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ABSTRACT 

	This study assessed the level of contamination of selected heavy metals (HMs), including Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn at four designated sampling locations: SP1, SP2, SP3 and SP4 in Eket, a city in Akwa Ibom State of Nigeria. Roadside soil specimens were gathered from these sites to form a composite sample. Standard method was used to analyze each soil sample, while the contamination levels of individual and combined HMs in soils were assessed by contamination factor (CF), geo-accumulation index (Igeo), degree of contamination index (CDI), and pollution load index (PLI). The results revealed that all the HMs, except Cd, did not pose any environmental risk at all the sites, as CF and Igeo values for these metals were less than one respectively. However, Cd showed varying degrees of contamination across the sites, with a moderate environmental risk at SP2 and SP4, and a very strong environmental risk at SP1 and SP3. The combined effect of the HMs, as assessed by the CDI and PLI, showed differences, while CF and Igeo values for individual HMs were similar. The overall contamination at the sites, based on CDI, ranked as SP3. The results suggest possible health risks for the populace in these vicinities due to Cd exposure and recommend further investigation into the health risks associated with Cd in the region.                  
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1. INTRODUCTION 
Roadside soil pollution sources may be natural or anthropogenic. Natural sources may include increased dust storms as the wind blows dust into the environment. Anthropogenic sources include road construction and automobile activities, including leaks from car lubricants as well as wear and corrosion of vehicle components. 
One of the most important environmental problems initiated by anthropogenic activities such as urban road construction is the release of heavy metals. Emissions from heavy traffic have been reported to contain heavy metals like Pb, Cd, Zn, and Ni, which are present in the fuel as anti-knock agent (Suzuki et al., 2008; Atayese et al., 2009). 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 (Ghrefat and Yusuf, 2006).
The presence of heavy metals has been considered useful indicators for contamination in surface soil, sediment, and dust environments (Ubwa, 2003). These metals are bio-accumulative, and there is a possibility that they can reach a critical level and threatened human health (Censi et al., 2006). Children are more likely to ingest significant quantities of dust than adults because of the behavior of mouthing non-food objects and repetitive hand and finger sucking (Bargagli, 1998). Studies have also shown that children have higher absorption rate of trace metals from the digestive system and higher hemoglobin sensitivity to trace metals than adults. Children are more vulnerable to heavy metals toxicities than adults. Studies have been conducted on street dust near places where children play since they are more sensitive to contaminant-bearing dust (Meza-Figueroa et al., 2006). Nta et al. (2025) reported that it is imperative to pay attention to possible health risks due to exposure of adults and children to high concentrations of Cd and Pb in roadside soil. However, there is a need for the evaluation of roadside soils, especially for newly developing cities. This study aimed to evaluate the extent of heavy metal contamination in roadside soil in one of the emerging cities of southern Nigeria using contamination indices.





2. material and methods 

2.1 Study Area 
The study area was Eket, an emerging city in Akwa Ibom State, Nigeria. Eket is situated between latitudes 4 33’ and 4 45’ and eastwards between longitudes 7 52’ and 5 02’. Figure 1 is map of Eket Local Government Area, Akwa Ibom State, Nigeria.
Eket is one of the 31 local government areas in Akwa Ibom State, Nigeria. The name Eket or Ekid also refers to the indigenous people of the region who are the Ibibio people of the southern part of Ibibio land and to their dialect which is Ekid. The Eket people use the endonym Ekid for themselves and their language, but Europeans spell and pronounce the name as "Eket".
Apart from being a local government area in Akwa Ibom State, Eket is one of the three geopolitical zones in the state. The geopolitical zones are Uyo senatorial district, Ikot Ekpene senatorial district and Eket senatorial district.
The town itself is an industrial city that in recent years has become a conurbation joining together separate villages. The Office of the Surveyor-General of Akwa Ibom State estimates the area of the Eket Local Government Area to be approximately 176.000 square Km while the 2006 National Census gives the population of the Local Government Area as 172,856  (National Bureau of Statistics. Retrieved June 19, 2021). However, the Akwa Ibom State Ministry of Economic Development gives the 2013 estimated population of the Eket Local Government Area as given as 218,438 with a population density of 1,241/square Km.
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Fig 1 Map of Eket Local Government Area, Akwa Ibom State

2.2 Climate of Eket
Eket experiences tropical weather conditions. In Eket, there is heavy rainfall every year. The Köppen and Geiger classification for this climate is Af. According to the information available, the mean annual temperature recorded in Eket is 25.9 °C | 78.6 °F. Every year, there is about 3675 mm | 144.7 inch of rainfall. Eket has a mild climate, and summers are difficult to pin down. January, February, March, April, May, November, and December are the ideal months to travel (Eket Climate 2023).

2.3 Sample Collection and Analysis
Soil samples were collected in polythene bags from four designated sampling locations SP1, SP2, SP3 and SP4 in Eket City. The heavy metals were analyzed for Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn. The method Developed by (Lindsay and Norvell 1978) using DTPA extractant (Diethylene triamine penta acetic acid) was followed for the estimation of Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn. 



2.4 Heavy Metal Contamination Assessment 
The contaminations level of heavy metals in road side soils were evaluated by contamination indices. Contamination factors (Cf), the degree of contamination (Cd), the pollution load index (PLI) and Geo-accumulation index (I-geo) were used. Cf and Cd were calculated as suggested by Håkanson (1980) through the formulas as in Table 1:
Where; Cs is the measured concentration of the examined metal in the road side soil and Cb is the geochemical background concentration or reference value of the metal or the background value of heavy metals in the uncontaminated soil (Khairy et al., 2011). Håkanson (1980) suggested four classes of Cf to evaluate the metal contamination levels as shown in Table 1. Four categories of Cd as suggested were used to evaluate metal contamination levels (Table 1). If the Cd value exceeds 20, then it is necessary to take immediate counter measures to reduce heavy metal contamination in the soil. In addition, each site was evaluated for the extent of metal pollution by employing the method based on the pollution load index (PLI) developed by Thomilson et al. (1980), as in Table 1:
Where; n is the number of metals studied and Cf is the contamination factor calculated as described using equation as presented in Table 1. The PLI provides simple but comparative means for assessing a site quality. The rank of values of PLI and its implication is shown in table 1 (Thomilson et al., 1980).
Geo-accumulation index (I geo)
The geo-accumulation index (I geo) is defined as enrichment of metal concentration above baseline concentrations was calculated using the method proposed by Muller (1969). This method assesses the metal pollution in terms of seven (0 to 6) enrichment classes ranging from background concentration to very heavily polluted, as shown in Table 1. The factor, 1.5 introduced in the equation was to minimize the effect of possible variations in the background values, Cb, which may be attributed to lithogenic variations in soils. The seven proposed descriptive classes for I geo values are given in Table 1 (Muller, 1969).
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	 Contamination indices (CI)
	Models
	Values
	Degree of Contamination
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	Low
Moderate
Considerable 
Very high
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	Low
Moderate
Considerable
Very high
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	Perfection
Base line level of pollution 
Deterioration of site quality
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	Uncontaminated 
Uncontaminated to moderately contaminated 
Moderately contaminated
Moderately to strongly contaminated
Strongly contaminated
Strongly to extremely contaminated
Extremely contaminated




3.0 Results and Discussion 

3.1 Heavy Metals Characterization 
Table 2 showed the range of Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in soil as follows: 4.21-6.80, 4.94-7.38, 10.62-15.20, 1022.00-9055.16, 210.80-316.5, 17.15-27.80, 30.01-43.80, and 12.30-14.80 mg/kg, respectively. All of these metals were below the World Health Organization (WHO) target value of uncontaminated soil except Cd that exceeded the target value of uncontaminated soil (WHO 1996). Cd concentrations ranges from 4.21 mg/kg to 6.8 mg/kg in the study area. The Cd concentrations were higher than those reported by previous works (Ogundele et al., 2015). High Cd concentration in this study may be as a result of fossil fuels combustion such as oil and incineration of municipal waste such as plastics which may suggests potential environmental and health risk.  

Table 2: Concentrations of the Heavy Metals Measured in Road Site Soils in Eket
	Heavy Metals 
	SP1
(mg/kg)
	SP2
(mg/kg)
	SP3
(mg/kg)
	SP4
(mg/kg)
	WHO Target value of soil mg/kg

	Cd
	5.02
	4.21
	6.80
	4.33
	0.8

	Cr
	4.94
	7.38
	5.63
	6.17
	100

	Cu
	12.02
	11.05
	15.20
	10.62
	36

	Fe
	9055.16
	8075.10
	1022.00
	9011.11
	50,000

	Mn
	297.38
	210.80
	316.5
	305.19
	2,000

	Ni
	17.15
	27.80
	21.00
	20.61
	35

	Pb
	30.01
	43.80
	36.80
	32.03
	85

	Zn
	12.68
	12.30
	14.80
	13.41
	50














3.2 Determination of environmental risk potential of heavy metals in roadside soil 
Tables 3 and 4 presents a summary of the CF and Igeo indices for each heavy metal. Comparing the CF values of Table 3 which was calculated to quantify the degree of contamination relative to either average crustal composition of a respective metal or to measured background values from geologically similar and uncontaminated area and the description of contamination level in Table 1. All the study locations showed low environmental risk potential for all heavy metals except Cd, with their CF values being less than one (). Whereas Cd presents considerably high environmental risk at SP2 and SP4 with and very high environmental risk at SP1 and SP3 with . 

Table 3: Contamination Factors (CF) for Heavy Metals Collected in the Roadside Soils for each Sampled Locations
	Heavy metals
	SP1
	SP2
	SP3
	SP4

	Cd
	6.275
	5.2625
	8.5
	5.4125

	Cr
	0.0494
	0.0738
	0.0563
	0.0617

	Cu
	0.3339
	0.3069
	0.4222
	0.295

	Fe
	0.1811
	0.1615
	0.0204
	0.1802

	Mn
	0.1487
	0.1054
	0.1583
	0.1526

	Ni
	0.49
	0.7943
	0.6
	0.5889

	Pb
	0.3531
	0.5153
	0.4329
	0.3768

	Zn
	0.2536
	0.246
	0.296
	0.2682



Similar to the CF values description, the geo-accumulation index (1geo) values of all the heavy metals under consideration except Cd were less than zero () (Table 4). This indicates that these metals did not pose any threat of contamination (Table 1) at the four locations. However, the Igeo value of Cd ranged between 1.8108 - 2.5025 an indication that Cd poses moderate to strong contamination level. Moderate contamination at locations SP2 and SP4 while strong contamination locations were at SP1 and SP3. This is similar to the CF values description for SP2 and SP4 as well as SP1 and SP3.

Table 4: Geo-accumulation Index (I-geo) of Heavy Metals Collected in the Roadside Soils for each Sampled Locations
	Heavy metals
	SP1
	SP2
	SP3
	SP4

	Cd
	2.064653
	1.8108
	2.5025
	1.851333

	Cr
	-4.92431
	-4.3452
	-4.73568
	-4.60355

	Cu
	-2.16752
	-2.28891
	-1.82889
	-2.34618

	Fe
	-3.05008
	-3.21534
	-6.19742
	-3.05711

	Mn
	-3.33458
	-3.83102
	-3.24469
	-3.29718

	Ni
	-1.61411
	-0.91723
	-1.32193
	-1.34897

	Pb
	-2.08698
	-1.54149
	-1.79272
	-1.993

	Zn
	-2.56434
	-2.60823
	-2.34129
	-2.48358



Table 5 shows the values for degree of contamination index (CDI) and the pollution load index (PLI), both of which assess the level of combined contaminants at the sampling locations. Mapping Table 5 with Table 1, the degrees of contamination at SP2, SP4, and SP1 were moderate with the CDI values ranging between 5 and 10 (. For the CDI value greater than 10 as was observed with the SP3 sample, the environment is subject to a high heavy metal contamination risk. A contribution analysis showed that the contribution effect of Cd at the various locations were 70%, 81%, 74%, and 78% for SP2, SP3, SP4, and SP1 respectively. This suggests that urgent counter measures to reduce Cd contamination in roadside soil needs to be taken. Similar to the CDI index, the PLI is an indicator of the extent of combined heavy metal contamination. It is therefore expected that both indices could be used to validate one another. Contrary to the expected validation, the PLI of this study suggests that there was no heavy metal combined pollution risk in the study area with PLI values less than one (PLI < 1) at all sample locations (Table 5). The order of contamination at the various locations for CDI was  while that of the PLI was . The dissimilarity between CDI and PLI is similar to the work of Bartkowiak et al. (2024).

Table 5: Pollution Level Index from the Selected Junctions in Eket Metropolis
	Contamination indices
	SP1
	SP2
	SP3
	SP4

	CDI
	8.0847
	7.4657
	10.4862
	7.3359

	PLI
	0.3243
	0.3517
	0.2902
	0.3357



4.0 Conclusions 
Roadside soils in SP1, SP2, SP3, and SP4 of Eket city in Akwa Ibom State of Nigeria are contaminated with heavy metals especially cadmium (Cd). Concentration of Cd at all studied sites exceeded the maximum allowable limits as presented by WHO posing considerably high to very high environmental risk at these sites. This could translate to varying degree of health risk potentials to residents and ancillary employees around the study area. Therefore, counter measures such as chemical reduction, immobilization, stabilization and electro-remediation can remove Cd from the soil.
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in carrying off municipal and industrial wastewater
‘and run-off from farm land, and are one of the most
susceptible water bodies to pollutants (Singh, et al,
2004; Singh, et al, 2005). The constant discharges of
domestic and industrial wastewater and seasonal
surface run-off due to the climate have strong effect
‘onwater quality. However, Rivers are the main water
sources for domestic, industrial and agricultural
irrigation purposes (Yu and Shang, 2003; Yusuf, et
al,, 2013), River water quality has important factors
with health of human and living beings (Wang, et
al,, 2007). Therefore, it is imperative to have reliable
information on water quality for effective pollution
control and water resource management. There are
needs to evaluate the River water quality (Bouza-
Deanio, et al,, 2008; Razmkhah, et al,, 2010). Rivers
and lakes in industry and agricultural areas may
be contaminated with waste, pesticide, fertilizer
and other contaminants. There concentrations may
vary with time and seasons. Some contaminants that
enter aquatic systems are capable of influencing the
‘population of macro-invertebrates, aquatic animals
‘and ends up in mammals that consume them as food
(Otokunefor and Obiukwu, 2005; Trivedi, et al,, 2009;
Ubwa, etal,, 2013). The increase in human population
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the right, lies the map of Nigeria, stained with a dark
ink and indicated by a blue arrow pointing to the
map of Akwa Ibom State at the south-south direction
(Fig. 2). The Akwa Ibom State map is carved out to
show the map of Eket indicated by a green arrow.
Eket is the second largest city in Akwa Ibom State,
Nigeria. The name also refers to the indigenous

1 Map of ket local government area, Akwa Ibom
tate
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