
44 

 

 
 

 

 

Spatial Analysis of the Pollution Level of Automobile-related 

Heavy Metals in Soils and Vegetation in Delta State, Nigeria 
 

Agbi, G. G. 

 

Department of Civil Engineering,  

Delta State University, Oleh Campus, Nigeria 

 engr.agbi@gmail.com; https://orcid.org/0000-0002-3556-5699 

 

ABSTRACT  

Pollution from automobile activities could affect the roadside environment adversely. In this study, a 

detailed investigation of heavy metals pollution level on roadside soils and vegetation was conducted at 

Delta State, Nigeria. The concentrations of three heavy metals (lead, nickel and cadmium) of soil and 

guinea grass samples, taken from three spatial locations around the Oleh-Ozoro roundabout, were 

determined in accordance with standard procedures. The results depicted that the concentrations of the 

heavy metals, both in the roadside soil and grass leaves, were higher than the values obtained from the 

reference point. It was also observed that the heavy metals concentrations, in the roadside guinea grass 

were higher than the heavy metals concentrations in the roadside soil, regardless of the sampling location. 

The results portrayed that nickel had the highest concentration in the roadside soil and grass, while 

cadmium recorded the lowest concentration in the roadside soil and grass. In the roadside soil, lead 

concentration ranged from 11.82 mg/kg to 18.50 mg/kg, nickel concentration ranged from 15.90 mg/kg to 

20.10 mg/kg, while cadmium concentration ranged between 1.10 mg/kg and 1.22 mg/kg. Likewise, in the 

roadside grass, lead concentration ranged between 4.91 mg/kg and 7.24, nickel concentration ranged 

between 8.72 mg/kg and 10.88 mg/kg, while the cadmium concentration ranged from 0.04 mg/kg to 0.12 

mg/kg. In terms of the heavy metals contamination of the environment, the contamination factor revealed 

that the vegetation was highly contaminated with the cadmium metal, and the roadside soil was 

considerably contaminated with lead metal. The high pollution degree of lead and cadmium within the 

area is of great concern, due to the adverse effects of these heavy metals on the human body.   

Keywords: Automobile activities, environmental pollution, heavy metals, roadside soils, road 

transportation 

 

INTRODUCTION  

Heavy metals contamination of the ecosystem, caused by rapid increase in industrialization and 

urbanization had become a global threat to human beings (Wei and Yang, 2010). Some of these heavy 

metals (e.g. lead “Pb”, cadmium “Cd”, nickel “Ni”, zinc “Zn”, copper “Cu” mercury "Hg," and chromium 

"Cr", etc.) are not easily biodegradable; therefore, they trend to accumulate within the food web, as they 

entered the ecosystem (Begum et al., 2009; Agbi et al., 2021). If these heavy metals are ingested by 

human beings above the maximum allowable limits approved by World Health Organization (WHO), 

they have serious hazardous effects on the body of systems. According to these researchers (Jarup, 2003; 

Akpomrere et al., 2020), accumulation of heavy metals in the body leads to serious health effects, such 

as: cancer, reduced intelligence, behavioral abnormalities, reproductive systems disorders, etc. Since 

heavy metals are persistent contaminants, constant monitoring of their concentrations in the environment 

and their source of contamination has become an essential task. 
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Studies had shown than automobile and its related emissions, is one of the major sources of heavy metals 

contamination in the environment, mostly along the major highways. According to Winther and Slentø 

(2010), emissions from vehicles lubricants and particulate matter from brakes wear, greatly increased the 

Cd, Cu and Pb concentrations in the environment. Chen et al. (2010) reported that the concentrations of 

Cd, Cu, Pb, and Zn were highest at the roadside, in a research carried out in China’s major highways. 

Likewise, Ogundele et al. (2015) observed that traffic emissions were responsible for the high 

concentration of Cd, Zn, Cu, Cr, Pb and Ni, in soils and vegetation along major highways in Kwara State, 

Nigeria. Additionally, Agbi et al. (2021) investigated the impact of vehicular traffic emissions on the 

roadside soils in Asaba, Delta State, Nigeria. They reported that the automobile emissions had 

significantly effect on the Pb, Zn, Cu and Cd concentrations of the roadside soils; and that there was 

negative correlation between distance from the roadside and the concentration of the heavy metals in the 

soils.    

Apart from vegetation and soils samples, previous research results had proved that emissions from 

automobile activities have lethal effects on human beings. According to Calderón-Garcidueñas et al. 

(2015) there are detrimental health effects caused by pollutants present in the air of urban areas, which 

can be attributed to automobile activities. Additionally, Du et al. (2013) reported that contaminant like 

road dust, is a major source of heavy metal pollutants in the urban areas, and this has dangerous effect on 

the human health. This contaminant gets into the human body either through ingestion, inhalation or 

dermal contact. Furthermore, Dheeraj et al. (2020) reported that vehicular activities are the main 

contributors to resuspension of particulate matter for heavy metals and other carcinogenic substances in 

the ecosystem. Similarly, Rahman et al. (2019) affirmed that particulate matter (PM2.5) had hazardous 

effects on the human body, and can lead to respiratory system infection and retard growth rate in children.  

Despite several studies (Ogundele et al, 2015; Juwah and Tachere; 2021; Agbi et al. 2021) had been done 

on the impact of vehicular traffic emissions on the Nigeria environment, there is scarcity of information 

on the effect of vehicular traffic emissions, in some major highways Southern Nigeria. The Ughelli-

Onitsha highway is the major road linking Delta Sate to Eastern Nigeria. Due to the bad nature of the road 

and security checkup, there is slight gridlock at the Oleh-Ozoro roundabout, located along the Ughelli-

Onitsha highway. The area is covered with natural vegetation; although, some parts of the vegetation had 

been cleared for cassava farming. Hence, the aim of this study is to evaluate some the heavy metals (Ni, 

Pb and Cd) concentrations of soil and grasses samples at the Oleh-Ozoro roundabout, and to evaluate the 

pollution level of these heavy metals on the environment.  

 

MATERIALS AND METHODS 

Study area description   

The site chosen was the Oleh-Ozoro roundabout, along Ughelli- Onitsha highway. The area falls within 

the geographical co-ordinate of Lat. 5.503 N and 6.182 E; and experience annual rainfall of about 2100 

mm. This area experienced two major climatic seasons, which are the rainy and dry seasons. The 

atmospheric temperature ranges from 200C to 290C during the rainy season; and 25 0C to 35 0C during the 

dry season. The geology of the area is flat plain with no highlands (Eboibi et al., 2018). Grasses found in 

the area include guinea grass (Megathyrsus maximus), elephant grass (Pennisetum purpureum), etc. 

Vehicles that ply this road consist mainly of cars, buses, articulated vehicles, etc. Apart from the few 

agricultural activities in the area, the study area has limited interference from other anthropogenic 

activities.      

Soil and grass sampling  

Soil and guinea grass samples were taken from three locations within the Oleh-Ozoro roundabout. The 

spots were chosen in a triangular pattern with the distance of 4 m from the main road, and 40 m from each 

other.  At each spot, a guinea grass was uprooted from the ground, and the soil shaken into a black nylon 

bag. Both the soil and grass samples were coded accordingly and taken immediately to the laboratory for 

chemical analyses. Furthermore, another location, about 10 km from the study area, was taken as the 
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reference point (control). This location has no recorded history of anthropogenic activities or automobile 

activities for the past ten years. 

Preparation and chemical analyses of the soil samples  

The soil samples collected from the sites were dried at room temperature for two weeks, before they were 

crushed and sieved with a 2-mm gauge stainless steel sieve. 10 g of the sieved soil sample was digested 

with 10 mL of a mixture of three concentrated acids (trioxonitrate (V) acid, hydrochloric acid (HCl) and 

tetraoxosulphate (VI) acid) mixed at the ratio of 5:1:1. The digested mixture was filtered through 

Whatman filter paper No. 42, and the filtrate was diluted to the 100 ml mark of the volumetric flask with 

deionised water. The total concentrations of Pb, Zn, Ni and Cu in the filtrate were determined by atomic 

adsorption spectrometer (Begum et al., 2009; Akpomrere and Uguru, 2020b).  

Preparation and chemical analyses of the plant samples  

The guinea grass was air-dried in the laboratory, and divided into two parts; the root and shoot. Each part 

was then pulverized with an electric blinder, and sieved with a 2--mm gauge stainless steel sieve. 2 g of 

the sieved grass part (root or leaves) sample was digested with 10 mL of a mixture of three concentrated 

acids (trioxonitrate (V) acid, hydrochloric acid (HCl) and tetraoxosulphate (VI) acid) mixed at the ratio of 

5:1:1. The digested mixture was filtered through Whatman filter paper No. 42, and the filtrate was diluted 

to the 100 ml mark of the volumetric flask with deionised water. The total concentrations of Pb, Ni and 

Cu in the filtrate were determined by atomic adsorption spectrometer (Begum et al., 2009; Akpomrere 

and Uguru, 2020b).  

Contamination factor analysis  

Contamination Factor (Cf) 

Contamination Factor is the ratio of the heavy metal concentration at the sampled site to the heavy metal 

concentration at the control point; and it is calculated with the expression given in Equation 1 (Ogbaran 

and Uguru, 2021). 

 

       

     (1) 

    

The contamination factor scale is as presented below:   

Cf < 1 = low contamination,  

1 < Cf < 3 = moderate contamination, 

3 < Cf < 6 = considerable contamination,  

Cf > 6 = high contamination. 

 

Statistical analysis 

Data obtained from this study were analyzed by using the Microsoft Excel for Windows. 
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RESULTS AND DISCUSSION   

The results of the lead, cadmium and nickel concentrations in the roadside soil, guinea grass roots and 

leaves are presented in Table 1. The results revealed that the heavy metals concentrations were relatively 

higher at Location A, when compared to the values obtained at Locations B and C.   

Table 1: The heavy metals concentrations  

Heavy metal  Spot  Soil  Roots  Leaves  

Lead (mg/kg) A 18.50±1.3 4.52±1.1 7.24±0.51 

 B 11.82±2.4 7.74±1.3 4.91±0.43 

 C 14.93±2.1 5.49±1.1 5.33±0.11 

 Control  4.43±1.3 2.13±0.03 1.42±0.13 

 WHO* 85  2 

Nickel (mg/kg) A 20.10±2.3 8.74±0.3 10.88±0.43 

 B 15.90±1.3 12.21±0.3 9.93±0.23 

 C 18.83±1.4 10.42±0.3 8.72±0.33 

 Control  9.71±0.5 5.54±0.2 3.31±0.09 

 WHO* 35  10 

Cadmium (mg/kg) A 1.10±0.03 0.73±0.01 0.12±0.03 

 B 1.51±0.04 0.59±0.02 0.04±0.01 

 C 1.22±0.02 0.82±0.01 0.09±0.01 

 Control  0.72±0.03 0.41±0.02 0.01±0.001 

 WHO* 0.8  0.02 

*WHO (1996); Mean± standard deviation.  

 

According to the results, the nickel concentration in the soil ranged between 15.90 mg/kg and 20.10 

mg/kg, with Location A having the highest concentration and Location B had the lowest concentration 

(15.90 mg/kg). Likewise, the nickel concentration in the grass root ranged between 8.74 mg/kg and 12.21 

mg/kg. Grass roots collected from Location B had the highest nickel concentration (12.21 mg/kg); while 

the grass roots sampled from Location A had the highest nickel concentration. Similarly, it was observed 

from the results that the nickel concentration in the grass leaves ranged from 8.72 mg/kg to 10.88 mg/kg. 

The highest nickel concentration (10.88 mg/kg) in the grass leaves was recorded at Location A, while the 

lowest nickel concentration (8.72 mg/kg) in the grass leaves was recorded at Location C.  As presented in 

Table 1, although the nickel concentration in the soil was higher than the control, it was below the 

recommended WHO the tolerable limit of 35 mg/kg of dry soil.  Whereas, it was observed from the 

results that, the nickel concentration in the grass leaves was at the borderline of the maximum tolerable 

limit of 10 mg/kg of dry matter, recommended by the World Health Organization. The higher 

concentration of nickel (in the soil, plants roots and leaves) witnessed at the roundabout, compared to the 

value obtained at the reference point could be attributed to the emission from automobile and road related 

activities. Onder et al. (2007) stated that particulate emissions from wears of vehicles brakes and tyres can 

considerable increased the concentration of nickel in the environment. 

It was also observed from the results that the lead concentration in the soil, guinea grass roots and leaves 

was higher than the results obtained from the reference point. The lead concentration in the soil varied 

from 11.82 mg/kg at Location C to 18.50 mg/kg at location A. Similarly, the lead concentration in the 

guinea grass roots varied between 4.52 mg/kg and 7. 74 mg/kg. Then the lead concentration in the guinea 

grass leaves varied between 4.91 mg/kg and 7.24mg/kg. As shown in Table 1, the highest soil lead 

concentration was recovered at Location A, while the lowest soil lead concentration was recorded at 

Location C. Likewise, the highest lead concentration in the grass roots was recorded at Location B, while 

the lowest soil lead concentration was recovered at Location A. as portrayed by the results, the highest 

lead concentration in the grass leaves was recorded at Location A, while the lowest soil lead 

concentration was recovered at Location B. As presented in Table 1, the lead concentration in the grass 
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leaves was above the maximum tolerable limit of 2 mg/kg of dry matter, recommended by the World 

Health Organization. The higher lead accumulation in the roundabout, compared to the values obtained at 

the reference point, could be attributed to the emissions from fuel combustion and particulates emissions 

from lead-acid batteries. Similar results were obtained by Ogundele et al. (2015) where he attributed 

accumulation of lead in roadside soils and plants to vehicular fuel combustion.  

In this research, it was observed that cadmium concentration in the soil varied between 1.10-1.51 mg/kg 

(Table 1). Soil sampled from Location had the highest cadmium concentration, while the soil sampled 

from Location C had the lowest cadmium concentration. In terms of the guinea grass roots and leaves, the 

results portrayed that the cadmium concentration in the roots varied between 0.59 – 0.82 mg/kg; while the 

cadmium concentration in the leaves varied between 0.04 – 0.12 mg/kg. As seen in the results, the 

cadmium concentration in the soil and the grass roots were above the maximum tolerable limits 

recommended by the World Health Organization. This high accumulation of cadmium in the area could 

be attributed to combination of major factors, mainly anthropogenic activities (e.g. cassava farming 

methods). According to Alloway and Ayres (1998) most inorganic pesticides and herbicides used in crop 

production had the tendency of increasing the soil and vegetation cadmium concentration. Similarly, 

Winther and Slentø (2010) reported that particulate emissions from vehicles brakes wear are responsible 

for high accumulation of cadmium metals in roadside soils and plants 

Heavy metals environmental contamination  

The pollution levels of the heavy metals in the environment are presented in Figure 1. Figure 1, showed 

the heavy metals contamination degree both in the roadside soil and in the roadside plant. The results 

revealed that regardless of the heavy metal and sampling location, the contamination level in the roadside 

plant, was higher than the contamination level in the roadside soil. Generally, Location A had the highest 

contamination factor. The high contamination factors recorded at Location A, despites the heavy metals, 

portrayed that, the area received some of its pollution through anthropogenic activities (Agbi el al. 2021). 

Regarding the soil pollution level, the study results revealed that at Location A, lead pollution was at the 

considerable contamination level (degree), but nickel and cadmium pollution was at moderate degree. 

While at Location B, lead, nickel and cadmium pollution was at moderate degree. Then at Location C, 

lead pollution was at the considerable degree of pollution, while nickel and cadmium were at moderate 

degree of pollution. Taking the roadside grass as a factor, the results revealed that at Location A, lead and 

nickel contamination were at the considerable degree of pollution, while cadmium was at the high degree 

of pollution. At Location B, lead, nickel and cadmium were at considerable degree of pollution. Then at 

Location C, lead pollution was at the considerable degree of pollution, nickel was at moderate degree of 

pollution, while cadmium was at high degree of pollution. 

The contamination factors results portrayed that the area has sufficient accumulation of the studied heavy 

metals. This further affirmed previous reports (Ogundele et al., 2015; Juwah and Tachere, 2021) that 

vehicular intrusions increased the pollution of the environment. According to Dolan et al. (2006) 

automobile operations such as; fumes from burning fuel, brake and tyre wear, particulate matter from the 

metallic parts, etc., increase the heavy metals pollution of the environment, mostly the vegetation and 

soils close to the roadside. Grigoratos and Martini (2014) reported that particulate matter emitted from 

road surfaces can cause heavy metals contamination of the environment. Therefore the high heavy metals 

contamination of the area, could be linked to the dust emitted from the bad nature of the road. Results 

obtained from this study depicted the relevance of the government in carrying out good roads 

maintenance, this will minimized the traffic congestion along the highways, and the volume of particulate 

matter emitted from the roads surfaces. This is because these heavy metals and particulate matters are 

extremely toxic to the human body. 
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CONCLUSION 

Some heavy metals (lead, nickel and cadmium) concentrations and contamination level in roadside soils 

and vegetation in Delta State, Nigeria were investigated in this study. The results depicted that automobile 

activities influenced the heavy metals contamination of the environment. Regardless of the sampling 

location, it was observed that the heavy metals concentration and contamination level in the roadside 

grass leaves, were higher than the heavy metals concentration and contamination level in the roadside 

soil. The calculated contamination factor values showed that the over 50% of the roadside soil was 

considerably polluted with lead; while the soil in the area was moderately polluted with nickel and 

cadmium. In term of the roadside vegetation, the calculated contamination factor values revealed that 

50% of the roadside guinea grass was highly polluted with cadmium; whereas, the guinea grass was 

considerably polluted with lead, and over 50% of the roadside guinea grass was moderately polluted with 

nickel. This study revealed that the lead and cadmium pollution around the Oleh-Ozoro roundabout was 

superficial and noteworthy. Therefore, appropriate measures should be taken to fix this bad spot of the 

road to minimize particulate emissions from the road surface; and consumable crops should not be 

planted close to the roadside to avoid the extreme accumulation of heavy metals in the edible body 

tissues. 
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