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ABSTRACT 

	Aims: This study determines the heavy metal impacts on roadside soils and its potential health hazards in Eket, Akwa Ibom State, Nigeria. 
Background: Roads affect natural environment to a large extent because automobile act as line sources of heavy metal pollutants. Emission from heavy traffic have been reported to contain Pb, Cd, Zn and Ni which are present in fuel as anti-knock agent. Heavy metals in the soil can also generate airborne particles and dust which may affect the quality of air. Inhalation of substantial quantities of heavy metal particle over period of time may add to human body burden of the metals and constitute health risk.

Methodology: Roadside soil samples were collected from Mobile Matt (MM), Marina Junction (MJ), Uqua Junction (UJ) and Fongetok Junction (FJ) in Eket, a city in Akwa Ibom State of Nigeria and analysed using Atomic Absorption Spectrophotometer. Risk assessment quantification was calculated including potential ecological risk index Eri, health risk assessment, non-carcinogenic risk assessment and carcinogenic risk assessment. The concentrations of heavy metal were applied to assess the adult and children’s health risks both carcinogenic and non-carcinogenic. Hazard quotient (HQ) calculated to determine non-carcinogenic health risk for each individual heavy metal element.
Results: The findings revealed that Eri is divided into three main categories, low, high and very high risk at the four sampling junctions in the study area. High and very high risk is due to high Potential Ecological Risk Index Eri of Cd 252.6 at MJ, 408 at UJ, 259.8 at FJ and 301.2 at MM. Risk index RI is also divided into considerable and high risk. High RI is due to high values of Eri caused by Cd and Pb at different sampling junctions. Heavy metals pose no harmful effect on both adult and children's health as HI  1. The LCR for ingestion, inhalation and dermal contact for adults and children resulted from Pb and Cd. For Cd, LCR is within the threshold value of 1 × 10-6 – 1 × 10-4 which is widely considered acceptable except at MJ adult is 1 × 10-7. For Pb, LCR is in the range of 1 × 10-4 which is considered to have significant health effects on adults and children. 
Conclusion: It is therefore expedient that measures to combat further contamination of soil by Cd and Pb be taken to keep the environment clean and safe for humans.                                  
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1. INTRODUCTION 
“Heavy metals are metallic chemical elements that have relatively high density and are toxic even at low concentrations. Through anthropogenic influence, geochemical and biochemical life span of most heavy metals are altered and pose negative effect to humans and environment as a result of their persistence, toxicity, biological accumulation and bio-magnification nature” (Nduka et al., 2023; Awoyemi et al., 2025). “Roads serve as the main linkage among communities through which foods and other important commodities are transported. It is one of the important amenities that plays a key role in improving social and economic activities. Nevertheless, road transport may result in heavy metal pollution, particularly on soils. Research reports have shown that roadside soils may be contaminated from industrial and energy production, vehicle exhaust, waste disposal as well as coal and fuel combustion” [1]. “Roads affect the natural environment to a large extent because automobiles act as line sources of heavy metal pollutants” [2]. “Roadside soil pollution in these studies may attributed to traffic. Thus, emissions from heavy traffic are a global phenomenon. The terrestrial environments act as sink for accumulation of these contaminants. Atmospheric particulates loaded with heavy metals are deposited on the roadside soil, water and dust through emissions from vehicular traffic, construction of road work, worn out fragments from buildings, rusting of galvanized metal structures and particle suspensions to the air from tyre and other automobile components” (Nduka et al., 2023; Ayaz et al., 2023). 
“Heavy metals frequently reported in literature with regard to potential hazards and occurrences in contaminated soils are Cd, Cr, Pb, Zn, Fe and Cu” [3, 4]. “Emissions from heavy traffic have been reported to contain Pb, Cd, Zn and Ni which are present in the fuel as anti-knock agent”[5, 6]. “Vehicle exhausts, as well as industrial activities, emit heavy metals such that soils, plants and even residents along roads with heavy traffic loads are subjected to increasing levels of contamination with heavy metals” [7]. “Soils are critical in assessing the potential environmental impacts of automobile emissions and several researchers have indicated the need for a better understanding of heavy metal pollution of roadside soils [8, 9]. In Nigeria, over the years, the number of vehicles plying roads kept on increasing as more heavy trucks and trailers were being used for the transportation of goods across different zones because rail system was abandoned. In developing countries like Nigeria, improved road accessibility creates a variety of ancillary employment which ranges from vehicle repairs, vulcanizer and welders to auto-electricians, battery chargers and dealers in other facilitators of motor transportation. These activities send the heavy metals into the air and are subsequently deposited into nearby soils which are absorbed by plants” [10, 11]. “Heavy metals in the soil can also generate airborne particles and dust which may affect the quality of air. Inhalation of substantial quantities of heavy metal particles over period of time may add to the human body burden of the metals and constitute a health risk. Among the numerous environmental pollutants, heavy metals play an important role as its concentrations in soil, water and air are continuously increasing due to anthropogenic activities” [12]. “With rapid urbanization and the overexploitation of mineral resources, many heavy metals enter the soil. Heavy metals in soil do not easily degrade, and they accumulate in the food chain, potentially causing serious harm to human health” (Panqing et al., 2023; Mohamed AND Yarmoshenko, 2020).
“Although there are a number of studies on heavy metals in roadside dust. However, research reports on health risk assessment quantification on roadside dust is scarce. Health risk assessment of heavy metals will make known the pollution level of soil and planning the management strategy accordingly” [13]. “The increasing accumulation of heavy metals in both  soils  and plants  has  raised  concerns  about  potential  risks to    human    health,    particularly    through    the consumption    of    contaminated    food.    Food poisoning stands out as a predominant  route  for these  hazardous  chemicals  to  enter  the  human body” (Tripathi et al., 2024). The aims of this study were to assess the likely potential risk index of individual heavy metal (Eri) and the potential ecological risk index (RI) imposed by heavy metals and the health impact that metals in the roadside soil represent in one of the emerging cities of the Niger Delta Region of Nigeria.

2. material and methods 

2.1 Location and Climate of the Study Area 
The study area was Eket Local Government Area of Akwa Ibom State, Nigeria. Eket is situated between Latitudes 4 33’ and 4 45’ and Eastwards between Longitudes 7 52’ and 5 02’. Eket has tropical climate marked by two distinct seasons; dry (November - March) and wet (April – October) season. The wet season is usually interrupted by a short dry period in August. The temperature of Eket ranges from  and precipitation averages 3044mm.

2.2 Sample Collection and Analysis
Surface soils were collected in polythene bags from four road junctions in Eket city including, Mobile Matt (MM), Marina Junction (MJ), Uqua Junction (UJ) and Fongetok Junction (FJ). These locations were selected based on the magnitude of traffic and human activities within these locations. The collected soil samples were taken to the laboratory for heavy metals analyses. Atomic Absorption Spectrophotometer was used to analyse heavy metals including Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn.
 

2.3 Heavy Metal Risk Assessment 

2.3.1. Potential Ecological Risk Index  
The toxicity and ecological hazards posed by heavy metals as proposed by [14] and first reported by [15] used to determine the potential risk of individual heavy metals on road side soils, Equation (1) as follows:

		Eri = Cri × Tr i = (Cis/Cin) × Tir			(1)

Where; Tir is the toxic-response factor for a single heavy metal contamination and was taken as, 1 for Zn, 5 for Cu and Pb, and 30 for Cd as suggested by [16, 17]. Cir is an index for contamination of a given heavy metal, Cis is the present concentration of heavy metal in road site soil and Cin is the reference value of heavy metal in the soil. The reference values of the average shale in the urban environment used in this work are from [18]. These values are: 35.1 mg kg−1 for Cu, 0.5 mg kg−1 for Cd, 17 mg kg−1 for Pb, 59.9 mg kg−1 for Zn and 13.2 mg kg−1 for Ni. The sum of potential individual risks (Eir) is the potential ecological risk index (RI) and was calculated using Equation (2), which is defined as:

		RI = ∑ Eri = ∑ Tr i (Cis/Cin) 			(2)
	
The potential ecological hazard and the risk criteria, as resulted in heavy metal accumulation in the soil, are classified into risk categories and given in Table 1.

Table 1. Classification of Potential Ecological Risk Index (Eir) and Risk index (RI)
	EiR 
	Risk classification
	RI
	Risk classification 

	EiR < 40 
	Low risk
	RI < 50
	Low risk

	40 ≤ EiR < 80
	Moderate risk
	50 ≤ RI < 200
	Moderate risk

	80 ≤ EiR < 160
	Considerable risk
	200 ≤ RI < 300
	Considerable risk

	160 ≤ EiR < 320
	High risk
	RI ≥ 300
	High risk

	EiR ≥ 320
	Very high risk
	
	



2.3.2 Health Risk Assessment 
Human beings are exposed to heavy metals in soil/dust in three key pathways [19, 20, 21]: (1) ingestion (Ding); (2) inhalation (Dinh); and (3) dermal contact [22, 23]. The health risks via the three pathways were detected using Equations (3–5):
			(3)
			(4)
		(5)
where C is the concentration of heavy metal in roadside soil (mg/kg), RIng is the ingestion rate (mg/day), ED is the exposure duration (years), EF is the exposure frequency (days/year), AT is the averaging time, BW is the average body weight (kg), (days), RInh is the inhalation rate (mg/cm2), PEF is the particle emission factor (m3/kg), AF is the skin adherence factor for soil (mg/cm2-day), SA is the surface area of the exposed skin that is in contact with the sample (cm2), and ABS is the dermal absorption factor (unit-less). Exposure factors used in the non-carcinogenic Risk Ddermal estimate are given in Table 2.

Table 2. Exposure Variables used in Non-Carcinogenic Exposure Ddermal Assessment [24]
	IngR 
	100 mg/day (adult), 200 mg/day (children)

	EF
	180 days

	ED
	24 years (adult), 6 years (children)

	BW
	70 kg (adult), 15 kg (children)

	AT 
	365 × ED adult/children

	InhR
	20 mg/cm2

	PEF
	1.36 × 109 m3/kg

	SA 
	2145 cm2 event−1 (adult), 1150 cm2 event−1 (child)

	AFsoil 
	0.07 mg cm−2 day−12 (adult), 0.2 mg cm−2 day−1 (child)

	ABS
	0.001



2.3.3 Non-Carcinogenic Risk Assessment
The concentrations of heavy metal were applied to assess the adult and children’s health risks both carcinogenic and non-carcinogenic. Hazard quotient (HQ) calculated to determine non-carcinogenic health risk for each individual heavy metal element are as described in Equation (6) [16]. 
				(6)
Where RFD reflects the chronic reference dose for each heavy metal (mg/kg-day) as given in Table 3 [20].
Table 3. Reference Dose RFD (mg/kg-day) for each Heavy Metal
	Heavy metal
	RfD (mg/kg/day)

	Cu
	0.0371

	Pb
	0.0035

	Zn
	0.3

	Ni
	0.91

	Cd
	0.001



A risk index (HI) was calculated to measure the risk of carcinogenic health effects posed by heavy metal. HI is the sum of three major pathways’ hazard quotient as shown in Equation (7) [21]: 
			 (7)

The values of HI are classified into two categories. When HI < 1 is no harmful effect to the health, while HI > 1 there is a potential for adverse effects on health.

2.3.4 Carcinogenic Risk Assessment

The lifetime cancer risk (LCR) was estimated to determine the health risk for carcinogenic heavy metal by calculating the cumulative life cancer risk rating using Equation (8) for each exposure pathway:
 
		(8)

Where, CR is the cancer risk and SF is the slope factor for carcinogenicity (by mg / kg day) was presented by [22]. For the related heavy metals Cd and Pb the SF values are 6.3, and 0.0085 mg/kg/day respectively [22]. In overall, the acceptable threshold value of LCR 1 × 10−4 is considered to have significant health effects while LCR of 1 × 10−6 to 1 × 10−4 is widely considered acceptable, and LCR below 1 × 10−6 is regarded as negligible [23].

3. results and discussion

3.1.1. Potential ecological risk index
Table 4 presents the calculated potential individual risk (Eri) of the heavy metals and the potential ecological risk index (RI). Relating Table 1 and 4, Eri is divided into three main categories; low, high and very high risk at the four sampling junctions in the study area. High and very high risk was due to high Eri of Cd of 252.6, 408, 259.8, and 301.2 at MJ, UJ, FJ, and MM respectively. RI according to Table 1, is divided into considerable and high risk. High RI is due to high values of Eri at different sampling junctions.

Table 4. Ecological risk assessment of heavy metals in road side soil
	Heavy metals
	MJ
	UJ
	FJ
	MM

	Cd
	252.6
	408
	259.8
	301.2

	Cu
	1.574
	2.165
	1.513
	1.712

	Ni
	12.880
	10.824
	9.421
	8.826

	Pb
	0.210
	0.205
	0.224
	0.212

	Zn
	10.451
	7.895
	7.747
	6.449

	Risk Index (RI) = ∑ Eri 
	277.715
	429.089
	278.089
	6.449



3.1.2 Health risk assessment
Table 5 presents the calculated three main pathways of human exposure to heavy metals on roadside soil, via ingestion, inhalation and dermal contact pathways. Table 6 presents the hazard quotient (HQ) calculated to determine non-carcinogenic health risk for each heavy metal. Table 7 presents the risk index (HI) calculated to measure the risk of carcinogenic health effects posed by heavy metals. Table 8 presents the life cancer risk (LCR) calculated to determine the health risk for carcinogenic heavy metals. According to Table 9, heavy metals posed no harmful effect on both adult and children health as HI  1. The LCR for ingestion, inhalation and dermal contact for adults and children resulted from Pb and Cd. For Cd, LCR was within the threshold value of 1 × 10-6 – 1 × 10-4 which is widely considered acceptable except at MJ adult was 1 × 10-7. For Pb, LCR was in the range of 1 × 10-4 which is considered to have significant health effects on adults and children. However, it is imperative to pay attention to possible health risks due to exposure of adult and children to high concentrations of Cd and Pb on roadside soil. 

Table 5 Human exposure pathways to heavy metals via ingestion (Ing), inhalation (Inh) and dermal contact pathways
	Parameters
	MJ (DIng)
	UJ (DIng)
	FJ (DIng)
	MM (DIng)

	
	Adult
	Children
	Adult
	Children
	Adult
	Children
	Adult
	Children

	Cd
	2.97E-6
	2.79E-5
	4.79E-5
	4.51E-5
	3.05E-5
	2.87E-5
	3.54E-5
	3.33E-5

	Cu
	7.79E-6
	7.33E-5
	1.07E-5
	1.01E-4
	7.48E-5
	7.04E-5
	1.66E-5
	7.97E-5

	Ni
	1.96E-5
	1.84E-4
	1.48E-5
	1.39E-4
	1.45E-5
	1.37E-4
	1.21E-5
	1.14E-4

	Pb
	3.09E-5
	2.90E-4
	2.59E-5
	2.44E-4
	2.26E-5
	2.12E-4
	2.11E-5
	1.99E-4

	Zn
	8.67E-6
	8.15E-5
	9.86E-5
	9.24E-5
	9.45E-5
	8.89E-5
	8.93E-5
	8.41E-5

	
	MJ (DInh)
	UJ (DInh)
	FJ (DInh)
	MM (DInh)

	Cd
	4.45E-10
	2.06E-9
	7.14E-10
	3.33E-9
	2.27E-10
	1.06E-9
	5.27E-10
	2.47E-9

	Cu
	1.16E-9
	5.41E-9
	1.59E-9
	7.45E-9
	1.11E-9
	5.20E-9
	1.26E-9
	5.89E-9

	Ni
	2.92E-9
	1.36E-8
	2.20E-9
	1.02E-8
	2.16E-9
	1.01E-8
	1.80E-9
	8.40E-9

	Pb
	4.60E-9
	2.15E-8
	3.86E-9
	1.80E-8
	3.36E-9
	1.57E-8
	3.15E-9
	1.47E-8

	Zn
	1.29E-9
	6.03E-9
	1.47E-9
	6.86E-9
	1.40E-9
	6.57E-9
	1.33E-9
	6.21E-9

	
	MJ (Ddermal)
	UJ (Ddermal)
	FJ (Ddermal)
	MM (Ddermal)

	Cd
	4.45E-9
	3.20E-8
	7.19E-9
	5.18E-8
	4.58E-9
	3.30E-8
	2.95E-11
	3.82E-8

	Cu
	1.16E-8
	8.42E-8
	1.60E-5
	1.15E-7
	1.12E-8
	8.09E-8
	1.27E-8
	9.16E-8

	Ni
	2.94E-8
	2.11E-7
	2.22E-8
	1.60E-7
	2.18E-8
	1.57E-7
	1.81E-8
	1.30E-7

	Pb
	4.63E-7
	3.33E-7
	3.89E-8
	2.80E-7
	3.38E-8
	2.44E-7
	3.17E-8
	2.28E-7

	Zn
	1.30E-8
	9.37E-5
	1.48E-8
	1.06E-7
	1.41E-8
	1.02E-7
	1.34E-8
	9.66E-8



Table 6. Hazard quotient (HQ) calculated to determine non-carcinogenic health risk for each individual heavy metals
	Parameters
	MJ (HQIng)
	UJ (HQIng)
	FJ (HQIng)
	MM (HQIng)

	
	Adult
	Children
	Adult
	Children
	Adult
	Children
	Adult
	Children

	Cd
	2.96E-3
	2.79E-2
	4.79E-3
	4.5E-2
	3.05E-3
	2.87E-2
	3.54E-3
	3.33E-2

	Cu
	2.10E-4
	1.97E-3
	2.89E-4
	2.72E-3
	2.02E-4
	2.61E-5
	4.48E-4
	2.15E-3

	Ni
	2.15E-5
	2.03E-4
	1.63E-5
	1.50E-4
	1.59E-5
	1.24E-4
	1.32E-5
	1.25E-4

	Pb
	8.81E-3
	8.30E-2
	7.41E-3
	6.97E-2
	6.45E-3
	7.43E-6
	6.04E-3
	5.68E-2

	Zn
	2.88E-5
	2.72E-4
	3.29E-5
	3.09E-4
	3.15E-5
	2.96E-4
	2.98E-5
	2.80E-4

	
	MJ (HQInh)
	UJ (HQInh)
	FJ (HQInh)
	MM (HQInh)

	Cd
	4.45E-7
	2.06E-6
	7.14E-7
	3.33E-6
	2.27E-7
	1.06E-6
	5.27E-7
	2.47E-6

	Cu
	3.12E-8
	1.46E-7
	4.30E-8
	2.00E-7
	3.00E-8
	1.40E-7
	3.40E-8
	1.58E-7

	Ni
	3.20E-9
	1.49E-8
	2.42E-9
	1.13E-8
	2.37E-9
	1.11E-8
	1.97E-9
	9.23E-9

	Pb
	1.31E-6
	6.13E-6
	1.10E-6
	5.15E-6
	9.61E-7
	4.48E-6
	9.00E-7
	4.20E-6

	Zn
	4.30E-9
	2.01E-8
	4.92E-9
	2.28E-8
	4.69E-9
	2.19E-8
	4.43E-9
	2.07E-8

	
	MJ (HQdermal)
	UJ (HQdermal)
	FJ (HQdermal)
	MM (HQdermal)

	Cd
	4.45E-6
	3.20E-5
	7.19E-6
	5.18E-5
	4.58E-6
	3.30E-5
	2.95E-8
	3.82E-5

	Cu
	3.15E-7
	2.27E-6
	4.33E-8
	3.12E-6
	3.02E-7
	2.18E-6
	3.42E-7
	2.47E-6

	Ni
	3.23E-8
	2.32E-7
	2.44E-8
	1.75E-7
	2.39E-8
	1.72E-7
	1.99E-8
	1.43E-7

	Pb
	1.32E-5
	9.54E-5
	1.11E-5
	8.01E-5
	9.68E-6
	2.68E-7
	9.06E-6
	6.53E-5

	Zn
	4.33E-8
	3.12E-7
	4.93E-8
	3.55E-7
	4.72E-8
	3.40E-7
	4.47E-8
	3.22E-7



Table 7. Risk index (HI) calculated to measure the risk of carcinogenic health effects pose by heavy
	 
	MJ (HI)
	UJ (HI)
	FJ (HI)
	MM (HI)

	
	Adult
	Children
	Adult
	Children
	Adult
	Children
	Adult
	Children

	Cd
	2.96E-3
	2.73E-2
	4.79E-3
	4.51E-2
	3.05E-3
	2.87E-2
	3.59E-3
	3.33E-2

	Cu
	2.10E-4
	1.97E-3
	2.80E-4
	2.72E-3
	2.02E-3
	2.18E-2
	4.48E-4
	2.15E-3

	Ni
	2.15E-5
	2.00E-4
	1.63E-5
	1.50E-4
	1.59E-5
	1.20E-4
	1.33E-5
	1.20E-4

	Pb
	8.82E-3
	8.31E-2
	7.42E-3
	6.97E-2
	6.45E-3
	1.21E-5
	6.04E-3
	5.68E-2

	Zn
	2.88E-5
	2.70E-4
	3.29E-5
	3.00E-3
	3.15E-5
	2.96E-4
	2.98E-5
	2.80E-4



Table 8. Life cancer risk (LCR) calculated to determine the health risk for carcinogenic heavy metals.
	Parameters
	MJ (LCRIng)
	UJ (LCRIng)
	FJ (LCRIng)
	MM (LCRIng)

	
	Adult
	Children
	Adult
	Children
	Adult
	Children
	Adult
	Children

	Cd
	4.71E-7
	4.42E-6
	7.60E-6
	7.15E-6
	4.84E-6
	4.55E-6
	5.61E-6
	5.28E-6

	Pb
	3.63E-3
	3.41E-2
	3.04E-3
	2.87E-2
	2.65E-3
	2.49E-2
	2.48E-3
	9.89E-3

	
	MJ (LCRInh)
	UJ (LCRInh)
	FJ (LCRInh)
	MM (LCRInh)

	Cd
	7.06E-11
	3.27E-10
	1.13E-10
	5.29E-10
	3.60E-11
	1.68E-10
	8.36E-11
	3.92E-10

	Pb
	5.41E-7
	2.52E-6
	4.54E-7
	2.12E-6
	3.95E-7
	1.84E-6
	3.70E-7
	1.73E-6

	
	MJ (LCRdermal)
	UJ (LCRdermal)
	FJ (LCRdermal)
	MM (LCRdermal)

	Cd
	7.06E-10
	5.09E-9
	1.14E-9
	8.22E-9
	7.26E-10
	5.23E-9
	4.68E-12
	6.07E-9

	Pb
	5.45E-5
	3.92E-5
	4.57E-6
	3.30E-5
	3.98E-6
	2.87E-5
	3.73E-6
	2.69E-5

	
	LCR = LCR ing  + inh + dermal
	LCR = LCR ing + inh + dermal
	LCR = LCR ing  + inh + dermal
	LCR = LCR ing  + inh + dermal

	Cd
	4.71E-7
	4.37E-5
	7.60E-6
	7.16E-6
	4.84E-6
	4.56E-6
	5.61E-6
	5.29E-6

	Pb
	3.68E-3
	3.41E-2
	3.00E-3
	2.87E-2
	2.65E-3
	2.49E-2
	2.48E-3
	9.91E-3




4. Conclusion

This study showed the presence of heavy metals including Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in roadside soil samples taken from various sample locations. Eri is divided into three main categories, low, high and very high risk at the four sampling junctions in the study area. Heavy metals pose no harmful effect on both adult and children health as HI  1. The LCR for ingestion, inhalation and dermal contact for adult and children resulted from Pb and Cd. For Cd, LCR is within the threshold value of 1 × 10-6 – 1 × 10-4 which is widely considered acceptable except at MJ adult is 1 × 10-7. For Pb, LCR is in the range of 1 × 10-4 which is considered to have significant health effects on adults and children. However, it is imperative to pay attention to possible health risks due to exposure of adults and children to high concentrations of Cd and Pb on roadside soil in the study area. Therefore, immediate counter measures to reduce Cd and Pb contamination in roadside soil within the study area should be taken. Also, value-added traffic flows through good road constructions that could lead to improved fuel efficiency and better engine performance, thus reducing volume of vehicles wearing and tearing and idling traffic should be applied.
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