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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 () and zero () 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 SP4 (, ). 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 study 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. While anthropogenic sources include road construction and automobile activities, including leaks from car lubricants as well as wear and corrosion of vehicle components. Pollutants from road construction and automobile are more detrimental than pollutants from industries because of the high concentrations of contaminants and close proximity between contaminant site and population (Bartkowiak et al., 2024).  A major determinant factor of economic advancement is the presence of quality roadway system. There is a linear relation between the economic growth of any nation and road infrastructure (Ng, et al., 2019). This is because the presence of quality road network enhances the movement of people, goods and services; market and social services accessibility; and the provision of supportive employment encompassing services such as auto maintenance and repairs and various other roles that facilitates vehicular transportation. 
One common pollutant of great concern is heavy metals (Duong and Lee 2010; Khan and Kathi 2014; Liu et al., 2014). Heavy metals pose threat to human health (Censi et al., 2006) as they are bio-accumulative and toxic, and their concentrations in the environment are constantly on the increase. Heavy metals concentration varies with sites (Taofeek and Tolulope 2012; Mafuyai et al., 2015; Nta., et al., 2021). They are therefore useful indicators for soil and sediment health conditions. 
Several factors influence the diversity in roadside soil pollutant concentrations. Some of these factors include road age, volume of vehicles, traffic congestion, condition of automobiles, use of winter salts and stabilizers. In China, concentrations of heavy metals in roadside soil increased remarkably over an 8-year period (Hui, et al., 2017). The application of winter salts on road increased the release of heavy metals by greater than 50% (Nelson, et al., 2009). Some soil stabilizers have been reported to release heavy metals into roadside soil (Fiala and Hwang 2021). The use of stabilizers in road construction helps the stability and safety of the road especially in areas with poor soil conditions such as the southern Nigeria (Abam, et al., 2024). There is a need for 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’. Eket’s temperature ranges from  whiles its average precipitation is 3044 mm. 	Comment by Microsoft: Insert the geographical location map of study area 


2.2 Sample Collection and Analysis
Soil samples were collected in polythene bags from four designated sampling locations SP1, SP2, SP3 and SP4 Eket City. Atomic absorption spectrophotometer was used to measure metal concentrations including Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn. 	Comment by Microsoft: Add the detailed map of the samples are relatively recent


2.3 Heavy Metal Contamination Assessment 
[bookmark: _Hlk162888570]Table 1 describes the measure of soil contamination level of selected indices. 
Table 1: Contamination Models and Description of Models
	 Contamination indices (CI)
	Models
	Values
	[bookmark: _GoBack]Degree of Contamination

	[bookmark: _Hlk166342864] Contamination Factor (CF)
	

	                      
               
              
     
	Low
Moderate
Considerable 
Very high

	[bookmark: _Hlk166347295]Degree of contamination index (CDI)
	
	



	Low
Moderate
Considerable
Very high

	[bookmark: _Hlk166354125]Pollution load index (PLI)
 
	

	


	Perfection
Base line level of pollution 
Deterioration of site quality

	[bookmark: _Hlk166358146]Geo-accumulation index (Igeo)
	
	








	Uncontaminated 
Uncontaminated to moderately contaminated 
Moderately contaminated
Moderately to strongly contaminated
Strongly contaminated
Strongly to extremely contaminated
Extremely contaminated


Where Cm is the measured concentration of the heavy metal, is the background concentration (Hakanson, 1980; Tomlinson, et al., 1980; Muller, 1969).

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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