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Abstract 
The detrimental effect of the activities in informal auto-mobile mechanic work-
shops is a major public health concern; and its impact on groundwater con-
tamination cannot be ignored. We assessed the effect of activities of mechan-
ics in auto-mobile workshops on the quality of groundwater sources. Water 
samples were collected from hand dug wells situated within 0 to 50 metres in 
twenty auto-mobile workshops randomly selected across three zones. A resi-
dential area was selected as the control site. Analysis of water for some phy-
sico-chemical parameters (pH, TDS, Electrical Conductivity, Alkalinity, Oil 
and Grease) and the heavy metals (Cu, Cd, Cr, and Pb) was done using stan-
dard methods. Sanitary inspection was also carried out at each well location. 
Results were compared with the control and regulatory standards Nigerian 
Industrial Standard for Drinking Water Quality (NISDQW) and World Health 
Organization (WHO) guidelines for drinking water quality. Results revealed 
that mean values of pH, TDS and Electrical conductivity for the three zones, 
Alphonso, Temidire, and Ojoo were within WHO limits. The concentrations 
of Cu, Cd Cr and Pb in the water samples ranged from 0.02 - 6.12 mg/l, 0.1 - 
2.19 mg/l, 0.2 - 0.79 mg/l and 0.02 - 35.8 mg/l across the three zones respec-
tively. Mean concentrations of Cu (mg/l) were significantly higher in Alphonso 
(2.5 ± 2.06) than in other zones. Mean concentration of Cr (mg/l) was 0.34 ± 
0.28, 0.37 ± 0.13 and 0.31 ± 0.3 for Alphonso, Temidire and Ojoo respectively. 
Cadmium was also present in all the zones but Pb was only detected in Al-
phonso. The mean concentrations for heavy metals were significantly higher 
when compared with the permissible limits for both NISDQW and WHO. 
The degree of groundwater contamination indicates poor water quality in the 
study area, and this requires regular monitoring. Enforcement of environmental 
regulations guiding activities of auto-mechanics should be done so that they 
can embrace environmentally friendly practices to reduce pollution. 
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1. Introduction 

In Nigeria, the aftermaths of the devaluation of the currency led to importation 
of used vehicles, known as “Tokunbo”. Ever since, the number of vehicles im-
ported into the country increased annually as it became cheaper to buy the used 
vehicles. However, this has been at a cost to the environment as they were found 
to pollute the air with emissions of incomplete combustion of the old engines 
such as Carbon oxides (COx), Nitrogen oxides (NOx), Sulphur oxides (SOx), 
etc. [1]. 

The rapid importation and influx of “fairly used” vehicles have caused a proli-
feration of many auto-mobile mechanic workshops all over the country. Many va-
cant plots and farmlands have been converted to workshops by auto-mechanics 
and other specialized individuals who engage in auto repair [2]. Activities car-
ried out in the auto-mobile workshops include: general servicing (engine and air 
condition servicing)-cleaning and washing engine parts, welding, panel beating, 
painting and body spraying, electrical repair, vulcanizing and battery charging 
[3]. 

Groundwater can be found almost everywhere. It accounts for about two-thirds 
of the freshwater resources of the world and more than 98% of the global quan-
tity of available freshwater is groundwater stored in pores and fractures of rock 
strata [4] [5]. Groundwater is an important resource which can act as a natural 
storage that can buffer against shortage of surface water during times of drought. 
It is replenished through a natural process by surface water from precipitation, 
streams, and rivers, as well as by rain and snow melt. Over the years, industriali-
zation and urbanization have progressed steadily with little consideration for en-
vironmental consequences, thus resulting in groundwater pollution [6]. Ground-
water pollution arises majorly as a result of anthropogenic activities such as: ac-
cidental spills from petroleum and its related industries, agricultural activities, 
mining, acid rain, poor construction and maintenance of waste disposal system 
(private sewage disposal systems, land disposal of solid waste) and municipal 
wastewater. One of such activities is carried out in auto-mobile workshops. Auto- 
mobile is a major means of transport through which people and goods are moved 
from one place to another and as long as they remain on our roads, there will 
always be a need for them to be serviced time and again to deliver effective re-
sult.  

Several studies conducted on auto-mobile mechanic workshops in Nigeria have 
reported heavy metals (copper, lead, chromium, cadmium and zinc), hydrocar-
bons (oil and grease, volatile organic compounds (VOCs), poly-aromatic hydro-
carbons (PAHs)) and toxic chemicals (solvents, chlorinated compounds, glycols) 
as major pollutants of groundwater around these workshops [3] [7] [8] [9] [10]. 
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These contaminants which can persist in the environment over a long period of 
time have been linked to various types of organ damage, cancers, developmental 
or growth problems and death of plants, animals and humans [11].  

Over the years the steady increase of heavy metals into the environment has 
been a major concern. As trace elements, some of the heavy metals are useful for 
body metabolism (e.g. zinc and copper) but in higher concentrations they can be 
toxic [12] while others are toxic even in very low concentrations (e.g. Lead, Cad-
mium and Mercury). Heavy metals are dangerous because they tend to bioaccu-
mulate and finally pose serious health hazards to human beings and animals [13]. 
Exposure to these heavy metals such as chromium (VI) has been observed to 
cause damage to liver, kidney circulatory organs and nerve tissues, wheezing and 
shortness of breath and immune system weakness. According to IARC [14], it is 
a human carcinogen. Lead (Pb) is another major environmental pollutant which 
has been observed to affect the nervous system, reproductive system, and im-
mune system [15]. 

Groundwater is one of the most important available sources of water in many 
areas in Nigeria and many communities depend on hand-dug wells for domestic 
use because of their accessibility and affordability. It is therefore imperative that 
groundwater sources in these communities should be prevented from being pol-
luted with contaminants that have the capacity to remain in the environment 
over a long period of time and pose serious health problems. Although some 
studies have been done on auto-mobile mechanic villages in Nigeria, limited in-
formation has been given on small clusters of auto-mobile workshops scattered 
around residential areas with poor regulatory provisions and the impact of their 
activities on the quality of groundwater used for domestic purposes in these 
communities. This study was therefore designed to assess the effect of informal 
auto-mobile mechanic workshops activities on groundwater quality in some 
parts of Akinyele local government area, Ibadan, Oyo State.  

2. Materials and Methods 
2.1. Study Area 

The study area for this research was Akinyele Local Government Area (ALGA) 
in Oyo State with its headquarters at Moniya (Figure 1). It lies between latitude 
7˚29' to 7˚40' while its longitude ranges from 3˚45' to 4˚04'. It occupies a land area 
of 464.892 square kilometers with a population density of 516 persons per square 
kilometer. This area covers Akingbile, Alphonso, Ojoo, Abata kan, Oba Temidire 
which are typically residential areas with some petty trading and small-scale busi-
nesses around. Also, located here is the International Institute of Tropical Agri-
culture (IITA) and the Military Barracks (Ojoo Cantonment). The area is divided 
by the Old Oyo inter-state road. The Ojoo-Alphonso axis serves as a transit point 
for many travelers travelling from the Northern part of the country down south 
and vice versa. As a result of this, a number of auto-mobile mechanic workshops 
are seen scattered along the roadsides to provide services to auto-mobiles owners. 
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Figure 1. Map of study area. Source: Geogra-
phy Department, University of Ibadan. 

 
Being majorly residential, a few hand-dug wells were seen around, many of 
which were without recommended sanitary features (e.g. apron and drainage). 
Some of these wells were covered with planks, metal lids or aluminum sheets. 
The topography of the place was sloppy with some rocky areas. Some other struc-
tures around there are mosques, food canteen and primary schools. 

2.2. Site Selection 

The study sites were selected using multistage random sampling technique. First 
Ibadan metropolis consists of 11 local government areas (5 urban and 6 rural). 
The rural LGAs were purposively selected because they have easy access to un-
developed plots of land. The study LGA, Akinyele, was randomly selected from 
the six LGAs using a lottery method (each member of the LGA was assigned a 
number, after which one number was selected at random). 

The auto-mobile mechanic workshops in the study were divided into six zones, 
lottery method was used to randomly select three zones (Alphonso, Temidire 
and Ojoo). Alphonso zone represented workshops within Alphonso area. Temi-
dire zone represented workshops along Barracks and Temidire area and Ojoo 
zone represented workshops under Ojoo unit 1. 

Eight auto-mobile mechanic workshops were selected from each zone using 
criteria such as: number of years of operation (5 years), absence of other indus-
tries within the area, presence of groundwater and type of activities carried out 
within the workshop. The control site (Moniya) was randomly selected from the 
remaining three zones. The residential area picked from this zone was based on 
absence of industrial, auto-mobile and transporting activities, and the presence of 
undisturbed vegetation and groundwater. It is important to state that the hydro-
geological and geological setting in the study and control zones were similar. A 
numerical simulation of underground flow in the aquifer in Akinyele Local Gov-
ernment Area by Ajibola et al., [16] idealised Akinyele domain as fractured base-
ment rocks and weathered basement rocks aquifer. 
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2.3. Water Sample Collection and Analysis 

This paper represents part of a larger study that assessed the levels of physi-
co-chemical parameters, organic compounds such as Benzene, Toluene, Ethyl 
benzene, Xylene (BTEX) and Oil & grease in soil and groundwater around in-
formal auto-mobile mechanic workshops; sanitary status of groundwater sources 
and the attitudes of mechanic operators. The scope of this paper does not cover 
soil and BTEX analysis in both water and soil. 

Water samples were collected from dug wells within zero (0) to 50 metres of 
each workshop using the standard water sampling procedures by APHA [17]. 
Replicate samples were collected in 1 litre plastic bottles. As part of the quality 
control measures, distilled water was used as the sample blank. The samples 
were then transported to the laboratory for further analyses. Physico-chemical 
analyses were carried out on each of the samples. Conventional variables were 
measured as indicators to establish a general picture of the aquatic environ-
ment, including the influences of the drainage basin and local environmental 
conditions around the auto-mobile mechanic workshops. The variables in-
clude: pH, Electrical conductivity (EC), Total dissolved solids (TDS) and heavy 
metals. The pH was measured using a Technel and Technel USHA table pH 
meter model PHS-25 while the EC and TDS were measured using a Jenwey 
combined TDS/Conductivity meter model 470. Samples were also analyzed for 
total alkalinity, and oil and grease using standard methods by APHA [17]. The 
concentrations of heavy metals such as cadmium, chromium, copper and lead in 
water samples were analysed by flame atomic absorption spectroscopy (FAAS). 
The quality of the sampled groundwater sources around the mechanic work-
shops was evaluated by comparing with control site, World Health Organization 
guidelines for drinking water quality [18] and Nigerian Industrial Standard for 
Drinking Water Quality (NISDQW) by Standards Organization of Nigeria (SON) 
[19]. 

2.4. Sanitary Inspection of Water Sources 

Sanitary inspection was conducted at each well location to identify all the ha-
zards that were potential and actual causes of contamination of the water sources. 
It provided a comprehensive knowledge of conditions at the water sources at the 
time of the inspection. Standard sanitary inspection forms adapted from WHO 
[20] was used to assess the physical structure of the wells as well as the probable 
sources of pollution. Twenty dug wells were inspected using an observational 
checklist consisting of a set of questions phrased for “Yes” or “No” answers. 
Every positive answer was scored one mark, while a negative answer was scored 
zero. Dug wells in this study were scored on a 13-point scale. The risk of conta-
mination of each well was classified according to WHO [20] as: no risk, low, 
medium, high, or extremely high risk as shown below. 

No risk = 0, Low = 1 - 3; Intermediate risk = 4 - 7, High risk = 8 - 10; Ex-
tremely high risk = >10. 
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3. Results and Discussion 
3.1. Auto-Mobile Mechanic Activities 

The workshops in the study area have been in operation for 5 - 18 years of exis-
tence and they had a range of activities which include auto servicing and main-
tenance, battery charging and repair, panel beating, welding (arc/electric), spray-
ing, electrical repair and painting. Activities practiced daily varied with auto ser-
vicing and maintenance (88.4%) > panel beating (50%) > electrical repair (41.1%) 
= painting (41.1%) > welding (33.9%) > battery repair (25.9%). 

Highest job designation among the study participants were the auto-mobile 
mechanics who were found at least in each workshop. This can be related to the 
rapid increase and spread of mechanic workshops across the town as a result of 
the high increase in importation of “Fairly used” vehicles. This was corroborated 
by Ajayi and Dosunmu [1] that estimated an increase in the importation of used 
motor vehicles from less than 500 in 1988 to about 30,000 in 2000. Also, the cost 
of servicing of vehicles by major car servicing centers has led to the springing up 
of these auto mechanics that are available and cheaper to approach. The length 
of years of existence of these workshops which from the study had ranged from 5 
- 18 years had led to a level of confidence and trust in some of these operators 
hence, more inflow of cars for serving and repair which in turn leads to more 
spills of oil to the ground during the process of engine oil and change and car 
engine servicing [3]. 

We observed that the activities in the different workshops were based on skilled 
operators functioning in different units (Figure 2). This also informed the type 
and quantity of wastes generated. Some of these include engine oil waste, gear 
box oil waste, petrol, carbide, acid, metal scrap, nylons, wires, paints containers 
and thinners, car plugs and batteries (Figure 3). The auto servicing operators 
had the highest activity, with engine oil drained from vehicles constituting the 
largest amount of waste generated (60.1%). The least waste generated was from 
the battery chargers. Figures 4-6 show different scenarios in the study locations. 
Our results corroborate that of Nwachukwu et al., [10] that put together a hypo-
thetical model of the sources of occupational wastes in three auto-mobile me-
chanic villages in the Imo River basin.  

3.2. Physico-Chemical Quality of Water from the Wells 

Appearance of samples 
The appearance of the water samples varied from colourless to slightly brown. 

Samples from Alphonso were generally colourless while Temidire and Ojoo had 
some samples that were slightly brown and visibly contaminated with dirt 
(Table 1).  

pH 
The pH values of water samples from the locations were within the same 

range. The pH values ranged between 5.1 and 7.4 across the three zones. Al-
phonso had a mean value of 6.4 ± 0.8 (5.1 - 7.4), Temidire 6.8 ± 0.7 (5.7 - 7.4), 
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Figure 2. Speciality of artisans in the auto-mobile mechanic workshops in the study area. 

 

 

Figure 3. Types of wastes generated in the auto-mobile mechanic workshops in the study area. 
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Figure 4. Vehicle repair in workshop. 

 

 
Figure 5. Panel beating activity. 

 

 
Figure 6. Carbide waste at a mechanic workshop. 
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Table 1. Mean values of the physico-chemical parameters of water across the locations and regulatory limits. 

Parameters Alphonso Temidire Ojo Control NIS (2007) WHO 1993 

Appearance Colourless Slightly brown Slightly brown Colourless - - 

pH 
Range 

6.4 ± 0.8 
5.1 - 7.4 

6.8 ± 0.7 
5.7 - 7.4 

6.7 ± 0.4 
6.1 - 7.2 

7.6 ± 0.2 
7.6 - 7.8 

6.5 - 8.5 6.5 - 8.5 

Alkalinity (mg/l) 
Range 

58.3 ± 28.6 
36 - 116 

59.4 ± 46.3 
19 - 112 

99.5 ± 82.5 
18 - 260.8 

54.3 ± 2.1 
50.1 - 58.5 

 
- 

 
- 

Conductivity (µSCm−1) 
Range 

94.6 ± 28.5 
64.8 - 152.0 

195.1 ± 97.2 
120.8 - 363.5 

269.2 ± 164.6 
82.5 - 501.5 

60.5 ± 0.3 
59.9 - 61.1 

1000 300 

TDS (mg/l) 
Range 

57.8 ± 16.4 
38.8 - 91.4 

117.1 ± 58.3 
72.6 - 218 

152.7 ± 85.3 
51.7 - 277 

36.2 ± 0.2 
35.8 - 36.6 

500 500 

Temperature (˚C) 
Range 

26.9 ± 0.3 
26.5 - 27.3 

24.3 ± 0.5 
23.8 - 25 

24.2 ± 0.8 
23.1 - 25.3 

27.1 ± 1 
25.1 - 29.1 

Ambient Ambient 

Oil & Grease (mg/l) 
Range 

1282.9 ± 163.8 
1068 - 1560 

1065.6 ± 1383.8 
34 - 3174 

2258 ± 955.5 
218 - 3024 

58.3 ± 0.6 
57.1 - 59.5 

- 10 - 30 

Cu (mg/l) 
Range 

2.5 ± 2.06 
0.38 - 6.12 

0.03 ± 0.01 
0.02 - 0.04 

0.03 ± 0.01 
0.01 - 0.05 

1.46 ± 0.01 
1.45 - 1.47 

1 1 

Cr (mg/l) 
Range 

0.34 ± 0.28 
0.00 - 0.66 

0.37 ± 0.13 
0.2 - 0.57 

0.31 ± 0.3 
0.00 - 0.79 

ND 0.05 0.05 

Cd (mgl) 
Range 

0.01 ± 0.02 
0.01 - 0.047 

0.37 ± 0.51 
0.1 - 1.29 

0.64 ± 0.79 
0.04 - 2.19 

ND 0.003 0.003 

Pb (mg/l) 
Range 

10.5 ± 11.37 
0.00 - 35.8 

ND ND ND 0.01 0.01 

ND = Not detected, NIS = National standard for drinking water quality. 
 

Ojoo 6.7 ± 0.4 (6.1 - 7.2), while Moniya (the control site) had a mean concentra-
tion of 7.6 ± 0.2 (7.6 - 7.8). Locations in Alphonso and Temidire had pH values 
which were slightly acidic (Table 1). The results show that some of wells at Al-
phonso and Temidire zones had pH values lower than the permissible limits by 
World Health Organization (WHO) and Standards Organization of Nigeria (SON) 
for domestic use and drinking water (6.5 - 8.5). The low pH of some of the water 
sources might be as a result of the activities of the battery chargers that discharge 
the spent electrolyte into their surroundings. However, the mean pH of the con-
trol site was within permissible limit. The acidic nature of water from these loca-
tions may be attributed to possible contamination from improper disposal of bat-
tery water and cleaning solvents used in the auto-mobile mechanic workshops. 
These hazardous constituents percolate through the soil and contaminate the sur-
rounding groundwater easily since all mechanic workshops visited do not have 
cemented floors. Studies on evaluation of groundwater quality for its suitability 
for drinking and agricultural purposes associated the acidic nature of the water 
sources with pH range 5.2 to 6.8 with anthropogenic activities around the area 
[21]. The range of the pH also falls into the category of slightly polluted water 
according to the grouping by Prati et al., [22]. There have been several reports 
on the effects of acidic waters on both the human health and the environment. 
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DiValentino [23] revealed that acidic waters have been known to cause irritation 
due to corrosion effects and at extreme levels worsen existing skin conditions. It 
can also cause laundry staining or blue-green stains in sinks and drains. Al-
though the pH has not indicated that the water from sources around these sites 
are alkaline, presence of spent carbide in these workshops have a capacity to cause 
this because they are highly alkaline and serve as a great source of acetylene gas 
(a volatile organic compound) when they react with water [24]. The presence of 
calcium carbide in large quantities has also been found to adversely affect plants 
and microorganisms and degrade the quality of groundwater although the toxic-
ity decreases over a period of time.  

Alkalinity 
The alkalinity ranged from 18 mg/l to 260.8 mg/l across the zones. Alphonso 

had an average value of 58.3 ± 28.6 mg/l, Temidire 59.4 ± 46.3 mg/l and Ojoo 
99.5 ± 82.5 mg/l. The control site had the lowest mean concentration of 54.3 ± 
2.1 mg/l. All the zones had the same trend in alkalinity. The mean electrical 
conductivity (EC) of samples from the zones are 94.6 ± 28.5 µScm−1, 195.1 ± 97.2 
µScm−1, 269.2 ± 164.6 µScm−1 for Alphonso, Temidire and Ojoo respectively. 
The control site had a mean concentration of 60.5 ± 0.3 µScm−1 (Table 1). The 
electrical conductivity in all the zones were higher than the control. In compari-
son with regulatory standards, the wells in Alphonso zone had some samples 
with values lower than the WHO limit, while the other zones had some samples 
with values above the permissible limits of 300 µScm−1 [18], making the water 
source unsafe for domestic use and drinking. The taste of water could also be af-
fected when conductivity is high [25]. Similar observations have been reported 
in studies carried out by Ololade et al. [26], which revealed high electrical con-
ductivity in dug wells and other groundwater sources. 

Total dissolved solids, TDS 
The mean total dissolved solids (TDS) were 57.8 ± 16.4 mg/l, 117.1 ± 58.3 

mg/l, 152.7 ± 85.3 mg/l for samples from Alphonso, Temidire and Ojoo respec-
tively. The control site had a mean concentration of 36.2 ± 0.2 mg/l. The TDS 
results across the zones were all higher than the control but within WHO and 
SON permissible limits for water quality (500 mg/l). Our results are like those re-
ported by Alao et al., [27] which assessed the effect of brewery waste on ground-
water quality, and Nebo et al., [28] that assessed impacts of mechanic workshop 
on soil and groundwater quality in Port Harcourt, Rivers State, Nigeria.  

Oil and grease 
The concentrations for oil and grease across the locations (Table 1) were re-

markably high. The results show the concentration ranges from a value of 58 mg/l 
to 3024 mg/l. This range is extremely higher than 0 to 55.6 mg/l obtained by 
Adewoyin et al. [29]. The mean values for the three zones were 1282.9 ± 163.8 
mg/l, 1065.6 ± 1383.8 mg/l and 2258 ± 955.5 mg/l for Alphonso, Temidire and 
Ojoo respectively. The mean concentration of the control was 58.3 ± 0.6 mg/l. 
All these values were much higher than the control, indicating possible conta-
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mination from auto-mechanic activities. The concentrations of oil and grease in 
the study area were far above the WHO limits for water (10 - 30 mg/l). This calls 
for serious attention considering the toxicity of hydrocarbons which cause a range 
of human health issues such as liver and kidney diseases to high risk of cancer. 
These high results may not be unconnected with volume of engine and gear oil 
spilled during car servicing as well as the petrol spills that occur when washing 
some engine parts. The gradual occurrence over a period based on the years of 
existence of the workshops will have a likely impact on the groundwater quality 
within that environment. Study by Eljaiek-Urzola et al. [30] proposed the adop-
tion of oil and grease as a “new water quality index parameter for the preserva-
tion of marine biota in tropical areas, since it is a typical pollutant found and 
measured in water bodies, causing damage to the aquatic environment”. 

Heavy metals 
The concentrations of heavy metals in the groundwater samples in the study 

area varied per zone having mean concentrations above the permissible limits by 
WHO and SON (Cu: 1mg/l; Cr: 0.05 mg/l; Cd: 0.003 mg/l and Pb: 0.01 mg/l) 
with the exception of lead in Temidire and Ojoo zones. The results showed highest 
concentrations of these metals in Alphonso zone, the mean values being Cu: 2.5 
mg/l, Cr: 0.34 mg/l, Cd: 0.01 mg/l and Pb: 10.5 mg/l. Lead having the highest 
concentration. The mean concentrations of Cu were 2.5 ± 2.06 mg/l, 0.03 ± 0.01 
mg/l and 0.03 ± 0.01 mg/l for Alphonso, Temidire and Ojoo respectively. The 
concentration at Moniya (control site was) 1.46 ± 0.01 mg/l. The high concen-
tration of Cu in this study if sustained over time, could cause health effects be-
cause copper poses potential health threats, such as liver and kidney damage if 
the exposure is long term [12] and gastrointestinal disease if short term exposure 
[31]. Another effect that could arise is the Wilson’s disease. Some study showed 
that a link has been found between long term exposure to copper and decline of 
intelligence in young adolescents [32].  

Lead was detected only in water samples from Alphonso with a mean value of 
10.5 ± 11.37 mg/l. It was found absent in water samples from Temidire, Ojoo 
and the control site. Concentrations of Pb were higher than those observed in the 
study by Bala et al., [33]. Studies have shown that a concentration of 0.1 mg/l of 
Pb in water could lead to fetuses and children developing neurological disorders 
[34] [35]. Potential effects of Pb levels above the maximum guidelines have also 
been observed to cause kidney malfunctions and high blood pressure in adults 
[36]. The mean concentration for Cd (mg/l) was 0.01 ± 0.02, 0.37 ± 0.51 and 0.64 
± 0.79 in Alphonso, Temidire and Ojoo. Cadmium was not detected at the con-
trol site. The high concentration of cadmium is a major concern considering its 
carcinogenicity [37] as well as a long biological half-life [38] leading to chronic ef-
fects as a result of accumulation in the liver and renal cortex [39]. It can also cause 
kidney damage and produce severe health effects which originate from expo-
sures to high concentrations and long-term exposures [38]. The mean concen-
trations of Cr were 0.34 ± 0.28 mg/l, 0.37 ± 0.13 mg/l and 0.31 ± 0.3 mg/l for 
Alphonso, Temidire and Ojoo respectively. Chromium was not detected at con-
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trol site. Although chromium in its trivalent form is an essential nutrient, ex-
posure to its hexavalent form in amounts above permissible limits is hazardous 
to health because it is carcinogenic. In addition to this, it could cause damage to 
liver, kidney circulatory organs and nerve tissues and cancer of the lungs [40]. 
Presence of heavy metals in high concentrations in groundwater sources around 
the informal auto-mobile mechanic workshops selected for this study could be 
associated with use of various materials containing metals and improper disposal 
of wastes. This corroborates Talabi, et al. [41] which indicated that release of 
chemicals whether incidentally or intentionally have the capacity to contaminate 
groundwater. 

3.3. Sanitary Inspection Score and Risk Assessment 

The inspection revealed that wells at locations 1, 7, 11, 12 and 19 had risk scores 
between 8 and 9 indicating that they were at high risk of contamination, loca-
tions 4, 5, 8, 9, 10, 13, 14, 15 and 17 had risk scores between 5 and 7 indicating 
intermediate risk of contamination while locations 2, 3, 6, 16, 18 and 20 had risk 
scores between 1 and 4 Locations 1, 7 and 19 had the highest risk of contamina-
tion while location 3 had the lowest risk of contamination (Table 2). 

Figure 7 shows the classification of the level of risk around the 20 wells used 
in this study, while Table 3 details the sources and types of contaminants pro-
duced in the auto-mobile mechanic workshops. Overall, 25% of the water sources 
inspected were at high risk of contamination, 45% had medium risk while the 
remaining 30% had low risk of contamination. Based on WHO recommendation 
[20], the sanitary inspection of sources enabled us to identify deficiencies in the 
groundwater supply systems in the study area that could lead to contamination 
and pose a risk to the health of the consumers. The results of the sanitary inspec-
tions could contribute to water safety by guiding remedial actions that are re-
quired at each water source [42]. 

 
Table 2. Level of risk of groundwater sources around the mechanic workshops. 

Locations Risk Score …/13 Locations Risk Score …/13 

W1 9 W11 8 

W2 2 W12 8 

W3 1 W13 6 

W4 6 W14 5 

W5 6 W15 5 

W6 3 W16 2 

W7 9 W17 5 

W8 5 W18 3 

W9 7 W19 9 

W10 5 W20 2 

Key: No risk = 0, Low = 1 - 3; Intermediate risk = 4 - 7, High risk= 8 - 10; Extremely high risk = >10. 
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Table 3. Summary of Implications of auto-mobile mechanic workshop activities. 

Contaminant Sources from the Auto-mobile workshops 

Engine oil Waste engine oils drained from vehicles or used for lubrication of body parts 

Grease Lubricants 

Gear oil Waste gear lubricant oils 

Carbide Wielding 

Lead Petrol, body parts, acid waste from battery, used copper wire 

Cadmium Batteries, painting, petrol 

Chromium Panel beating, car body scrapping and painting 

Copper Copper wires, electronic components of the vehicles and batteries 

 

 
Figure 7. Classification of the level of risk of groundwater sources around the mechanic workshops. 

4. Conclusion 

The high concentration of heavy metals (Pb, Cd, Cr and Cu) and the oil and 
grease content show that the groundwater in the study area is contaminated and 
the water quality compromised. This is not unassociated with the activities, within 
these informal auto-mobile mechanic workshops which include vehicle engine 
servicing, panel beating, body scrapping, battery charging and painting of the 
auto-mobiles. Sanitary inspection of water sources, therefore, provides a quick risk 
assessment that enables remedial measures to be put in place in the absence of 
water quality results. Contamination of the groundwater is a major threat to the 
health of the consumers hence, there is a need for enforcement of environmental 
regulations related to auto-mobile service operations as well as groundwater mon-
itoring around areas with similar activities in Ibadan metropolis and other parts 
of Nigeria considering the uncontrolled proliferation of these informal auto- 
mobile workshops all over the country in recent years. The outcome of our study 
provides background information for policy formulation in this direction. 
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Cr: Chromium 
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NISDQW: Nigerian Industrial Standard for Drinking Water Quality 
NOx: Oxides of Nitrogen  
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pH: Symbol for hydrogen ion concentration 
SON: Standards Organization of Nigeria  
Sox: Oxides of Sulphur 
TDS: Total Dissolved Solids 
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