


Investigation of Poly Aromatic Hydrocarbons and Heavy Metals in Soils of Selected Auto Mechanic Workshops in Nimo, Njikoka, Anambra State, Nigeria.


[bookmark: _GoBack]ABSTRACT
Auto mechanic workshop activities and disposal of the wastes into open plots, farms and water drains could pose an environmental risk considering the water table in the east region of Nigeria and shallow bore-holes dug to get water for domestic use. This research aimed at investigating the levels of poly aromatic hydrocarbons (PAHs) and heavy metals (Cd, Cr, Hg, Ni, Pb and V) in soils from four (4) auto mobile mechanic workshops namely; Abba Nimo, Ebengwu Nimo, Oye Nimo and Nimo-Owele Nimo and the control soil sample collected 500m away from auto mechanic activity area at Nimo, Anambra state, Nigeria. The soil samples were prepared in the laboratory following standard procedures and analyzed for 16 US EPA priority PAHs using Gas chromatograph-Buck M910 scientific gas chromatography equipped with flame ionization detector. Total PAHs concentrations in soil from all sampling sites were in the range of 0.1097-1.0916mg/mL. In addition, the dispersion of heavy metals in the soils profile were ascertained using Varian AA 240 atomic absorption spectrophotometer. The mean levels of Cd, V, Cr & Ni in the soils were within world health organization (WHO) permissible limit while Pb and Hg in some sample sites were above WHO permissible limits for agricultural soils. Lead (Pb) was the most significant contaminant, and its degree of contamination was highest followed by Hg which was only found in two samples. The results obtained from both PAHs and heavy metals analysis indicated that automobile repair activities had an effect on the soil as well as residents around the area especially artisans that have poor hygiene. Therefore, remediation of soil should be carried out to reduce the toxic effects of these pollutants. Also government enforcement agencies should ensure an adherence to proper environmental standard by auto mechanic artisans.
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INTRODUCTION 
 Soil favors vegetation, agriculture, forestry and other human activities. It also helps in cycling of elements such as carbon and nitrogen but the presence of certain chemical substances (pollutants) alter soil properties [1]. These pollutants are ubiquitous; found equally in aquatic and terrestrial ecosystems as well as in the atmosphere [2].  Poly aromatic hydrocarbons(PAHs) can be explained as a set of organic compounds which are generated and dispersed into the atmosphere as a result of incomplete combustion of organic materials such as crude oil, coal, tobacco smoke, wood and some are carcinogenic in nature. [3][4]. On the other hand, heavy metals are inorganic elements with high atomic density compared to water. They have natural and anthropogenic origins and are potentially hazardous in combined or elemental forms [5][6]. Environmental pollution is the major problem of the people living in urban areas [7]. Agricultural activities, soil erosion, drought, weathering of rocks, precipitation, dissolution of minerals, industrial activities and population growth are all natural and human activities that contribute to environmental pollution by heavy metals and PAHs [8]. Environmental contamination by petroleum and its products is on high increase due to their global dependence as major source of energy [9]. Heavy metals and organic pollutants have been shown to affect the physical, chemical, biological and microbial properties of soils [10]. Automobile mechanic workshop activities are one of the major causes of environmental contamination resulting from mishandling, deliberate disposal, spilling and leakage of petroleum products, such as gasoline, lubricating oils, diesel fuel, heating oils, used or spent engine oils which are indiscriminately dumped or spilled on every available space by artisans in the business of auto-repairs [11] [12]. The upsurge in the number of vehicles and other machines that make use of lubricants and unguided practices have worsened the rate at which used engine oils spread and contaminate the soils and water around Nimo town. The steep rise in cancer cases in Nigeria is extremely concerning and warrants ongoing research into the role of poly aromatic hydrocarbons and other pollutants [3]. Therefore, this research aimed to carry out laboratory analysis on soil samples from selected automobile mechanic workshops in Nimo, Njikoka local government area of Anambra state, Nigeria to ascertain the level of poly aromatic hydrocarbons and heavy metal pollution in soil sample areas. Seasonal variations of polycyclic aromatic hydrocarbons were conducted in Akpajo and Aba rivers, Nigeria using standard methods and it was reported that the concentrations of PAH were above WHO permissible limit [7]. 
Nwadiogbu et al. 2024 carried out a research on Assessment of heavy metals in a soil contaminated by petroleum hydrocarbons at Ebudu, Rivers State, Nigeria using a standard method and reported that the sites were highly polluted with heavy metals due to prevalence of petroleum hydrocarbons and other anthropogenic activities in the studied areas [10]. Ikeh et al. 2024 determined the levels of heavy metals and other contaminants in selected soils from dumpsites in Anambra state, Nigeria and posted that some of the parameters were higher than WHO permissible limits [8].
Presently, there is no significant information regarding the assessment of poly aromatic hydrocarbon and heavy metals concentrations in soils of the studied areas. It is hoped that this research would produce a good framework for assessment of environmental risks associated with auto mobile mechanic workshops operations.

MATERIALS AND METHOD
Map 1 : Description of the study area
[image: ]

 Nimo is a town in Njikoka local government area of Anambra State, Nigeria. The town is situated in the southeastern part of Nigeria, approximately 30 kilometers southeast of Onitsha, 20 kilometers north of Nnewi and 15kilometers northwest of Awka, the capital city of Anambra state. Apart from the centralized Nimo automobile repair workshops cluster popularly called (mechanic village or site), there are several other automobile workshops in the town. The four (4) different automobile mechanic workshops for this research include: Abba Nimo, Ebengwu Nimo, Oye Nimo and Nimo Owele in Nimo while the control sample was collected about 500m away from automobile mechanic workshops.  The coordinates of the sample locations are as follows: Abba Nimo 6.218080 N and 6.978690 E, Ebengwu Nimo 6.158610 N and 6.986390 E, Oye Nimo 6.158610 N and 6.986390 E, Nimo Owele 6.137240 N and 6.974910 E and Control sample 6.161520 N and 6.989170 E.

SAMPLE COLLECTION 
A total of five (5) soil samples were collected separately at depth of 0-15 cm using soil agar. Each sample was placed and sealed in a clean plastic bag labelled and transported to the laboratory for all the analysis. 

Poly Aromatic Hydrocarbon Analysis
 A 10g of each sample was weighed and quantitatively transferred into 500 mL beakers. About 6g of sodium sulphate was added and extracted using 300 mL n-hexane. The filtrate was concentrated. A 10 mL of acetonitrile was added to the sample and placed in a shaker for 2 min. An additional 10 mL portion of acetonitrile was added and the separating funnel closed tightly and placed on a horizontal shaker. It was then set to shake continuously for 30 min at 300 rpm and finally allowed to stand for 5 min to sufficiently separate the phases. A 10 mL of the supernatant was carefully taken and dried over 2g anhydrous magnesium sulphate through filter paper into 50 mL round bottom flask. This was then concentrated to about 1mL using the rotary evaporator and made ready for silica clean up step. After the clean-up stage, the final extracts were analyzed using Gas Chromatograph-Buck M910 scientific gas chromatography equipped with flame ionization detector [13] [14].


Heavy Metals Analysis
The samples were digested using aqua regia method, afterwards, the heavy metals analysis was conducted using Varian AA240 Atomic Absorption Spectrophotometer, according to the method used by Ikeh et al, 2024 [8].


RESULTS 
Table 1.  Heavy Metals Concentrations
	Samples ID  
	Cd (mg/kg)
	Pb (mg/kg)  
	V (mg/kg)  
	Cr (mg/kg)  
	Hg (mg/kg)  
	Ni (mg/kg)  

	A 
	0.000 
	0.305 
	0.012  
	0.083  
	0.983  
	0.045 

	B  
	0.000
	0.481 
	0.009  
	0.093 
	1.468  
	0.049 

	C 
	0.000  
	0.410  
	0.007  
	0.078  
	0.000  
	0.037  

	D  
	0.000 
	0.431  
	0.006  
	0.073  
	0.000 
	0.056

	Control  
	0.000 
	0.227  
	0.001  
	0.016  
	0.000  
	0.019  

	  WHO limit  
	0.003  
	0.010 
	50.000
	0.500
	0.005
	0.200







Table 2. Level of polycyclic aromatic hydrocarbons.
	COMPONENTS
	 A
mg/mL
	B
mg/mL
	C
mg/mL
	 D
mg/mL
	CONTROL mg/mL

	Acenaphthylene
	0.0008
	0.0034
	0.0580
	0.0282
	0.0573

	Benzo (k) fluoranthene
	0.2232
	0.1684
	0.0329
	N.D
	0.0008

	Fluoranthene
	0.1638
	0.1470
	N.D
	0.0002
	N.D

	Xylene
	0.1669
	0.1508
	0.4331
	N.D
	N.D

	Anthracene
	0.1203
	0.7673
	N.D
	0.2040
	N.D

	Acenaphthene
	0.1119
	0.0406
	0.1234
	0.0475
	0.0812

	Pyrene
	0.3031
	0.2317
	0.3020
	0.0003
	N.D

	Benzo(g,h,i)perylene
	0.0751
	0.0515
	N.D
	N.D
	N.D

	1-2 Benzanthracene
	0.1152
	0.1635
	N.D
	N.D
	N.D

	Fluorene
	N.D
	N.D
	0.00
	N.D
	N.D

	Dibenzyl(a, h)anthracene
	N.D
	N.D
	0.00
	0.00
	N.D

	Naphthalene
	N.D
	N.D
	N.D
	0.1563
	N.D

	Phenanthrene
	0.1097
	N.D
	N.D
	N.D
	N.D

	Benzo (b) fluoranthene
	N.D
	N.D
	N.D
	N.D
	N.D

	Benzo (a)  pyrene
	N.D
	N.D
	N.D
	N.D
	N.D

	Benzo (a) anthracene
	N.D
	N.D
	N.D
	N.D
	N.D

	Chrysene
	N.D
	N.D
	N.D
	N.D
	N.D


ND= Not Detectable
Tables 1 and 2 above showed the concentrations of the analyzed heavy metals and polycyclic aromatic hydrocarbons in soil samples having the code: A, B, C, D and Control.
Sample A was gotten from Owele Nimo.
Sample B was gotten from Oye Nimo.
Sample C was gotten from Ebengwu Nimo.
Sample D was gotten from Abba Nimo.
Control sample.



DISCUSSION
The mean values of the heavy metals (Cd, Pb, V, Cr, Hg and Ni) concentrations in all the soil samples is shown in Table 1. It was observed that soil sample B had the highest concentrations for the entire studied metals. There was no trace of cadmium in all the soil samples. Vanadium was present at low concentrations in all the soil samples. Mercury concentrations in samples A and B exceeded the value (0.005mg/kg) recommended by WHO for agricultural soil [5]. Lead exhibited an appreciable concentration in all the soil samples including the control. The elevated Pb values could be due to lead deposition caused by vehicle batteries which are repaired or otherwise handled within the automobile mechanic workshops in Nimo and its consequent retention in the soil upper layers. Obviously, Pb is prone to accumulation in surface horizons of soil because its low water solubility results in very low mobility. This is much more visible when the values obtained are compared to those measured at the control site having the value 0.227mg/kg. Chromium was detected in all samples and their values fell within WHO permissible limits. Nickel manifested in a range of 0.019 mg/kg - 0.056mg/kg and found in all locations including the control. The concentrations of Ni found in this study are compatible with those reported in the literature[1]. Cadmium content of the soil samples were below the detection limit and this situation was found spread through all the locations. Two possible reasons may be ascribed to this kind of situation of low occurrence of Cd in soil. The first is that the aggregate Cd levels in the sludge applied to soil may be low. However, since these are automobile mechanic workshops which have existed for some years, the possibility of that is remote. The other explanation is the mobility of Cd through the soil layers, as cadmium tends to be more mobile in soil systems than many other heavy metals [15] [16]. 
The concentrations of the 16 environmental protection agency (EPA) target PAHs components (mg/mL) in the soil samples collected from Nimo automobile mechanic workshops are presented in Table 2. Sample A showed the highest number of PAHs. The concentration of phenanthrene showed 0.1097mg/mL and was only detected in sample A. In the control sample, only acenaphthylene, benzo (k) fluoranthene and acenaphthene were detected. The total PAH concentration in the samples differed significantly with sample B having the highest PAH concentration load of 1.7242mg/mL and sample D had the least (0.4365mg/mL). Fluorene and dibenzyl (a, h) anthracene was below detection level in sample C and D and not detected in samples A, B and control sample. Anthracene had the highest concentration of the sum of its level in all analyzed sample having a total of 1.0916mg/mL while phenanthrene had the lowest (0.1097mg/mL). PAHs are ubiquitous in nature. As a result, it is very common to detect levels of PAHs in soils even at low levels and its toxicity consideration is of utmost importance.  
The twelve PAHs components detected in this study fell within the category of PAHs with health risk especially at prolonged exposure [17]. The population of people living in and around the Nimo automobile mechanic workshops may be predisposed to high risk of cancer due to long-term exposure to PAH compounds through contaminated soils and water. The values obtained showed that the PAHs in this study were from petro- genic sources. 
It is evidential that the analyzed parameters are gradually building up in the soils of Nimo automobile mechanic workshops in Anambra state, Nigeria. Therefore, the elevated levels of these pollutants in the soils are basically anthropogenic and thus remediation is paramount.


CONCLUSION 
Automobile mechanic workshop within the locations in Nimo town and the disposal of the wastes into open vacant plots, farms and water drains pose an environmental risk considering the water table in the east region of Nigeria and shallow bore-holes dug to get water for domestic use.  It is evident from this study that the soils at Nimo automobile mechanic sites are gradually being contaminated with PAHs and some heavy metals arising from indiscriminate disposal of spent crankcase engine oil. The result of this study showed that there is risk of harm among the residents around the automobile mechanic workshops. Therefore, good monitoring and management of automobile mechanic workshops in Anambra state, Nigeria is inevitable since it borders densely populated informal settlements which are liable to suffer exposure to toxic chemicals.
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