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Abstract. In this study, 30 soil samples were collected from the agricultural area of Huainan of Anhui 

Province, China. The concentrations of six toxic trace elements were determined, the distribution 

characteristics and chemical speciation were analyzed, the pollution status and potential ecological risk of 

trace elements were comprehensively evaluated by single factor index, geo-accumulation Index (Igeo), the 

potential ecological risk index and RAC code method. Results showed that the average concentrations of 

Ni, Cu, Zn, Pb, Cr and Cd in soil were 20.19±8.20, 18.17±4.67, 37.61±10.85, 10.76±3.73, 40.61±15.06, 

0.14±0.05 mg/kg, respectively. With increasing soil depth, the concentration of Cr increases while Cd and 

Pb decrease. It is speculated that Cd and Pb were affected by anthropogenic activities. All the trace elements 

mainly associate with the residual fraction indicating lower mobility and Cd exists in a relative higher 

carbonate bound form suggesting it pose a great mobility and bioavailability. The single factor index and 

the geo-accumulation index (Igeo) indicate that pollution caused by Cd to a certain degree of pollution, while 

pollution caused by other elements belong to the level of uncontaminated. The results of the potential 

ecological risk index and RAC also shows that Cd has an extremely strong potential ecological risk. 

Attention should be paid to the pollution caused by Cd. This study provides a theoretical basis for the 

prevention and control of soil pollution and for agricultural products safety in the study area. 

Keywords: soil pollution, toxic element, source identification, farmland, ecological risk 

Introduction 

Soil is the main medium of material cycle and energy transfer in terrestrial ecosystem 

(Lian et al., 2021), and also an important resource for human survival and agricultural 

production (Rani Saha et al., 2022). In recent years, various human activities, such as 

industrial emissions, use of chemical fertilizers and pesticides, sewage irrigation, and 

transportation, have led to the release of toxic trace elements into the soil (Zhou et al., 

2022). Soil pollution is one of the most prominent environmental problems in the world 

(Zhang et al., 2021). 

Trace elements pollution has the characteristic of environmental persistence, toxicity, 

and irreversible impact on the regional landscape can lead to soil degradation (Hu et al., 

2021). Contaminated soil will reduce crop yield by decreasing soil fertility and will lead 

to trace elements enriched plants and even directly or indirectly threaten human health 

through the food chain (You et al., 2014; Xie et al., 2022). And the enrichment of toxic 

trace elements in agricultural soil will affect the safety of agricultural products and bring 
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potential risks to human, animals, plants, and entire ecosystem (Wu et al., 2022). It is 

generally believed that the total amount of concentration is an important indicator for 

evaluating the degree of soil pollution, but it cannot characterize the bioavailability of 

trace elements accurately (Gao et al., 2018). Some studies have demonstrated that the 

migration, transformation, and toxicological effects of trace elements in soil are not only 

related to the total amount of trace elements, but also closely related to their occurrence 

forms in soil (You et al., 2021, 2023). 

The most commonly implemented method for trace element speciation detection is the 

Tessier sequential extraction (Tessier et al., 1979), and five fractions consisting of 

exchangeable fraction, carbonate-bound, Fe/Mn oxides-bound, organic matter-bound and 

residual fraction were separated (Zhang et al., 2017). The exchangeable and carbonate-

bound fractions have strong bioavailability, and can be absorbed easily, posing great harm 

to plants. The Fe/Mn oxides-bound fraction will be released when the soil redox 

conditions change, and the organic matter-bound fraction absorption is difficult for plants. 

The residual fraction has stable properties and is not easily absorbed by plants, with low 

potential risk (Galhardi et al., 2020). Previous research has indicated that the occurrence 

forms of trace elements in soil can affect their migration and transformation behavior in 

the soil, as well as their bioavailability and toxicity (Cheng et al., 2018). Therefore, it is 

of great significance to detect the content and occurrence forms of trace elements in soil 

accurately, analyze the migration and transformation behavior and evaluate the 

bioavailability of trace elements. 

Huainan mining area has contributed to eastern China’s economic and social 

development as an important coal resource base in China. However, the long-term high-

load mining of coal has accumulated dozens of gangue hills with different scales, thus 

posing a considerable challenge to the safety of surrounding soil agricultural activities 

and the security of agricultural products (You et al., 2016). Meanwhile, Huainan is also a 

national food production area in China. Many studies have been conducted on the 

concentration and quality evaluation of trace elements in the soil of mining and other 

industrial areas (Chuncai et al., 2014; You et al., 2015; Hu et al., 2021), reclamation areas 

(Cheng et al., 2018) and subsidence areas (Ouyang et al., 2018; Chen et al., 2019), but a 

lack of research on the trace elements in the soil of agricultural zone. 

In the present study, representative sampling sites were selected to systematically 

study the trace element pollution in the soil from agricultural area of Huainan, the 

objectives of this work were to (1) determine the concentrations, distributions and 

fractionation characteristics of trace metals; (2) evaluate the contamination degree by the 

single factor index and geo-accumulation index (Igeo); and (3) assess the potential 

ecological risk, mobility and availability by trace elements. The results will provide 

scientific basis for the prevention and control of soil environmental pollution and 

ecological risk management and control of agricultural area in Huainan. 

Materials and methods 

Study area 

Huainan city is in the middle north of Anhui Province, China. Located between 116° 

21′ 5″-117° 12′ 30″ E and 31° 54′ 8″-33° 00′ 26″ N. The study area is in the south of 

Huainan city (Fig. 1), far from the mining area, with latitudes of 116° 55′ 7.32″-116° 58′ 

31.26″ E and longitudes of 32° 33′ 2.95″-32° 35′ 44.92″N, respectively. Which is an 

important agricultural production base in Huainan city. The terrain is flat, with an altitude 
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of 21-23 m and an elevation of 18-27 m. Covered by the Quaternary system, with a 

thickness of 20-60 meters, the lithology mainly consists of clay, sub clay, silt, fine sand, 

etc. The study area belongs to the warm temperate, semi-humid continental monsoon 

climate zone, with remarkable climate characteristics, four distinct seasons, and the 

easterly wind prevails all year-round. The annual average temperature is 15.3 ℃, and the 

annual average precipitation is 926 mm. 

 

Figure 1. Location of sampling sites 

 

 

Sample collection and analysis 

According to the scale and spatial distribution of agricultural land, a total of 30 soil 

samples were collected from cultivated land during June to August 2021 using the grid 

distribution method (Fig. 2). And the sampling sites were in a suburban area dominated 

by agricultural activities. To ensure the representativeness of the soil samples, four sub 

samples (vertices of 10 m × 10 m square) were collected at each sampling point and mixed 

evenly with the quartering method to obtain approximately 1 kg of composite sample. 

The collection, preparation, testing, and quality control were conducted referring to the 

Technical Specifications for Soil Environmental Monitoring (Environmental Protection 

Administration (EPA), 2004). 

 

Figure 2. The photos of the sampling sites 
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After natural air drying of soil samples, impurities such as roots and gravels were 

removed from the samples and passed through 100 mesh nylon sieves. The soil pH was 

determined by the glass electrode method. 2 g soil samples were weighed and digested 

with HNO3-HClO4-HF to be determined. The occurrence forms of trace elements in soil 

were extracted using the Tessier sequential extraction method (Tessier et al., 1979). The 

concentrations of Cr, Cu, Zn, and Ni were determined by inductively coupled plasma 

atomic emission spectrometry (ICP- OES, Optima 5300 DV, PerkinElmer, USA); The 

concentrations of Cd and Pb were determined by inductively coupled plasma mass 

spectrometer (ICP–MS, Elan DRC-e, Perkin Elmer, USA). The detection limits of Cr, Ni, 

and Zn are >1 μg·kg−1, and the detection limits of Cd, Cu, and Pb are >0.1 μg·kg−1. The 

test set 2% parallel samples, including soil reference material GBW07402 (GSS-2). The 

recovery rate in the monitoring samples (90% ± 10%), the relative deviation of parallel 

samples, and the recovery rate of reference materials met the quality control requirements. 

Soil pollution assessment 

Single factor index 

The degree of soil pollution was evaluated by comparing the concentration of trace 

elements with the related reference standard (Fei et al., 2022). It is the basis of various 

comprehensive assessment methods of soil pollution and was widely used internationally. 

The larger the Pi value is, the more serious the soil is polluted, and the calculation formula 

is: 

 

 𝑃𝑖 = 𝐶𝑖 𝑆𝑖⁄  (Eq.1) 

 

where, 𝑃𝑖  is the single factor index of trace element i in soil; 𝐶𝑖  is the measured 

concentration of element i (mg·kg-1), 𝑆𝑖  is the reference standard for trace element i, 

which was the reference background value of Huainan city (Yang et al., 1995). Based on 

the values of 𝑃𝑖 , soil pollution can be grouped into five levels: clean (𝑃𝑖  ≤ 1), slight 

pollution (1 < 𝑃𝑖 ≤ 2), mild pollution (2 < 𝑃𝑖 ≤ 3), moderate pollution (3 < 𝑃𝑖 ≤ 5) and 

severe pollution (𝑃𝑖 > 5) (Yan et al., 2022). 

Index of geo-accumulation (Igeo) 

The Igeo evaluated the soil pollution by comprehensively considering the impact of 

human pollution factors, environmental geochemical background values (You et al., 

2021), and the changes in background values caused by the differences between different 

regions of rocks. It can be calculated using the equation below. 

 

 𝐼𝑔𝑒𝑜 = 𝑙𝑜𝑔2  (𝐶𝑖 /1.5𝐵𝑖) (Eq.2) 

 

where Igeo is the geo-accumulation index of trace elements in soil; 𝐶𝑖 is the measured 

concentration of element i (mg·kg-1), 𝐵𝑖 is the geochemical background value of the trace 

elements in Huainan soil (as 𝑆𝑖 in Formula 1). The constant 1.5 is the potential variation 

in the baseline data (Yang et al., 1995). Based on the magnitude of Igeo, the pollution 

degree gradually increases from zero to very strong. The Igeo values can be classified into 

seven categories (You et al., 2021): uncontaminated (Igeo < 0), uncontaminated to 

moderately contaminated (0 ≤ Igeo < 1), moderately contaminated (1 ≤ Igeo < 2), 
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moderately to heavily contaminated (2 ≤ Igeo < 3), heavily contaminated (3 ≤ Igeo < 4), 

heavily to extremely contaminated (4 ≤ Igeo < 5) and extremely contaminated (Igeo ≥5). 

Potential ecological risk assessment 

Which was proposed by Hakanson (1980) based on the physical and chemical 

properties of trace elements and their interaction with the environment. It has been widely 

used for assessing the potential ecological risks of trace elements quantitatively. It 

considered the biological toxicity and the comprehensive effect of trace elements (Hu et 

al., 2022) and is calculated using the following equations: 

 

 𝐸𝑟
𝑖 = 𝑇𝑟

𝑖𝑃𝑖 (Eq.3) 

 

 𝑅𝐼 = ∑𝐸𝑟
𝑖  (Eq.4) 

 

where, 𝑃𝑖 is the single factor index of element i in soil. 𝐸𝑟
𝑖  is the potential ecological risk 

index of element i; 𝑇𝑟
𝑖 is the toxicity coefficient of element i, which were the identified 

values of 1 for Zn, 2 for Cr, 5 for Ni, Cu and Pb and 30 for Cd (Yi et al., 2019) respectively. 

𝑅𝐼 is the comprehensive potential ecological risk index. The potential ecological risk 

degrees of trace element i were classed into five grades: Risk level 1(slight), 𝐸𝑟
𝑖  < 30. 

Risk level 2 1(moderate), 30 ≤ 𝐸𝑟
𝑖  < 60. Risk level 3(strong), 60 ≤ 𝐸𝑟

𝑖  < 120. Risk level 

4(very strong), 120 ≤  𝐸𝑟
𝑖  < 240. Risk level 5(extremely strong), 𝐸𝑟 

𝑖 ≥ 240. The 

comprehensive potential ecological risk index (RI) consists of four classes: Class 1(slight), 

RI < 100; Class 2 (moderate), 100 ≤ RI < 200; Class 3(strong), 200 ≤ RI < 400; Class 

4(very strong), RI ≥ 400 (Zhang et al., 2022). 

Mobility and availability of trace elements 

The risk assessment code (RAC) method was adopted to evaluate the mobility and 

availability based on the different occurrence fractions of trace elements (Perin et al., 

1985). It considers the exchangeable and carbonate bound fractions as active forms and 

evaluates their risk level by calculating their ratio to the total amount concentration of 

trace elements. The higher the proportion of active forms, the greater the risk of 

environmental harm. 

 

 RAC = Exc%+ Carb% (Eq.5) 

 

where Exc% is the percentage of exchangeable fraction in the total of the trace element 

and Carb% represents the percentage of carbonate bound fraction of that. The risk level 

of mobility and availability are divided into: no risk (<1%); Low risk (1% to 10%); 

Medium risk (10% to 30%); High risk (30% to 50%); Very high risk (>50%) (Ting et al., 

2019). 

Data processing and analysis 

The data statistics and analysis were completed using Microsoft Excel and SPSS 

Statistics 19, the chart was prepared using Origin Pro 2021, and the mapping was done in 

ArcGIS Pro 25. 
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Results and discussion 

Concentration characteristics of trace elements in soil 

Descriptive statistics can reflect the distribution characteristics of trace elements in the 

study area objectively (Hu et al., 2015). The concentration of trace elements is presented 

in Table 1. The average concentrations of Ni, Cu, Zn, Pb, Cr and Cd in soil were 

20.19±8.20, 18.17±4.67, 37.61±10.85, 10.76±3.73, 40.61±15.06, 0.14±0.05 mg/kg, 

respectively. The average concentration was in the descending order of Zn >Cr > Ni > 

Cu > Pb > Cd. All the concentrations of elements are lower than those of the 

corresponding background values in soil of Huainan city and China except for Cd. The 

National Soil Standard Grade I is to ensure agricultural production and maintain human 

health, and all the concentrations were below the value of the standard. The variation 

coefficients (CV) of the elements are = Ni > Cr > Cd = Pb > Zn >Cu. The CV value of 

Zn and Cu were <0.35, which is medium variation (15% < CV < 35%), indicating that 

the distribution of Zn and Cu in the soil is relatively uniform and is less affected by 

external environment (Eziz et al., 2020). The variation coefficients of other elements 

were >0.35, which is intense variation, indicating that these elements are highly dispersed 

and unevenly distributed, and the concentrations of trace elements in soil may be affected 

by human activities, agricultural activities, industrial activities, transportation and other 

factors. 

 
Table 1. Comparison of concentration of the trace elements in in the soil and that of other 

previously reported studies (mg/kg) 

Item Ni Cu Zn Pb Cr Cd Literature 

Minimum 0.91 10.57 13.38 0.29 14.41 0.06 

Present 

study 

Maximum 37.17 33.00 76.18 21.03 88.65 0.30 

Mean±S. D. 20.01±8.20 18.17±4.67 37.61±10.85 10.76±3.73 40.61±15.06 0.11±0.05 

Coefficient of 

variation 
0.41 0.26 0.29 0.35 0.37 0.35 

Huainan Soil 32.0 30.7 58.4 23.5 91.5 0.06 
(You et al., 

2014) 

Chinese Soil 26.9 22.6 74.2 26.00 61 0.09 
(You et al., 

2014) 

National Soil 

Standard Grade 

I 

40.00 35.00 100.00 35.00 90.00 0.20  

Xinzhuangzi 

mine 
20.78 23.08 40.96 14.31 42.59 0.11 

(Wei et al., 

2017) Panyi mine 20.45 18.60 31.10 9.40 46.52 0.14 

Guqiao mine 20.04 18.31 28.51 8.77 43.88 0.14 

around coal-

fired power 

plant 

 22.72 79.69 41.71 109.39 0.41 
(Hu et al., 

2021) 

Mining area  21.6 39.7 12.2 44.5 0.12 

(You et al., 

2015) 

Industrial area  19.7 50.1 11.4 45.8 0.11 

Agricultural 

area 
 17.9 36.5 12.6 39.4 0.09 

Residential 

zone 
 32.4 38.6 20.7 43.2 0.15 
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Compared with the research reports on the trace elements in the soil from different 

utilization type area in Huainan city, including mining, industrial and residential areas 

(Table 1). Except for Cd concentrations was higher than that in previously research of 

agricultural area, all other elements are lower than the concentrations in mining, industrial 

and residential areas. Previous studies have confirmed that the duration of mining 

activities is an important factor affecting the concentration of trace elements in the soil of 

mining areas. The concentration of Cd in present study is lower than that in reported 

literatures (You et al., 2015; Hu et al., 2021) of industrial areas and around coal-fired 

power plants, and higher than that in agricultural areas. Which may be due to the fact that 

the source of Cd is not only the extensive usage of pesticides and fertilizers containing 

Cd, but also the emissions from industrial production activities (You et al., 2023). 

Variation trend of trace elements with depth. The distribution of trace elements in 

different depths of soil was shown in Fig. 3. With the increasing of the soil depth, the 

concentration of Cr correspondingly increases, the variation trend of Ni and Cu 

concentrations is the same trend and with a maximum concentration at 60-80 cm. The 

variation trend of Zn, Pb and Cd with soil depth is similar. The concentration of Zn, Pb 

and Cd in the surface (0-20 cm) soil is significantly higher than that in the deep layer, 

which indicated that there might be exogenous Cd and Pb input (Rognerud et al., 2000). 

Some studies demonstrate that Zn in the surface layer of soil moves downward through 

leaching, while the biological aggregation makes Zn return to the surface layer (Lanlan 

et al., 2014). Cd has a limited downward mobility in the soil, that is, it is retained in the 

topsoil layer for a long time, and has a high availability (Kuo, 1990). It is speculated that 

the topsoil of farmland may contain more organic matter, while Zn, Pb, and Cd in weakly 

alkaline soil form complexes or chelate with organic matter in the soil easily (Ming et al., 

2007). Therefore, the distribution characteristics of trace elements in soil and their 

respective occurrence and migration properties are also related to soil properties (Ottosen 

et al., 2009). 

 

Figure 3. The distribution of trace elements in different depths of soil profile 

 

 

Fractionation of trace elements 

The exchangeable fraction of trace elements can undergo ion exchange and specific 

adsorption and absorbed by organisms directly in the soil. Carbonate bound fraction refers 
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to the adsorption or co precipitation onto carbonates (Ribeiro and Flores, 2021). It is easy 

to migrate and transform in soil and be absorbed by plants when the pH of soil changes 

(Chuncai et al., 2014). Fe/Mn oxides are bound by strong ionic bonds and are difficult to 

release. Metals are adsorbed or precipitated on the surface of Fe/Mn oxides to form 

hydroxides or alkali salt. Organic bound state is insoluble in water, formed by combining 

trace element ions as the central ion and organic matter active groups as ligands. Although 

the Fe/Mn oxides and organic bound fractions are relatively stable, when the pH changes 

or the application of complexing agents, trace element s will also be released (Li and Ji, 

2017). The residual state is generally referred to as the non-effective state, and elements 

mainly exist in the mineral lattice and only be released during weathering. Therefore, the 

residual state is basically not utilized by organisms (You et al., 2023). 

The distribution of different chemical fractionations in the soil of the study area is 

shown in Fig. 4. Percentage distribution of Ni was in the following descending order: 

residual (68.40%) > organic matter-bound (16.59%) > Fe/Mn oxides-bound (6.58%) > 

Carbonate-bound (5.83%)>Exchangeable fraction (2.60%). The proportion of Zn 

association with residual fraction is 63.27 %, followed by organic matter-bound fraction 

(14.69%), Fe/Mn oxides-bound fraction (11.90%), Carbonate-bound (7.44%) and 

Exchangeable fraction (2.69%). Apart from the predominant proportion (71.52%) for Pb 

in the residual form, the amount of Pb in Fe/Mn oxides-bound fraction is 14.20%. Pb is 

mainly bound to Fe/Mn oxides, which may be due to the strong binding capacity between 

Fe/Mn oxides and Pb2+. The proportions of different forms for Cu are in the order of 

residual (71.30%) > Fe/Mn oxides-bound (11.30%) > organic matter-bound (9.72%) > 

Carbonate-bound (5.44%) > Exchangeable fraction (2.25%). The average proportions of 

exchangeable, carbonate bound, Fe/Mn oxide bound, organic bound, and residual forms 

of Cr are 0.86%, 1.10%, 6.11%, 11.02% and 80.91%, indicating low bioavailability of Cr. 

Cd mainly exists in the form of Residual bound (61.78 %), followed by Carbonate-bound 

fraction (15.56 %), Organic matter-bound (12.78 %), Exchangeable fraction (5.17 %) and 

Fe/Mn oxides-bound state 4.72 %). Cd is in a relatively active form in the soil and have 

potential biological hazards. The soil has a strong adsorption capacity for Cd, especially 

in soils with more organic matter and clay. The research area belongs to agricultural land, 

which is prone to the accumulation of Cd (Cheng et al., 2018). 

 

Figure 4. Percentage of trace elements in different fractions 
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Correlation and source analysis 

Correlation analysis is an important basis for identifying the source and migration 

process of pollutants and a common method for determining the source of soil pollution 

(Sun et al., 2019). If there is a significant positive correlation between different elements, 

they are more derived from the same substance or cause of formation (Nakagawa et al., 

2022). Pearson correlation analysis was conducted the results are shown in Table 2. The 

correlation coefficients of Ni vs Cu and Ni vs Cu are 0.725 and 0.708, respectively, 

showing a positive correlation. Cu vs Zn and Cu vs Cr have a positive correlation, and 

the correlation coefficients are 0.607 and 0.666, respectively. It can be speculated that Cu, 

Zn and Cr have the same source. Cd and Pb are not related to other elements, and it is 

inferred that they have different sources from other elements. According to the 

characteristics of soil content, Cd and Pb are affected by human activities. Cu, Ni and Cr 

are generally within the range of natural background values and less affected by human 

activities. 

 
Table 2. Correlation analysis of trace elements in soil of the study area 

Heavy Metals Ni Cu Zn Pb Cr Cd 

Ni 1      

Cu 0.708** 1     

Zn 0.725** 0.607** 1    

Pb 0.079 0.082 -0.074 1   

Cr 0.543** 0.666** 0.765** 0.080 1  

Cd -0.049 -0.016 0.175 -0.134 -0.007 1 

**Correlation is significant at the 0.01 level (2-tailed) 

 

 

Assessment of soil pollution 

Single factor evaluation 

The results of single-factor index were presented in Table 3. The average value order 

of the single factor index is Cd > Zn > Ni > Cu > Pb > Cr. The average single factor index 

of Cd was 1.89, and the pollution level belongs to slight pollution (1 < 𝑃𝑖 ≤ 2). And single 

factor index of the other elements were < 1, which belongs to clean (𝑃𝑖 ≤ 1). The soil 

pollution in this study primarily concentrated for Cd, and the concentrations in 28 

sampling points are exceed the background value in soil of Huainan city (0.06 mg/ kg). 

The proportion of clean was: Pb (100.00%) = Cr (100.00%) > Cu (90.00%) > Zn 

(86.67%) > Ni (76.67%)> Cd (10.00%) based on the Pi value. 

 
Table 3. Index of single factor index and geo-accumulation of trace elements in soil of 

agricultural area 

Item Ni Cu Zn Pb Cr Cd 

Single factor 

index 

Minimum 0.03 0.34 0.23 0.01 0.16 1.00 

Maximum 1.16 1.07 1.30 0.89 0.97 5.00 

Mean 0.63 0.59 0.64 0.46 0.44 1.89 

Geo-

cumulative 

index 

Minimum -2.71 -2.08 -4.96 -1.34 -1.59 -1.71 

Maximum -0.17 -0.47 -0.37 -0.14 -0.31 0.58 

Mean -0.79 -0.75 -0.82 -0.58 -0.57 3.02 
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Results of geo-cumulative index 

The results of the geo-accumulation index are also shown in Table 3. The order of Igeo 

values is Cd > Cr > Pb > Cu > Ni > Zn. The Igeo values of Zn, Pb, Ni, Cr and Cu in the 

soil are negative, indicating uncontaminated (Igeo < 0). However, the Igeo value of Cd is 

between-1.71 and 0.58, indicating that there is a certain degree of Cd pollution in the soil 

of the study area, uncontaminated to moderately contaminated (0 ≤ Igeo < 1). The 

evaluation results of the geo-accumulation index method are consistent with the single 

factor evaluation results. Hu et al. (2021) reported that the soil around a power plant is 

polluted by heavy metals, and the degree of pollution is belonged to heavy pollution and 

moderate pollution in Huainan city. 

Potential ecological risk assessment 

The average value of pollutant degree (𝐸𝑟
𝑖 ) (Fig. 5) shows that the average value of 𝐸𝑟

𝑖  

in the study area is: Cd > Ni > Cu > Pb > Cr > Zn, and the average 𝐸𝑟
𝑖  values are 56.59, 

3.13, 2.96, 2.29, 0.89 and 0.64, respectively. According to the grading standard, Cd and 

pose a moderate ecological risk (30 ≤ 𝐸𝑟
𝑖  < 60), and the other elements pose a slight 

ecological risk (𝐸𝑟
𝑖  < 30). 

 

Figure 5. The potential ecological risk assessment results for the trace elements in the soil 

 

 

According to the distribution of the potential ecological risk index (RI), the sampling 

points of slight risk and moderate risk in the study area accounted for 63.33% and 36.67%, 

respectively. The main reason for the high RI is that Cd with a higher value of toxicity 

coefficient (𝑇𝑟
𝑖). It can be seen from the integrity of the data that Cd is the main reason 

affecting the ecological hazard level. Therefore, attention should be paid to the pollution 

of Cd. The evaluation results are the same as those of the single factor index and geo-

accumulation index method, and conclusion was consistent with that of previous study 

(You et al., 2015, 2016), the degree of soil pollution in agricultural areas is lower than 
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that in the surrounding soil of mining area (Wei et al., 2017), industrial area (You et al., 

2015) and around power plant (Hu et al., 2021) of Huainan city. 

Mobility and availability assessment 

Based on the exchangeable and carbonate bound fraction, the RAC values was 

calculated using RAC code method. The larger the proportion of available trace element 

content to its total amount, the higher its ecological risk (You et al., 2023). As shown in 

Fig. 6, the RAC average values were in the range of 7.81% for Ni, 4.82% for pb, 1.96% 

for Cr, 7.35% for Cu, 9.29% for Zn and 20.56% for Cd. According to RAC the RAC 

average values followed the order of Cd (20.56%) > Zn (9.29%) > Ni (7.81%) > Cu 

(7.35%) > Pb (4.82%) > Cr (1.96%). The results demonstrated that Cd poses a medium 

ecological risk (10%～30%), and other elements belong to low risk (1%～10%). 

Attention should be paid to control Cd in the soil from agricultural area in Huainan city, 

the results were also similar to that of the potential ecological risk index. 

 

Figure 6. The RAC results for the trace elements in soil samples 

 

 

Conclusion 

In this study, the concentrations of Cr, Ni, Cu, Zn, Cd and Pb in the samples of 

agricultural soil in Huainan City were determined. The single factor index, 

geo-accumulation index, and potential ecological risk index were used to evaluate the soil 

pollution and environmental risk of the study area. The average concentrations of Cr, Ni, 

Cu, Zn, Cd and Pb in soil were 72.24, 33.23, 23.73, 131.79, 12.10, 0.48, 24.65 and 0.046 

mg·kg-1, respectively. The concentration of Ni and Cu with a maximum concentration at 

60-80 cm and Zn, Pb and Cd in the surface (0-20 cm) soil is significantly higher than that 

in the deep layer. Cd and Pb are affected by human activities, while Cu, Ni and Cr are 

less affected by human activities. The trace elements mainly appear to associate with the 

residual fraction, suggesting their lower mobility. Relatively high percentage of Cd exists 

in carbonate bound fraction, indicating a great degree of mobility and bioavailability. The 

potential ecological risk of trace elements belonged to slight risk and moderate risk in the 
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study area, and the results are the same as those of the single factor index and geo-

accumulation index method. On basis of the of the potential ecological risk and RAC 

criteria, Cd poses a medium ecological risk whereas most of the other elements pose low 

risks, attention should be paid to control Cd in the soil from agricultural area in Huainan 

city. 
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