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ABSTRACT. A major challenge in soil pollution research is the accumulation of heavy metals from human 

activities, which threatens environmental integrity and public health. Transport vehicles contribute significantly 

to metallic particles, such as nickel and cadmium, from the wear and tear of brakes and tires. The study aimed to 

determine the content of heavy metals in the roadside soils of crowded roads in Mosul city. The study was 

conducted on 51 roadside soil samples collected from seventeen crowded roads. The samples analyzed by X-ray 

fluorescence spectrometer. The contamination and level of pollution risk were assessed using the contamination 

factor, pollution load index, ecological risk, potential risk index, and the degree of contamination. The results of 

the study revealed that the mean of heavy metals was 2.60, 0.20, 25.87, 36.40, 125.57, 113.05, 8.36, and 5.81 ppm 

for Pb, Cd, Zn, Cu, Ni, Cr, Co, and As, respectively. The contamination factor values were within no pollution and 

moderate pollution levels for the majority of elements except Ni, which was within very high pollution levels in 

some sites, which led to a rise in the degree of contamination. A low risk level was recorded by calculating the 

potential ecological risk index because the individual ecological risk factor had a low value at all sites. The 

pollution load index values at all sites were within the pollution level, except for two. 
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Introduction 

The increasing advancement civilization has given rise to significant environmental pollution (Zhao & Jin, 

2021; Hu et al., 2023). Many sectors, including industry, agriculture, and road transportation, stand out as 

primary contributors to the pollution of heavy metals in urban environments (Goya-Heredia et al., 2023). 

Heavy metals are persistent and it is difficult to be destroyed or degraded (Majeed & Ibraheem, 2024). High 

concentrations of metalloids and heavy metals have the potential to harm humans and other species by 

influencing food chains because of their ability to remain and accumulate biologically in food crop plants 

(Priya et al., 2023). Research has demonstrated a substantial correlation between exhaust emissions and the 

adverse health impacts of people living close to roads (Ajayi et al., 2023). Heavy metals have been identified 

as the most harmful pollutants and possible carcinogens because they are non-degradable; thus, humans may 

be exposed to heavy metals through ingestion, inhalation, or skin contact, which may have both carcinogenic 

and non-carcinogenic consequences (He et al., 2021). Recently, the exponential increase in the number of 

automobiles has been closely linked to increased heavy metal contamination of soil and groundwater and the 

emission of numerous amounts of chemical substances caused by fuel combustion into the atmosphere, such 

as hydrocarbon particles, CO, NOx, and VOCs (Usmanova et al., 2021). Chemical substances resulting from 

vehicles, such as particulate matter (PM10, PM2.5), CO, NOx, and VOCs, may enter the human body and cause 

diseases such as cancer, vascular diseases, and respiratory system diseases (Usmanova et al., 2021; Al-Afify 

& Abdel-Satar, 2022). Pollution stemming from road transportation identified as a major environmental risk 

factor associated with global premature mortality (Villaveces Sanhueza et al., 2020; Malta et al., 2023). 

Despite widespread common misconceptions attributing air pollution solely to incomplete fuel combustion, 

it is essential to acknowledge that the primary sources of these emissions are non-combustion particle 

emissions, which are produced by the scraping of discs and clutch pads, tire wear, road surface deterioration, 

and abrasion of vehicle parts (Jin et al., 2021; Kuklová et al., 2022). Due to processes of adsorption that affect 

the binding of organic and inorganic pollutants, soil is considered a pollutants repository (Alvarenga, 2022; 

Guagliardi et al., 2022). The factors that determine the heavy metal content in soils are type of soil (Li et al., 

2023), climate (Paltseva & Neaman, 2020), anthropogenic activity (Anaman et al., 2022), atmospheric 
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conditions (such as wind and type of precipitation), (Weber et al., 2020), topographical characteristics, and 

vegetation presence (Leventeli & Yalcin, 2021). The atmospheric dust produced from the top layer of roadside 

soil in crowded cities is considered to be contaminated with heavy metals (Newaz et al., 2021). Significant 

amounts of heavy metals such as nickel, chromium, zinc, copper, lead, and cadmium release from lubricating 

oils, brake pads, tire wear, combustion of fuel, corrosion car parts, chrome accessories and entering the 

environment (Skorbiłowicz et al., 2021). There are certain pollution indices which are mathematical models 

used for the calculation of large amounts of data to evaluate the probable dangers resulted by exposure to 

heavy metals (Ahirvar et al., 2023). Many studies utilize pollution indices to calculate the amount of heavy 

metal pollution in soils and water, such as Hoque et al. (2023); Su et al. (2023). Due to the continuous increase 

in the number of vehicles in the city and the absence of studies on the concentration of heavy metals in the 

city's roadside soils, this study can take into account the unique reference, accuracy, and reliability of the 

heavy metal content in the roadside soils of Mosul, offering important information in assessing heavy metal 

values in the city. The study aims in measuring the concentration of heavy metals in roadside soils that lie on 

the crowded roads within Mosul city, and to obtain a general environmental perspective about the influence 

of vehicles emissions on roadside soils within the city using some pollution indices such as contamination 

factor, degree of contamination, ecological risk, potential ecological risk index, and pollution load index. 

Furthermore, this study is considered as a novel intimation in the city to discover how automobiles affect the 

level of heavy metals in roadside soils; thus, this study is a reference for future studies conducted in this field. 

Material and methods 

Study area 

Mosul is the second-biggest city in Iraq. It is located in the north of the Iraqi capital (Baghdad), 

approximately 400 km away, and it is an important commercial center in Iraq. It is located between 41°10′21′′–

43°42′50′′ longitude and, 37°06′3.5′′–34°52′25′′ latitude with a rise of 223 meter above sea level (masl), The 

Tigris River divides Mosul city into right and left banks. The topography of the city is predominantly flat, with 

some tops, slops, and valleys that were exploited to design the city. The general climates in the city range 

from semi-arid to dry, with Mediterranean climates Sometimes, temperatures range from cool to cold in the 

winter, while summer temperatures often range from hot to very hot (more than 45 °C). Over 90% of the 

precipitation falls between November and April of each year, with an average of 365 mm of rainfall (Faisal & 

Abdaki, 2021). It has five bridges, a large number of factories, including those that produce cement and textiles, 

various markets, and transportation lines that connect to Syria and Turkey. Recently, the city population has 

grown, and its urban area has expanded. Statistics indicate that more than 1700000 people live in the city (Al-

Jawadi et al., 2022; Abdaki et al., 2024). A sharp rise in the number of imported cars from various manufacturers 

(more than 730000 vehicles in the city) (Al-Jawadi et al., 2022). The majority of these cars run on leaded petrol. 

Since highways are vital components of the city's infrastructure, they are crucial for promoting both social 

and economic activity. Nothing was done to upgrade these roads or make them more capable of handling the 

significant rise in the number of cars on the route. This resulted in congested roads and traffic jams, which 

eventually caused significant environmental damage. The dust, soil, and plants around highways became more 

and more contaminated with various heavy metals in both rural and urban locations. 17 crowded roads were chosen 

for sampling for the evaluation of heavy metal concentration levels within the city's roadside soils. 

Soil sampling and preparation 

The study included conducting a field survey of the selected main roads in Mosul city to select the sites 

using the Global Positioning System (GPS) version (Garmin GPS Map 60 CSX). The study was conducted on 

fifty-one soil samples collected from seventeen sites (30 samples from the left bank and 21 samples from the 

right bank) during three months, starting from June 2021 until September 2021, and the distance between 

one site and another was approximately 2–3 km. The number of samples was collected from sites shown in 

(Figure 1) after being determined at a distance of 1-3 m and with of 0–10 cm in depth, starting from road 

edges. Three replications of samples were collected from each site using a stainless-steel hand-driven auger. 

The storage of samples was in polyethylene bags after recording the information and notes on each 

polyethylene bag. Also, the samples were air-dried, removing coarse particles, gravel, and plant residues by 

passing through a sieve of 2 mm, and taken to the laboratory (Korzeniowska, 2022). Soil samples analyzed 

according to Briffa et al. (2022) using an X-ray fluorescence spectrometer (Genuis9000 Handheld). 
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Figure 1. Shows the sites of collected soil samples. 

Pollution assessment 

Many indices and methods are employed to provide a thorough evaluation of roadside soil contaminated 

with heavy metals. The contamination factor, pollutant load index, ecological risk, degree of contamination, 

and ecological risk index are the most commonly used indices. The indices calculated depending on the 

background of heavy metal content that naturally occur in soils  (Al-Obeidi & Al-Jumaily, 2020). The 

utilization of background data in the computation has a great effect on the evaluation of heavy metals in 

roadside soil using pollution indices (Xia et al., 2022). Contamination factor applied to single pollutants that 

represent contamination level for each heavy metal. Ecological risk and Pollution load index used to evaluate 

cumulative impacts of different contaminations on the environment and associate them, as well as to express 

their ecological risk. Degree of contamination used to measure the soil quality according to its degree of 

pollution. The ecological risk factor and the potential ecological risk index of pollutants are described by a 

risk index (Dytłow & Górka-Kostrubiec, 2021). Therefore, we selected these indices because they are easy to 

calculate and understand and can be compared to cases around the world. 

Contamination factor (CF) 

The contamination factor is the ratio of a heavy metal's concentration in a roadside soil sample to the soil's 

background level of that same heavy metal. (CF) is calculated as in the following equation:    

CFi = 
𝐶𝑖

𝑆𝑖
  (1) 

where Ci is the concentration of heavy metal in the roadside soil and Si is the background heavy metal 

value in uncontaminated soil (standard value), the standard value in this study was obtained from previously 
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published (Al-Obeidi & Al-Jumaily, 2020). The pollution according to contamination factor (CF) is classified 

into four levels: CF < 1, no pollution; 1 ≤ CF < 3, moderate pollution; 3 ≤ CF ≤ 6, considerable pollution; and 

CF > 6, very high pollution, these levels proposed by Hakanson (1980).  

Pollution load index (PLI) 

The pollution load index provides a notion of the accumulated metal load from the total of heavy metals on site. 

It is defined as the nth root of the CF multiplication of metals at the same site. The PLI index was calculated from: 

 PLI= √  𝐶𝐹𝑃𝑏 × 𝐶𝐹𝐶𝑑 × 𝐶𝐹𝑍𝑛 × … . 𝐶𝐹𝐴𝑠
𝑛   (2) 

|where CF refers for the heavy metal contamination factor. According to Bhutiani et al. (2017), PLI was divided 

into four categories: PLI < 1, no pollution; 1 < PLI < 2, moderate pollution; 2 < PLI < 3, heavy pollution; and 3 

< PLI, very heavy pollution.  

Ecological risk (Er) 

Quantitative expression of the potential ecological risk associated with a certain contaminant in a specific 

region. It is calculated by multiplying the toxicity of heavy metals in the environment by their contamination 

factor. The following equation used to calculate the Er value: 

Er = CF × Tr (3) 

where CF refers to the contamination factor of metal, while Tr represents the level of metal toxicity in the 

environment. The Tr values for (Pb), (Cd), (Zn), (Cu), (Ni), (Cr), (Co), and (As) are 5, 30, 1, 5, 5, 2, 5, and 10 

respectively (Li et al., 2023). Er falls into one of the following categories, according to Tamanna et al. (2023) 

the categories of Er are; Er < 40, low ecological risk; 40 < Er < 80, moderate ecological risk; 80 < Er < 160, 

considerable ecological risk; 160 < Er < 320, high ecological risk, and Er > 320, severe ecological risk. 

Risk Index (RI) 

Used to determine the combination between the contamination factor and the potential ecological risk 

index values of the heavy metals. The formula of RI is:  

RI = ∑ 𝐸𝑟  (4) 

where Er is ecological risk factor of metals. There are five different ranks for the RI values; RI < 150, low 

ecological risk; 150 < RI < 300, moderate ecological risk; 300 < RI < 600, considerable ecological risk, and RI > 

600, very high ecological risk (Hakanson, 1980; Miranzadeh Mahabadi et al., 2020).  

Degree of Contamination (Cd) 

Degree of contamination refers to the environmental case (measure soil quality in this study). 

The following formula is used to calculate Cd value:  

Cd = ∑ 𝐶𝐹  (5) 

where CF refers to the metal contamination factor. The Cd classified to four groups: Cd <6, low degree of 

contamination; 6 ≤ Cd < 12, moderate degree of contamination; 12 ≤ Cd < 24, considerable degree of 

contamination; and Cd ≥ 24, very high degree of contamination (Sahoo & Sahu, 2022). 

Statistical analysis 

A thorough analysis was conducted for the data obtained from the roadside soils using simple 

descriptive statistical analysis. The mean metal concentrations were calculated for every soil sample that 

was collected from the chosen roads (Leventeli & Yalcin, 2021). Furthermore, columns were employed to 

represent the metal levels at various sampling locations as well as the average concentration of heavy 

metals on all roads. The coefficient of variation (CV%) and standard deviation (SD) were employed to 

evaluate significant differences in accumulation of heavy metals for different sampling points and roads. 

Additionally, Pearson’s correlation was employed to explore the relationships among the metals under 
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investigation. All statistical tests were conducted at significance levels of p < 0.05. Statistical program 

(SPSS) version 25 was used to analyze the results. 

Results and discussion 

Heavy metal concentrations 

The heavy metal concentrations for every site of sampling found in roadside soils in the present study are 

displayed in (Table 1). The concentration ranges of heavy metals in roadside are as follows: Pb: 0.96 - 6.60 

ppm; Cd: 0.09 - 0.38 ppm; Zn: 5.66 - 90.73 ppm; Cu: 13.40 - 55.63 ppm; Ni: 46.62 - 203.66 ppm; Cr: 69.90 - 

202.33 ppm; Co: 5.82 - 14.01 ppm and As: 0 - 12.74 ppm. Mean concentration of the metals were Pb: 2.606 

ppm; Cd: 0.201 ppm; Zn: 25.878 ppm; Cu: 36.402 ppm; Ni: 125.579 ppm; Cr: 113.054 ppm; Co: 8.366 ppm; 

and As: 5.818 ppm. Considering the following order of the metals in this region, from higher to lower mean 

content: Ni > Cr > Cu > Zn > Co > As > Pb > Cd.  

Descriptive statistics and comparisons between the studied sites 

Table 1 shows the coefficient of variation clarifies the degree of variance in heavy metal content between 

sampling locations. The only two heavy metals (Zn and As) have the highest coefficient of variation (more 

than 75%). On contrary, the concentrations of four heavy metals (Ni, Cr, Cu, and Co) show a constant pattern 

within the research locations, staying within the limited range of 29% to 33%. Interestingly, Pb and Cd show 

a degree of variability between the two groups mentioned, with coefficients of variation ranging from 51% to 

56%. This emphasizes a unique pattern in the distribution of heavy metals throughout the studied areas, 

emphasizing the intricate nature of their spatial concentrations. 

Table 1. The heavy metal values (ppm) and the results of descriptive statistics at the studied sites. 

Sites Pb Cd Zn Cu Ni Cr Co As 

Ara. Ro1. 1.69 0.11 52.58 27.32 164.92 131.92 9.63 11.28 

Ara. Ro2. 0.96 0.38 11.72 19.22 91.79 106.12 6.05 12.74 

Bal. Ro. 3.43 0.18 20.53 41.45 105.44 100.16 7.68 1.84 

Bar. Ro. 2.09 0.12 20.42 37.77 163.37 113.43 12.69 5.51 

Tam. Ro. 6.6 0.12 20.24 41.32 106.4 93.01 6.9 0 

Pal. Ro. 1.5 0.35 10.16 13.4 46.62 112.36 7.17 10.25 

Bat. Ro. 1.75 0.11 12.28 49.88 203.66 129.76 14.01 10.47 

Zir. Ro. 2.33 0.17 19.89 45.34 118.87 71.36 7.08 0.85 

And. Ro. 1.71 0.26 16.29 41.78 136.41 69.9 6.9 3.97 

Ash. Ro. 1.75 0.21 18.54 46.15 168.3 103.21 9.7 11.01 

Rab. Ro. 2.08 0.13 13.32 24.77 81.39 102.95 5.82 6.1 

Isl. Ro. 3.93 0.12 14.01 31.03 114.47 94.27 6.97 0.19 

Ame. Ro. 3.56 0.09 50.15 55.63 135.83 172.81 8.11 0 

Bag. Ro. 1.84 0.11 90.73 39.07 166.66 114.55 12.53 9.03 

Wad. Ro. 4.96 0.36 23.69 48.02 116.85 202.33 6.94 8.34 

Ghi. Ro. 2.44 0.27 39.72 36.94 121.37 106.1 7.23 1.94 

She. Ro. 1.69 0.34 5.66 19.76 92.5 97.68 6.82 5.4 

Mean 2.6065 0.2018 25.8782 36.4029 125.5794 113.0541 8.3665 5.8188 

Max 6.6 0.38 90.73 55.63 203.66 202.33 14.01 12.74 

Min 0.96 0.09 5.66 13.4 46.62 69.9 5.82 0 

STDEV. 1.45662 0.10321 21.38317 11.98188 38.94427 32.81784 2.48364 4.48154 

CV% 55.88 51.14 82.63 32.91 31.01 29.02 29.68 77.02 

Correlation of heavy metals in study sites 

The Pearson correlation coefficient was applied to generate the correlation matrix for the heavy metals 

samples, as shown in Table 2. The results revealed a negative correlation between Pb and Cd, with a value of 

-0.216, while the relationship between Pb and Zn had a statistically insignificant correlation at a p-value 

greater than 5%. Additionally, positive correlations were identified between Cu and Pb (0.415) and between 

Cr and Pb (0.275). Furthermore, a strong negative correlation was observed between Pb and As, with a value 

of -0.591. Concerning the relationships among the other elements, negative correlations were detected 

between Cd and Zn, Cu, and Co, whereas positive correlations were observed between Zn and Cu, Cr, and Ni. 

Similarly, positive correlations were observed between Cu and Ni, Cr, and Co, as well as between Ni, Cr, and 

Co. These results demonstrate that the heavy metals in the investigated samples had a statistically significant 
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correlation with one another, which can be utilized to comprehend the interactions between these elements 

and their potential impacts on the ecosystem. 

Table 2. Correlation of heavy metals at the studied sites. 

 Pb Cd Zn Cu Ni Cr Co As 

Pb 1 -.216 -.009 .415 -.132 .275 -.254 -.591 

Cd  1 -.409 -.452 -.551 .055 -.500 .340 

Zn   1 .270 .418 .287 .400 .039 

Cu    1 .628 .316 .363 -.352 

Ni     1 .170 .829 .193 

Cr      1 .173 .234 

Co       1 .344 

As        1 

The correlation is significant at the 0.05 level. 

Assessment of contamination factors (CF) and degree of contamination (Cd) 

The (CF) is used to calculate the enrichment degree for each metal during a given time period. (Table 3; 

Figure 2) show (CF) values for all the heavy metals in each site and can be organized as follows: Pb ranged 

from 0.038 to 0.264, Cd ranged from 0.18 to 0.76, Zn ranged from 0.089 to 1.44, Cu ranged from 0.76 to 2.781, 

Ni ranged from 2.119 to 9.257, Cr ranged from 1.294 to 3.746, Co ranged from 0.736 to 1.773, and As ranged 

from 0 to 2.548. In addition, it can be observed that more than 52.2% of (CF) values fall into the no pollution 

range, and 34.5% of CF values fall into the moderate pollution range, 7.3% fall into considerable pollution 

except (CF) of Ni values, which fall within the very high pollution range in some sites and represent only 5% 

of all studied sites. According to the average (CF) values, the following sequence can be seen in the Table 4: 

Ni > Cr > Cu > As > Co > Zn > Cd > Pb. Kaur et al. (2022) demonstrated how the content of heavy metals in the 

research area is influenced by transportation media, with very high levels of contamination factor reaching 9 

at the Buddha Nullah region in Ludhiana, Punjab, India. Furthermore, in relation to vehicle emissions to 

roadside soils, Skorbiłowicz et al. (2021) found very high values in (CF) of investigated heavy metals at 

Białystok-Budzisko Route in Northeastern Poland. (Cd) values for heavy metals displayed that the studied 

sites were divided into two categories: moderate and considerable contamination (Table 4; Figure 3). The 

values were 15.89, 11.395, 14.768, 10.322, 8.837, 18.504, 10.805, 12.096, 16.081, 9.353, 10.038, 14.299, 16.774, 

15.318, 11.897, and 9.779 for sites Ara. Ro1., Ara. Ro2., Bal. Ro., Bar. Ro., Tam. Ro., Pal. Ro., Bat. Ro., Zir. Ro., 

And. Ro., Ash. Ro., Rab. Ro., Isl. Ro., Ame. Ro., Bag. Ro., Wad. Ro., Ghi. Ro., and She. Ro., respectively. The 

results agree with Abou El-Anwar (2019), through his study on the soil of Upper Egypt, recorded high levels 

of (Cd) index because increasing (CF) of heavy metal concentrations. Emenike et al. (2019) reported that due 

to the discharge of heavy metals from car parts into the roadside soils, the heavy metals pollution index in 

roadside dust at Ado-Odo Ota, Southwest Nigeria, is moderate. Conversely, Kumar et al. (2019) showed that 

heavy metals values of roadside soils in the region of Punjab, India, recorded a low degree of pollution (Cd < 

6). We can draw the conclusion that the (Cd) increased as a result of a rise in the (CF) of heavy metal. 

Table 3. The contamination factor (CF) of metals at the studied sites. 

Sites Pb Cd Zn Cu Ni Cr Co As 

Ara. Ro1. 0.067 0.22 0.834 1.366 7.496 2.442 1.218 2.256 

Ara. Ro2. 0.038 0.76 0.186 0.961 4.172 1.965 0.765 2.548 

Bal. Ro. 0.137 0.36 0.325 2.072 4.792 1.854 0.972 0.368 

Bar. Ro. 0.083 0.24 0.324 1.888 7.425 2.1 1.606 1.102 

Tam. Ro.  0.264 0.24 0.321 2.066 4.836 1.722 0.873 0 

Pal. Ro. 0.06 0.7 0.161 0.76 2.119 2.08 0.907 2.05 

Bat. Ro. 0.07 0.22 0.194 2.494 9.257 2.402 1.773 2.094 

Zir. Ro. 0.093 0.34 0.315 2.267 5.403 1.321 0.896 0.17 

And. Ro. 0.068 0.52 0.258 2.089 6.2 1.294 0.873 0.794 

Ash. Ro. 0.07 0.42 0.294 2.307 7.65 1.911 1.227 2.202 

Rab. Ro. 0.083 0.26 0.211 1.238 3.699 1.906 0.736 1.22 

Isl. Ro. 0.157 0.24 0.222 1.551 5.203 1.745 0.882 0.038 

Ame. Ro. 0.142 0.18 0.796 2.781 6.174 3.2 1.026 0 

Bag. Ro. 0.073 0.22 1.44 1.953 7.575 2.121 1.586 1.806 

Wad. Ro. 0.198 0.72 0.376 2.401 5.311 3.746 0.878 1.688 

Ghi. Ro. 0.097 0.54 0.63 1.847 5.516 1.964 0.915 0.388 

She. Ro. 0.067 0.68 0.089 0.988 4.204 1.808 0.863 1.08 
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Figure 2. The contamination factor (CF) of metals at the studied sites. 

Table 4. Contamination factors (CF) and degrees of contamination (Cd) of metals at the studied sites. 

CF 

Sites Pb Cd Zn Cu Ni Cr Co As Cd Degree of Contamination 

Ara. Ro1. 0.067 0.22 0.834 1.366 7.496 2.442 1.218 2.256 15.89 Considerable degree 

Ara. Ro2. 0.038 0.76 0.186 0.961 4.172 1.965 0.765 2.548 11.395 Moderate degree 

Bal. Ro. 0.137 0.36 0.325 2.072 4.792 1.854 0.972 0.368 10.88 Moderate degree 

Bar. Ro. 0.083 0.24 0.324 1.888 7.425 2.1 1.606 1.102 14.768 Considerable degree 

Tam. Ro.  0.264 0.24 0.321 2.066 4.836 1.722 0.873 0 10.322 Moderate degree 

Pal. Ro. 0.06 0.7 0.161 0.76 2.119 2.08 0.907 2.05 8.837 Moderate degree 

Bat. Ro. 0.07 0.22 0.194 2.494 9.257 2.402 1.773 2.094 18.504 Considerable degree 

Zir. Ro. 0.093 0.34 0.315 2.267 5.403 1.321 0.896 0.17 10.805 Moderate degree 

And. Ro. 0.068 0.52 0.258 2.089 6.2 1.294 0.873 0.794 12.096 Considerable degree 

Ash. Ro. 0.07 0.42 0.294 2.307 7.65 1.911 1.227 2.202 16.081 Considerable degree 

Rab. Ro. 0.083 0.26 0.211 1.238 3.699 1.906 0.736 1.22 9.353 Moderate degree 

Isl. Ro. 0.157 0.24 0.222 1.551 5.203 1.745 0.882 0.038 10.038 Moderate degree 

Ame. Ro. 0.142 0.18 0.796 2.781 6.174 3.2 1.026 0 14.299 Considerable degree 

Bag. Ro. 0.073 0.22 1.44 1.953 7.575 2.121 1.586 1.806 16.774 Considerable degree 

Wad. Ro. 0.198 0.72 0.376 2.401 5.311 3.746 0.878 1.688 15.318 Considerable degree 

Ghi. Ro. 0.097 0.54 0.63 1.847 5.516 1.964 0.915 0.388 11.897 Moderate degree 

She. Ro. 0.067 0.68 0.089 0.988 4.204 1.808 0.863 1.08 9.779 Moderate degree 

Average 0.103 0.403 0.41 1.825 5.707 2.093 1.058 1.164 
  

 

 

Figure 3. The degree of contamination (Cd) of metals at the studied sites. 
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Assessment of ecological risk (Er) 

The ecological risk index of heavy metals is calculated using Er indicators, helping in evaluating the danger 

of heavy metal pollution and associated hazards in the areas under study.  

Ecological risk factor (Er) 

According to Table 5, (Er) values of heavy metals are classified as low ecological risk because the average 

Er values of metals were less than 40 in all the studied sites. The average of Er values for lead, cadmium, zinc, 

copper, nickel, chromium, cobalt, and arsenic were 0.519, 12.105, 0.41, 9.126, 28.538, 4.186, 5.292, and 11.649, 

respectively. The following sequence: Zn ˂ Pb ˂ Cr ˂ Co ˂ Cu ˂ As ˂ Cd ˂ Ni as demonstrated in (Table 5; 

Figure 4) The obtained results show that greatest significant ecological risk in roadside soils at Mosul city is nickel, 

ranging from 10.595–46.285, while zinc has the lowest ecological risk, ranging from 0.089–1.44. Duan et al. (2024) 

obtained a similar result during their study of the roadside soils of intercity railway at Huanghuai Plain, China. 

They found that (Er) values for all investigated heavy metals were low, except for Cd, which was high. Yu et al. 

(2021) also reported low (Er) for all studied heavy metals except Cd in the roadside of Guizhou, China.  

Potential ecological risk index (RI) 

The (RI) values were 85.613, 82.076, 58.378, 77.754, 51.16, 65.051, 100.51, 58.152, 72.536, 95.006, 52.803, 

50.257, 63.211, 86.277, 90.288, 66.513, and 65.515 in sites Ara. Ro1., Ara. Ro2., Bal. Ro., Bar. Ro., Tam. Ro., 

Pal. Ro., Bat. Ro., Zir. Ro., And. Ro., Ash. Ro., Rab. Ro., Isl. Ro., Ame. Ro., Bag. Ro. Wad. Ro., Ghi. Ro., and 

She. Ro., respectively. All studied areas were at low-risk index level because (RI) values less than 150 (Table 5). 

The result agree with Sulaiman et al. (2018) mentioned that (RI) values of metals in roadside soils lie within 

a low risk index range of 19.706 – 103.487 at Gombe Traffic Circles, Northern Nigeria. In addition, Agbaje et 

al. (2023) showed similar results in assessing heavy metals in roadside soils at Osogbo Metropolis, South West 

Nigeria, (RI) values of heavy metals were at a low ecological risk index level. In contrast, Movafagh et al. (2018) 

indicate considerable (RI) values of heavy metals in roadside beside Hemmat highway in Tehran, Iran; the 

values of metals were more than 300. We can conclude that the rising of (RI) levels are associated with rising 

of (Er) for heavy metals.  

Table 5. The ecological risk (Er) and risk index (RI) of metals at the studied sites. 

Er 

Sites Pb Cd Zn Cu Ni Cr Co As RI Description 

Ara. Ro1. 0.335 6.6 0.834 6.83 37.48 4.884 6.09 22.56 85.613 Low ecological risk 

Ara. Ro2. 0.19 22.8 0.186 4.805 20.86 3.93 3.825 25.48 82.076 Low ecological risk 

Bal. Ro. 0.685 10.8 0.325 10.36 23.96 3.708 4.86 3.68 58.378 Low ecological risk 

Bar. Ro. 0.415 7.2 0.324 9.44 37.125 4.2 8.03 11.02 77.754 Low ecological risk 

Tam. Ro. 1.32 7.2 0.321 10.33 24.18 3.444 4.365 0 51.16 Low ecological risk 

Pal. Ro. 0.3 21 0.161 3.8 10.595 4.16 4.535 20.5 65.051 Low ecological risk 

Bat. Ro. 0.35 6.6 0.194 12.47 46.285 4.804 8.865 20.94 100.51 Low ecological risk 

Zir. Ro. 0.465 10.2 0.315 11.335 27.015 2.642 4.48 1.7 58.152 Low ecological risk 

And. Ro. 0.34 15.6 0.258 10.445 31 2.588 4.365 7.94 72.536 Low ecological risk 

Ash. Ro. 0.35 12.6 0.294 11.535 38.25 3.822 6.135 22.02 95.006 Low ecological risk 

Rab. Ro. 0.415 7.8 0.211 6.19 18.495 3.812 3.68 12.2 52.803 Low ecological risk 

Isl. Ro. 0.785 7.2 0.222 7.755 26.015 3.49 4.41 0.38 50.257 Low ecological risk 

Ame. Ro. 0.71 5.4 0.796 13.905 30.87 6.4 5.13 0 63.211 Low ecological risk 

Bag. Ro. 0.365 6.6 1.44 9.765 37.875 4.242 7.93 18.06 86.277 Low ecological risk 

Wad. Ro. 0.99 21.6 0.376 12.005 26.555 7.492 4.39 16.88 90.288 Low ecological risk 

Ghi. Ro. 0.485 16.2 0.63 9.235 27.58 3.928 4.575 3.88 66.513 Low ecological risk 

She. Ro. 0.335 20.4 0.089 4.94 21.02 3.616 4.315 10.8 65.515 Low ecological risk 

Average 0.519 12.105 0.41 9.126 28.538 4.186 5.292 11.649 
  

 

Assessment of pollution load index (PLI) 

An assessment of the level of heavy metal pollution at each of the seventeen sites was conducted using 

(PLI) in order to compare them effectively at the contamination level, (PLI) were 0.979, 0.732, 0.754, 0.872, 0, 

0.673, 0.941, 0.629, 0.755, 0.97, 0.659, 0.5, 0, 1.095, 1.181, 0.834, and 0.64 in sites Ara. Ro1., Ara. Ro2., Bal. 

Ro., Bar. Ro., Tam. Ro., Pal. Ro., Bat. Ro., Zir. Ro., And. Ro., Ash. Ro., Rab. Ro., Isl. Ro., Ame. Ro., Bag. Ro., 

Wad. Ro., Ghi. Ro., and She. Ro., respectively. All studied sites except two (Bag. Ro. and Wad. Ro.) were 
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categorized as having uncontaminated because PLI values were less than 1 (Table 6). Similar to this result, 

Negahban & Mokarram (2021) reported that the (PLI) values of investigated heavy metals in roadside collected 

from locations along the Darb-Fasa Road in the southern province of Fars, Iran, was classified as uncontaminated 

except for two sites. In addition, in the municipality of Bangladesh, Diganta et al. (2020) showed that the value of 

(PLI) in the studied sites was uncontaminated. Conversely, Dibert et al. (2019) discovered that (PLI) of heavy metals 

was very high in dust collected from the roadside in Abidjan city, Côte d'Ivoire. 

 

Figure 4. The Ecological risk (Er) of metals at the studied sites. 

Table 6. The pollution load index (PLI) at the studied sites. 

Sites Pb Cd Zn Cu Ni Cr Co As PLI Description 

Ara. Ro1. 0.067 0.22 0.834 1.366 7.496 2.442 1.218 2.256 0.979 No pollution 

Ara. Ro2. 0.038 0.76 0.186 0.961 4.172 1.965 0.765 2.548 0.732 No pollution 

Bal. Ro. 0.137 0.36 0.325 2.072 4.792 1.854 0.972 0.368 0.754 No pollution 

Bar. Ro. 0.083 0.24 0.324 1.888 7.425 2.1 1.606 1.102 0.872 No pollution 

Tam. Ro. 0.264 0.24 0.321 2.066 4.836 1.722 0.873 0 0 No pollution 

Pal. Ro. 0.06 0.7 0.161 0.76 2.119 2.08 0.907 2.05 0.673 No pollution 

Bat. Ro. 0.07 0.22 0.194 2.494 9.257 2.402 1.773 2.094 0.941 No pollution 

Zir. Ro. 0.093 0.34 0.315 2.267 5.403 1.321 0.896 0.17 0.629 No pollution 

And. Ro. 0.068 0.52 0.258 2.089 6.2 1.294 0.873 0.794 0.755 No pollution 

Ash. Ro. 0.07 0.42 0.294 2.307 7.65 1.911 1.227 2.202 0.97 No pollution 

Rab. Ro. 0.083 0.26 0.211 1.238 3.699 1.906 0.736 1.22 0.659 No pollution 

Isl. Ro. 0.157 0.24 0.222 1.551 5.203 1.745 0.882 0.038 0.5 No pollution 

Ame. Ro. 0.142 0.18 0.796 2.781 6.174 3.2 1.026 0 0 No pollution 

Bag. Ro. 0.073 0.22 1.44 1.953 7.575 2.121 1.586 1.806 1.095 Moderate pollution 

Wad. Ro. 0.198 0.72 0.376 2.401 5.311 3.746 0.878 1.688 1.181 Moderate pollution 

Ghi. Ro. 0.097 0.54 0.63 1.847 5.516 1.964 0.915 0.388 0.834 No pollution 

She. Ro. 0.067 0.68 0.089 0.988 4.204 1.808 0.863 1.08 0.64 No pollution 

Conclusion 

The current study, which uses both single and integrated pollution indicators, shows how the roadside 

soils of Mosul city polluted with heavy metals. The results demonstrated that the pollution index values of 

single heavy metals such as (CF) were within no pollution and moderate pollution levels for the majority of 

elements except Ni, which exceeded very high pollution levels. Whereas. The values of (Cd) were within a 

moderate and considerable degree level because of the cumulative impact of the heavy metals. In risk 

assessment, the values of (RI) in all studied sites were within the low risk level, associated with the individual 

ecological risk index (Er) that recorded the low values for all metals. The values of (PLI) were within the range 

of the pollution level in all sites except two. Additionally, I can conclude that individual metal contamination 
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status provides the status of soil contamination, whether high, moderate, or low. Furthermore, the result 

demonstrates that the cumulative influence of metals from transportation activities on roadside soils caused 

an elevation in the levels of both single and integrated pollution indices. Generally, the ecological perspective 

of roadside soils within Mosul city was at a non-effected and acceptable level. 

Data availability 

All data generated and analyzed in this study are included in the body of the article. No additional data are 

available. 
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