serious, especially at sampling sites 15 and 16. The 

pollution index is as high as 15.92 and 49.34, respectively. 

(3) The main pollution sources of Pb, Zn and Cu are the mining and smelting activities of lead-

zinc sulphide ores in the mining area and the secondary pollution caused by slag after mining. 

The first principal component of Cd pollution sources is mainly mining activities of non-ferrous 

metal mines, and the second principal component is mainly “three wastes” discharge from 

mining areas. 
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