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In order to understand the heavy metal pollution and potential ecological risk of farmland soil around the waste dump in the eastern suburb of Kaifeng clearly and provide a scientific basis for the remediation of heavy metals in farmland soil, the single factor pollution index method, Nemero comprehensive pollution index method and Hakanson potential ecological risk method were used to evaluate the heavy metal pollution status and potential ecological risk degree of farmland in this area at the same time. The ArcGIS software was employed to map the spatial distribution of heavy metal pollution and potential ecological risks. The results show that the average values of heavy metals in this area are higher than the soil Background Value of Kaifeng City, and the problem of excessive heavy metals in the soil is significant. Of the 41 surface soil samples, Cd’s heavy and moderate pollution rates were up to 15% and 38%, respectively, and the potential ecological risk caused by Cd element was quite serious, and more than 35% of the soil samples were at higher potential ecological risk. The comprehensive review results showed that 38% of the samples were heavy pollution, and 23% of the sample soils were at higher potential ecological risk. The spatial distribution characterized by the levels of most heavy metals and the extent of potential ecological risk showed high levels in the center of the dump, with a gradual decrease towards the outward radiation zone. This means dust and leachate from waste dump are major causes of heavy metal contamination and potential ecological risks. In addition, the retrieval of the waste mound soil from landfills by villagers as soil fertilizer for rapeseed also caused, to some extent, the transfer of the waste mound contaminants.
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INTRODUCTION
As China’s reform and opening-up progress continue to accelerate, the economy is rapidly developing, and its increasingly large city size, urban population, and area are increasing year by year. The consequent urban domestic waste is increasing, which has become a serious problem in urban development in China (Hogland et al., 2002; Huang et al., 2019). Kaifeng City is an important tourism city in Central China, where population growth and urbanization are also very rapid. Since 1990, the annual rise in waste production has been fast, among which municipal solid waste (MSW) is increasing rapidly. Meanwhile, limited by the technical conditions for domestic waste disposal in Kaifeng City, a large volume of domestic waste is mainly disposed of in simple landfills or indirect stacks. Therefore, a large number of hazardous materials, such as heavy metals (HMs), organic pollutants, microorganisms, etc., will be generated during the decomposition of domestic, municipal waste (Yahya et al., 2019), and the hazardous materials can seriously contaminate the local soil and the surrounding environment through fluctuations and downwelling fluids (Alam et al., 2020). Heavy metals in soils are toxic to plants, animals, and humans, and longer exposure leads to bioconcentration (Gao et al., 2019). MSW is usually composed of different forms of toxic and carcinogenic heavy metal elements that may penetrate soil and water bodies. Arsenic (As), cadmium (Cd), chromium (Cr), and nickel (Ni) are classified as class 1 carcinogens by the IARC and are also toxic in nature (IARC, 2018).
Moreover, heavy metal enrichment would be absorbed by different crops and thus enter into a complex food chain, thus causing serious ecological risk (Wakeel et al., 2020). In humans, long-term exposure to contaminated soil tends to negatively affect the central nervous, gastric, and respiratory systems (Khanam R. et al., 2019; Tseng et al., 2019). In addition, previous studies have reported that long-term exposure to heavy metals such as chromium, cadmium, and nickel can cause allergies, asthma, dermatitis, diarrhea, and even lung cancer (Bhattacharya et al., 2015; Moreira et al., 2018).
Current studies on MSW are mainly focused on the physicochemical properties of soil and soil heavy metal contamination after waste stacks (Wan et al., 2012; Li et al., 2014). Zhang et al. (2020) Studies have found that long-term dumps of waste cause a decrease in soil pH, while soil organic matter, total N, available P, and available K increase. Evaluation of the environmental quality of soils from landfill sites in Bangou County, Tibet, revealed that the levels of heavy metals were significantly elevated in the soil surrounding the landfill (Zeng et al. 2021). Li et al. (2015) measured Cu, Zn, Pb, and Cd levels in soil and vegetables from Kaifeng Eastern suburban agricultural soils and showed that Cd contamination was very severe and Zn and Pb genera were slightly contaminated, which was confirmed by Jiang Y. L. et al. (2020). Chen et al. (2020) determined that sewage irrigation and industrial and mining pollution of farmland soil in the eastern suburb of Kaifeng are the actual sources of soil heavy metal pollution in Kaifeng and proposed a multiple linear regression model with an attenuation function to quantify the accumulation of heavy metals in soil by previously determined pollution sources.
This research was focused on the open-air waste dump in the eastern suburb of Kaifeng. High-density samples were carried out on the surrounding farmland by concentric circle sampling, and the content characteristics and spatial distribution of heavy metals in soil were investigated and analyzed, the degree of soil heavy metal pollution and potential ecological risk were evaluated so as to provide a theoretical basis for a reasonable treatment of domestic waste and soil remediation. The study aims to provide data support and model determination for heavy metal pollution assessment of farmland around open-air waste dump.
MATERIALS AND METHODS
Study area
Kaifeng is located in the Middle East of Henan Province. The overall terrain of the whole city is relatively flat. The altitude range is 69–78m. The average annual precipitation is about 630mm, and the average annual temperature is 14°C. It is dominated by the southerly wind in summer and northerly wind in winter, belonging to the continental monsoon climate of the warm temperate zone. The soil quality of the Kaifeng area is formed by the alluvial of the Yellow River. The basic type belongs to yellow tide soil, with a deep soil layer and sandy texture. This study takes the waste dump (34°45′47.46″ N, 114°24′14.93″ E, 72m) as the center, and there are many villages nearby. Almost every village has several farmlands and grows a variety of agricultural products. The waste dump (This place is called Yangzhengmen Waste Mountain) covers an area of 0.066 km2. Due to the limited capacity of urban garbage treatment, it has been storing urban domestic garbage since 1960, forming a high garbage mountain. A total of 300000 m3 of garbage are accumulated in the waste dump. The Songlou, Hengchuanwan, Yangzhengmen villages, and other villages are located within 1 km of radiation. Within one kilometer around the waste dump, the color steel insulation board processing plant is located in the East, the vegetable planting area and atmospheric particulate matter settlement monitoring point are built in the southwest. Within 1–2 km around the waste dump, liulizhuang village is in the west, Baita village is in the northwest, and yuxiuqi ecological wetland park is also built in the southeast. Within 2–3 km around the waste dump, chenyanli village, Xiazhang village, Taohua village and other villages are located within the radiation range, and the East is the junction of urban and rural areas, with commercial, residential communities, primary and secondary schools and cash crop planting areas. The open stacking of waste dumps in the eastern suburb of Kaifeng has already affected the region’s ecological environment. The content of heavy metals in the surrounding farmland soil may reach the pollution level. Due to the enrichment of heavy metals in crops it has a potential threat to the health of local residents.
Sample collection
This study has taken the waste dump in the eastern suburb of Kaifeng as the center and investigates the pollution of farmland soil within 2 km around in a concentric circle (the sampling time was November 2020). The land is subordinate to Nanjiao Township, with a population of 23120. As shown in Figure 1, taking the waste dump as the center of the study area, the study is divided into an inner circle (500 m range, No. 1–17 samples), a middle circle (0.5–1 km range, No. 18–30 samples) and an outer circle (1–2.5 km, No. 31–41 samples). Soil samples are taken from waste dump and farms in the study area and shown in Figure 1 and Table 1. Soil samples were randomly collected by the plum blossom distribution method from 0 to 20 cm in the surface layer and 20–40 cm in the middle layer of croplands, and as shown in Figure 1, a total of 80 point soil samples were taken. Sample 5 kg soil at each point by quartering method, record the longitude, latitude, altitude, and other information of the sampling point, and mark it. The soil samples were air-dried (at room temperature 25°C), crushed, and stones were removed, and then screened with 20 mesh.
[image: Figure 1]FIGURE 1 | Map of the study area and distribution of sampling points. *The center of the concentric circle is the waste dump.
TABLE 1 | Coordinates of the sampling point.
[image: Table 1]Methods of sample analysis
The pH was determined in deionized water with a ratio of 1:2.5 (w/v), using a pH meter (pHS-3C, Leici, China) (Biswas and Mukherjee, 2008). Available phosphorous (AP) and total nitrogen (TN) were extracted with sodium bicarbonate and determined by molybdenum antimony anti Colorimetry. Organic matter (OM) was titrated with potassium dichromate according to the trial implementation of standards for pollution risk control of agricultural land for soil environmental quality (Biswas and Mukherjee, 2008). The farmland pollution risk screening value items were mandatory items, including Cd, As, Pb, Cr, Cu, Ni, and Zn. The total amount of Cd, As, Pb, Cr, Cu, Ni, and Zn were determined by digestion of HNO3, HClO4 and HF (volume ratio 8:5:2). All samples were replicated 3 times, and the average value was taken.
Evaluation method of soil heavy metal pollution
In this study, the single factor pollution index method and Nemero comprehensive pollution index method were used to jointly evaluate the heavy metal pollution of farmland in this area (Khademi et al., 2019). The screening value of farmland pollution risk is shown in Table 2 (Egbueri et al., 2020; Jiang H. et al., 2020; Monged et al., 2020).
TABLE 2 | Soil pollution risk screening value of agricultural land.
[image: Table 2]Single-factor pollution load index (Pi) and integrated pollution load index (IPi) were employed to assess the overall level of HMs pollution in the soil samples of the studied area. The pollution load index was determined using the Eq. 1:
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where Pi is the pollution load index for the examined HMs, Ci is the concentration of HMs in a soil sample (mg kg−1), and Si is the permitted standard of the same metal (mg kg−1) (Men et al., 2018). For calculation of integrated pollution load index (PN), Eq. 2 was used as follows:
[image: image]
Pimax is the maximum value of Pi, and Piave is the average value of the sum of all Pi, i.e., the three HMs from the 20 sampling sites. If the Pi value is greater than unity, it suggests the existence of pollution or the presence of pollutants, while no pollution loads are inferred. Suppose the value is lower than or equal to unity. Among them, the grading criteria of PN are shown in Table 3 (Yari et al., 2021).
TABLE 3 | Graded evaluation standards of heavy metal pollution index.
[image: Table 3]Combined with the principle of the single factor pollution index method, it is considered that as long as one pollutant exceeds the standard, the soil sample exceeds the standard, so the main heavy metals and their harm degree can be determined. The Nemero-comprehensive pollution index method considers a single factor with the most serious pollution and avoids the influence of subjective factors in the weight coefficient in the weighting process. It can more comprehensively reflect the soil environmental quality of the farmland (Yari et al., 2021). The classification and evaluation criteria of the heavy metal pollution index are shown in Table 3.
Potential ecological risk assessment method of soil heavy metals
The potential ecological risk index (PERI) is based on the necessary test item - farmland pollution risk screening value in the trial implementation of standards for pollution risk control of agricultural land for soil environmental quality. Hakanson’s potential ecological risk index method evaluated the ecological risk of heavy metal pollution in farmland soil in this area. The classification evaluation standard of the potential risk of heavy metals was established (Hakanson, 1980), as shown in Table 4.
TABLE 4 | Hierarchical evaluation standards of potential ecological risks of heavy metals.
[image: Table 4]In Table 4, the calculation formula of single factor potential ecological risk index [image: image] is
[image: image]
where is the corresponding Toxicity Coefficient of heavy metal element i (Cd is 30, As is 10, Pb is 5, Cr is 2, Cu is 5, Ni is 5, and Zn is 1). The calculation formula of comprehensive potential ecological risk index RI is
[image: image]
The single factor potential ecological risk index can reflect the risk degree of each heavy metal, respectively, and the comprehensive potential ecological risk index can reflect the comprehensive risk of a variety of heavy metals.
Data analysis
Through Excel 2019 software, the contents of 7 kinds of necessary heavy metal elements, soil pollution index, and potential ecological risk index of farmland soil around 40 sampling points of an open-air waste dump in the eastern suburb of Kaifeng are statistically analyzed and calculated, and the sampling points are located and mapped by GISMAP software. The classification and classification standard of colors are divided by different degrees corresponding to the single factor pollution index method, Nemero comprehensive pollution index method, and Hakanson potential ecological risk index method (explained by figure legend). According to the observed values of the known sample points in the area, the inverse distance weight method is used to predict the values other than the sample points in the area (Tong et al., 2012). Due to the low complexity of the data, in order to quickly interpolate from the sparse data on irregularly spaced samples, this study selects the inverse distance weight method (IDW) for spatial interpolation analysis and mapping through Arc Map software (Xiao et al., 2019).
RESULTS AND DISCUSSION
General characteristics of soils contaminated with municipal solid wastes
Through the potentiometric method for determining soil pH, the pH values of 40 farmland soil in the study area were measured. The results showed that the soil pH values of 80 samples (topsoil and middle soil) ranged from 7.21 to 8.52, the median was 7.73, and the standard deviation was 0.36, indicating that the soil in this area was slightly alkaline or alkaline. The average organic matter content of 80 soil samples in the study area was 2.03%, and the coefficient of variation was 46.96%; the average value of total nitrogen content was 16.00%, and the coefficient of variation was 23.10%; The average value of available phosphorus content was 0.24 g kg−1 and the coefficient of variation was 21.23%. Table 5 shows the specific physical and chemical properties and contents of the soil.
TABLE 5 | Physico-chemical properties of the soil samples from the study area.
[image: Table 5]Spatial distribution of heavy metals
As shown in the data results in Table 6, the samples in the waste dump are seriously polluted, among which Cd, Pb, As and Zn exceed the standard seriously. The contents of 7 necessary heavy metals of farmland soil in the study area are shown in Table 6, in which the Cd concentration in surface soil ranges from 0.37 mg kg−1–3.00 mg kg−1. The range of Cd of 20–40 cm soil is 0.37–3.00 mg kg−1 and the median is 1.27 mg kg−1, which is similar to the median value of soil Cd (0.83 mg kg−1) of soil around Kaifeng reported by Li et al. (2015). The range of Ni in topsoil is 148.63–254.28 mg kg−1, with a median of 198.75 mg kg−1. The range of Ni in the middle soil is 168.33–245.37 mg kg−1, with a median of 1.27 mg kg−1, which is similar to the median value of soil Ni (0.83 mg kg−1) reported by Li et al. (2015). Based on the variation coefficients of these seven different heavy metals, it is found that the variation coefficient pattern is Cu (55.77%) > Cd (42.36%) > As (41.07%) > Zn (38.70%) > Cr (28.39%) > Pb (27.43%) > Ni (11.40%). Cu and Cd have strong variation coefficients, indicating that Cu and Cd are most affected by external pollution factors and human activities in this area. The variation coefficient of Ni is the smallest, indicating that it is less affected by human activities and the content changes little in space. In addition, the range of soil heavy metal content at each sampling point varies greatly. The average values of heavy metals measured are higher than the soil background value of Kaifeng City except for Cr. Among them, the more serious Cd, Cu, Pb, Ni, and Zn are 17.16, 2.65, 1.72, 6.67, and 4.29 times the background value, respectively, indicating that the long-term open-air waste stacking and atmospheric deposition in this area have caused heavy metal pollution in farmland soil, which may increase the potential ecological risk of farmland. The experimental results show that the average values of Cd and Ni in the measured heavy metals are higher than the risk screening values of farmland soil pollution, indicating that Cd and Ni elements may be risky to the quality and safety of agricultural products, crop growth or soil ecology, and soil environmental testing and agricultural products should be strengthened in collaboration Monitoring (Egbueri et al., 2020; Monged et al., 2020).
TABLE 6 | Statistical results of heavy metals content in farmland soil and the waste dump samples in the study area.
[image: Table 6]Soil heavy metal pollution evaluation
In this study, the single factor pollution index method and the Nemero comprehensive pollution index method are used to evaluate the heavy metal pollution of farmland in this area. It can be seen from Table 6 that the average values of the single factor pollution index of the measured heavy metal elements are 0.21, 1.05, 0.52, 0.86, 0.68, 2.12, and 0.20, respectively. The value of Ni is greater than 1, indicating that there is slight pollution of Ni in the area, and the value of Cd is greater than 2, indicating that there is moderate pollution of Cd in the area. The floating dust formed by waste transportation and open stacking may be the main cause of soil heavy metal pollution. According to the Nemero comprehensive pollution index method principle, 1.0 < PN≤2.0 can be judged as mild pollution, while the survey results show that the average value is 1.61 and the maximum value is as high as 3.66. In terms of the total amount of heavy metal elements, the heavy metal pollution of farmland in this area is serious, and the main contributors to exceeding heavy metals are Cd and Cu. Li et al. (2015) conducted crop and soil investigation on the farmland in the eastern suburb of Kaifeng and found that the Cd content in the local farmland soil was very high, which was basically consistent with the conclusion of this paper. Heavy metals are potential long-term pollutants in soil, which are not easy to leach with water and cannot be decomposed by soil microorganisms but can be enriched by organisms, which often makes heavy metals accumulate gradually in the soil environment and difficult to remove transfer. Therefore, soil heavy metal pollution is more difficult and harmful than water environment heavy metal pollution. This study analyzes the content of heavy metals and Nemero comprehensive pollution index at 40 sampling points by spatial interpolation through the inverse distance weight method in ArcGIS. The results are shown in Figure 2. It can be seen that the content of Cd and Ni in farmland soil in this area is the highest, the pollution degree is the most serious, and the pollution distribution is the most extensive. This is due to the non-standard management of open-air waste dump for many years and the leakage of dust and leachate from the dump (Khademi et al., 2019). It can be seen that in addition to Cu and As, the spatial distribution characteristics of the content of most other heavy metals are high in the central area of the waste dump, and the content in the outward radiation area gradually decreases, indicating that the content distribution is indeed affected by the dust and leachate of the waste dump in the open air (Mutafela et al., 2020). The leachate from the waste dump will also cause heavy metal pollution to the surrounding farmland through surface runoff and underground runoff (Cossu et al., 2018). By comparison, it is found that the content, pollution degree, and pollution distribution of heavy metals in middle soil and surface soil are similar. Therefore, it shows light pollution above the middle soil under the dual action of continuous farmland tillage and open-air discharge of waste dump in this area. This phenomenon also explains the fact that there is long-term pollution in the waste dump. In addition, during the sampling survey, this study found that part of the farmland soil in the village came from the crushed waste residue retrieved by the villagers from the waste dump for crop fertilizer, which also caused the transfer of farmland soil near the center of the waste dump to a certain extent.
[image: Figure 2]FIGURE 2 | Spatial distribution of Single-factor pollution index and Nemero comprehensive pollution index. (A) Single-factor pollution index in surface soil; (B) Single-factor pollution index in the middle soil layer; (C) Nemero comprehensive pollution index in surface soil; (D) Nemero comprehensive pollution index in the middle soil layer. *Stars represent the waste dumps.
The pollution degree of the single factor pollution index and Nemero comprehensive pollution index of different elements in the total sample is shown in Figure 3. It can be seen that according to the evaluation of the single factor pollution index method, there are serious pollution phenomena in the total amount of Cd and Cu, including 62% mild pollution of Ni and 15% severe pollution of Cd. However, there is no pollution of Cr and Pb in the sampled farmland soil. As and Cu in farmland in most areas are pollution-free, and only 5% of farmland is slightly polluted. The distribution of Cd pollution is relatively complex. 8% of farmland is free of pollution, 38% of farmland is slightly polluted, 38% of farmland is moderately polluted, and 15% of farmland is heavily polluted. In addition, according to the Nemero comprehensive pollution index evaluation, 3% of the farmland soils sampled in this area are in a safe state, 8% are in a warning state, 56% are slightly polluted, and 21% are moderately polluted, and 3% are heavily polluted. Chen et al. (2020) analyzed the distribution characteristics of heavy metals in the soil around the fertilizer plant in the eastern suburb of Kaifeng and found that the contents of Cu, Pb, Zn, Cd, and other heavy metals in the soil around the fertilizer plant are significantly high, which has been seriously polluted by heavy metals. Ma et al. (2014) have concluded that there is no pollution of Ni, Zn, Cu, and Pb in the farmland soil far away from the industrial park in different functional areas of Kaifeng County. The overall environmental quality of the core area is excellent, and only Cd is good and average in some areas. Most areas in the core area of the comprehensive evaluation are pollution-free, and the soil’s environmental quality is excellent. This is because the farmland in the western suburb is far away from the industrial park and open-air landfill, which reduces the heavy metal pollution and potential ecological risk, which is consistent with the conclusion of this paper.
[image: Figure 3]FIGURE 3 | Distribution of soil heavy metal pollution.
Potential ecological risk assessment of soil heavy metals
Considering the toxicity differences of different heavy metals, this study adopts Hakanson’s potential ecological risk index method to evaluate the ecological risk of heavy metal pollution in farmland soil in this area. The potential ecological risk index of different heavy metals is shown in Table 7. The average values of the single factor potential ecological risk indexes of the measured heavy metal elements are 0.42, 5.27, 2.61, 0.86, 6.79, 63.49, and 0.99, respectively. Among them, the potential ecological risk indexes of as, Pb, Cr, Cu, Ni, and Zn are all less than 40, and the values of Pb, Cr, Ni, and Zn are far less than 40, so the ecological risk is very low. However, the average value of Cd is greater than 80 but less than 160, and the maximum value is as high as 155, indicating that there is a high potential ecological risk of Cd in this area. In addition, the average value of the comprehensive potential ecological risk index is 80.43, less than 150. However, there are more than 150 sample points in the central area of the landfill, indicating that there is a medium potential ecological risk under the comprehensive consideration of the pollution of these seven heavy metals in this area.
TABLE 7 | The potential ecological risk index [image: image] and RI of different heavy metals.
[image: Table 7]The potential ecological risk index is analyzed by spatial interpolation through the inverse distance weight method in ArcGIS. The results are shown in Figures 4A,B. It can be clearly shown the potential ecological risk degree of different areas in the study area. The content of Cd in farmland soil in this area is high, and the Toxicity Coefficient of Cd is as high as 30. Therefore, the potential ecological risk caused by Cd is very serious, and other elements have a lower toxicity coefficient than Cd. Therefore, although heavy metal pollution exceeds the standard to varying degrees, the potential ecological risk is relatively low. Generally speaking, the relatively high potential ecological risks caused by different elements are mainly concentrated around the Tonglushan site, and the farther the distance is, the lower the potential ecological risk is. This also proves that the transportation of dust, leachate, and residue produced by open-air stacking waste is the main reason for the potential ecological risk to the surrounding soil. It can be seen from the comparison of Figures 4C,D that the potential health risk index of Mesocosms soil is lower than that of surface soil.
[image: Figure 4]FIGURE 4 | Spatial distribution of potential ecological risks of soil heavy metals. *Stars represent the waste dumps.
For the potential ecological risk caused by Cd, 30% of the sample soil is at low potential ecological risk, 35% of the sample soil is at medium potential ecological risk, 23% of the sample soil is at high potential ecological risk, 5% of the sample soil is at high potential ecological risk, and 7% of the sample soil is at ultra-high potential ecological risk, which is similar to the conclusion of “potential ecological risk of Cd in farmland soil around Daye Lake” studied by (Jiang et al., 2020). Cadmium is a non-essential element of the human body. It can be enriched in the body to form cadmium, this protein, which accumulates in the liver and kidney, resulting in cadmium poisoning. Cadmium is widely used in industrial production, which is easier to be absorbed by crops than other heavy metals and is easy to be discharged into the environment through waste gas, wastewater, and waste residue, resulting in pollution (Essien et al., 2019). Pollution sources are mainly mining and transportation of mineral resources, smelting and electroplating non-ferrous metals, and factories using cadmium compounds as raw materials or catalysts (Shao and Yang, 2020). Many industrial products in municipal solid waste need cadmium-containing raw materials or catalysts. Therefore, the dust and leachate of these wastes cause cadmium pollution in local soil in different ways. Another main reason may be closely related to the application of phosphorus fertilizer and pesticide, which have a long history, wide range, and large amount. Therefore, cadmium from phosphorus fertilizer and some pesticides in crops may exceed cadmium from other pollution sources (Shi et al., 2019). The potential ecological risk of other elements is low, and only Ni has a low proportion of high-risk sample soil. Considering the potential ecological risks, among the 80 sample varieties, 92% of the sample soil is at low risk, 8% of the sample soil is at medium risk, and there is no high-risk sample soil. Soledad et al. analyzed the content and distribution of Hg, Pb, Cd, Cr, as, Cu, and Zn in the surface sediment of Texcoco saline lake and found that the comprehensive potential ecological risk index in this area is 65.70–128.72, with an average value of 227.63, most of which belong to low risk, which is basically consistent with the conclusion of this study (Soledad et al., 2020).
Analysis on correlation and source of heavy metals in soil
Because the source, migration, and transformation of heavy metal elements in soil usually have a certain relationship, the correlation analysis can intuitively reflect the degree of correlation between various elements. It can be seen from Figure 5A that the total amount of heavy metals in the topsoil of Cr, Ni, Zn, Cd, and Pb in the study area has a significant positive correlation with each other at the level of 0.05, and the correlation coefficient is greater than 0.5; The total amount of heavy metals in Cd has a significant positive correlation with Zn at the level of 0.05. The total amount of heavy metals in Ni has a significant positive correlation with Cr at the level of 0.05. The total amount of heavy metals in Cu has a weak or no correlation with other elements. It can be seen from Figure 5B that the total amount of heavy metals in the middle soil of Cr, Ni, Zn, Cd and Pb in the study area has a significant positive correlation with each other at the level of 0.05, and the correlation coefficient is greater than 0.5; The total amount of heavy metals in Cd has a significant positive correlation with Zn at the level of 0.05, and the correlation coefficients are greater than 0.8; The total amount of heavy metals in Cu has weak or no correlation with other elements. According to the correlation analysis of the total amount of heavy metals in surface and middle soil, the correlation between Ni, Zn, and Cd is significant. There is a significant positive correlation between Zn and Cd elements, and their spatial distribution characteristics of potential ecological risk index are basically the same, but their correlation with other elements is weak or no correlation. Combined with the characteristics of high Cd and Pb elements in individual points in the central and western regions, the two sources are more in line with the law of local leakage of dust activities in the open-air stacking of waste.
[image: Figure 5]FIGURE 5 | Pearson correlation matrix between total heavy metals. (A) Suface; (B) Mesocosms; *p ≤ 0.05, **p ≤ 0.01, and the size of the circle represents the absolute value of the correlation coefficient.
According to the above analysis, the correlation between Cr, Ni, Cu, Zn, As, Cd, and Pb elements is good, which is suitable for principal component analysis. KMO and Bartlett methods were used to test the total data of heavy metals Cr, Ni, Cu, Zn, As, CD, and Pb in soil. The results showed that KMO was 0.762 and 0.747, respectively, and the companion probability of the Bartlett sphericity test was 0.000, which met the data requirements of principal component analysis. The results of principal component analysis show that: Two factors with large eigenvalues are extracted from the upper soil, accounting for 66.67% of the total variance of the explanatory variable. Three factors with large eigenvalues are extracted from the middle soil, accounting for 77.68% of the total variance of the explanatory variable. Factor 1 and factor 2 can reflect most of the information from the original data. The elements with a high first-factor load of total heavy metals are Cr, Cu, Zn, as, Cd, and Pb, and the variance contribution rate can reach 81.8%, indicating that Cr, Cu, Zn, as, Cd, and Pb have homology (Ma et al., 2018). The pollution of heavy metals in the soil near a municipal waste dump in northern China was studied. The results showed that the high contents of heavy metals were mainly as, Cd, Pb, Zn and Cu, and their sources were mainly floating dust and leachate caused by the open stacking of municipal waste in the region. Combined with the statistical analysis and spatial distribution law of heavy metals, it can be seen that the main sources of Cr, Cu, Zn, as, Cd and Pb are waste dust and leachate input caused by the non-standard management of waste dumps in the eastern suburbs. The elements with the higher load of the second factor are Ni and Cr, and the contribution rate of variance is 14.8%. Combined with the previous research on ecological risk and spatial distribution, the ecological risk of Ni and Cr is low, the coefficient of variation is small, and Cr is usually in the residual form (Wang et al., 2019; Jiang T. et al., 2020). Therefore, the main source of the second factor is more in line with the law of natural input. This result is consistent with the research conclusion of Sun et al. (2018) and María et al. (2011). that is, Ni and Cr are more derived from the parent material and background of soil formation and belong to natural source metals.
CONCLUSIONS

1) The single factor pollution index of each element is between 0.01 and 5.58, the single factor indexes of Cd and as are 1.50 and 2.13, respectively, and the evaluation results are light pollution and light pollution, respectively. The single factor index of Pb exceeds 5, which belongs to heavy pollution. The enrichment factors of As, Hg, and Zn are 3.73, 10.4, and 22.4, which belong to moderate pollution, heavy pollution, and serious pollution, respectively. The enrichment factor of Cd and Pb exceeds 40, which belongs to extremely heavy pollution and is obviously polluted by artificial pollution.
2) The content of heavy metals in the soil measured in the study area is higher than the background value of the soil in Kaifeng City, and the variation range is large. The heavy metal pollution problem is significant. Cd has the strongest coefficient of variation, which is strongly affected by human activities. Among the detected heavy metal elements, Cd and Ni have serious pollution phenomena, but due to the high toxicity of Cd, the heavy metal pollution and potential ecological risks caused by Cd are the most serious. The spatial distribution characteristics of the content of most heavy metals and the degree of potential ecological risk in the area are as follows: the central area of the mining area is high, and the outward radiation area gradually decreases, indicating that the floating dust and leachate caused by the open-air stacking of urban waste in the area are the main causes of heavy metal pollution and potential ecological risk. In addition, the villagers took the soil from the waste dump as farmland soil, which also caused the transfer of heavy metal pollution to a certain extent.
3) The results of correlation and principal component analysis of total and available heavy metals in soil showed that the correlation between Cu, Zn, as, Cd, and Pb was significant, and the main source was the input of industrial production activities; There is a significant positive correlation between Cd and Zn, but there is no correlation with other elements; The main source of Ni is more in line with the law of natural input.
4) In the next study, different spatial interpolation methods of soil heavy metals [such as ordinary Kriging (OK), inverse distance weight method (IDW), and radial basis function method (RBF)] can be used to improve the reliability of the analysis results. In addition, increasing the scope of the study area and sampling density will also help to improve the analysis accuracy further.
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