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ABSTRACT 

Monitoring soil contaminants is crucial in addressing sustainability issues. This study directly addresses the 

environmental sustainability issue of soil contamination with heavy metals (HMs) due to anthropogenic activities, 

particularly in soil surrounding the Al-Diwaniyah power plant, which is one of Iraq's electricity sources. Samples were 

obtained at the power station's three sites: right (R), left (L), and direction (D) (term "direction" refers to sampling site 

located directly in front of power plant, aligned with prevailing wind path). Soil samples were collected from different 

locations throughout 2024, with two separate soil sub-samples from the same site. Samples were obtained at the power 

station's three sites: right (R), left (L), direction. The concentrations of HMs chromium, nickel, cadmium, and lead were 

evaluated using an atomic absorption spectrometry (AAS) and results were expressed in milligrams of metal per kilogram 

of dry soil (mg/kg). The findings showed that the total concentrations of HMs were Ni> Pb> Cr> Cd, with values of 17.32 

-41.27, 33.61-0.32 -6.07, and 12.77 -46.89 mg/kg for Cr, Ni, Cd), and Pb, respectively. The Contamination Factor (CF) 

and Ecological Risk Index (Er) calculation showed that the soil samples were heavily polluted. Furthermore, HMs 

concentrations were usually high throughout the autumn season at all three investigated sites. The elevated concentrations 

observed during autumn season may be due to reduced rainfall and limited leaching, resulting in increased accumulation 

of HMs in upper soil layers. It may be concluded that human activities have an influence on soil health, and these findings 

might emphasize the need of preserving soil health and sustainability from HMs contamination induced by neighboring 

activities such as electricity generation facilities. 
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1. Introduction 

Heavy metals (HMs) contamination in soil has attracted 

widespread international interest because of the significant risk to 

human health[1,2]. Soil contamination, in all of its forms, endangers our 

world, but it is the most hazardous due to the significant consequences 

it has on human health and other living species. HMs concentrations in 

soil are a strong sign of pollution. Soil contamination is described as 

the destruction of its layers or any change in its natural qualities caused 

by the leaking of complex chemical compounds or industrial 

radioactive materials, increasing the amount and concentration of 

heavy elements in it. These changes have an impact on the soil's 

fertility and ability to support life, putting food security and 

biodiversity at risk. Soil pollution is one of nature's greatest difficulties. 

It may arise in a variety of ways, with various compounds functioning 

as pollutants. These pollutants might be natural or manmade chemicals 

produced by environmental changes or human involvement. Pollutants 

permeate into the soil as HMs penetrate the pores around soil particles 

and become stuck there[3,4]. HMs pollution requires immediate 

attention, and soil pollution with HMs is the primary source of human 

exposure to toxic elements, as many countries rely on agricultural land 

to provide food, and the presence of HMs in high concentrations in the soil indicates pollution. HMs-

contaminated soil poses health concerns to those who live there, including farmers and locals[5]. Therefore, 

there is a need for analyzing heavy metal contamination in soil. To measure the level of HMs pollution in soil, 

soil contamination indices such as the contamination factor, ground accumulation index, and environmental 

hazard index are utilized. Soil contamination can also be determined by comparing measured metal levels to 

concentration levels in locations away from pollution sources (uncontaminated areas). Muller 

(1969)[6]originally utilized this approach to detect metal contamination in soil. The Geo-accumulation Index 

(Igeo) index is also used to determine the severity of human-caused pollution. HMs contamination in soil can 

be caused by the geographical accumulation of heavy elements that were initially present in soil rocks or by 

bioaccumulation. Human activities in contaminated soil, or the movement of these metals from contaminated 

areas within soil components to a place where they accumulate in higher proportions[7-9].  

The pollution is the result of the widespread use of fertilizers and pesticides[10,11]. The pollutants are 

discharged into the soil and other environmental components[12,13], harming the ecosystem[14,15] and putting 

populations at danger[16,17]. The hunt for energy is the gasoline that drives our contemporary society, yet it 

frequently leaves an everlasting impact on the environment. Despite their critical role in powering our lives, 

power plants can cause considerable soil contamination from HMs[18-20]. Power plants are industrial activities 

that pollute the surrounding environment, including air, water, soil, and plants, as a result of the resulting gas 

emissions loaded with fly ash and HMs, as well as the high temperature of the water emitted from them loaded 

with chemicals. Therefore, the present study sought to investigate the influence of the power plant on the soil 

composition of various total heavy elements at varied distances from the plant. Although numerous studies 

have assessed heavy metal contamination near industrial facilities, limited research has specifically addressed 

seasonal variations in both available and total heavy metal concentrations in soils surrounding power plants in 

Iraq. Furthermore, the comparative ecological risk and contamination indices across multiple directions 

relative to the plant are scarcely reported. This study fills that gap by evaluating Cr, Ni, Cd, and Pb distribution 

patterns over four seasons and across multiple sites, highlighting anthropogenic impacts and environmental 

risks[21-23].   
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2. Materials and methods  

2.1. Description of the study area and period  

The station, which has a rectangular shape, is situated east of Al-Diwaniyah city next to the AL-

Diwaniyah-Afak Road at the junction of longitude (26 58 44° East) and latitude (41 56 31° North). The 

establishment of this power plant took place in 2012. It has 28 manufacturing facilities that run on diesel and 

heavy fuel oil. Each engine has a design capability of about 200 megawatts (MW), the SI unit for power. The 

distance from the governorate center is around 6 Km (Figure 1). Three locations were chosen close to the 

power plant, one in each of the following directions: right (R), left (L), and direction (D). Based on the direction 

of the predominant wind, samples were taken from the northwest, east, northwest, and west directions of the 

three locations. During the 2024 growing season, soil samples were taken from the research sites, with three 

separate soil sub-samples taken from each site. In addition to the power plant, other potential sources of 

pollution in the study area include fuel and chemical storage zones, transportation routes for fuel delivery, and 

maintenance areas for machinery and engines, all of which may contribute to the dispersion of heavy metals 

into the surrounding soil. Seasonal differences in heavy metal concentrations can be attributed to several 

environmental and operational factors. Wind direction and intensity may enhance pollutant dispersion toward 

specific sites, while variations in power plant activity across seasons can alter emission rates. Additionally, 

meteorological factors such as rainfall (affecting leaching and runoff) and dry deposition patterns influence 

metal accumulation. The presence of adjacent green areas, as seen in Figure 1, may also impact local metal 

uptake and soil retention capacity, contributing to site-specific differences. 

 

Figure 1. The studied sites around of the power plant station. 

2.2. Soil Sample collection  

Soil samples were collected from the research sites using a metal shovel as a tool, excavating a V-shaped 

hole with a depth of 0-20 cm (following protocols aligned with established environmental sampling 

guidelines[24], Metal analysis was conducted using atomic absorption spectroscopy (AAS) after extraction 

procedures, and contamination indices such as Igeo were interpreted based on classification schemes proposed 

by Müller (1969) and further supported by models in recent literature[25] and three separate sub-samples for 

each of the stated study sites and for four seasons in the following order:(Winter samples were taken in 

December and February; spring samples were obtained in March and April; summer samples were collected 

in June and July; and autumn samples were collected in September and October. The soil sample was collected, 

crushed, smoothed, and blended, with gravel, plant pieces, and other components removed. Following that, it 

was placed in flexible plastic bags labeled with the sample's information and preserved until measurements 

were taken in the lab[26]. Soil samples were placed in a thin layer on plastic trays in the laboratory for air drying, 

after which they were gently crushed to expose all of their portions to drying using a non-heated air source at 

a temperature of no more than 35 °C[27].  

The soil sample was collected, crushed, smoothed, and blended, with gravel, plant pieces, and other 

components removed. Following that, it was placed in flexible plastic bags labeled with the sample's 
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information and preserved until measurements were taken in the lab[26]. Soil samples were placed in a thin 

layer on plastic trays in the laboratory for air drying, after which they were gently crushed to expose all of their 

portions to drying using a non-heated air source at a temperature of no more than 35 °C[27]. The soil sample 

was collected, crushed, smoothed, and blended, with gravel, plant pieces, and other components removed. 

Following that, it was placed in flexible plastic bags labeled with the sample's information and preserved until 

measurements were taken in the lab[26]. Soil samples were placed in a thin layer on plastic trays in the laboratory 

for air drying, after which they were gently crushed to expose all of their portions to drying using a non-heated 

air source at a temperature of no more than 35 °C[27].   

The soil samples were collected, crushed, smoothed, and blended, with gravel, plant pieces, and other 

components removed. Following that, it was placed in flexible plastic bags labeled with the sample's 

information and preserved until measurements were taken in the lab[26]. Soil samples were placed in a thin 

layer on plastic trays in the laboratory for air drying, after which they were gently crushed to expose all of their 

portions to drying using a non-heated air source at a temperature of no more than 35 °C[27]. The samples were 

crushed, smoothed, and blended, with gravel, plant pieces, and other components removed. Following that, it 

was placed in flexible plastic bags labeled with the sample's information and preserved until measurements 

were taken in the lab (26). Soil samples were placed in a thin layer on plastic trays in the laboratory for air 

drying, after which they were gently crushed to expose all of their portions to drying using a non-heated air 

source at a temperature of no more than 35 °C [27]. After the drying of the samples, they were crushed and 

sieved using a sieve with a 2 mm aperture width before being stored in sealed plastic containers in a cold area 

for examination and laboratory testing.   

2.3. Determination of HMs in soil samples  

HMs were determined in soil using the Lindsay and Norvell (1978) [28] and Estefan et al. (2013)[26]methods, 

which involved weighing 10 g of dried soil in a beaker, and adding 20 mL of DTPA extraction solution 

containing 0.005 N of DTPA (Diethylene triamine pentaacetic acid), 0.1 N of TEA (Triethanolamine), and 

0.1N of CaCl2, and placing the beaker in a shaker device. The method described by Estefan et al., (2013) [26] 

was used for Estimation of total concentration of heavy elements in soil. briefly, 0.5 g of dried soil was placed 

in a beaker, 3 mL of concentrated nitric acid solution was added, and the samples were left for 1 h before being 

filled to the needed amount with 4 mL of concentrated HCIO4 acid. An atomic absorption spectrometer was 

used to detect the ready and total concentrations of heavy elements (chromium, nickel, cadmium and lead). 

2.4. Pollution indicators  

Pollution indices were calculated for total and accessible HMs concentrations (Cr, Ni, Cd, and Pb) in the 

soil of the studied sites. Accessible (available) heavy metal concentration refers to fraction of metals that are 

loosely bound to soil particles and are readily available for plant uptake or environmental interaction, whereas 

total concentration includes all forms of metal, regardless of bioavailability. The geo-accumulation index (Igeo) 

was calculated according to Muller (1969) [6], whereas the contamination factor (CF) and ecological risk index 

(Er) were calculated according to Hakanson (1980) [29].  

2.5. Quality assurance and quality control (QA/QC) 

The soil samples were analyzed in the Environmental Laboratory, Department of Life Sciences, College 

of Education, University of Al-Qadisiyah, and the Biochemistry Laboratory, College of Pharmacy / University 

of Kufa, Iraq. The integrity of Quality Assurance and Quality Control (QA/QC) of the sample analysis process 

was controlled by following the practical steps and using blank and standard solutions for heavy elements 

(Chromium, Nickel, Cadmium, and Lead) (BDH from UAE) at a rate of five for each element from standard 

and blank. All standard solutions were accurate and of excellent quality. To decrease random standard error, 

samples were carefully collected, and the element was determined using three separate soil sub-samples. The 



5 

resultant value was the average of the three measurements. Metal recovery rates in the standard reference 

material varied from 99.22 to 99.92 percent for each element tested.  

2.6. Statistical analysis 

The data was analyzed using the Statistical Analysis System (SAS) (2018) to investigate the influence of 

the power plant on the presence of HMs in the selected study locations, as well as the effect of the site and 

seasons of the year on the distribution of the examined HMs. The least significant difference test (LSD) and 

the P value were used to compare the significant differences between the means.  

3. Results and discussion  

3.1. Available heavy elements concentration in soil 

The results revealed that Cr values ranged between (0.01 - 3.01 mg/kg), with the highest concentration in 

autumn at site 1 (right of the power plant) at 3.01 mg/kg, and the lowest value in winter at site 2 (right of the 

power plant) and site 3 (direction of the power plant) at 0.01 mg/kg. The results also revealed that the lowest 

concentration of Cr at the control site (located at a considerable distance from power plant and unaffected by 

its emissions, was selected to represent background heavy metal levels in uncontaminated soil for comparison 

purposes) was 0.019 mg/kg in the spring, while the maximum concentration was in the winter (0.021 mg/kg), 

as shown in Table 1. The results in Table 1 also showed that the level of Ni ranged from 0.02-1.17 mg/kg, 

with the highest available level in autumn at site 3 at 1.17 mg/kg and the lowest concentration in winter at site 

1 at 0.02 mg/kg, while the concentrations at the control site were close to the value of 0.022 mg/kg. The data 

presented in Table 1 also revealed that the values of the available Cd concentrations ranged between 0.01 and 

1.21 mg/kg, with the highest cadmium concentration in autumn at site 3 with a value of 1.21 mg/kg and the 

lowest concentration in winter at sites 2 and 3 with a value of 0.01 mg/kg, while the available Cd concentrations 

in the control were lower than the available concentrations in the sites around the power plant. The available 

concentration of Pb varied from 5.17 to 14.22 mg/kg, with the greatest concentration reported in autumn at site 

1 (14.22 mg/kg) and the lowest concentration reaching 5.17 mg/kg in winter at site 2. However, in the control 

location, it reached 2.351 mg/kg (Table 1), with the lowest available value reported in the autumn. The 

statistical results (LSD) and (P value) show that the available Cr, Ni, Cd, and Pb concentrations vary 

significantly between seasons and locales. 

3.2. Total HMs concentration 

Total Cr concentrations in soil samples ranged from 17.32 to 41.27 mg/kg, with the highest concentration 

recorded in the summer at site 2 (41.27 mg/kg) and the lowest concentration found in the winter at the same 

site (17.32 mg/kg). The total Cr values at the control location varied from 0.020 to 0.118 mg/kg (Table 2). 

The Ni levels ranged from 33.61 to 73.65 mg/kg. The maximum concentration was observed at site 1 in the 

summer (73.65 mg/kg), whereas the lowest concentration was recorded at site 1 in the winter (33.61 mg/kg). 

While Ni concentrations at the control site were much lower than at all other research locations near the power 

plant (Table 2). The total content of Cd varied from 0.32 to 6.07 mg/kg. At site 2, the maximum total 

concentration was 6.07 mg/kg in the summer, while the lowest concentration was 0.32 mg/kg in the winter. 

While total Cd values in the control location varied seasonally, they approached 0.065 mg/kg (Table 2). The 

results ranged from 12.77 to 46.89 mg/kg of Pb; the maximum concentration of total Pb was observed in 

autumn at site 1 at 46.89 mg/kg, while the lowest concentration was reported in winter at site 3 at 12.77 mg/kg 

(see Table 2). The statistical values (LSD) and (P value) show statistically significant variations in Cr, Ni, Cd, 

and Pb available concentrations between seasons and places.  

3.3. HMs pollution indices in soil 

3.3.1. HMs pollution indicators based on available concentrations in soil 
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1) Geoaccumulation index (Igeo)  

The geo-accumulation index (Igeo) of the available Cr concentrations ranged from 0.32 to -6.62. The 

greatest value was 6.62 in fall at site 1, and the lowest was 0.32 in winter at site 1 (Table 3). This index's 

values for available Ni concentrations varied from 0.63-5.14. The maximum value,6.62, was recorded in the 

autumn at site 3, while the lowest,0.63, was recorded during the winter at site 1. Whereas the geo-accumulation 

index for the available Ni concentration at the control location tended to be 12.43 (Table 3). As The index 

values for accessible Cd concentration varied from 0.01 to 5.99, with the maximum value in the fall at site 3 

(5.99) and the lowest value in the winter at site 3 (-0.01). While the geo-accumulation Index (Igeo) for Cd at 

the control location tended to have a value of -3.70 (Table 3). This index's values for the available Pb varied 

from 0.50 to 1.97, with the maximum value discovered in the fall at site 1 (1.97), and the lowest value found 

in the winter at site 2 (0.50). The geo-accumulation Index (Igeo) for Pb at the control location averaged -3.12 

(Table 3). The statistical values (LSD) and (P value) show that there are statistically significant changes in the 

geo-accumulation index (Igeo) for Cr, Ni, Cd, and Pb accessible concentrations between seasons and sites. 
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Table 1. Available heavy elements concentration in soil of study sites. 

 Sites and Directions 

Seasons Element 

control Site 3 Site 2 Site 1 

 Left of Electric 

power station 

Directio  of 

Electric 

power 

station 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Directio  of 

Electric 

power 

station on 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction 

of   Electric 

power 

station 

Right of 

Electric 

power 

station 

0.021 0.11 0.01 0.75 0.28 0.02 0.01 0.43 0.04 0.61 Winter   2024 

Cr 
0.019 0.18 0.09 0.24 0.07 0.03 0.11 0.09 0.14 0.29 Spring 2024 

0.02 0.81 0.99 0.99 0.79 1.12 0.81 0.76 0.63 1.32 Summer 2024 

0.02 1.26 1.86 1.07 1.17 2.18 1.06 1.03 1.09 3.01 Autumn 2024 

Seasons  =0.0014 Sites = 0.0023 LSD 

0.0114 0.0363 P value 

0.022 0.26 0.41 0.17 0.97 0.53 0.68 0.02 0.05 0.44 Winter   2024 

Ni 
0.0217 0.29 0.19 0.07 0.14 0.28 0.38 0.07 0.11 0.31 Spring 2024 

0.022 0.66 0.68 0.72 0.77 0.68 0.71 0.67 0.61 0.69 Summer 2024 

0.0222 1.17 1.07 1.16 1.14 1.05 1.07 1.11 1.03 1.06 Autumn 2024 

Seasons  =0.0024 Sites = 0.0017 LSD 

0.004 0.001 P value 

0.0126 0.02 0.01 0.17 0.01 0.04 0.16 0.06 0.02 0.03 Winter   2024 

Cd 
0.0128 0.21 0.12 0.17 0.09 0.09 0.07 0.07 0.03 0.06 Spring 2024 

0.0126 0.41 0.44 0.64 0.37 0.42 0.61 0.31 0.38 0.59 Summer 2024 

0.0127 0.87 0.98 1.21 0.91 0.93 1.18 0.81 0.92 1.07 Autumn 2024 

Seasons  =0.0084 Sites = 0.0013 LSD 

0.008 0.003 P value 

2.418 13.78 12.11 5.65 7.59 9.18 5.17 6.64 6.58 11.24 Winter   2024 

Pb 
2.351 8.52 10.53 11.49 12.32 10.01 7.51 10.76 10.64 9.29 Spring 2024 

2.403 11.43 13.75 11.35 12.04 12.88 13.25 11.59 12.75 13.52 Summer 2024 

2.412 13.08 13.79 12.94 11.73 11.91 13.53 10.74 10.91 14.223 Autumn 2024 

Seasons  =0.0041 Sites = 0.0027 LSD 

0.0021 0.0036 P value 
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Table 2. Total heavy elements concentration in soil of study sites. 

 Sites and Directions 

Seasons Element 

control Site 3 Site 2 Site 1 

 

Left of 

Electric 

power 

station 

Direction  of 

Electric power 

station 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction of 

Electric 

power station 

on 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction of    

Electric power 

station 

Right of 

Electric 

power 

station 

0.020 24.69 22.56 22.32 25.14 17.32 23.39 24.98 28.21 19.14 Winter   2024 

Cr 
0.021 28.18 34.78 36.12 27.39 37.63 35.33 28.27 36.93 35.71 Spring 2024 

0.118 34.63 41.11 36.97 36.22 41.27 36.04 35.39 40.38 40.39 Summer 2024 

0.021 32.15 32.76 30.65 31.65 34.39 31.86 30.73 34.24 37.39 Autumn 2024 

Seasons  =0.0037 Sites = 0.0013 LSD 

0.0014 0.004 P value 

0.481 42.61 40.84 39.21 42.58 35.94 44.45 42.28 49.59 33.61 Winter   2024 

Ni 
0.471 72.13 68.27 69.25 71.69 70.79 69.38 70.41 71.24 67.74 Spring 2024 

0.481 67.19 70.74 61.99 64.97 71.24 63.24 64.78 73.65 62.19 Summer 2024 

0.478 55.77 63.31 58.08 53.92 64.29 51.77 52.22 61.39 50.62 Autumn 2024 

Seasons  =0.0041 Sites = 0.0028 LSD 

0.001 0.005 P value 

0.065 0.45 0.54 0.64 0.32 0.45 1.22 1.48 0.39 1.63 Winter   2024 

Cd 
0.062 4.13 5.03 4.53 4.02 4.66 4.46 4.06 4.02 4.17 Spring 2024 

0.065 5.73 5.86 5.98 5.71 4.91 6.07 5.63 3.92 5.34 Summer 2024 

0.064 3.76 4.12 3.99 4.11 3.11 4.62 4.09 2.76 3.98 Autumn 2024 

Seasons  =0.0024 Sites = 0.0038 LSD 

0.0029 0.0054 P value 

5.60 23.39 20.26 12.77 37.54 23.48 22.13 13.79 15.79 15.11 Winter   2024 

Pb 
5.61 36.13 37.26 39.28 39.25 36.11 39.72 38.63 36.61 38.73 Spring 2024 

5.63 43.85 42.87 44.39 44.59 41.89 42.74 40.56 43.41 42.08 Summer 2024 

5.62 38.54 42.09 39.59 37.54 41.52 41.19 46.89 43.24 39.87 Autumn 2024 

Seasons  =0.0014 Sites = 0.0025 LSD 

0.002 0.003 P value 
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Table 3. Pollution indices values of available concentration HMs (Cr, Ni, Cd and Pb) in soil of study sites: geo-accumulation index (Igeo), Contamination Factor (CF) and Ecological Risk index (Er). 

 Sites and Directions 

 

Seasons 

Element 

control Site 3 Site 2 Site 1  

 

Left of 

Electric 

power 

station 

Direction   

of Electric 

power 

station 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction   

of Electric 

power 

station on 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction 

of   

Electric 

power 

station 

Right of 

Electric power 

station 

 

-12.83 0.93 -1.94 4.51 2.68 -0.62 -1.60 3.60 -0.32 3.55 I-geo 

Winter   

2024 

Cr 

0.0002 5.03 0.40 36.78 13.87 0.98 0.56 21.00 1.71 30.09 CF 

0.000413 20.10 1.62 147.11 55.48 3.91 2.23 83.99 6.86 120.36 Er 

-12.97 2.68 1.70 3.11 1.23 -0.35 1.44 1.63 2.20 3.35 I-geo 

Spring 

2024 
0.0002 9.91 5.06 12.95 3.78 1.39 5.46 5.03 7.52 15.77 CF 

0.000373 39.63 20.25 51.81 15.14 5.54 21.85 20.13 30.08 63.07 Er 

-12.87 4.53 4.65 5.00 4.57 4.53 4.70 4.57 4.10 5.12 I-geo 

Summer 

2024 
0.0002 40.10 49.25 49.49 39.16 55.85 39.72 37.48 31.52 65.55 CF 

0.000403 160.41 196.99 197.96 156.65 223.42 203.46 149.93 126.08 262.19 Er 

-12.87 5.37 5.93 5.14 5.26 6.16 5.12 5.08 5.17 6.62 I-geo 

Autumn 

2024 
0.0002 62.21 91.67 52.94 57.73 107.30 52.32 50.86 54.16 147.84 CF 

0.000406 248.83 366.68 211.77 230.92 429.21 209.30 203.46 216.62 591.37 Er 

Seasons  =0.0048(I-geo),0.0142(CF),0.0021(Er) Sites = 0.0042(I-geo),0.0147(CF),0.0047(Er) LSD 

0.0142(I-geo),0.0021(CF),0.0055(Er) 0.0025(I-geo),0.0031(CF),0.0019(Er) P value 

-12.41 2.96 3.63 0.80 4.87 4.02 4.37 -0.97 0.63 3.64 I-geo 

Winter   

2024 

Ni 

0.000275 11.65 18.70 3.94 43.91 24.32 31.01 0.77 2.36 19.80 CF 

0.001378 116.51 187.01 39.40 439.09 243.16 310.13 7.66 23.61 198.00 Er 

-12.43 3.18 2.50 1.02 2.08 3.06 3.50 1.04 1.53 3.20 I-geo Spring 

2024 0.000271 13.70 8.55 3.33 6.55 13.02 17.54 3.15 5.01 13.91 CF 
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 Sites and Directions 

 

Seasons 

Element 

control Site 3 Site 2 Site 1  

 

Left of 

Electric 

power 

station 

Direction   

of Electric 

power 

station 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction   

of Electric 

power 

station on 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction 

of   

Electric 

power 

station 

Right of 

Electric power 

station 

 

0.001358 136.96 85.46 33.30 65.50 130.16 175.36 31.54 50.09 139.07 Er 

-12.41 4.16 4.28 4.32 4.36 4.23 4.27 4.06 4.06 4.28 I-geo 

Summer 

2024 
0.000275 30.02 30.66 32.84 34.99 30.90 31.98 30.25 27.39 31.44 CF 

0.001378 300.17 306.60 328.40 349.91 309.05 319.80 302.51 273.94 314.41 Er 

-12.41 5.14 5.01 5.12 5.10 4.98 5.01 5.06 4.95 5.00 I-geo 

Autumn 

2024 
0.000276 52.96 48.54 52.36 51.61 47.51 48.21 50.20 46.42 47.99 CF 

0.001385 529.58 485.36 523.60 516.14 475.11 482.13 501.98 464.20 479.86 Er 

Seasons  =0.0047 (I-geo), 0.321(CF),0.0027(Er) Sites = 0.0033(I-geo),0.415(CF),0.0025(Er) 

 

 

LSD 

0.0021(I-geo),0.0031(CF),0.0025(Er) 0.014(I-geo),0.0054(CF),0.0030(Er)  P value 

-3.71 -0.01 -3.51 3.15 -2.62 0.41 2.96 1.21 -4.35 -0.09 I-geo 

Winter   

2024 

Cd 

  

0.11 1.50 1.09 13.35 0.38 3.30 12.38 5.02 0.18 2.54 CF 

3.45 89.87 65.44 801.28 22.94 197.89 742.99 301.07 10.63 152.39 Er 

-3.69 3.43 2.23 3.06 1.55 2.10 1.79 1.83 0.66 0.77 I-geo 

Spring 

2024 
0.12 16.74 9.25 13.08 7.46 7.35 5.18 5.36 2.40 4.55 CF 

3.48 1004.51 555.29 784.75 447.79 440.81 310.71 321.51 144.02 272.77 Er 

-3.70 4.37 4.03 4.70 4.26 4.17 4.62 4.04 4.14 4.57 I-geo 

Summer 

2024 

 

0.12 32.34 34.93 51.19 29.65 33.28 48.64 25.06 30.27 47.51 CF  

3.42 1940.65 2095.92 3071.52 1778.73 1996.84 2918.43 1503.83 1816.20 2850.48 Er  

-3.69 5.52 5.70 5.99 5.58 5.62 5.95 5.40 5.59 5.81 I-geo Autumn 

2024 

 

0.12 68.95 77.95 96.07 71.83 73.79 93.14 63.59 72.76 84.56 CF  
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 Sites and Directions 

 

Seasons 

Element 

control Site 3 Site 2 Site 1  

 

Left of 

Electric 

power 

station 

Direction   

of Electric 

power 

station 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction   

of Electric 

power 

station on 

Right of 

Electric 

power 

station 

Left of  

Electric 

power 

station 

Direction 

of   

Electric 

power 

station 

Right of 

Electric power 

station 

 

3.45 4137.30 4677.07 5764.43 4309.87 4427.67 5588.58 3815.49 4365.66 5073.32 Er  

Seasons  =0.0022(I-geo),0.0221(CF),0.0021(Er) Sites = 0.0017(I-geo), 0.0339(CF),0.0029 LSD 

0.0042(I-geo),0.0034(CF),0.0030(Er) 
 

0.0014(I-geo),0.0055(CF),0.0031(Er) 
P value 

-3.12 1.91 1.73 0.63 1.05 1.33 0.50 0.86 0.82 1.63 I-geo 

Winter   

2024 

Pb 

0.17 5.70 5.00 2.34 3.14 3.79 2.14 2.75 2.72 4.65 CF  

0.86 56.99 50.05 23.35 31.41 37.94 21.37 27.47 27.21 46.48 Er  

-3.16 1.27 1.58 1.70 1.80 1.50 1.07 1.61 1.58 1.38 I-geo 

Spring 

2024 

 

0.17 3.62 4.47 4.88 5.24 4.26 3.20 4.58 4.54 3.96 CF  

0.84 36.21 44.75 48.81 52.45 42.62 32.03 45.80 45.37 39.62 Er  

-3.13 1.66 1.91 1.66 1.72 1.83 1.88 1.66 1.79 1.90 I-geo 

Summer 

2024 

 

0.17 4.76 5.67 4.72 5.02 5.36 5.52 4.83 5.31 5.63 CF  

0.86 47.56 56.66 47.25 50.15 53.64 55.16 48.26 53.10 56.25 Er  

-3.12 1.85 1.92 1.84 1.70 1.72 1.90 1.57 1.59 1.97 I-geo 

Autumn 

2024 

 

0.17 5.42 5.72 5.37 4.86 4.94 5.61 4.45 4.53 5.90 CF  

0.86 54.25 57.18 53.67 48.64 49.36 56.09 44.54 45.28 59.01 Er  

Seasons  =0.0036 (I-geo),0.0252(CF),0.0038(Er) Sites = 0.0041(I-geo), 0.0514(CF),0.0041(Er)  LSD 

0.0014(I-geo),0.0055(CF).0.0014(Er) 0.0063(I-geo),0.0024(CF),0.0051(Er) P value 

Table 3. (Continued) 
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2) Contamination factor (CF) 

The CF values for the available Cr concentration varied from 0.40 to 147.84. The maximum value was 

found in autumn at site 1 with a value of 147.84, while the lowest value was recorded in the winter at site 3 

with 0.40. While the Contamination Factor index for this element at the control site was typically about 0.0002 

(Table 3). The CF index values for the concentration of accessible Ni varied from 0.77 to 52.96, with the 

maximum value in the fall at site 3 (52.96), and the lowest value in the winter at site 1 (0.77). While the CF 

index for Ni at the control location varied between 0.000271 and 0.000276 (Table 3). The CF index values for 

the concentration of accessible Cd varied from 0.18 to 96.07, with the maximum value in autumn at site 3 

(96.07) and the lowest value in the winter at site 1 (0.18). The CF index for this element at the control site 

typically varied between 0.11 and 0.12 (Table 3). On the other hand, the CF index values for the concentration 

of accessible Pb ranged between 2.14 and 5.90, with the maximum value in the fall at site 1 at 5.90 and the 

lowest value in the winter at site 2 at 2.13. The CF index for accessible Pb at the control location was typically 

about 0.17 (Table 3). The statistical values (LSD) and (P value) reveal that there are statistically significant 

variations in the CF index of available concentration of Cr, Ni, Cd, and pb across seasons and various locations. 

3) Ecological risk index (Er) 

The Er index values for the available Cr varied from 1.62 to 591.37, with the maximum value in autumn 

at site 1 (591.37) and the lowest value in the winter at site 3 (1.62). While the Er index for Cr at the control 

site varied from 0.000373 to 0.000413 between seasons (Table 3). The Cr index values for the available Ni 

ranged from 7.66 to 529.58, with the highest value in the autumn at site 3 at 529.58, and the lowest value in 

the winter at site 1 at 7.66, whereas the Er index values for Ni at the control site ranged from 0.001358 to 

0.001385 between seasons (Table 3). The Er index values for the available Cd ranged between 10.63 and 

5764.43, with the highest value of 5764.43 in the autumn at site 3 and the lowest value of 10.63 in the winter 

at site 1, while the Er index values for this element at the control site varied between 3.42 and 3.48 between 

seasons (Table 3). The Er index values for the available Pb ranged between 21.37 and 59.01, with the highest 

value in the autumn at site 1 and the lowest value in the winter at site 2, respectively, while the Er index values 

for Pb at the control site ranged between 0.84 and 0.86 across seasons (Table 3). The statistical values (LSD) 

and (P value) show that there are statistically significant changes in the Er index of Cr, Ni, Cd, and Pb available 

concentrations between seasons and various places.  

3.3.2. Pollution indices of total concentration HMs in soil samples 

1) Geo-accumulation index (Igeo) 

The values of the Igeo index for the total Cr concentration ranged between 8.40 and 10.24, with the highest 

value in autumn at site 1 around 10.24 and the lowest value in summer at site 3 of 8.40, while the Igeo-

accumulation index of the total Cr concentration at the control site tended to have values between -12.78 and 

12.88 (Table 4). Also, the values of the Igeo index for total Ni concentration varied from 5.54 to 6.67, with 

the maximum value recorded in summer at site 1 at 6.67 and the lowest value recorded in winter at site 1 at 

5.54. While the Igeo index for Ni at the control location ranged between 7.96 and 7.99, (Table 4). 

In addition, the values of Igeo index for total Cd concentration ranged between 0.63 and 7.56, with the 

highest value in spring at site 3 at 7.56) and the lowest value in winter at site 1 (0.63), while the Igeo index of 

total Cd concentration at the control site tended to have values between 1.34 and 1.42 (Table 4). The Igeo 

index values for total Pb concentration ranged from 0. 50 to 2.47, with the highest value recorded in spring at 

site 1 (2.47), and the lowest value recorded in winter at site 3 (0.50), while the Pb index at the control site 

tended to be between 1.90 and 1.91 (Table 4). The statistical values (LSD) and (P value) show that there are 

statistically significant variations in Igeo index of Cr, Ni, Cd, and Pb concentrations between seasons and 

locations.  
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2) Contamination factor index (CF) 

The CF index for total Cr concentrations ranged between 896.40 and 1809.48, with the highest value in 

the autumn at site 1 at 1809.48 and the lowest value in the winter at site 2 at 896.40, whereas the CF index for 

total Cr concentrations at the control site tended to range between 0.000199 and 0.000214 (Table). The CF 

index for total Ni concentrations ranged between 69.90 and 154.78, with the highest value in the summer at 

site 1 (154.78) and the lowest value in the winter at site 1 (69.90), whereas the CF index for total Ni 

concentrations at the control site tended to range between 0.0059 and 0.0060 (Table 4). The CF index for total 

Cd concentrations ranged from 5.15 to 95.08, with the highest value in the summer at site 2 (95.08) and the 

lowest value in the winter at site 3 (5.15), whereas the CF index for total Cd at the control site tended to be 

between 0.56 and 0.59 (Table 4). The CF index for total Pb concentrations ranged from 2.28 to 8.31, with the 

highest value in the fall at site 1 (8.31) and the lowest value in the winter at site 3 (2.28), whereas the CF index 

for total Pb at the control site tended to be close to 0.40 (Table 4). The statistical values (LSD) and (P value) 

show that there are statistically significant variations in the CF index of Cr, Ni, Cd, and Pb available 

concentrations between seasons and places. 

3) Ecological risk index (Er)  

The Er index values for total Cr concentrations ranged between 3585.16 and 7237.93, with the highest 

value in the autumn at site 1 (7237.93) and the lowest value in the winter at site 2 (3558.16), whereas the Er 

index values for total Cr concentrations at the control site ranged between 0.000398 and 0.00235, depending 

on the season (Table 4). The values of the Er index for total Ni concentrations ranged between 699.03 and 

1547.75, with the highest value in the summer at site 1 (1547.75) and the lowest value in the winter at site 1 

(699.03), whereas the values of the Er index for total Ni concentrations at the control site ranged between 

0.000398 and 0.00235, depending on the season (Table 4). The Er index values for total Cd concentrations 

ranged from 309.07 to 5704.60, with the highest value recorded in the summer at site 2 (5704.60) and the 

lowest value recorded in the winter at site 2 (699.03), while the values of this index for total Cd concentrations 

at the control site ranged from 16.86 to 17.76 between seasons (Table 4). The Er index values for total Pb 

concentrations ranged from 22.83 to 83.08, with the highest value found in autumn at site 1 (83.08) and the 

lowest value recorded in winter at site 3 (22.08), while the Er index values for total Pb at the control site tended 

to be 2 in all seasons for all sites (Table 4). The statistical values (LSD) and (P value) show that there are 

statistically significant changes in the Er index of the Cr, Ni, Cd, and Pb available concentration across seasons 

and various places. 
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Table 4. Pollution indices values of Total concentration HMs (Cr, Ni, Cd and Pb) in soil of study sites: geo-accumulation index (Igeo), Contamination Factor (CF) and Ecological Risk index (Er). 

 Sites and Directions  Seasons 

Element 

control Site 3 Site 2 Site 1   

 
Left of 

Electric 

power station 

Direction of  

Electric 

power station 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of   

Electric 

power station 

on 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of    

Electric 

power station 

Right of 

Electric power 

station 

  

-12.88 9.68 9.56 9.55 9.72 9.02 9.62 9.71 9.88 9.15 I-geo 

Winter   

2024 

Cr 

0.000199 1235.01 1132.51 1122.12 1265.58 896.29 1181.55 1257.09 1413.34 990.97 CF 

0.000398 4940.02 4530.03 4488.49 5062.32 3585.16 4726.19 5028.38 5653.35 3963.90 Er 

-12.78 9.78 10.07 10.12 9.73 10.18 10.09 9.78 10.14 10.10 I-geo 

Spring 

2024 
0.000214 1316.65 1625.27 1687.87 1279.97 1758.56 1650.78 1321.03 1725.49 1668.92 CF 

0.000428 5266.60 6501.08 6751.47 5119.88 7034.25 6603.13 5284.13 6901.95 6675.66 Er 

-12.78 8.40 8.63 8.47 8.46 8.64 8.45 8.43 8.61 8.63 I-geo 

Summer 

2024 
0.000214 1008.45 1246.60 1124.09 1064.87 1234.32 1063.58 1033.04 1203.59 1125.16 CF 

0.00235 4033.79 4986.41 4496.36 4259.50 4937.29 4254.33 4132.17 4814.36 4500.65 Er 

-12.80 10.02 10.04 9.95 10.00 10.11 10.01 9.95 10.11 10.24 I-geo 

Autumn 

2024 
0.000211 1555.32 1584.02 1484.13 1532.44 1662.49 1542.01 1487.85 1656.69 1809.48 CF 

0.000414 6221.29 6336.06 5936.52 6129.75 6649.97 6168.05 5951.40 6626.77 7237.93 Er 

Seasons  =0.0012 (I-geo),0. 1412(CF),0.0024(Er) Sites = 0.0011(I-geo), 0.1147(CF),0.0045(Er) LSD 

0.0032(I-geo),0.0623(CF).0.0044(Er) 0.0025 (I-geo),0.0525(CF),0.0058(Er) P value 

-7.96 5.87 5.80 5.75 5.86 5.64 5.89 5.85 6.03 5.54 I-geo 

Winter   

2024 

Ni 

0.0060 88.63 84.97 81.55 88.59 74.76 92.47 87.95 103.18 69.90 CF  

0.03 886.25 849.67 815.51 885.89 747.57 924.73 879.53 1031.83 699.03 Er  

-7.99 6.66 6.58 6.61 6.66 6.64 6.62 6.64 6.65 6.58 I-geo 

Spring 

2024 

 

0.0059 153.04 144.82 146.92 152.11 150.18 147.20 149.37 151.13 143.73 CF  

0.03 1530.37 1448.19 1469.21 1521.12 1501.79 1472.02 1493.65 1511.33 1437.27 Er  

-7.96 6.52 6.60 6.40 6.47 6.61 6.43 6.46 6.67 6.40 I-geo 
Summer 

2024 

 

0.0060 141.30 148.71 130.37 136.65 149.74 133.00 136.27 154.78 130.79 CF  
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 Sites and Directions  Seasons 

Element 

control Site 3 Site 2 Site 1   

 
Left of 

Electric 

power station 

Direction of  

Electric 

power station 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of   

Electric 

power station 

on 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of    

Electric 

power station 

Right of 

Electric power 

station 

  

0.03 1412.96 1487.14 1303.68 1366.47 1497.41 1329.98 1362.68 1547.75 1307.92 Er  

-7.97 6.28 6.47 6.34 6.23 6.49 6.18 6.19 6.42 6.14 I-geo 

Autumn 

2024 

 

0.0060 116.74 132.52 121.64 112.89 134.57 108.38 109.31 128.51 105.96 CF  

0.03 1167.37 1325.19 1216.40 1128.85 1345.74 1083.80 1093.11 1285.08 1059.58 Er  

Seasons  =0.0051 (I-geo),0.4152(CF),0.0038(Er) Sites = 0.0029(I-geo), 0.1252 (CF),0.1452(Er) LSD 

0.0025(I-geo),0.0236(CF).0.0541(Er) 0.0033(I-geo),0.0521(CF),0.0547(Er) 
P value 

 

-1.34 1.97 2.02 2.70 0.76 1.12 3.50 3.69 0.63 3.77 I-geo 

Winter   

2024 

Cd 

0.59 7.11 8.51 9.99 5.15 7.25 18.40 22.26 6.28 24.40 CF 

17.76 426.32 510.67 599.56 309.07 434.84 1104.03 1335.78 376.56 1464.26 Er 

-1.42 7.38 7.56 7.30 7.33 7.48 7.36 7.35 7.37 7.33 I-geo 

Spring 

2024 
0.56 66.87 81.35 73.25 65.02 75.39 72.18 65.76 65.09 67.45 CF 

16.86 4012.36 4880.91 4394.92 3901.12 4523.30 4330.95 3945.38 3905.24 4047.06 Er 

-1.35 5.77 5.80 5.86 5.76 5.47 5.88 5.76 4.88 5.69 I-geo 

Summer 

2024 
0.59 89.98 92.10 93.84 89.69 77.49 95.08 88.30 62.43 83.77 CF 

17.72 5398.98 5526.24 5630.62 5381.70 4649.34 5704.60 5297.70 3745.94 5026.03 Er 

-1.34 5.31 5.44 5.39 5.43 5.03 5.59 5.43 4.86 5.39 I-geo 

Autumn 

2024 
0.59 59.32 65.12 63.12 64.97 49.14 72.48 64.55 43.48 62.98 CF 

17.35 3559.46 3907.22 3787.20 3898.22 2948.32 4348.74 3873.06 2609.06 3778.98 Er 

Seasons  =0.0027 (I-geo),0.2014(CF),0.1245(Er) Sites = 0.0039(I-geo), 0.3014(CF),0.0145(Er) LSD 

0.0024(I-geo),0.1241(CF).0.014(Er) 0.0047 (I-geo),0.1024(CF),0.0543(Er) P value 

-1.91 1.42 1.18 0.50 1.58 1.36 1.36 0.69 0.91 0.84 I-geo 

Winter   

2024 

Pb 

0.40 4.17 3.61 2.28 6.68 4.19 3.95 2.46 2.82 2.70 CF  

2.001 41.71 36.13 22.83 66.85 41.86 39.47 24.60 28.21 26.98 Er  
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 Sites and Directions  Seasons 

Element 

control Site 3 Site 2 Site 1   

 
Left of 

Electric 

power station 

Direction of  

Electric 

power station 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of   

Electric 

power station 

on 

Right of 

Electric 

power station 

Left of  

Electric 

power station 

Direction of    

Electric 

power station 

Right of 

Electric power 

station 

  

-1.91 2.08 2.14 2.22 2.22 2.09 2.24 2.20 2.11 2.20 I-geo 

Spring 

2024 

 

0.40 6.43 6.64 7.00 7.00 6.43 7.08 6.88 6.52 6.90 CF  

2.004 64.33 66.37 70.01 69.96 64.33 70.81 68.83 65.23 69.02 Er  

-1.90 2.36 2.34 2.39 2.39 2.31 2.34 2.24 2.38 2.31 I-geo 

Summer 

2024 

 

0.40 7.78 7.61 7.88 7.92 7.44 7.59 7.20 7.80 7.47 CF  

2.012 77.83 76.09 78.79 79.16 74.36 75.88 71.98 77.95 74.70 Er  

-1.90 2.19 2.32 2.23 2.15 2.30 2.29 2.47 2.36 2.24 I-geo 

Autumn 

2024 

 

0.40 6.83 7.46 7.01 6.65 7.35 7.30 8.31 7.66 7.06 CF  

2.008 68.28 74.57 70.14 66.49 73.55 72.96 83.06 76.59 70.62 Er  

Seasons  =0.0018 (I-geo),0.2124(CF),0.0047(Er) Sites = 0.0031(I-geo), 0.0523(CF),0.0441(Er) LSD 

0.0025(I-geo),0.02323(CF).0.0254(Er) 0.0033 (I-geo),0.02514(CF),0.0863(Er) P value 

Table 4. (Continued) 
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4. Discussion  

HMs are often present in soil, and geological and human activity have elevated the concentration of these 

metals to levels that are toxic to life. Some of these operations include fossil fuel combustion, mining, battery 

manufacture, power plants, and other industrial components[4]. The high concentration of HMs in soil is a 

useful indication for determining soil quality. Traditional approaches for examining HMs contamination in 

soil, such as combining sampling from soil polluted sources with samples taken distant from the source of 

contamination, are increasingly being employed to research soil contamination[30,31]. These increases in the 

concentration of some elements in the sites are caused by their proximity to pollution sources, which contain 

fuel combustion products, fly ash, and high concentrations of some of these heavy elements, as well as the 

rocks that make up these soils, which determine the soil content of heavy elements. Power plants are among 

the industrial activities that damage the surrounding environment, since contamination encompasses air, water, 

soil, and plants as a result of the resultant gaseous emissions loaded with fly ash and HMs[21,32]. Lead 

contamination in soil may result from the burning of gasoline containing tetraethyl lead, which is used to 

prevent friction. Lead concentrations may increase with decreasing soil pH due to the presence of other ions 

that cause hydrogen ion exchange in the soil solution, resulting in a decrease in the pH of the soil solution, 

affecting the concentrations of HMs in it, as pH values tend to decrease. In this study, lead content declined as 

the distance between the study site and the power plant increased, as did its concentration at the second and 

third sites. It has been noted that lead levels in soil rise dramatically around power plants[33]. Based on the Igeo 

values, the study sites fall under the categories of moderately to extremely polluted, particularly with Cr and 

Cd. The Contamination Factor (CF) indicates high to very high contamination levels, while the Ecological 

Risk Index (Er) reveals that the sites pose a considerable to very high ecological risk, especially due to Cd. 

These qualitative assessments confirm significant pollution and environmental threat near the power plant.  

The sites close to the pollution source are affected by the high concentration of already prepared lead and 

the total concentration of nickel, which results from its increase in the area's air due to the combustion of fuel 

in the power plant, as it contains high concentrations of elements (lead), in addition to the effect of gasoline-

powered vehicles[34,35]. The high lead contents at the research sites might be attributed to car emissions from 

transportation, which are the primary source of lead in soil. Although the ban on leaded gasoline in recent 

years has resulted in a decrease in lead content in the troposphere, the concentration of lead in soil still reflects 

a high level of lead pollution, owing to lead's long half-life, which remains in soil for a very long time[31]. Lead 

concentrations in soil may be due to car exhaust fumes and air pollutants from the power plant, which can 

promote bioaccumulation in plants via soil absorption and eventually reach the food chain[36]. The results 

showed that the highest concentrations of heavy elements were found in sites close to the station, which was 

confirmed by[37] during their study of soil pollution caused by industrial facilities in the surrounding 

environment, where they confirmed that the highest nickel content was near the source of pollution, which 

decreased as we moved away. This rise was also ascribed to the power station's fuel combustion waste, which 

includes high levels of nickel, chromium, cadmium, and lead[22]. Convergent HMs concentrations were found 

in soil samples, including lead in the current study. This might be related to the convergence of lead 

concentration values due to the high stability of lead and some of the components under investigation in the 

soil, since[38] shown that lead is not biodegradable and remains linked to soil particles. The low lead levels in 

soil samples might be attributed to the high sensitivity of plant roots in the soil of the research locations to 

absorb this element from the soil and accumulate it inside plant parts, as corroborated by[39].   

The present study's highest findings for nickel and lead in total concentration might be attributed to a 

variety of human activities and environmental conditions that can raise HMs concentrations in soil. Salinity, 

for example, plays an essential role in decreasing the toxicity of HMs by forming complexes with chloride 

ions, rendering the metal inaccessible. Nickel and HMs concentrations might potentially rise as a result of 
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atmospheric deposition of elements in the soils of the research sites by migrating from the pollution source, 

such as a power plant, particularly in neighboring places[40]. HMs may remain suspended in the air for some 

time after fuel combustion in a power plant. A month or longer, and this influences the rise or reduction of 

their concentrations in the soil exposed to them. The deposition of these particles is also determined by the 

density of the ash or smoke flying or expelled from the power plant's chimneys, as well as the square of the 

half-particle of the fly ash produced by fuel combustion and the temperature of the medium in which it is 

placed. As a result, the deposition rate of big particles is quicker than that of tiny particles, as proven by Hassan 

(2012) [41] and Uzun and Arslan (2018) [42]. This verifies the clear fluctuation in the concentrations of heavy 

elements under examination within their distances between the research sites, their distance and direction from 

the power plant selected for the study, and the amount to which they are impacted by environmental conditions, 

including winds. In addition to the nature of the soil, which can be traced back to the parent rocks from which 

the soil is derived, and on which the soil content of heavy elements is heavily reliant, the proportions of heavy 

elements in the soil vary depending on the type of rock that formed it. For example, the amount of HMs in 

basic igneous rocks is higher than in sedimentary rocks that produce soil, and it also relies on the degree of 

weathering of the rocks that generated it due to environmental variables [22]. The low concentration of HMs in 

soil is due to ion exchange, which occurs when an ion penetrates the crystalline clay network through gaps in 

the surfaces and channels leading to it and replaces the heavy ion with other ions, which are often sodium and 

calcium[5]. There are various other factors that lead to a considerable rise in heavy element accumulation in 

soil, including the fact that most soil microbes are unable to degrade this metal as quickly as other fast 

disintegrating minerals[34]. Furthermore, atmospheric sediments from vehicle exhausts on highways and power 

plants near some study sites increase the percentage of HMs accumulation in soil, whereas the low soil content 

of total organic carbon and the quality of sandy clay soil may reduce HMs accumulation in soil, including lead. 

This indicates a positive link between total organic carbon and HMs in soil[43]  

HMs concentrations in soil, particularly chromium, fluctuate depending on the geography, the level of 

pollution caused by human activities, and the closeness and distance to the source of pollution, such as a power 

plant[44,45]. Other factors contributing to variations in metal concentrations in soil include the quantity lost by 

volatilization, runoff, leaching, and plant absorption at the research locations. Because the sampling site is 

where agriculture and irrigation take place, variation in the concentration of metals in soil is expected, and this 

also causes variation in the values of pollution indicators used in the current study, such as the geographic 

accumulation index (Igeo) [46,47]. The geo-accumulation index (Igeo), the Contamination factor index (CF), and 

the Ecological risk (Er) index score for metal contamination are frequently used to quantify HMs levels in 

soils. These indicators are used to quantify the severity of anthropogenic pollutant deposition in soil surface 

layers[48].  

The values of the geo-accumulation index (Igeo) showed that the soil is highly polluted, as the highest 

value of the geo-accumulation index (Igeo)was for the available concentration of chromium in the soil, then 

the geo-accumulation index (Igeo)for the concentration of cadmium, then nickel, and the lowest value was for 

lead, where the order of the geo-accumulation index (Igeo)values for the HMs under study is (Cr > Cd > Ni > 

Pb). The Contamination factor index (CF) also showed that the soils of the study sites are highly polluted with 

all the HMs under study, as the highest value of The Contamination factor index was recorded for the available 

concentration of chromium, then cadmium, then nickel, and the Contamination factor index for lead was the 

lowest value compared to the other metals, where the order of the Contamination factor index values under 

study is as follows (Cr > Cd > Ni > Pb). The ecological risk (Er) index also revealed that the pollution in the 

research areas had a very high. The Ecological danger due to contamination with HMs Cr, Ni, Cd, and Pb, 

where the order of the Er index values for the available concentration of the components was as follows: (Cd > 

Cr > Pb > Ni).  
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The geo-accumulation index (Igeo) for the overall concentration of the heavy elements under examination 

in the present research locations was high for chromium, followed by cadmium and nickel. The soils were 

highly contaminated, whereas lead was moderately to severely polluted. Thus, the degree of contamination in 

the soils of the research locations was ranked as follows: Cr > Cd > Ni > Pb. The Contamination Factor Index, 

based on the overall concentration of the metals under investigation, revealed that the soils were extremely to 

very highly contaminated, with Cr > Ni > Cd > Pb. The Ecological risk index also revealed that the soils are 

at very high or extremely high risk of pollution with HMs, Cr, Ni, and Cd, with the exception of Pb, which 

was heavily contaminated at the study locations. This index was ranked according to the concentration of the 

HMs under study (Cr > Cd > Ni > Pb). 

5. Conclusion 

In this study, a distinct pattern of change in the accessible concentrations of chromium, nickel, and 

cadmium is seen, progressively increasing from winter to fall. In addition, there is a distinct pattern of change 

in accessible lead content in soil, which steadily increases from spring to fall. Furthermore, a clear pattern of 

change in chromium and lead total concentrations is observed in soil, gradually increasing from winter to 

summer, as well as a clear pattern of change in total nickel concentration, which increases significantly from 

winter to spring before gradually decreasing in summer and autumn. Cadmium concentration increases 

dramatically from winter to summer before decreasing somewhat in fall. Differences in HMs concentrations 

(available and total) are also seen between seasons and cites in power plant chimneys. While pollution indices 

The Geo-accumulation index (Igeo) of HMs, together with their total and accessible amounts, revealed that 

the soil at the research locations was heavily contaminated. The severity of soil contamination with HMs at 

the research locations was graded using (Igeo) as follows: (Cr > Cd > Ni > Pb) of total and accessible HMs 

concentrations, whereas the Contamination Factor (CF) suggested that the soil at the locations is extremely 

contaminated. The severity of metal contamination in soil was determined by the accessible concentrations 

(Cr > Cd > Ni > Pb) and total concentrations (Cr > Ni > Cd > Pb). The Ecological Risk Index (Er) indicates 

that the soil at the research locations had a very high Ecological Risk. The environmental risk of the metals 

under investigation was as follows: (Cd > Cr > Pb > Ni). of the available concentration and the total 

concentrations (Cr > Cd > Ni > Pb).  
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