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Abstract

This quantitative study determined the heavy metal concentration in well-
water (Wells) located within selected automobile workshops in Benue State.
The concentration of different metals including lead (Pb), cadmium (Cd), iron
(Fe), copper (Cu), zinc (Zn), manganese (Mn), arsenic (As), mercury (Hg),
chromium (Cr), nickel (Ni) and cobalt (Co) were analyzed following proper
digestion method described in the AOAC. All the metal contents were
compared with the established permissible limit provided by NESREA, US-EPA,
and WHO, and as reported by different authors. The concentrations of Pb, Cd,
Fe, Cu, Mn, Cr and Ni from the experimental sites were significantly above the
permissible limits for drinking water. Across all well-water samples in the
automobile workshops, Fe > Cu >Zn > Cr > Mn > Pb > Cd > As > Hg, while in the
control sample, Zn > Cu > Mn > Cr > Fe > Pb > Cd. In conclusion, the heavy metal
accumulation levels of well water selected from experimental sites were slightly
higher than their corresponding control sample, with most elements
significantly higher than their respective permissible limits. 60.0% of the 11
heavy metals analyzed from the experimental sites were found to be above
their permissible limits, while 58.3% of heavy metals in the control sample were
above the permissible limits.

Keywords:

Health Implications; Well-water; Heavy metals; Pollution; Automobile
Workshop

1. Introduction

Heavy metal pollution in the biosphere is now one of the most serious
environmental concerns due to its severe long-term implications on human
health and the environment (Ali et al., 2019; Mfam et al., 2023). Consequently,
identifying areas with higher concentrations of heavy metals is crucial to the
development of guidelines, effective legislation, and regulations. (Ogbeide &
Henry, 2024)

Heavy metals are non-biodegradable and may amass in the ecosystem reaching
unsafe proportions for human health. (Florea et al., 2020). The most common
routes of human exposure to heavy metals in industrial and residential areas
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are dermal, inhalation, and oral ingestions (food, water) (Nastasescu et al., 2020). These heavy metals can cause toxicity
if their allowable levels are surpassed. (Abdel-Rahman et al., 2019; Emmanuel et al., 2022).

The public is becoming conscious of the presence of heavy metals which is on a steady increase in the environment.
(Tchounwou et al., 2012). The awareness of the effects of these contaminants in our foods, drinking water, and air is
very important (Onyedikachi et al., 2018). This is because the ingestion of substances contaminated with heavy metals
decreases the bioavailability of some essential nutrients. (Saikat et al., 2022). It can also deplete immunological
responses, lead to gastrointestinal cancer, intrauterine growth retardation, impaired psycho-social facilities, and many
other health effects (Choudhury, 2015).

Nigeria as a country, is one of the largest consumers of fairly used cars. This in turn increases the burden and cost of
repairs and maintenance of these vehicles. Automotive service and repair workshops are the largest small-quantity
generators of hazardous waste (Komolafe et al., 2019). Automobile workshops are known to churnout different types
of waste in their day-to-day activities. (Abidemi, 2011). These include used oil and fluids, used vehicle parts, asbestos
from brake pads, and waste from solvents used for cleaning. (Riyad et al., 2015; Richard, 2004). The importance of
these metals as environmental health hazards is readily evident from the fact that they ranked in the top 10 on the
Agency for Toxic Substances and Disease Registry priority list of hazardous substances (ATSDR, 2015; Alissa & Ferns,
2011).

In May 2010, in Northern Nigeria Zamfara State, many children were reported to have fallen sick, symptoms reported
include; vomiting, abdominal pain, headaches, and seizures. Many of these children died. The cause was unknown and
as such, a team from the CDC-Nigeria office in Abuja went in for investigation. Unsafe levels of lead were discovered in
most of the homes and waters from the community wells. Children in the villages investigated were found to have
dangerous levels of lead in their blood (CDC, 2016).

In this study, we assess the presence and concentration of heavy metals in Well-water in the two largest automobile
workshops located in Makurdi - the capital of Benue State. The detected levels of the heavy metals in the selected
Well-water will be compared with safety standards to determine their safety for food, medicine, or other purposes.
Heavy metals under consideration include; arsenic (As), cadmium (Cd), copper (Cu), chromium (Cr), Cobalt (Co), Iron
(Fe), lead (Pb), Manganese (Mn), Mercury (Hg), Nickel (Ni), and zinc (Zn).

2. Materials And Methods

Study Area

The study was conducted in Makurdi Local Government Area of Benue State Nigeria. Located in the Middle-belt region
of Nigeria, it boasts of a population of about 6.1 million based on the 2022 census record. It occupies a total land area
of 30,783 km2 and among the 11th largest state by land mass in the country. Benue State has its capital at Makurdi
(City Population, 2024)

Selection of Sites

The study was carried out in Makurdi Local Government Area which is the largest urban and cosmopolitan city in the
state (Fig. 1). Table 1 shows the longitude and latitudes of the experimental sites. Using purposive sampling,
Automobile workshops in Makurdi with functional wells were selected for water sample collection. Four (4) automobile
workshops sites in Makurdi were found to have functional wells, hence the study was limited to these sites namely —
One (1) Automobile Workshop in North Bank Area and three (3) Automobile Workshop in New Garage Area.
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Figure 1: Map of Nigeria showing Benue State and study locations.
Source: Authors illustrations based on data from OpenStreetMap and Global Administrative Areas (GADM, 2022).

Table 1: Longitude and Latitude of Experimental Sites.

Location Address Latitude Longitude
Makurdi Automobile Workshop in North Bank 7.770421 8.55783
Makurdi Automobile Workshop in New Garage 1 7.743646 8.51722
Makurdi Automobile Workshop in New Garage 2 7.743765 8.51732
Makurdi Automobile Workshop in New Garage 3 7.748064 8.51697

Sample Collection and Preparation for Elemental Analysis

The samples were collected in bottles. The bottles were pre washed, properly rinsed and left to dry. All samples were
labelled appropriately and transported to the laboratory for elemental analysis. Plates 1-4 shows pictures of some of
the sites from which samples were collected.

The control sample was taken from a private well in residential area (a kilometer away from the nearest Automobile
workshop.)
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Plate 1: A functional well in Automobile workshop in G.R.A 1, Makurdi showing abandoned vehicles and scraps.

Plate 2: A functional well in Automobile workshop in G.R.A 2, Makurdi showing abandoned vehicles wind screens and
other scraps.
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Plate 3: Automobile workshop in New Garage 3, Makurdi showing piles of decaying vehicle parts surrounding a
functional well.

Plate 4: Automobile workshop at New Garage 3, Makurdi showing a functional well surrounded by vehicle scraps.
Locals are reported to sometimes fetch this water for domestic use.

Laboratory Analysis

Sample digestion was done according to the method described by Association of Official Analytical Chemists (AOAC,
2015). Heavy metal concentrations were determined using Perk-Elmer Analyst AAS (Atomic Absorption
Spectrophotometer).

3. Results and Discussion
Concentrations of Heavy Metals in Well water from Automobile Workshops in Makurdi.

Table 2 shows the concentrations of heavy metals in Well-water from Automobile workshops sites in Makurdi-Benue
State. The concentrations of Pb, Cd, Fe, Cu, Mn, Cr and Ni from the four experimental sites were significantly above the
permissible limits for drinking water. Total concentration of heavy metals in Well-water New Garage | (21.45mg/L) and
Well-water New Garage Il (20.94mg/L) were the highest concentrations of heavy metals across all samples (twice the
total concentration of heavy metals in the control sample (10.09mg/L). Heavy metal contamination was highest in Well-
water New Garage | (WWNG1), followed by Well-water New Garage Il (WWNG2), Well-water New Garage Il (WWNG3)
and Well-water Northbank (WWNB). Across all well-water samples in the automobile workshops, Fe > Cu > Zn > Cr >
Mn > Pb > Cd > As > Hg, while in the control sample, Zn > Cu > Mn > Cr > Fe > Pb > Cd. Mercury was not detected in
WWNG3, WWNB and Control A while Arsenic was not detected in Control A sample alone.
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Table 2. Concentrations of Heavy Metals in Well-water from Automobile Workshops and Residential sites in

Makurdi.
Element Well Well Well Well Control A Control ControlC  Control NESREA us WHO
Water- Water- Water- Water-  (mg/l) B(mg/l)  (mg/l) D (mg/l) Pm-limits  gpA Pm-
NG 1 NG 2 NG 3 N/Bank (mg/1) Pm- limits
(mg/l)  (mg/l) (mg/l) (mg/1) limits  (mg/l)
(mg/1)
Pb 1.24 1.30 0.21 0.18 0.013 1.24 1.18 1.41 NS 0.05 0.05
Cd 1.21 1.25 0.19 0.15 0.01 1.19 1.16 1.30 0.003 0.005 0.003
Fe 7.13 6.56 0.66 0.63 0.67 6.90 7.10 7.40 0.30 0.30 0.30
Cu 3.61 3.58 3.10 2.83 2.28 3.50 3.30 3.65 NS 1.30 1.50
Zn 4.54 4.50 4.30 4.26 421 4.57 4.50 461 3.0 5.00 5.00
Mn 1.68 1.72 1.64 1.60 1.56 1.70 1.82 2.00 0.20 0.05 0.40
As 0.06 0.07 0.01 0.003 ND 0.08 0.05 0.10 0.01 0.05 0.01
Hg 0.016 0.02 ND ND ND 0.018 0.014 0.021 0.001 0.002 0.006
Cr 1.97 1.94 1.41 1.39 1.35 1.98 1.93 2.12 0.05 0.05 0.05
Ni 1.88 1.85 0.28 0.31 0.26 1.90 1.80 1.96 NS 0.02 0.10
Co 0.18 0.21 0.05 0.05 0.043 0.23 0.19 0.27 NS 0.05 0.01
Total Conc. 23.52 23.00 11.84 11.40 10.39 23.31 23.04 24 .84
No. of heavy 10 10 9 7 6 10 9 10
metals above
Pm-limits out
of 11
8
2 7
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Figure 2. 3D Column showing 11 heavy metal concentrations across 8 analyzed samples in Makurdi.
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4. Discussion

The elevated levels of heavy metals detected in well-water samples from automobile workshops can be traced to the
activities of automobile workshop operators such as indiscriminate dumping of automobile scraps, engine oil, hydraulic
oil and many other wastes which may have been released into the soils. The heavy metals subsequently seep into
ground water around these workshops, leading to ground water contamination. The concentration of Pb across the
automobile workshop wells was many times more than the WHO and US-EPA permissible limits, with WWNG1 being
24 times more than the permissible limits. This findings agree with Udongwo et al. (2022) and contrary to Usman et al.
(2013) who reported lead with concentrations below WHO and NESREA permissible limits in automobile workshops.
Possible sources of lead in water include motor batteries and other lead containing materials used by automobile
workshop operators. Effects of lead levels above permissible limits can potentially affect children’s brain development,
resulting in reduced intelligence quotient (1Q), anaemia, hypertension, renal impairment, immune-toxicity and toxicity
to the reproductive organs. The neurological and behavioural effects of lead are believed to be irreversible (CDC 2022
and WHO, 2023).

Cadmium (Cd), Iron (Fe), copper (Cu), chromium (Cr) and nickel (Ni) were detected above the NESREA, WHO and US-
EPA permissible limits in all the well water samples. Cadmium can be released into the soil and subsequently ground
water from Zinc smelting, waste batteries, paint sludge, incinerations & fuel combustion (Rashmi and Pratima, 2013).
Usman et al. (2013) and lbrahim et al. (2019) in their work, also reported cadmium concentration above WHO
permissible limits. Cadmium can be released from steel, batteries and magnets (Carney, 2022). Iron content of the
water may be as a result of waste generated which includes solvent, hydraulic fluid, spent lubricants most of which are
dumped into the soil directly and are leached into underground water. Usman et al. (2013) recorded iron below WHO
permissible limits. Adelekan and Abegunde (2011) also recorded copper concentrations above WHO permissible limits.
Usman et al. (2013) recorded nickel below permissible limits. Zinc, although having the highest recorded concentration
of all heavy metals analyzed, is below WHO and US-EPA permissible limits. This agrees with Ibrahim et al. (2019) who
recorded zinc as having the highest heavy metal concentration in well water samples studied. Usman et al. (2013) also
reported zinc with the highest concentration of all heavy metals analyzed in well water samples and exceeding WHO
permissible limits. Arsenic was found to be below permissible in all water samples analyzed. Arsenic can be released
into ground water via smelting operations, thermal power plants, and fuel spillage. Long-term exposure to arsenic from
drinking-water and food can cause cancer and skin lesions. In utero and early childhood exposure has been linked to
negative impacts on cognitive development and increased deaths in young adults (WHO, 2024) . Hence, exposure to it
via drinking water or any other source pose a serious health threat to humans (Podgorski, 2020). Mercury (Hg) was
detected in WWNG1 (0.016mg/L) and WWNG2 (0.02mg/L) but was not detected in WWNG3, WWNB and the Control
sample. Usman et al. (2013) in his studies reported the presence of mercury but in very low concentrations and below
WHO permissible limits. Cobalt was found below permissible limits. The disagrees with Udong et al. who in a 2022
study of Heavy Metal Contamination in Boreholes around Mechanic Workshops in Uyo Metropolis, Akwa Ibom State,
reported cobalt above standard permissible limits ). With the exception of a few elements in Control A, most of the
elements in Control samples B, C and D where seen to have high heavy metal concentration levels as most of the
automobile workshops. Generally, well water samples from Automobile workshops and Control samples were seen to
have heavy metal concentrations that exceed the permissible limits. Higher heavy metal concentrations in well water
located in automobile workshops than in those taken in residential areas has been reported (Gyanggyang & Gbaa,
2024). However, studies on water-bodies located away from automobile workshops such as rivers in Makurdi reveal
high concentrations of heavy metals such as Cd, Cr and Pb. (Eneji et al., 2012). In this study, Iron (Fe) levels were
significantly higher than permissible limits in all experimental and control site samples (range of 0.63-7.40mg/I). Forty
percent (40%) of wells exhibit elevated iron concentrations above the WHO limits for drinking water. The presence of
iron in residential wells may be traced to the local environment of the wells with respect to geology, dissolution of iron
minerals from rocks and soil, precipitation and run offs. (Mile et al., 2012). Piwuna and Daku reported elevated
residential well-water concentrations of As (mean: 28.10 mg/kg), Cd (25.68 mg/kg), Se (6.75

mg/kg), and Pb (16.93 mg/kg), mostly exceeding guideline limits set by the World
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Health Organization (Piwuna & Daku, 2025). Cobalt is a very rare element, with only trace amounts in the Earth’s crust
(Barceloux, 1999) and may be the reason for its detection in very low levels. Elevated levels of these metals in
Automobile workshops, relative to control samples, are likely due to activities at the workshops that release these
metals into the environment. However, the geological peculiarities of Makurdi and environs significantly contribute to
the high heavy metal concentrations in both Experimental and Control samples can be attributed to ((Piwuna & Daku,
2025).

5. Conclusion

Our study provides evidence that automobile workshops in the examined region have significant heavy metal
contamination. 60.0% of the 11 heavy metals analyzed from the experimental sites were found to be above their
permissible limits, while 58.3% of heavy metals in the control sample were also above the permissible limits. The
uptake of these heavy metals by human beings and their subsequent bioaccumulation in human tissues, as well as
their biomagnification through the food chain, raises substantial concerns for both human health and the broader
environment. We hereby recommend the following:

1. Consumption of Well-water located within Automobile workshops for drinking and cooking purposes should
be discouraged due to the posited heavy metal contamination in these wells.

2. It is safe to advice that wells meant for private and domestic consumption be sited a distance away from
automobile workshops, especially for residential areas with a topographic gradient that favours seepage
pressure and runoffs from automobile workshops.

3. Further studies should be carried out in more wells located in both residential areas and automobile workshops
to throw more light on the findings of this study. Due to the rich deposits of some minerals in the soil as
revealed in the control sample, studies should be carried out to ascertain the natural water and soil
concentrations of heavy metals within Benue state and possibly the Middle-belt region of Nigeria. This is
pivotal to the development of safety guidelines, legislation and regulations regarding water consumption
within the region.
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