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Abstract  

This study provides a comprehensive assessment of the potential adverse effects on the environment 

and human health arising from introducing chemicals from one of the principal petrochemical 

complexes in Libyan districts of Ajdabiya and Zueitina. Mathematical models utilized to assess 

heavy metal indices, such as the contamination factor (CF), enrichment factor (EF), degree of 

contamination (DC), pollution load index (PLI), and geo-accumulation index (Igeo). The study's 

conclusions showed that the concentrations of heavy metals in the sediment samples showed the 

following pattern: iron > lead > cobalt >cadmium> copper. Each heavy metal element's enrichment 

factor (EF) was calculated by contrasting it with the background values, which were normalised 

using the Fe element. Based on the mean values of enrichment factors (EFs), the heavy metals in the 

sediments exhibited the following descending order of enrichment: iron >lead >cadmium > copper 

>cobalt, arranged from highest to lowest.  iron (Fe) was found to exhibit substantial to extremely 

high levels of contaminant across various stations within the study area. Furthermore, Igeo values 

were also seen in the below order: iron (Fe) > lead (Pb) > cobalt (Co) > copper (Cu) > cadmium 

(Cd). The research area's soil may include heavy metal pollution, which might have both 

carcinogenic and non-carcinogenic effects, according to the health risk assessment (HRA). 

Keywords: Heavy Metals, Health Risk Assessment, Toxicity, Contamination Factor, Sediments, 

Petroleum Industry. 

 

Introduction 

The country of Libya covers an area of 

approximately 1.7 million square kilometers. 

90% of the people live mainly on less than 5% 

of the coastal land. Population density in the 

central and south of the country is less than 1 

km2 (Almaktar, and Shaaban, 2021). This low 
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population density in the central and southern 

regions of Libya is primarily due to the arid 

desert conditions and lack of infrastructure, 

making it difficult for people to settle in these 

areas. However, the coastal regions with higher 

population density benefit from access to 

resources such as water and transportation, 

which support human habitation and economic 

activities (Zurqani et al. (2019); Zeyadah et al., 

(2023)).   

Libya contains several oil companies 

affiliated with the National Oil Corporation. 

The largest of these oil-producing companies is 

the Waha Company (WOC), followed by the 

Arabian Gulf Oil Company (Agoco), the 

Zueitina Oil Company (ZOC), and the Sirte Oil 

Company (SOC), which represents the oil 

sector. Libyan gas is more than 70% of GDP, 

more than 95% of exports, and about 90% of 

government revenue (Kalifa et al. 2020). The 

production of oil and gas has the potential to 

contaminate the soil, water, and air. 

Additionally, heavy metals are regarded as one 

of the most significant pollutants since the 

development of industry has increased pollution 

and the amount of pollutants released into the 

environment overall. Distribution networks 

may also contribute to pollution, particularly 

when underground storage tanks at petrol 

stations and other distribution locations, 

factories, and residential buildings leak (Ulakpa 

et al. 2022). 

Heavy metals are naturally occurring 

metals with a large atomic weight and density 

five times greater than water. The heavy metals 

include lead (Pb), cadmium (Cd), arsenic (AS), 

chromium (Cr), thallium (Ti), and mercury 

(Hg). They are natural components of the 

Earth's crust, and the proportions of these 

minerals have increased during industrial waste, 

agricultural activity, and mining. Furthermore, 

the production of these hazardous compounds 

of heavy metals is thought to be mostly sourced 

from the petrochemical industry (Hasaballah et 

al. (2019); El-Emam, (2020); Hasaballah et al. 

(2023); El-Alfy, et al. (2024)). 

Environmental assessment of the oil 

and gas industry is one of the most important 

contemporary environmental issues. It is well 

known that this business releases a substantial 

quantity of heavy metals into the environment 

throughout several procedures including 

drilling, extraction, and transportation. (Ji and 

Wang, 2021). These heavy metals can have 

detrimental effects on ecosystems and human 

health, making it crucial to closely monitor and 

regulate the environmental impact of the oil and 

gas industry. Additionally, finding sustainable 

alternatives to reduce heavy metal emissions 

from this industry is a pressing concern for 

mitigating its environmental footprint 

(Hosseinzadeh-Bandbafha et al. 2024).  

The present study focuses on the 

analysis of heavy metal variation in the soil and 

the subsequent ecological risk assessment 

during the year of 2022 in the regions of 

Ajdabiya and Zueitinain Libya.Soil heavy metal 

content and the associated toxicity risk 

assessment are crucial for understanding the 

potential environmental impacts on these 

regions. By analyzing the levels of heavy metals 

such as lead, cadmium, and mercury in the soil, 

researchers can evaluate the extent of 

contamination and assess the potential risks to 

human health and ecosystems. Additionally, 

this assessment can help identify potential 

sources of heavy metal pollution, enabling 

policymakers to implement effective mitigation 

strategies to safeguard the environment and 

public. 

Materials and Methods 

Study Area  

The study was collected in the year 2022, and 

samples were collected from eight distinct sites. 

The spatial separation between the sea samples 

was around five kilometres, while the inside 

samples exhibited varied degrees of separation. 

The division of the samples was carried out as 

follows: Five samples in all were taken from the 

sandy beach located in the Zueitina area 

adjacent to the Zuetina Company. The 

remaining samples were obtained from 

locations south of the city of Ajdabiya. Figure 

(1) displays the geographical coordinates of the 

study samples, which were determined through 

the utilisation of GPS technology during the 

research process. Soil samples were collected at 

a deepness of 4 cm by a manual shovel. The 

specimens were gathered and thereafter placed 

within plastic containers. The samples 

underwent digestion in the laboratory. 
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Figure 1. An aerial map of the research region 

(Google earth 2023) 

Mathematical Models using Heavy Metals 

Indices: 

Factor of Contamination (CF): 

CF is determined by applying the equation that 

follows to the soil samples in order to determine 

the level of contamination caused by heavy 

metals: 
𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝐶𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 

=  
𝐶 𝑚𝑒𝑡𝑎𝑙

𝐶 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
 

The initial value refers to initial concentrations 

as documented by Turekian and Wedepohl 

(1961), which are derived from the relative 

abundance of the component in the sedimentary 

layers. The importance of the subject matter is 

delineated as follows: The contamination factor 

(CF) can be categorised into different levels. A 

CF value fewer than 1 indicates a low 

contamination factor, while a value between 1 

and 3 suggests a moderate contamination factor. 

A large contamination factor is indicated by a 

CF value between 3 and 6, and a CF value equal 

to or greater than 6 signifies a very high CF 

(Hasaballah et al. 2021). 

Pollution Load Index (PLI): 

The pollution load index PLI provides data 

regarding the concentration of heavy metals in 

a particular geographical location. The PLI is 

calculated using the following equation:  

𝑃𝐿𝐼 =  (𝐶𝐹1  ×  𝐶𝐹2  ×  𝐶𝐹3  × … 
× 𝐶𝐹𝑛)1/𝑛 

The formula for calculating the Pollution Load 

Index (PLI) is derived as the geometric mean of 

the pollution factors (CF1, CF2, CF3, ..., CFn), 

where CF represents the pollution factor 

associated with each metal (Sallet et al. 2019). 

In the event that the Pollution Level Index (PLI) 

score is below 1, There would be no 

documented cases of contamination. Pollution, 

on the other hand, would be noticed and 

recorded if the PLI score exceeded 1. 

Conversely, a numerical value of zero signifies 

an optimal state, while a value of one represents 

the fundamental threshold of contaminants, and 

any value over one would signal a deterioration 

in the site's overall condition (El-Emam, 2020).  

Enrichment Factor (EF): 

To determine the degree of pollution and 

comprehend the distribution of materials 

resulting from human activity, enrichment 

factor (EF) was utilised, with the aim of 

determining the magnitude of contaminants in 

the environment (Agyeman et al. 2023). The 

element iron (Fe) was chosen as the dominant 

element for the purpose of identifying metals 

that possess unusual concentrations, as stated 

by Wu et al. (2021).  

In the case where the EF values were 

below 2, it would be recommended that the 

metal be attributed to entirely natural processes 

or crustal materials. Conversely, if the EF 

values exceeded 2, it would indicate the metal's 

origin was anthropogenic. 
 

EFM

=
𝐶𝑀(𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡) / CFe( sediment )

𝐶𝑚(𝑒𝑎𝑟𝑡ℎ𝑐𝑟𝑢𝑠𝑡) / 𝐶𝐹𝑒 ( 𝑒𝑎𝑟𝑡ℎ𝑐𝑟𝑢𝑠𝑡 )
 

 

The notation "Cm (sediment)" indicates the 

amount of metal contained in the sediment 

sample, whereas "CFe (sediment)" shows how 

much of the reference metal (Fe) is contained in 

the sediment sample. The abbreviation "Cm" in 

the context of the earth's crust refers to the 

measurement of metal concentration inside this 

geological layer (Hasaballah et al. 2021). 

The EF values can be categorised into 

six distinct groups: baseline concentration, 

depletion resulting in little enrichment, 

depletion resulting in moderate enrichment, 

moderate enrichment ranging from 2 to 5, 

considerable enrichment ranging from 5 to 20, 

very high enrichment ranging from 20 to 40, 

and extremely high enrichment above 40, 

(Baghaieet al. 2019). 
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Degree of contamination (DC) 

DC = ∑ CFi

𝑁

𝑖=1

 

Contamination degree (DC), as described by 

Hokanson (1980), is an additional metric 

derived from CF values. It quantifies the 

cumulative presence of pollution-related 

constituents at a specific location. 

In this context, n represents the total count of 

components within a given system, while CF 

denotes the sole factor contributing to 

contamination. Values of DC below n would 

suggest low levels of contamination, while 

values between n and 2n would indicate 

moderate contamination levels. If the DC value 

falls between 2n and 4n, it would suggest 

considerable contamination levels. On the other 

hand, if the DC value exceeds 4n, it would 

indicate extremely high levels of 

contamination. 

The aforementioned categories were employed 

for the purpose of classifying the extent of 

pollution observed at the designated study 

location. 

The contamination levels can be classified as 

follows: a DC value less than 11 indicates a 

minimal levels of pollution, a DC value 

between 11 and 22 suggests a moderate degree 

of contamination, a DC value between 22 and 

44 indicates a large degree of contamination, 

and a DC value greater than 28 signifies a 

extremely high level of pollution. Where n is the 

count of the heavy metals that were 

investigated, with a value of 11., (El-Emam, 

2020). 

Geo-accumulation Index 

The index of geo-accumulation (Igeo), initially 

proposed by Muller in 1969, serves as a metric 

for quantifying and characterising the 

contamination of metals in sedimentary 

environments. This is achieved by comparing 

the current metal concentrations with those 

observed in sediments before to the industrial 

era, as expressed by the equation shown below: 

𝐼𝑔𝑒𝑜 =  𝐿𝑜𝑔2 (𝐶𝑛/1.5𝐵𝑛) 

The variable Bn represents the geochemical 

background value for element n in typical shale. 

On the other hand, Cn denotes the observed 

concentration of heavy metals in sediments. 

Additionally, the value 1.5 corresponds to the 

background matrix adjustment that arises from 

terrigenous effects. The utilisation of a factor of 

1.5 is justified due to potential variations in 

baseline values of a specific metal in the 

environment and little anthropogenic 

influences. 

According to the study conducted by 

Buccolieri et al. in 2006, the geo-accumulation 

index (Igeo) was categorised into seven distinct 

groups. The index of geoaccumulation (Igeo) is 

a measure used to classify the pollution levels 

of a given area. The Igeo values range from 0 to 

6, with different classes representing varying 

degrees of pollution. Class 0 signifies an 

unpolluted environment. Class 1 indicates a 

pollution level ranging from unpolluted to 

moderately polluted. Class 2 denotes a 

moderate level of pollution. Class 3 signifies a 

strong level of pollution. Class 4 represents a 

high level of pollution. Class 5 indicates a 

pollution level ranging from strong to extremely 

polluted. Finally, class 6 is assigned to areas 

with an extremely high level of pollution, where 

Igeo exceeds 5 (Hasaballah et al 2021). 

Potential Ecological Risk Index (RI) 

The researchers introduced the potential 

ecological risk index (RI) as a tool for assessing 

the extent of heavy metal sediment pollution, 

utilising principles derived from sedimentary 

theory. The purpose of this index is to assess the 

ecological risk associated with the presence of 

heavy metals in sedimentary environments. The 

possible ecological risk index, first put out by 

Hakanson in 1980, has been used extensively in 

the assessment of sediment heavy metal 

pollution in subsequent studies. The subsequent 

equations can be utilised to ascertain the value 

of RI: 

𝐸𝑖𝑟 =  𝑇ⁱᵣ𝑥 𝐶ⁱ𝑓 

RI = ∑ Er
i  

Tir represents the toxicity response factor 

associated with a certain substance, with values 

assigned as follows: Zn = 1, Pb = Cu = 5, Cd = 

30, Cr = 2, Ni = 5, Mn = 1. On the other hand, 

Eir is a quantitative measure used to indicate the 

potential ecological hazard posed by a specific 

pollutant. The contamination factor, sometimes 

referred to as CIF, is a metric used to quantify 

the level of contamination. (Sojka et al., 2022). 
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Health Risk Assessment 

a- Non cancer effect evaluation 

Heavy metals can potentially come into contact 

with the human body through three distinct 

pathways, inclusive ingestion, inhalation, and 

skin contact. The mean intake per day (ADI) of 

metals in soil is computed by employing the 

following equations.: 
𝐴𝐷𝐷𝑖𝑛𝑔 =  𝐶 ∗ 𝐼𝑅𝑖𝑛𝑔 ∗  𝐸𝐹 ∗  𝐸𝐷

∗ 𝑆𝐴𝐹 / 𝐵𝑊 ∗ 𝐴𝑇 
𝐴𝐷𝐷𝑑𝑒𝑟𝑚𝑎𝑙 =  𝐶 ∗ 𝑆𝐴 ∗ 𝐴𝐵𝑆 ∗ 𝐸𝐹 ∗ 𝐸𝐷

∗ 𝑆𝐴𝐹/ 𝐵𝑊 ∗ 𝐴𝑇 
𝐴𝐷𝐷𝑖𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛 

=  𝐶 ∗ 𝐼𝑅𝑖𝑛ℎ ∗ 𝐸𝐹 ∗ 𝐸𝐷
∗ 𝐶𝐹 /𝑃𝐸𝐹 ∗ 𝐵𝑊 ∗ 𝐴𝑇 

where C is the concentricity of a certain metal 

in the soil (as determined in this research and 

expressed in milligrammes per kilogramme). 

The acronym IRing represents the ingestion rate, 

which is established at 100 mg per day for adult 

individuals. EF represents exposure frequency, 

which corresponds to a frequency of 180 days 

annually. ED denotes exposure duration, which 

spans a period of 24 years for adult individuals. 

IRinh signifies inhalation rate, which amounts 

to 14.7 m3 per day for people. The dust 

emission factor (PEF) is quantified as 1.36 * 

109 m3 per kg. The skin exposure area (SA) for 

adults is measured at 5700 cm2. The adherence 

factor (SAF) and dermal absorption factor 

(ABS) are also included, with a value of 0.001 

for all elements. The acronym BW represents 

body weight, which is typically 57 kg for adult 

individuals. The average annual exposure time 

for non-carcinogens is denoted as AT. For a 

duration of 365 days, the exposure duration 

(ED) is considered. Additionally, the lifetime 

exposure to carcinogens such as arsenic (As), 

chromium (Cr), and cadmium (Cd) is multiplied 

by 70 and then further multiplied by 365 days. 

(Das et al. 2023). 

Non-carcinogenic Risk Assessment 

The evaluation of potential health risks 

connected with the non-carcinogenic impacts of 

metals on soils followed the suggested 

procedure of the US Environmental Protection 

Agency. The hazard quotient (HQ) was 

calculated by utilising the ratio between the 

reference dose (RFD) and the acceptable daily 

intake (ADI) for a certain metal. 

𝐻𝑄 =  𝐴𝐷𝐼/𝑅𝑓𝐷 

The variable "RfD" is the reference dosage of 

the metal, expressed in milligrammes per 

kilogramme per day. The elemental 

composition is as follows: iron (Fe) with a 

concentration of 0.7, cobalt (Co) with a 

concentration of 0.02, copper (Cu) with a 

concentration of 0.04, cadmium (Cd) with a 

concentration of 0.001, and lead (Pb) with a 

concentration of 0.0035. The maximum 

permissible concentration of a metal that does 

not pose a risk to human health is reached at that 

specific dosage. The cumulative HQ values of 

the metals present in the soil, denoted as HI, 

were employed to assess the collective non-

carcinogenic impacts that various metals may 

exert on human health. (Mlangeni et al., 2023). 

𝐻𝐼 =  𝐻𝑄1  +  𝐻𝑄2 + ⋯ +  𝐻𝑄𝑛 
In the case that the Hazard Index (HI) attains a 

value of 1, there exists a potential for non-

carcinogenic outcomes. Conversely, if the HI 

surpasses 1, it indicates a substantial probability 

of adverse health effects manifesting. 

b- Cancer Effect Evaluation 

The probable carcinogens are assessed in terms 

of the lifetime cumulative risk associated with 

each individual's likelihood of developing 

cancer due to exposure to these substances. The 

above equation may be employed to ascertain 

the surplus lifetime cancer risk: 

𝐶𝑎𝑛𝑐𝑒𝑟 𝑟𝑖𝑠𝑘 =  𝛴𝐴𝐷𝐼 ∗  𝐶𝑆𝐹 

The concept of risk plays a crucial role in 

determining an individual's lifetime 

susceptibility to acquiring cancer. The mean 

daily consumption (ADI) and cancer slope 

factor (CSF) for heavy metals are expressed in 

units of milligrammes per kilogramme per day 

(mg/kg/day). The user's text does not provide 

any information to rewrite in an academic 

manner (Mlangeni et al., 2023) 

Based on the findings of the United 

States Environmental Protection Agency 

(USEPA) in 2012, the cancer slope factors 

(CSF) for cadmium (Cd), cobalt (Co), lead (Pb), 

and nickel (Ni) are reported as 6.3, 9.8, 0.0085, 

and 9E-5 mg/kg/day, respectively. The 

permissible range for the LCR (Likelihood of 

Cancer Risk) as mandated by regulatory 

standards falls between 1.0E-06 and 1.0E-04. It 

is worth noting that the threshold value for 

cancer risk, which is considered acceptable, is 

1.0E-04. According to the study conducted by 

Peirovi-Minaee et al. (2023). 



Soil heavy metal pollution and toxicity risk assessment… Scientific Journal for Damietta Faculty of Science 14(1) 2024, 16-27 

21 

Results  

Heavy Metals Indices: 

Models for assessing pollution are employed to 

ascertain the magnitude and density of human-

induced pollutants that have been deposited 

onto soil (Nguyenet al. 2023). 

Contamination Factor (CF) : 

Table 1 and Figure 2 show the pollution factors 

that were recorded during the study period. The 

highest value was recorded for the two elements 

cadmium and cobalt with an average of 

0.3±0.182522-0.3± 0.153757, while the lowest 

value was recorded for the trio of elements iron 

(0.0009± 0.0009), copper (0.001± 0.0004), and 

lead (0.096±0.055). 

Table (1): The average values per year of the total 

concentration of heavy metals in the sediments' 

contamination factor (CF), degree of contamination 

(DC)andpollution load index (PLI). 

CD PLI CF values Station 
NO Fe Co Cd Cu Pb 

0.911 0.012 0.4 ND 0.082 0.00084 0.09 WS1 

0.879 0.025 0.46 0.36 0.042 0.0016 0.097 WS2 

0.956 0.036 0.44 0.53 0.035 0.001 0.075 ES1 

0.821 0.02 0.44 0.4 0.034 0.0008 0.08 ES2 

0.742 0.016 0.4 0.4 0.028 0.00046 0.062 ES3 

0.661 0.02 0.68 0.29 0.03 0.00086 0.07 SS1 

0.893 0.037 0.22 0.35 0.031 0.0014 0.23 SS2 

0.734 0.031 0.27 0.4 0.026 0.0017 0.07 SS3 

0.82 0.024 0.0009 0.3 0.3 0.001 0.096 Mean 

0.102 0.0092 0.0009 0.153 0.182 0.0004 0.0550 SD 

 

Figure 2: Average Values of PLI and DC in the 

study area 

Pollution Load Index (PLI): 

The pollutant load index (PLI), which took into 

account the contribution of the five metals being 

studied, offered an appraisal of the sample's 

overall toxicity status. The pollutant load index 

average values for the five different heavy 

metals ranged from 0.012 in the WS1 region to 

0.037 in the SS2 region, according to the results. 

The remaining regions recorded a range of 

values, which are as follows: WS2 0.025, ES1 

0.036, ES2 0.02, ES3 0.016, SS1 0.02, and SS3 

0.031. 

Degree of contamination (DC) 

According to the current DC value results, there 

is a slight level of pollution along the study area. 

The SS1 area recorded the lowest value, which 

was 0.661, and the ES1 area recorded the 

highest value, which was 0.95. The remaining 

areas recorded varying values, which were as 

follows: WS1 0.91, WS2 0.87, ES2 0.82, ES3 

0.74, SS2 0.89, and SS3 0.73 (with an average 

of 0.82 ± 0.102) (Table 1). 

Enrichment Factor (EF) 

Utilising the enrichment factor (EF), one may 

ascertain the extent of metal contamination 

present in sediments. In Figure 3, the EF was 

determined for every heavy metal. With an 

average of 0.92 ± 0.90, the element iron had the 

lowest value, while the element cobalt had the 

greatest value, averaging 376.48 ± 

149.1807267. The other elements' levels were 

as follows: lead (93.4±53.8), copper 1.13±0.43, 

and cadmium 370.3±166.0 (figure 3). 

 

Figure 3: The heavy metal enrichment factors (EF) 

in the sediments of the study area. 

Geo-accumulation Index 

The Index of Geoaccumulation (Igeo) for 

average concentrations of heavy metals in 

sediments is displayed in Figure 4. 

The research region was found to be 

free of cadmium pollution, as evidenced by the 

average value of 5.51±0.51, which fell between 

the range of values of -5.96 and -4.34. The 

copper element, on the other hand, showed 

different levels of contamination, from slightly 

to highly contaminated. with an average of 
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0.46±0.63 and a value of (0.11–1.22). 

The average Igeo values for Fe revealed 

extremely high contamination levels (ranging 

from 6.95 to 9.71), while the Pb readings 

suggested moderate to strong contamination 

levels ranging from 2.55 to 4.46, with an 

average of 3.05 ± 0.60. 7.75 ± 1.15 on average. 

The precise Igeo values were seen as follows: 

cadmium (Cd) > copper (Cu) > iron (Fe) > lead 

(Pb) > cobalt (Co). 

 

Figure 4: Geo-accumulation index (Igeo) of the mean 

total heavy metal concentrations in sediment  

otential Ecological Risk Index (RI) 

Based on the analysis presented in Figure 5, it 

can be observed that the Ei
r values of Pb, Cu, 

Cd, and Co (WS1, WS2, ES2, and ES3) are all 

below the threshold of 40; in contrast, the 

potential ecological risk index for Fe and Co 

(namely ES1, SS1, and SS2) exceeded 80 but 

remained below 320, signifying a substantial 

ecological danger. The index was separately 

applied to each station within the study region 

for all five metals examined in this study. The 

research region had an average value of 57.12, 

suggesting a moderate level of possible 

ecological risk. 

 

Figure 5: Monomial potential ecological risk (Ei
r) 

Health Risk Assessment (HRA) 

Non-carcinogenic risk assessment  

The evaluation of potential health risks 

connected with the non-carcinogenic impacts of 

metals on soils followed the suggested 

procedure of the US Environmental Protection 

Agency. The computation of the hazard 

quotient (HQ) involved utilising the ratio 

between the reference dose (RFD) and the 

acceptable daily intake (ADI) for a certain 

metal. The reference dose (RfD) represents the 

recommended dosage of the metal in 

milligrammes per kilogramme per day. 

Carcinogenic risk assessment  

The assessment of carcinogenic hazards 

involves the use of the incremental probability 

of an individual acquiring cancer throughout 

their lifespan due to exposure to a potential 

carcinogen. The cancer slope factors (SF) for 

cadmium (Cd), lead (Pb), and cobalt (Co) are 

6.3, 0.0085, and 9.8, respectively. The 

cumulative lifetime cancer risk (LCR) is 

quantified by aggregating the cancer risks 

associated with individual exposure pathways. 

The LCR (Lead and Copper Rule) value 

deemed acceptable or tolerable for regulatory 

purposes is 1×10−5, as stated by the United 

States Environmental Protection Agency in 

2012. To assess the non-cancer risk associated 

with each element (Pb, Cd, and Co) and 

exposure pathway, the corresponding reference 

dose (RfD) is utilised. This involves dividing 

each element and exposure pathway by their 

respective RfD values, resulting in the 

calculation of a hazard quotient (HQ). The 

cumulative hazards associated with non-cancer 

health effects, quantified as the hazard index 

(HI), are determined by summing the hazard 

quotients (HQs) as presented in Table 2. In 

cases where the Hazard Index (HI) surpasses a 

value of 1, there is a possibility of non-

cancerous adverse consequences occurring. 

This likelihood tends to escalate as the HI value 

grows. 

Table 2 presents a comprehensive overview of 

the HRA, encompassing both cancer and non-

cancer risks. While certain heavy metals, such 

as lead (Pb) and iron (Fe), are necessary for 

proper nutrition, in the context of HRA 

interpretation, the assessment of overall cancer 

risk, also known as cancer hazard, and the 

cumulative hazard quotient (HQ) for non-

cancer risk involved the combination of the 

hazard index (HI) for the heavy metals 

investigated in the sediment of the designated 

area. The ingestion pathway was shown to have 
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the highest contribution to both the total lifetime 

cancer risk (LCR) and hazard index (HI) values. 

This was followed by dermal contact, which 

was the second most significant pathway in 

terms of contribution to LCR and HI values.  

According to the obtained data, the average 

hazard index (HI) values for heavy metals were 

found to be less than 1, suggesting that there is 

no likelihood of non-cancerous harmful effects. 

The elements Pb, Cd, Co, and Fe exhibit a 

Hazard Index (HI) value more than 1 for all five 

elements, suggesting diverse pollution sources 

in the research area that are associated with 

heavy metal exposure and potential 

implications for human health.  
 

 

 

 

Figure 6 Potential ecological risk index (RI) of 

heavy metals in the study area. 

Disscution 

Pollution assessment models are employed to 

ascertain the magnitude and density of human-

induced pollutants that have been deposited 

onto soil (Nguyenet et al., 2023). The study 

area's CF results were comparable to those of 

Kusin et al. (2018). Using the pollution factor, 

it was possible to determine how much 

pollution a specific material in the sediment had 

caused. Indeed, the contamination factor (CF) 

and the value of the pollutant load index are less 

than 4, which means sites are polluted from 

medium to high (Ibrahim et al., 2018). 

When the PLI value is 0, the site quality 

is ideal; when it is one, there are just baseline 

levels of pollutants present; and when it is two 

or above, there is progressive site quality 

degradation. PLI values greater than 1 indicate 

pollution, while PLI values less than 1 show no 

pollution. Tokatlı et al. (2023), who examined 

the features of pollution and evaluated the 

health risks associated with possibly harmful 

substances in the sediments, concur that the PLI 

in the study region did not indicate any 

pollution in the study area. 

Table (2): Hazard quotient (HQ) and cumulative 

hazard index (HI) for non-carcinogenic risk. 

Fe Co Cd Cu Pb Site Pathway 

0.68 ND 0.042 0.00657 0.111 ADDing 

ws1 

0.039 ND 0.00242 0.00374 0.006 ADDdermal 

9.26E-06 ND 0.00117 1.86E-07 0.0003 
ADDinhalatio

n 

0.239 ND 0.0151 0.0034 0.0392 ADI average 

1.0271 ND 45.59 0.257 33.628 HI 

0.78 0.018 0.022 0.012 0.117 ADDing 

ws2 

0.044 0.00106 0.00126 0.00072 0.0067 ADDdermal 

1.21E-05 0.000226 0.000313 6.81E-07 0.0003 ADDinhalation 

0.2746 0.0064 0.0078 0.0042 0.061 ADI average 

1.177 0.964 23.573 0.3180 35.342 HI 

0.74 0.027 0.018 0.0084 0.092 ADDing 

ES1 

0.042 0.0015 0.0013 0.0004 0.0052 ADDdermal 

0.00001 0.00049 0.00021 2.85E-06 0.000235 ADDinhalation 

0.2606 0.0096 0.0064 0.0029 0.0325 ADI average 

1.117 1.45 19.24 0.2241 27.864 HI 

0.74 0.02 0.017 0.00622 0.097 ADDing 

ES2 

0.042 0.0011 0.001 0.00035 0.0055 ADDdermal 

0.000011 0.0002 0.000204 1.68E-07 0.000261 ADD nhalation 

0.260 0.0071 0.0061 0.0021 0.0342 ADI average 

1.117 1.069 18.214 0.1643 29.368 HI 

0.68 0.02 0.014 0.00363 0.076 ADDing 

ES3 

0.038 0.00118 0.00084 0.00021 0.0043 ADDdermal 

9.21E-06 0.000208 0.00014 5.63E-08 0.00015 ADDinhalation 

0.2393 0.00712 0.00499 0.00127 0.02682 ADI average 

1.0257 1.0694 14.988 0.0959 22.996 HI 

1.16 0.015 0.015 0.00674 0.086 ADDing 

SS1 

0.066 0.000877 0.000897 0.000384 0.00492 ADDdermal 

2.68E-05 0.00015 0.000159 1.95E-07 0.000203 ADDinhalation 

0.4086 0.0053 0.00535 0.0023 0.0303 ADI average 

1.7514 0.80135 16.056 0.1781 26.035 HI 

3.89 0.018 0.048 0.011 0.28 ADDing 

SS2 

0.22 0.00104 0.000927 0.00066 0.016 ADDdermal 

0.00029 0.0002 0.00017 5.47E-07 0.00221 ADDinhalation 

1.37009 0.0064 0.0163 0.0038 0.0994 ADI average 

5.87184 0.9628 49.097 0.2915 0.29821 HI 

4.63 0.02 0.014 0.013 0.085 ADDing 

SS3 

0.26 0.00119 0.000789 0.00076 0.00486 ADDdermal 

0.000422 0.000282 0.000121 7.73E-07 0.000201 ADD nhalation 

1.6301 0.0071 0.00497 0.0045 0.0301 ADI average 

6.986 1.0736 14.91 0.3442 25.731 HI 

If the value of DC is lower than n, the 

contamination level can be classified as minor. 

For values of DC between n and 2n, the 

contamination level can be considered 

moderate. If DC falls between 2n and 4n, the 

contamination level can be classified as 

considerable. Finally, if DC exceeds 4n, the 

contamination level can be categorised as very 

high. DC 5 denotes a state of pollution 

characterised by modest levels. On the other 

hand, DC 10 signifies a state of contamination 

with moderate levels. When the value of DC 

exceeds 10 but is less than 20, it suggests a state 

of contamination with considerable levels. 

Finally, when the value of DC surpasses 20, it 

signifies an exceedingly high degree of 

contamination. The variable n, with a value of 
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5, represents the quantity of heavy metals that 

were subjected to examination. The DC 

findings in the research region showed that the 

area is mildly contaminated, with an average 

value of 0.824, according to the study done by 

Hasaballah et al. (2021), According to 

Ayyamperumal et al. (2019), pollution levels 

for some sections of this study came from the 

oil industry, ship discharge of anti-fouling 

paints, and other human-caused sources such 

sewage discharge and industrial effluents . 
The utilisation of the enrichment factor 

has been extensively employed in evaluating 

the degree of enrichment factor and identifying 

the origins of pollution, as per the 

categorization proposed by Khan et al. (2023). 

The enrichment factor (EF) may be 

used to determine the amount of metal 

contamination present in sediment. 

Nevertheless, the biological and chemical 

mechanisms underlying the activity of EF 

remain elusive. However, EF may have the 

potential to provide insights into the possible 

origin of metals and metalloids by indicating 

their source location (Figure 3). After 

normalising using the element Fe, the EF for 

each heavy metal was computed in relation to 

the background values. (Hasaballah et al., 

2021). 

When evaluating and characterising 

metal contamination in sediments, the geo-

accumulation index (Igeo) is used to compare 

current concentrations with levels from before 

industrialization. The determination of the 

enrichment of metal concentration above the 

background or baseline concentration is 

accomplished through the utilisation of the geo-

accumulation index (Igeo). When a hazardous 

heavy metal's concentration was more than 1.5 

times that of the lithogenic background, the 

Igeo index was employed to assess the degree 

of metal deposition in the sediment. According 

to the study conducted by Kumar et al. (2023), 

the geo-accumulation index (Igeo) was 

categorised into seven distinct groups. The 

index of geoaccumulation (Igeo) is a numerical 

value that ranges from 0 to 6, with different 

classes assigned to specific ranges. Class 1 

represents an environment that is unpolluted to 

moderately polluted, while class 2 indicates a 

moderately polluted environment. Class 3 

signifies a strongly polluted environment, while 

class 4 also represents a strongly polluted 

environment. Class 5 indicates an environment 

that is strongly polluted to extremely polluted. 

Finally, class 6 is assigned to environments with 

an Igeo value greater than 5, indicating an 

extremely polluted condition. 

Using concepts from sedimentary 

theory, the potential ecological risk index (RI) 

was employed in this study to determine the 

degree of heavy metal sediment contamination. 

This score is meant to evaluate the ecological 

risk that comes with heavy metals in sediments. 

Since its creation by Hakanson in 1980, the 

potential ecological risk index has been 

extensively used to evaluate the level of heavy 

metal contamination in sediment. (Hasaballah 

et al., 2021). 

Tri represents the toxicity response 

factor associated with a certain substance, 

where the values for different materials are as 

follows: Ni = 5, Cd = 30, Pb = Cu = 5, Cr = 2, 

Zn = 1, and Mn = 1. On the other hand, Eir acts 

as a quantitative measure to identify the 

potential ecological risk that a particular 

pollutant poses. The contamination factor, often 

known as CIF, is a parameter used to quantify 

the level of contamination. (Devanesan et al., 

2017). 

Due to the presence of diverse 

behavioural and physiological factors, 

individuals may encounter exposure to 

chemicals present in environmentally 

contaminated media. Health Risk Assessment is 

a systematic procedure employed to ascertain 

the nature and probability of unfavourable 

health outcomes in human beings (Yanget al., 

2023). 

The slope factor (SF) is a parameter that 

converts an individual's incremental risk of 

developing cancer based on their projected 

daily intake of a toxic substance across their 

lifetime of exposure. According to the study 

conducted by Fernández-Caliani et al. (2019), 

In the context of cancer risks, the 

attributable dose (ADD) is multiplied by the 

matching slope factor (SF) in order to determine 

the magnitude of the cancer risk. The integrated 

risk information system (El-Emam, 2020) was 

used to figure out the slope factor (SF), the 

inhalation unit risk (IUR), the gastrointestinal 

absorption factor (ABSGI), and the dermal 

absorption factor (ABSd). 

The primary cause of contamination 

with these elements can be attributed to the 

existence of petroleum industries. The presence 

of multiple factors exceeding a certain threshold 

may suggest that the observed toxicity could 

potentially be attributed to the presence of 
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heavy metals. 

Conclusion 

Models of pollution assessment are utilised to 

ascertain the magnitude and density of human-

induced pollutants in soil. The contamination 

factor is used to assess the level of 

contamination resulting from a particular 

material inside sediment, with the highest 

values recorded for iron and lead. The pollutant 

load index (PLI) evaluates the sample's overall 

toxicity status, with values greater than 1 

indicating pollution. The degree of 

contamination (DC) is calculated using the CF 

values, with values ranging from minor to very 

high.Based on the analysis presented in the 

input, it can be concluded that the study region 

exhibits a minor degree of pollution based on 

the degree of contamination (DC) and a low 

potential for ecological harm based on the 

potential ecological risk index (RI) and the 

potential ecological risk index (Ei
r). The geo-

accumulation index (Igeo) categorizes the level 

of metal pollution in sediments, ranging from 

unpolluted to extremely polluted. According to 

(HRA), there is a possibility of both 

carcinogenic and non-carcinogenic 

consequences resulting from soil with heavy 

metals. In general, the presence of heavy metals 

in the area under study poses concerns not only 

to the health of humans but also to the health of 

the ecosystem. The pollution of these elements 

can be located in back mostly to industries 

related to the petroleum industries. 
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 الملخص العربي

تلوث التربة بالمعادن الثقيلة وتقييم مخاطر السمية المرتبطة به في أجدابيا والزويتينة،  عنوان البحث:  
 ليبيا

 2، دعاء حافظ الإمام4حسن أدريس حسن، 3أحمد ديده، 2محمد علي زيادة، 1محمد حامد بهنساوي

 الحيوان، كلية العلوم، جامعة دمياط، دمياط الجديدة، مصر. قسم 1
 ، دمياط الجديدة، مصر. العلوم البيئية، كلية العلوم، جامعة دمياطقسم 2
 . قسم علوم البيئة والموارد الطبيعية، جامعة عمر المختار، ليبيا3
 قسم الكيمياء، كلية العلوم، جامعة عمر المختار، ليبيا. 4

أحد  من  الكيميائية  المواد  إدخال  الناجمة عن  الإنسان  البيئة وصحة  على  المحتملة  الضارة  للآثار  شاملاً  تقييماً  الدراسة  تقدم هذه 

النماذج الرياضية المستخدمة لتقييم مؤشرات تم استخدام المجمعات البتروكيماوية الرئيسية في منطقتي أجدابيا والزويتينة الليبيتين. 

، ومؤشر   (PLI) ، ومؤشر حمل التلوث (DC) ، ودرجة التلوث(EF)، وعامل الإثراء   (CF) قيلة، مثل عامل التلوثالمعادن الث

 (Igeo).التراكم الجغرافي

أشارت نتائج الدراسة إلى أن مستويات المعادن الثقيلة في عينات الرواسب أظهرت التسلسل التالي: الحديد < الرصاص < الكوبالت  ف

الثقيل من خلال مقارنته بقيم الخلفية،    دناالمعلكل عنصر من عناصر   (EF) ثراءتم تحديد عامل الإكما  النحاس.  < الكادميوم <  

، أظهرت المعادن الثقيلة في الرواسب  (EFs) والتي تم تطبيعها باستخدام عنصر الحديد. استناداً إلى القيم المتوسطة لعوامل التخصيب

وقد وجد الحديد < الرصاص < الكادميوم < النحاس < الكوبالت، مرتبة من الأعلى إلى الأدنى.    الترتيب التنازلي التالي للتخصيب:

إلى عالية للغاية من الملوثات عبر محطات مختلفة داخل منطقة الدراسة. علاوة على ذلك،    عاليةيظهر مستويات  الحديدعنصر ان 

 (Cu) النحاس < (Co) الكوبالت < (Pb) الرصاص < (Fe) الحديد  أيضًا بالترتيب التالي:  مؤشر التراكم الجغرافي شوهدت قيم

وفقا لتقييم المخاطر الصحية، هناك احتمال حدوث عواقب مسرطنة وغير مسرطنة ناتجة عن التلوث بالمعادن و.  (Cd) الكادميوم <

 . الثقيلة في تربة منطقة الدراسة

 


