


Assessment of Heavy Metal Contamination in Soils Around Auto Mechanic Workshops in Ozoro, Delta State, Nigeria

ABSTRACT

This study examines the effect of auto-mechanic activities on the increase of heavy metals in soil. The long-term presence of the resulting pollutants in the soil increases concerns about soil microorganisms poisoning, which can lower soil fertility, which is dependent on both the type and quantity of microorganisms living there as well as the soil's chemical makeup. One of the major sources of increase in heavy metal concentration of the ecosystems in Nigeria is auto-mechanic activities. These auto mechanic workshops are found in clusters of open plots of land in the vicinity of urban towns and cities. This study assessed the impact of such activities on soil heavy metal accumulation by analyzing 28 soil samples (labeled A, B, and C) collected from three auto-mechanic workshops, along with a control sample (D) from an uncontaminated site. Concentrations of lead (Pb), cadmium (Cd), chromium (Cr), copper (Cu), zinc (Zn), and iron (Fe) were determined through laboratory analysis and compared with established environmental quality standards. The soil extract and standard solution were aspirated into the air-acetylene flame of varian 220 Atomic Absorption Spectrometer. Elevated levels of copper (6.721 mg/kg), cadmium (0.228 mg/kg), and zinc (58.232 mg/kg) were observed in the sampled soils, suggesting substantial anthropogenic input, particularly from used oil spills. The persistent presence of heavy metals across all sites reflect the environmental risks associated with improper waste handling in automobile repair stations. It is recommended that appropriate containment systems, such as oil collection drums and sealed containers, be implemented to mitigate further contamination and protect soil quality.

Keywords: Automobile, heavy metal concentration, environmental quality, soil quality

 Introduction
Environmental pollution generally is defined as the contamination of soil, water or the atmosphere by the discharge of substances that are harmful to living things. Petroleum-related activities worldwide and Nigeria in particular, have raised concerns about the adverse effects of contamination of petroleum products on the environment (Obianime et al., 2017). Hitherto, human exposure has been associated with a growing incidence of a range of acute and long-term adverse health effects and diseases (Egwurugwu and Nwafor, 2013; Egwurugwu et al., 2013).  Auto-mechanic workshops activities specialize in different activities, such as panel beating, painting of vehicles, fixing of vehicle brakes and steering wheels, charging and replacement of batteries, electrical and rewiring works, evaluation and amendment of engine transmission, and polishing which generate various waste products including paint, used engine oil, gasoline waste, lubricating oil, metal scraps, diesel, and solvents containing contaminants (Bridget et al., 2023). Soil surfaces found within auto-mechanic workshops are normally compact which favors erosion due to reduced activities of soil organisms, soil aeration and water infiltration. Metals on the surface of such soil may be carried by runoff water or leached into the groundwater. Improper disposal of these automobile waste products results in soil contamination which harms the ecosystem and poses major health risks to the workers (Olisa et al., 2024; Duru et al., 2024). 


The environment plays a role in 80% of the deadliest diseases, including cancer, respiratory and cardiovascular diseases (WHO, 2006). Professional auto-mechanics in Nigeria are at high risk to discharges of toxic or contaminating crude oil and its refined products that are likely to have an adverse effect on the environment or life. Unfortunately, there is little or no information about automotive workshop inspection checklists, automotive environmental regulations and automotive workshop environmental policy in Nigeria. Some studies have established the association of automobile workshop to adverse health effects in humans especially those within close proximity. Nonetheless, literature of the environmental concentrates of stationary emissions of both soil, water and air pollutants, specifically petroleum product and their effects on human bodily functions is lacking (Obianime et al., 2017).

The long-term presence of the resulting pollutants in the soil increases concerns about soil microorganisms poisoning, which can lower soil fertility, which is dependent on both the type  and quantity of microorganisms living there as well as the soil's chemical makeup ( Okobia et al., 2024). Soils may become contaminated by the accumulation of heavy metals and metalloids through emissions from the rapidly expanding industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion residues, spillage of petrochemicals, and atmospheric deposition (Wuana and Okieimen, 2011). 

Heavy metals pollution of the environment even at low levels and the resulting long-term cumulative health effects are among the leading health concerns all over the world (Huton and Symon, 1986). The concern is heightened by their persistence in the soil and their tendency to bioaccumulate, move along the food chain and also poison soil microorganisms (Udousoro et al., 2010).  One of the major sources of the increase in heavy metal concentration in the ecosystems in Nigeria is auto mechanic activities (Adewole and Uchegbu, 2011). These auto mechanic workshops are found in clusters of open plots of land in the vicinity of urban towns and cities (Nwachukwu et al., 2011). Within the clusters are people who specialize in electrical aspects of auto repairs, while others engage in repairs of brakes and steering, automatic or standard transmission engine, and spray painting, recharging of auto batteries, welding and soldering.

Each of these activities generates various types of waste (gasoline, diesel, used engine oil and paint) which are disposed of by simply dumping in nearby bushes or surrounding areas. This unhealthy way of disposing of such hazardous waste causes soil contamination and pollution. The concern is heightened by their persistence in the soil and their tendency to bioaccumulate, move along the food chain and also poison soil microorganisms (Udousoro et al., 2010). The environmental pollution scenario in Nigeria is compounded by the frequency of spills.


Materials and Methods
Study Area
Ozoro is the headquarters of Isoko North Local Government Area of Delta State. It is one of the administrative units of the Isoko region in Delta State Nigeria situated at Latitude: 5.5383 and Longitude: 6.2161 with an approximate population of 13,411(at 2015) inhabitants and land mass of 1.136km2. It is host to spills from petroleum products and subject to frequent flooding which helps in dispersing pollutants over a large area. Ozoro falls within the southern tropical evergreen forest zone and is characterized by two climatic seasons. It comprises also commercial activities and other municipal practices which cause environmental pollution.
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FIG 1. Map showing study location

Collection of Sample/Preparation
Contaminated soil samples were collected using a soil auger in a randomized method along transect at 100cm interval from three different automobile mechanic workshop within the study area. These sampling points have been subject to used engine oil and were labeled as samples A (7 samples), B (7 samples) and C (7 samples). An additional soil sample from a point free from usedoil discharge was obtained as sample D (7 samples). At each sampling location, auger-boring instrument was used to bore holes of depths 10cm, 15cm and 30cm. The samples were homogenized in a clean plastic bucket, poured into a polythene bag, labeled adequately and transported to the laboratory immediately for analysis.
Materials
Analysis of soil pollution from mechanic workshops was conducted through adequate sampling and analysis of some heavy metals concentrations in soil from mechanic workshops in Ozoro Community. This analysis was done in phases.

Soil Analysis
A composite sample was drawn from each polythene bag. All the composite samples were air dried and allowed to pass through a 2mm sieve prior to analysis.
2.0g of 2mm sieved air-dried soil was weighed into a 300cm3 conical flask and 1ml of concentrated HCLO4, 3ml of HNO3 and 1ml of concentrated HF was added to the soil in a conical flask under a fume hood. The flask containing the sample was heated until a dense white fume appear and heating was continued for half a minute afterwards. The flask was allowed to cool and then 40-50ml of distilled water was added. The solution was then allowed to cool completely and the solution was filtered completely with a wash bottle into a pyrex volumetric flask. The flask was made up to mark with distilled water and again filtered with a whatman No.42 filter paper. The soil extract and standard solution were then aspirated into the air-acetylene flame of varian 220 Atomic Absorption Spectrometer. 



					Results and Discussions
	
Results obtained from laboratory analysis of soil samples from three different sampling sites subject to usedoil spill are tabulated and degree of pollution assessed using the geo-accumulation index formula. Results represented below;
	Table 1: Heavy Metals Concentration at Three Sampling Sites
	Parameter
			Units: mg/kg

	
	A
	B
	C
	D
	Standard
NESREA (2011)

	Lead
Cadmium
Chromium
Copper
Zinc
Iron
	0.014
0.228
1.173
6.721
58.232
16.642
	0.653
0.142
<0.001
<0.01
36.712
1.834
	<0.001
<0.001
0.843
0.821
<0.001
2.791
	0.002
<0.001
0.013
<0.01
<0.001
0.82
	164	
3
100
70-80
421
400


	
	Geo-accumulation Index
	
Where Cn is the concentration of the heavy metal in the enriched sample and Bn is the concentration of the metal in the unpolluted (control) samples. The factor 1.5 is introduced to minimize the effect of the possible variations in the background or control values which may be attributed to lithogenic variations in the soil (Fagbote and Olanipekun, 2010).


Table 2: Seven Classes of Geo-accumulation Index
	
	Class
	Value of Soil Quality

	<0
0-1
1-2
2-3
3-4
4-5
>5
	Unpolluted
Unpolluted to moderately polluted
Moderately polluted
Moderately polluted to highly polluted
Highly polluted
Highly polluted to very highly polluted
very Highly polluted


							Sources: Pam et al., (2013)

Table 3: Geo-accumulation Index Results
	A
	B
	C

	Parameters
	I-geo index
	Parameters
	I-geo index
	Parameters
	I-geo index

	Lead
	2.22
	Lead
	7.77
	Lead
	 -1.58

	Cadmium
	7.25
	Cadmium
	6.56
	Cadmium
	 -0.58

	Chromium
	3.14
	Chromium
	-4.29
	Chromium
	 5.43

	Copper
	8.81
	Copper
	-0.58
	Copper
	 5.77

	Zinc
	15.24
	Zinc
	14.58
	Zinc
	 -0.58

	Iron
	3.76
	Iron
	0.58
	Iron
	1.18



	

Fig 2: Heavy Metals Concentration in Three Auto-Mechanic Workshop


Discussion 
Many studies have shown that urban soils receive loads of contaminants that are usually greater than the nearby contiguous sub-urban or rural areas, due to the higher tempo of anthropogenic activities of urban settlements (Adelekan and Alawode, 2011). This contamination has led to an increase in heavy metals concentrations above the recommended limits as well as growth stress on plants. One of such anthropogenic activities that increase the levels of contaminant includes automobile repair operations.
It is reported that Lead has the highest composition of heavy metals in waste oils (Oguntimehin et al., 2008). It is possible that the level of lead in soil is elevated by the amount of waste oil, the presence of automobile emissions, and expired motor batteries indiscriminately dumped by battery chargers and auto mechanics in the surrounding areas. Results acquired for lead contents in soil indicate that lead is present in sample A and B alone and also in small fractions within the control location which shows that lead contents in soil have been influenced or increased by unsafe practices from automobile repair operations and hence leading to soil pollution. Results obtained for sample C indicate that the soil remains unpolluted and this could be due to work practices and shorter years of operation as compared to soil samples obtained at point A and B. Comparison with calculated values for geo-accumulation index shows that the study area is moderately polluted and very highly polluted (for sample A and B) although below/within limits set by the NESREA. This is supported by Nwachukwu et al., (2011) although below the average result obtained in their study due to years of existence of the service station.
Accumulation of Cadmium in the areas studied in this research is likely to come from lubricating oils, vehicle wheels and metal alloys used for hardening of engine parts. Cadmium tends to be more mobile in soil systems than many other heavy metals which could be the reason for lower values of detected concentration in soil. Results obtained reveals that cadmium contents met allowable standards and were even not detected in sample C and this is as a results of leaching of cadmium into lower parts of the soil because of its high mobility which is in line with studies by Adelekan and Abegunde (2011), on heavy metals contamination of soil and groundwater at automobile mechanic village. Similar study by Pam et al., (2013), revealed low concentration of Cadmium in soil samples from other automobile repair station in Nigeria with concentration ranging from 0.32-1.0mg/kg. Comparison with calculated values for geo-accumulation index shows that samples A and B are very highly polluted with Cadmium. Results also detected Cadmium in control sample which means that domestic homes also contributors to Cadmium pollution. However, all three samples results are below/within limits set by the NESREA. 
Chromium is one of those heavy metals whose environmental concentration is steadily increasing due to industrial growth, especially the development of metal, chemical and tanning industries. Other sources of chromium permeating the environment are air and water erosion of rocks, power plants, liquid fuels, brown and hard coal, and industrial and municipal waste. Measured amounts reveals chromium to be present in sample A and C which is due to spills from lubricating oil and because chromium mobility in soil is lower. According to studies by Adelekan and Abegunde, (2011), chromium concentrations are higher at top soil depths than lower depth with results indicating a decrease with depth. This reveals the reason for higher concentration of chromium from soil sample analysis.
[bookmark: _GoBack]As observed by Ghosh and Singh (2005) non-biodegradability of chromium is responsible for its persistence in the environment. Once mixed in soil, it undergoes transformation into various mobile forms before ending into the environmental sink. Although Chromium toxicity in the environment is relatively rare, it still presents some risks to human health since chromium can be accumulated on skin, lungs, muscles fat, and it accumulates in liver, dorsal spine, hair, nails and placenta where it is traceable to various health conditions. Comparison with calculated values for geo-accumulation index shows that sample A and C are high polluted. Although, with concentrations below limits set by the NESREA. 
Soil types has finite holding capability for copper ions and leaching can occur when applied concentration of copper is higher than leaching ability. Copper concentrations in soil can cause growth stress in plants and affect their chances of survival. Measured concentration indicated copper to be with the range of 0.8-6.7mg/kg. This result is in line with reports by Pam et al., (2013), showing low concentrations of copper which could be as a result of copper ions leaching to deeper soil depth as a result of excessive concentration of copper above the retaining ability of the soil. Comparison which allowable standards reveals copper concentrations to be within set limits and very highly in soil between depths of 0-30cm as against a soil within the same geographical area.
In lubricating oils, Zn is found as part of many additives as Zincdithiophates. The concentration of Zn in this investigation is high in sample A and B and similar with many other studies by Nwachukwu et al., (2010), Nwachukwu et al., (2011) and Shinggu et al., 2007. Zinc concentration has also been reported to be with an average values of 14.58mg/kg in soil samples from automobile repair stations.  Although recorded values are within set standards, geo-accumulation index reveals to be very highly polluted in soil samples from location A and B.
Iron contents are present in soil especially from steel parts around the sample locations which have been subject to natural weathering processes. Iron concentrations were shown to be moderately polluted in soil samples B and C, but highly polluted in Sample A. This reveals that soil of these workstations contain influences the natural concentrations of Iron in soil.


				CONCLUSION 
This study analyzed possible soil contamination from automobile repair activities through laboratory analysis to determine concentration of heavy metals in soil. In conclusion, concentrations of heavy metals were observed across all samples of soil with higher concentration observed in copper (6.721mg/kg), cadmium (0.228mg/kg) and zinc (58.232mg/kg) indicating possible addition of heavy metals to soil from anthropogenic activities. Concentration of heavy metals indicates that usedoil spill still persist across all three automobile repair stations. Although certain metals where recorded in small fractions, this is as a result of leaching into deeper layers which is as a result of higher concentrations altering the ability of the soil to hold ions. Hence, it is of note that excessive spills occur within this environment and possibility of groundwater contamination as well as soil contamination in deeper layers persist.
It is recommended that; Spilling of Usedoil around soil at automobile repair stations be prevented by setting up appropriate collection drums and containers so as to avoid increasing heavy metals concentrations in soil; Analysis of heavy metals in soil along these stations should be done at greater depths to ascertain the leaching powers of heavy metals and how they may influence groundwater pollution; Education of automobile technicians on the adverse effects of unsafe/detrimental actions around the workstations should be conducted.
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Sample A	Lead	Cadmium	Chromium	Copper	Zinc	Iron	1.4E-2	0.22800000000000001	1.173	6.7210000000000001	58.231999999999999	16.641999999999999	Sample B	Lead	Cadmium	Chromium	Copper	Zinc	Iron	0.65300000000000002	0.14199999999999999	0.01	0.01	36.712000000000003	1.8340000000000001	Sample C	Lead	Cadmium	Chromium	Copper	Zinc	Iron	0.01	0.01	0.84299999999999997	0.82099999999999995	0.01	2.7909999999999999	
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