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Characteristics and potential ecological risks of heavy metal pollution in surface soil around 

coal-fired power plant 

 

Abstract：The concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Mn, Pb and Zn) in surface soils 

in the area surrounding a coal-fired power plant in China were measured, the distribution 

characteristics of heavy metals in different wind directions were analyzed, and the pollution 

degree of heavy metal in soil was evaluated. The soil around the power plant is generally polluted 

by heavy metals, and the degree of pollution is heavy pollution and moderate pollution. The 

potential ecological hazard of heavy metals in soil is moderate or slight. The values of Nemerow 

index and potential ecological risk index are different among different directions and different 

distances from the power plant. Cd, Hg and As are the mainly contributors for the potential 

ecological risk. The results revealed that wind direction is important for the distribution of heavy 

metal around coal-fired power plant. The study can provide a theoretical basis for the prevention 

and management of soil heavy metal pollution around coal-fired power plant. 

Key words：Coal-fired power plant, Surface soil, Heavy metal, Spatial distribution, Environmental 

risk 

1. Introduction 

As an important medium of material and energy exchange in ecological environment, soil can 

provide the environment and nutrition for the growth of plants and microorganisms(Adedeji et al. 

2020; Olatunde et al. 2020). With the development of economy and society, soil environmental 

quality is increasingly affected by human activities, including intensive industrial and agricultural 

activities (Chai et al. 2021), and attracted widespread attention (Wu et al. 2021). Heavy metals 

have stable chemical properties, high toxicity and long incubation period, and the soil pollution 

process of heavy metals is characterized by concealment, long-term and irreversibility. Soil heavy 

metal pollution can cause changes in soil composition, structure and function, inhibit crop root 

growth and photosynthesis, resulting in crop yield reduction or even crop failure (Kouchou et al. 

2020; Wang et al. 2021). Meanwhile, it will lead to the accumulation of heavy metals in plants, 

and eventually enter the human body through the food chain, which posing a serious threat to 

human health, including lung cancer, bonefractures, kidney dysfunction, and may cause 

impairments incholesterol, liver function, nervous, and endocrine systems etc. (Hu et al. 2020a; 

Hu et al. 2020b). The recovery of soil from heavy metal pollution is difficult for the 

non-biodegraded of heavy metal, which has become a serious problem in the world (Wang et al. 

2020). Soil pollution of heavy metals has attracted extensive attention of society and academia. 

The heavy metal pollution of thermal power plants mainly comes from coal combustion (Oral 

et al. 2019). The emission of heavy metals and their compounds in coal may lead to potential 

ecological environment impacts including air, water and soil through the medium of flue gas, ash, 

waste water(Burachevskaya et al. 2019; Zhao et al. 2018). Fly ash particles in the flue gas emitted 

from coal-fired power plants through chimneys become a major source of environmental pollution 

due to their migration range and particle size (Burachevskaya et al. 2019; Ćujić et al. 2016). 
Heavy metals in the atmosphere enter the farmland soil through dry and wet deposition, causing 

the increase of heavy metals content in the soil (Ćujić et al. 2016; Ćujić et al. 2017; Zhang et al. 
2017). A large number of studies have reported heavy metal pollution in the surrounding soil 

caused by coal-fired power plants (Burachevskaya et al. 2019; Deng et al. 2014; Fu et al. 2019; 

Tang et al. 2012). Huainan is a typical mineral resource-based city in East China and an important 



base for the development of heavy industry in East China. The installed capacity of thermal power 

generation in Huainan City is 14.343 million kilowatts in 2019. Although the coal-fired power 

plants have implemented ultra clean emission facilities, the heavy metal pollution accumulated by 

long-term emission in the past has not been effectively controlled(Zhao et al. 2018). Meanwhile, 

most of the research on heavy metal pollution in soil environment of Huainan City is concentrated 

in the surrounding mining areas, and the soil heavy metal pollution around coal-fired power plants 

in this area needs further study. It is necessary to conduct a systematic study on the heavy metal 

pollution in the soil around a power plant to provide useful information for the rational utilization 

and pollution control of the soil around the power plant. 

In order to understand and evaluate the pollution status of heavy metals in the soil around the 

power plant, according to the fan-shaped sampling principle of point source, soil samples were 

collected from the surrounding area of Pingwei coal-fired power plant, which was built in 1984. 

Single factor pollution index method, Nemero pollution index method and potential ecological 

hazard index method were used to comprehensively analyze and evaluate the environmental 

quality, heavy metal pollution degree and potential ecological risk of the soil. The results are 

important for clarify the agricultural risk of the surrounding area and provide an important 

scientific basis for the rational use of land resources, improve the ecological security level of soil 

environment around the power plant, prevent and control soil heavy metal pollution, protect the 

health of urban people. Meanwhile, it also provides a reference for the supervision of 

environmental pollution caused by point source pollution in other similar areas and the ecological 

restoration of soil around a power plant. 

2. Materials and methods 

2.1. Study area and soil sampling 

The power plant is located in Pingwei Town, Panji District, Huainan City. The area where the 

power plant is located is plain with flat terrain, inclined from northwest to southeast, belonging to 

warm temperate semi humid monsoon climate. The annual dominant wind direction is northeast 

wind, and the secondary dominant wind direction is east wind. The annual average wind speed is 

2.2m/s. The soil around the power plant is farmland, and there are no other pollution sources 

around the power plant. 

Twelve soil samples were collected from 500, 1000 and 1500 m away from the chimney of 

the power plant at the angle of 45 ° between the upwind (northeast), downwind (southwest), 

downwind (due West) and downwind (due south) of the dominant wind. 8 control samples in 

agricultural land were collected in the area far away from the power plant (Fig. 1). There is no 

potential pollution source in the sampling area of the control samples. According to the Sample 

collection specification of Technical rules for monitoring of environmental quality of farmland 

soil(NY/T359-2012), the stainless steel soil sampler was used to collect soil samples. Double 

sampling was conducted for each sample, and 0-20 cm topsoil was collected by plum blossom 

sampling method. The mixed soil samples were collected at each sampling point and transported 

back to the laboratory without damage and pollution. Sampling records shall be made in detail. 

The sampling was carried out in August 2019. 

2.2Sample analysis and quality control 

The soil samples were pretreated according to Technical specification for soil environmental 

monitoring（HJ/T 166-2004）. After removing the gravel and plant residues, the samples were 

placed in a cool place for air drying, grinding, passing through 100 mesh sieve and dry storage. 



The contents of Cu, Zn, Cd, Pb and Cr were determined by inductively coupled plasma 

spectrometer (Thermo，ICP-AES), As was determined by ultraviolet spectrophotometry (Agilent 

Cary 3500), and Hg was determined by cold atomic absorption spectrometry 

(aula254-gold).Standard addition recovery and repeated measurement were used for quality 

control. The recovery of each element ranged from 93.5% to 105.6%, and the deviation of 

repeated measurement ranged from 0.1% to 9.5%. The analysis figures were drawn with origin9.0, 

and the related statistical analysis was carried out with SPSS 19.0. 

2.3Evaluation method 

2.3.1Singlegeneindexmethod 

Single gene index method is used to evaluate the pollution degree of a heavy metal in soil, 

which can reflect the average pollution level of each heavy metal in soil comprehensively. The 

calculation formula is as follows: 

Pi= Ci / Ci0  (1) 

Where Pi is the pollution index of heavy metal i in soil; Ci is the measured concentration of heavy 

metal i (mg/kg),Ci0 is the background value of heavy metal i in soil of Anhui Province(mg/kg). 

The grading criteria are shown in Table 1. 

2.3.2Nemero pollution index method 

Nemero pollution index method is a multi-factor environmental quality index method 

considering the maximum value, which reflects the comprehensive pollution of heavy metals in 

soil.According to the following formula: PI = √（𝑃𝑚𝑎𝑥2 + 𝑃𝑎𝑣𝑒2 ）/2             (2) 

where PI is Nemero pollution index; 𝑃𝑚𝑎𝑥 is the maximum value of single factor index of heavy 

metals; 𝑃𝑎𝑣𝑒 is the average value of single factor index of heavy metals. The classification 

standard of Nemero pollution index method is shown in Table 1. 

2.3.3Potential ecological hazard index method 

The potential ecological hazard index proposed by Hakanson(Lars and Hakanson 1980) can 

reflect the impact potential of heavy metals on the ecological environment comprehensively. The 

calculation formula is as follows: 𝑅𝐼 = ∑𝐸𝑟𝑖          (3) 𝐸𝑟𝑖 = 𝑇𝑟𝑖𝐶𝑓𝑖        (4) 𝐶𝑓𝑖 = 𝐶0𝑖𝐶𝑛𝑖       (5) 

where 𝑅𝐼 is the sum of all heavy metal risk factors in sediment;𝐸𝑟𝑖  is the potential ecological 

hazard index of heavy metal i, 𝑇𝑟𝑖 is the toxicity coefficient of heavy metal i, the toxicity 

coefficients of As, Mn, Cd, Cr, Cu, Pb, Zn and Hg Were 10, 1, 30, 2, 5, 5, 1 and 40. 𝐶0𝑖  is the 

content of heavy metal. 

RI was adjusted according to the grading standard of literature(Lǚ et al. 2019). According to 

Hakanson's first grading value 150 divided by the total toxicity coefficient 133 of eight pollutants 

(PCB, Hg, Cd, As, Pb, Cu, Cr and Zn), the RI grading value of unit toxicity coefficient is 1.13; the 

RI grading value of unit toxicity coefficient is 1.13 multiplied by the total toxicity coefficient 94 

of eight heavy metals in this study, and the integer value is obtained RI=106(First level limit), and 

the remaining limit values of each level can be obtained by multiplying the upper limit value by 2. 

The RI classification standard is shown in Table 1. 

3Results and discussion 



3.1Characteristics of heavy metal in the selected soil 

The average pH value of soil samples was 6.88 (6.42-7.68). The concentrations of heavy 

metals in the soil around the power plant are shown in Table 2. The concentration range for each 

metal was: 62.58 to 142.37mg/kg for Cr，12.39 to 30.49 mg/kg for Cu, 355.24 to 499.32 mg/kg for 

Mn, 8.22 to 10.98 mg/kg for Pb, 46.39 to 97.29 mg/kg for Zn0.004 to 0.0361 mg/kg for Hg, 13.27 

to 17.91 mg/kg for As, 1.65 to 3.66 mg/kg for Cd. The order of average content is: Mn > Cr > Zn > 

Cu > As > Pb > Cd > Hg. The average contents of As, Mn, Cd, Cr, Cu, Zn and Hg exceeded the 

background values of soil in Anhui Province. Comparing the concentrations and background level 

of heavy metals with the soil of unpolluted sites in the area can characterize the impact of human 

activities(Hu et al. 2020b).The average concentration of Cr in the soil around the power plant is 

1.7 times of the background value, and the average concentration of Cd is 2.9 times of the 

background value. The concentration of Cd in two samples exceeded the risk screening value 

(0.30 mg / kg) of 6.5 ＜ pH ≤ 7.5 specified in GB 15618-2018 standard for soil pollution risk 

control of agricultural land, with an average exceeding multiple of 1.18. Compared with the 

research reports on the soil around other coal-fired power plants at home and abroad (Table 4), the 

average concentrations of Cd and Hg in the soil around the power plant are lower than those 

reported in the literature. It may be due to the different composition and amount of coal used in 

different power plants, which leads to some differences in the concentrations of heavy metals in 

the soil around the coal-fired power plants. 

3.2Distribution of heavy metals in different wind directions 

The distribution characteristics of heavy metals in soil of different wind directions around the 

coal-fired power plant are shown in Figure 2. The contents of Cr, Cd, Hg and As in the soil around 

the coal-fired power plant showed obvious spatial distribution differences in different wind 

directions, which are consistent with the distribution characteristics of point source of pollutants, 

and consistent with the conclusion of many studies, the distribution pattern matched the 

predominant wind directions. Some similar researches confirmed that the maximum heavy metals 

contents in the soils around power plants within or close to the predominant wind direction(Ćujić 
et al. 2016; Ćujić et al. 2017; Dragović et al. 2013; Tanić et al. 2018).Previous studies have shown 

that coal-burning power plant is one of the main sources of Hg emission(Perez et al. 2019; 

Rodríguez Martín and Nanos 2016). The observely trend of Hg content in four wind directions of 

coal-fired power plant are found, the soil in the upwind direction of dominant wind (northeast 

direction) is the smallest, and the downwind direction of active wind (southwest direction) is the 

largest with the highest at 1000m. The element diffuses with the downwind direction of air 

pollutants, and finally slowly settles in the southeast direction of the power plant through the 

atmosphere(Keegan et al. 2006; Rodriguez-Iruretagoiena et al. 2015). The concentration gradually 

decreases with the increase of the distance from the power plant, which is consistent with the 

conclusion of some literatures(José et al. 2013; Perez et al. 2019; Rodríguez Martín and Nanos 

2016). 

3.3Single factor index and Nemero pollution index 

The classification results of soil single factor index and Nemerow pollution index around 

power plant are shown in Table 5. It indicated that the soil around the power plant is generally 

polluted by heavy metals, and the degree of pollution is heavy pollution and moderate pollution. 

With the long-term coal combustion of the coal-fired power plant, the heavy element of As, Cd 

and Pb with high volatility in the selected soils are higher than the control point, and the content 



distribution is different in various wind directions. 

From the single factor index, the Pi of each heavy metal is 0.58-7.4, and that of the control 

point is 0.28-1.43. Among them, the Pi of Cd ranged from 1.8 to 7.4, ranging from slight pollution 

to heavy pollution, with the maximum value at 1000 m downwind of the dominant wind and the 

control point of light pollution (1.1).The Pi of As at 1000 m downwind of the dominant wind and 

500 m downwind of 45° of the dominant wind are 2.72 and 2.55, respectively, belonging to 

moderate pollution, with the control point of slight pollution 0.9; The Pi of Hg at 1000 m 

downwind of the dominant wind with a highest value of 2.07, which belong to moderate pollution, 

and the control point is clean (0.97); the other five heavy metals are no pollution or slight 

pollution (0.76 ~ 2.27) in each sampling point, and the control point is clean or slight pollution 

(0.32 ~ 1.43). 

According to Nemero pollution index, the PI of dominant downwind direction, sub-dominant 

downwind direction, and downwind direction of dominant wind 45 ° angle are 2.01, 1.70 and 1.67, 

respectively, which belonged to moderate pollution, slight pollution, slight pollution, respectively. 

PI of dominant upwind direction is 1.41, which belonged to slight pollution. The PI of control 

point is 1.02, which belonged to slight pollution. Although the pollution level is slight pollution, 

but the values of PI are different. The pollution degree is as follows: dominant downwind 

direction>sub-dominant downwind direction >downwind direction of dominant wind 45° 

angle >dominant upwind direction >control point. 

3.4 Potential ecological hazard index 

The potential ecological hazard index of heavy metals in the soil around the power plant is 

shown in Table 5. The potential ecological hazard of Cd and Hg in the soil around the power plant 

is moderate or strong. According to the potential ecological hazard index of heavy metals, the 𝐸𝑟𝑖  
of Cd at the dominant downwind wind, sub-dominant downwind direction and downwind 

direction of dominant wind 45° angleof1000 m were 222, 129 and 141, which is a very strong 

ecological hazard. The control point is a moderate ecological hazard (34); The 𝐸𝑟𝑖  of Hg at 1000 

m downwind of the dominant wind is 83, which is a strong ecological hazard; the 𝐸𝑟𝑖  at 500 m of 

sub-dominant downwind direction and downwind direction of dominant wind 45° angle are 63 

and 65, respectively, which belong to strong ecological hazard. The control point is a moderate 

ecological hazard (39); the other six heavy metals are slight ecological hazards (7-27).  

According to the comprehensive potential ecological hazard index of heavy metals, the RI of 

dominant downwind direction, sub-dominant downwind directionare293 and 218, respectively, 

which belonged to strong ecological hazard. The RI of downwind direction of dominant wind 45 ° 

angle and dominant upwind direction are 210 and 155, respectively, which belonged to medium 

ecological hazard. The RI of control point is 96, belongs to slight ecological hazard. The 

contribution of different heavy metals to RI is different, and Cd, Hg and As are in the top three. 

and the contribution rate of Cd and Hg is 60.3% at downwind of the dominant wind. Lǚ et al. 

reported that Cd, Hg and As contribute to 81.2% of the potential ecological hazards in Anhui(Lǚ 

et al. 2019). 

3.5 Correlation analysis of heavy metals 

Correlation analysis is widely used to identify the sources of heavy metals in soil. The results 

of Pearson correlation analysis are shown in Table 6. The Pearson correlation matrix of heavy 

metals and soil properties is presented in Table 4.There is obviously positive correlation (P＜0.01) 

with correlation coefficients higher than 0.4 between the following heavy metals: As vs. Pb 



(0.761), Hg (0.773), Cd (0.896); Hg vs. Pb (0.639), Cd (0.782). The strong correlation among 

elements indicates that As, Hg, Cd and Pb around the coal-fired power plants may have the same 

migration pathway, or have the same pollution sources, showing a trend of compound 

pollution(Ćujić et al. 2017; Rodriguez Martin and Nanos 2016).There is a significant negative 

correlation between Mn vs. Cr(-0.634), Cu(-0.447), which indicates that the source of Mn is 

different from other heavy metal elements. It may come from geological weathering, which is 

greatly affected by the parent material, but relatively less affected by the external 

environment(Hao et al. 2017). 

3.7Cluster analysis of heavy metals 

The cluster analysis of eight heavy metal elements is carried out by using the method of inter 

group average for variable standardization and the distance measurement using the square 

Euclidean distance. The similarity of data can be reflected by the distance between data, and the 

understanding of different sources of heavy metals can be obtained. The agglomeration schedule 

of HCA is presented in the dendrogram (Fig. 3). The results show that As, Cd, Hg and Pb are 

associated within one cluster in the soil around the power plant. These elements have similar 

behavior, both in their distribution in raw coal and soil around the power plant(Dragović et al. 
2013). Second cluster consisted of Cu and Mn. Third cluster consisted of Cr and Zn. In the soil of 

control point, Cr, Cu, Zn, As, Cd, Hg and Pb are clustered into one group, while Mn is a 

self-contained one. Mn is among the most abundant trace elements in the Earth’s crust and usually 

used as a marker element of soil natural source, which is less affected by external interference, and 

mainly affected by geological weathering and soil forming process(Tanić et al. 2018). 
4 Conclusion 

The concentration range for each metal is: 62.58 to 142.37mg/kg for Cr,12.39 to 30.49 mg/kg 

for Cu, 355.24 to 499.32 mg/kg for Mn, 8.22 to 10.98 mg/kg for Pb, 46.39 to 97.29 mg/kg for 

Zn0.004 to 0.0361 mg/kg for Hg, 13.27 to 17.91 mg/kg for As, 1.65 to 3.66 mg/kg for Cd. The 

order of average content is Mn > Cr > Zn > Cu > As > Pb > Cd >Hg. The contents of Cr, Cd, Hg 

and As in the soil around the coal-fired power plant showed obviously spatial distribution 

differences in different wind directions.  

From the single factor index, the Pi of each heavy metal is 0.58-7.4, and that of the control 

point is 0.28-1.43. Among them, the Pi of Cd ranged from 1.8 to 7.4, ranging from slight pollution 

to heavy pollution. The PI of dominant downwind direction, sub-dominant downwind direction, 

and downwind direction of dominant wind 45 ° angle are 2.01, 1.70 and 1.67, respectively, which 

belonged to moderate pollution, slight pollution, slight pollution. PI of dominant upwind direction 

is 1.41, which belonged to slight pollution. The PI of control point is 1.02, which belonged to 

slight pollution. Although the pollution level of heavy metals in different wind directions is the 

same, the value of PI is different. The pollution degree for different wind directions is dominant 

downwind direction >sub-dominant downwind direction > downwind direction of dominant wind 

45° angle >dominant upwind direction >control point. 

The RI of dominant downwind direction, sub-dominant downwind direction are higher than 

other wind direction with values of 293 and 218, respectively, which belonged to strong ecological 

hazard. The contribution of different heavy metals to RI are different. The results of correlation 

analysis and cluster analysis show that the heavy metal pollution around the power plant is mainly 

caused by coal-fired emissions, and Mn may be caused by geological reasons. 

The study helps to better understand and evaluate the distribution and pollution status of 



heavy metals in the surface soil around coal-fired power plants, and emphasizes the need for 

further research on human and environmental health. It can also provide a reference for the soil 

environmental control in the study area, and also affords a useful lesson for the reasonable 

utilization and pollution control of the soil around the power plant in other similar areas. 
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Fig. 1 Sampling sites of soil around the coal-fired power plant and control points. 

Fig. 2 Concentrations of the heavy metals in soil from different distances of the power plant. 

Fig. 3 Cluster analysis of heavy metals dendrogram in soil samples surrounding the coal-fired 

power plant. 

 



Figures

Figure 1

Sampling sites of soil around the coal-�red power plant and control points. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 2

Concentrations of the heavy metals in soil from different distances of the power plant.



Figure 3

Cluster analysis of heavy metals dendrogram in soil samples surrounding the coal-�red power plant.
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