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ABSTRACT: Although heavy metals are naturally occurring elements that are found throughout the earth’s crust, 

anthropogenic activities such as mechanic workshops are a source of concern for heavy metal contamination. This 

paper assessed the heavy metals content in soil and groundwater within the vicinity of automobile mechanic workshops 

in Yola and Jjimeta Towns, Adamawa State, Nigeria using standard methods. Heavy metals were determined using 
AAS model 210 VGP while pH was determined by electronic JENWAY glass electrode pH meter (Model 3510). Data 

obtained revealed that, the pH of the sample ranged from 7.52 to 5.19 (provide the average pH levels in the soil and 

groundwater). From the study conducted, (provide the mean of the heavy metals here) it can be seen that the level of 
heavy metals found in the soil is in the order of Zn>Ni>Fe>Pb>Cd. While heavy metals found in the ground water of 

automobile mechanic locations is in the order Ni>Fe>Zn>Cd>Pb. The levels of metals found in the present study were 

generally below the Department of Petroleum of Petroleum Resources target values for metals in soils. 
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Heavy metals are defined as metallic elements that 

have a relatively high density compared to water 

(Aloysius et al., 2013). With the assumption that 

heaviness and toxicity are inter-related, heavy metals 

also include metalloids, such as arsenic, that are able 

to induce toxicity at low level of exposure (Alao et al., 

2010). Although heavy metals are naturally occurring 

elements that are found throughout the earth’s crust, 

most environmental contamination and human 

exposure result from anthropogenic activities such as 

mining and smelting operations, industrial production 

and use, and domestic and agricultural use of metals 

and metal-containing compounds (Alao et al., 2010). 

Environmental contamination can also occur through 

metal corrosion, atmospheric deposition, soil erosion 

of metal ions and leaching of heavy metals, sediment 

re-suspension and metal evaporation from water 

resources to soil and ground water (Lenntech, 2011). 

Natural phenomena such as weathering and volcanic 

eruptions have also been reported to significantly 

contribute to heavy metal pollution (Lenntech, 2011). 

Industrial sources include metal processing in 

refineries, coal burning in power plants, petroleum 

combustion, nuclear power stations and high tension 

lines, plastics, textiles, microelectronics, wood 

preservation and paper processing plants (Pam, 2013). 

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. The 

increase in automobile repairs/workshops and their 

activities in Nigeria are partly due to the ever-
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increasing demand for personal vehicles, most of 

which are used “Tokunbo” vehicles. These have 

contributed remarkably to the problem of soil 

contamination in most cities. Automobiles used oil 

(waste) contains oxidation products, sediments, water 

and metallic particles resulting from machinery wears, 

used batteries, organic and inorganic chemicals used 

in oil additives and metals (Stevens et al., 2010 ). Soil 

Percolation of leachates from these materials poses 

threats to groundwater. Unfortunately, information on 

the impact of automobile mechanics‟ activities on the 

ecosystem is still very unavailable. The co-existence 

of toxic heavy metals and hydrocarbons (HCs) at 

many of the mechanics contaminated sites all over 

Nigeria and in other developing countries pose a 

severe threat to the environment. In fact, the presence 

of trace elements in soil is increasingly becoming an 

issue of global concern especially as soil constitutes a 

crucial component of rural and urban environment 

(Okoro et al., 2013). Hence, the objective of this paper 

is to assess the heavy metals content in soil and 

groundwater within the vicinity of automobile 

mechanic workshops in Yola and Jjimeta Towns, 

Adamawa State, Nigeria 

 

MATERIALS AND METHODS 
Study Area: The study was conducted in Yola and 

Jimeta towns under Yola North and Yola South Local 

Government, where the influx of personal cars, 

tricycles as well as taxis troop in for their repairs. Yola 

is the capital of Adamawa State, Nigeria, usually 

referred to as Jimeta-Yola. The old town of Yola is 

where the traditional ruler (Lamido) resides and 

therefore is known as the traditional city. But the new 

city which is about 5km norh-west Yola is Jimeta. It 

lies between latitude 70° and 110° N of the Equator 

and between longitudes 110° and 140° E of the 

Greenwich Meridian. It shares boundary with Gerei 

Local Government Area at the North and Yola South 

Local Government at the East, West and South. It is 

the administrative and commercial headquarters of 

Adamawa State. The artisan activities at both areas 

(mechanic workshops), include panel beating, welding 

and metal fabrication, vulcanizing, automobile 

mechanics.  

 

Sample collection and Preparation: All the chemicals 

and Reagents used were of analytical grade (AR), 

manufactured by British Dry House Chemicals limited 

pool England or Merck Germany. No further 

purification of the reagents were carried out before 

use. Distilled water was used throughout the research 

work. All glass wares, plastic containers, crucibles, 

mortar and pestle were washed thoroughly. Glasses 

were washed with liquid soap, rinsed with distilled 

water and then soaked in 10 % HNO3 solution for 24 

hours (Fasae, 2011).  

 

Soil samples collection: Soil samples from six (6) 

automobile mechanic workshops was collected from 

Jambutu, fire service, barrack road, opposite abattoir 

(Yola road), Bekaji and Tashan Sani.  

 

Within a location, samples were collected from three 

different point at a depth of 0 -15cm and 15 -30cm 

which is referred to as top soil and sub-soil 

respectively (Awofolu, 2005). About 500g soil sample 

(from the two depths each) were collected from each 

artisan location using a pre-cleaned stainless steel 

hand trowel. The samples were put in polythene bags 

and transported to the laboratory where stones and 

other extraneous matter were removed and the sample 

were air-dried. The dried sample were then sieved 

through a 2 mm mesh stainless steel sieve, mixed 

thoroughly, sub-sampled for analysis and then stored 

in appropriately labelled polythene bags.  

 

The soil was spread on a clean plastic sheet placed on 

a flat surface and air-dried in open air in the laboratory 

under room conditions for 24 hours. Afterwards, the 

soil was sieved on a 2 mm sieve and 5g sample was 

taken from the sieved soil and put in a beaker. 10ml of 

nitric/chloric acid, ratio 2:1 was added to the sample.  

 

This sample was digested at 105°C. Next, HCl and 

distilled water, ratio 1:1 was added to the digested 

sample and the mixture transferred to the digester 

again for 30 mins. The digestate was then removed 

from the digester and allowed to cool to room 

temperature. The cooled digestate was washed into a 

standard volumetric flask and was made up to the mark 

with distilled water. Determination of the heavy 

metals was done in an atomic absorption 

spectrophotometer (AAS model 210 VGP) after 

calibrating the equipment with different standard 

concentrations.  

 

Determination of pH: pH which was determined with 

an electronic JENWAY glass electrode pH meter 

(model 3510). 

 

Water sampling and analysis: Water samples were 

obtained from each of the sites following standard 

water sampling procedure. Each sample was directly 

collected into a factory-fresh 1.5 L plastic bottle, with 

cap securely tightened. After collection the bottles 

were placed inside ice coolers for transportation to the 

laboratory where they were then transferred to the 

refrigerator. Laboratory analysis commenced the same 

day. The methods used are all detailed in APHA, 

AWWA, WPCF (1998). 
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RESULTS AND DISCUSSION 
The pH recorded for groundwater and soil at both 

depth (0-15cm and 15-30cm) showed that the highest 

pH for groundwater (7.52) was recorded in Tashan 

Sani, while the least (6.74) was recorded in Bekaji. 

The soil pH recorded at different depths showed that 

the highest (6.50) was recorded in Jambutu at 15-

30cm, while the least (5.19) was recorded in Fire 

service mechanic workshop at a depth of 15-30cm 

(Table 1). The data on heavy metals analyzed in the 

soil samples collected in the study areas is captured in 

Table 2  Tashan Sani (0-15cm) had the highest (0.390 

mg/Kg) concentration of Cadmium recorded. While, 

opposite abattoir (15-30cm) had the lowest 

concentration of Cadmium (0.006 mg/Kg) recorded 

among the soil samples collected. Concentration of 

Iron in the soil samples ranged from 0.143 mg/Kg at 

Bekaji (15-30cm) to 7.827mg/Kg level of 

concentration at opposite abattoir (0-15cm). Nickel 

concentration at barrack road (0-15cm) from the 

sample collected had the highest value 6.772mg/Kg, 

while the concentration at Jambutu (15-30m) was the 

lowest 1.441mg/Kg from the samples collected. Lead 

concentration was highest from the sample collected 

at Fire service (0-15cm) with 5.249mg/Kg and lowest 

at Tashan Sani (15-30cm) sample with 0.72mg/Kg 

concentration.  

 
Table 1: pH of Groundwater and Soil Samples from the Study sites 

Samples Location  Ground water Soil (0-15cm) Soil (15-30cm) 

Opp. abattoir  7.30 6.47 6.20 

Barrack Rd  6.92 5.30 5.29 
Bekaji  6.74 6.09 5.83 

Jambutu  7.19 6.33 6.50 

Fire Service  6.84 5.72 5.19 
Tashan Sani  7.52 6.04 6.29 

 

Table 2: Heavy Metal Concentrations of Soil Samples Obtained from study sites 

 Heavy Metal Concentrations (mg/kg)  
Sample Location Cd Fe  Ni  Pb  Zn  

Opp. Abattoir (0-15)  0.108  7.827  4.301  1.661  8.334  

Opp. Abtr (15-30)  0.006  7.132  2.167  0.798  6.161  
Barrack Rd (0-15)  0.240  2.309  6.772  2.132  4.299  

Barrack Rd (15-30)  0.010  0.739  2.246  1.625  3.895  

Bekaji (0-15)  0.017  0.819  4.327  2.709  7.398  
Bekaji (15-30)  0.029  0.143  4.237  1.513  3.701  

Jumbutu (0-15)  0.262  3.191  2.619  3.129  6.430  

Jumbutu (15-30)  0.202  2.077  1.441  1.628  5.519  
Fire Service (0-15)  0.333  4.173  3.732  5.249  2.847  

Fire Service(15-30)  0.304  2.279  0.873  2.178  1.560  

Tashan Sani (0-15)  0.390  3.450  5.550  1.583  4.376  
Tashan Sani (15-30)  0.145  0.814  3.317  0.072  3.006  

 

Zinc concentration in the studied soil samples ranged 

from 1.560 mg/Kg at fire service (15-30cm) to 

8.334mg/Kg at opposite abattoir (0-15cm). From the 

study conducted, it can be seen that the level of heavy 

metals found in the soil is in the order of 

Zn>Ni>Fe>Pb>Cd. The concentration of some heavy 

metals such as Cadmium, Lead, Nickel, Zinc and Iron 

present in the water samples obtained in the study area 

is indicated in Table 3. Cadmium concentration was 

below detection limit in water samples from Bekaji 

and Fire service but had the highest concentration in 

sample from Jambutu with 0.011mg/Kg. In Jambutu 

and barrack road, lead was found to be 0.001mg/Kg 

and 0.002mg/Kg respectively in concentration. It was 

below detection limit in other samples of the study. 

Nickel was found in all water samples. Zinc was below 

detection limit in water samples from Bekaji and fire 

service but had the highest concentration in water 

sample from barracks road. Iron concentration was 

lowest in the sample from Bekaji and highest in the 

sample collected from abattoir.  

 
Table 3: Heavy Metal Concentrations of Water Samples Obtained from study sites 

 
B.D.L=Below Detection Limit 
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From the study conducted, it can be seen that the level 

of heavy metals found in the ground water of 

automobile mechanic locations is in the order 

Ni>Fe>Zn>Cd>Pb. Heavy metals in Soil samples: 

These Sites contains considerable amount of 

potentially harmful substances including heavy metals 

like Fe2+, Zn2+, Ni2+, Pb2+. FAO (1985) has 

permissible limit of Cadmium at 0.01 μg ml-1, 5.0 μg 

ml-1 for Lead, 2.0 μg ml-1, for Zinc, 0.20 for Nickel 

and 0.5-50 for Iron. The concentrations of the heavy 

metals in the soil layers in the present study differ from 

the reports of Adelekan and Abegunde, (2011), who 

reported that Pb generally has the highest while Cd 

generally has the least and the order observed for this 

study is Pb > Cu > Cr > Ni > Cd. Some exceptionally 

high values of lead have also been reported in the 

literature and most were in one way or the other 

connected to manufacturing sites of vehicle batteries. 

Adie and Osibanjo (2009) found a range of 243 to 

126,000 mg.kg-1 in soils from the premises of a 

battery manufacturing plant. Nwoko and Egunjobi 

(2002) found Pb concentrations which were described 

as being highly elevated in soil and vegetation in an 

abandoned battery factory site. Oyeleke et al. (2015), 

reported Pb concentration ranged from 5.0 mg/kg to 

182.0 mg/kg with an overall mean concentration of 

59.13 mg/kg. The highest concentration obtained in 

the present study is even far below the highest Pb 

concentration obtained by Onianwa and Fakayode 

(2000) and Ogundiran and Osibanjo (2009) in the 

surrounding soils of battery factories in Ibadan, 

Nigeria. Other authors recorded higher values of Pb, 

which include; 17.07-8469 mg/kg by Yaylali-Abanuz 

(2011), obtained in surface soil around Gegze 

industrial area, Turkey, 14.13 mg/kg reported by 

Babatunde et al. (2014) in soil in the vicinity of an oil 

depot in Jos, Nigeria and 47.8 mg/kg by Srinivas et al. 

(2009) in soil within an industrial area, and 18 mg/kg 

reported by Iyaka and Kakulu (2012) around a ceramic 

and pharmaceutical industrial sites in Suleja and 

Minna, Nigeria. In this present study the elevated Pb 

levels in some of these urban soils are definitely due 

to activities in these auto mechanic villages. The mean 

level of Fe in the soil of the study location is lower 

when compared to the permissible limit of 50mg/kg, it 

is safe to say that the soil is safe for use. The mean of 

Zinc in soil samples of the present study is more than 

the permissible limit of Zn in soils (0.30mg/kg), 

Štofejová et al. (2021), also recorded a higher value of 

52.00–113.00 mg/kg. The level of Pb in the soil 

samples of the study area is more than the permissible 

limit of lead in soils (0.10mg/kg), and is not similar to 

the findings of Štofejová et al. (2021), that recorded 

that the average lead content was at the level of 29.92 

mg/kg in 2019 and 28.90 mg/kg in 2020. Therefore, 

the level of Pb in the study area is hazardous. Nickel 

manifested a lower range in the present study when 

compared with the report of Adelekan and Abegunde, 

(2011), who recorded a range of 2.0 to 25.0 mg.kg-1 

The maximum value is well within the limits set for Ni 

in all the countries with the exception of Netherlands, 

and Denmark (ECDGE, 2010). Both countries set a 

limit of 15 mg.kg-1 for Ni. Whereas the mean level of 

Ni in soil of the present study area is above the 

permissible maximum level of Ni in soil just as in 

Štofejová et al. (2021) where the average nickel 

content in the soil in 2019 was 32.58 mg/kg, and 31.92 

mg/kg in 2020. Ni is therefore in excess in the study 

area.  

 

The concentrations of Ni found in this study are 

compatible with those reported in the literature. For 

instance, Lenntech (2009) pointed out that the nickel 

content in soil can be as low as 0.2 mg.kg-1 or as high 

as 450 mg.kg-1 although the average is about 20 

mg.kg-1. The UK Soil and Herbage Survey found total 

nickel concentrations in the range 1.16 to 216 mg.kg-

1 for rural UK soils, with a mean value of 21.1 mg.kg-

1. Urban UK soils were found to contain nickel 

concentrations in the range 7.07 to 102 mg.kg-1, with 

a mean value of 28.5 mg.kg-1 (Environment Agency, 

2007). A survey of soils in Scotland (Berrow and 

Reaves, 1986) reported a geometric mean 

concentration of Ni in soil of 27 mg.kg-1; and a survey 

of soils in England and Wales by McGrath and 

Loveland (1992) reported a geometric mean 

concentration of 20 mg.kg-1. Therefore, soils from 

these auto-mechanic sites in Jimeta metropolis do not 

appear to contain abnormally high values of Ni. Global 

input of nickel to the human environment is 

approximately 150,000 and 180,000 metric tonnes per 

year from natural and anthropogenic sources 

respectively, including emissions from fossil fuel 

consumption, and the industrial production, use, and 

disposal of nickel compounds and alloys (Kasprzak et 

al., 2003). The Cd content in the present study was 

lower when compared to the findings of Adelekan and 

Abegunde, (2011), who recorded below the detection 

limit and the situation was found to spread through all 

the locations and at various depths of their research. 

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 auto 

mechanic workshops which have existed for several 

years, the possibility of that is remote. The other 

explanation is the mobility of Cd through the soil 

layers. Cadmium tends to be more mobile in soil 

systems than many other heavy metals (Alloway, 

1995). Contamination sources of Cd include industrial 

site contamination, mine waste dumps, and corrosion 

of metal structures. It therefore indicates that the level 
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of Cd in soil of the study area are safe for use and this 

can be attributed to no mining activities. (IARC 1993). 

Only the United Kingdom and Luxembourg have Cd 

limit of 3 mg.kg-1 while the rest have a lower limit. 

Only 2 of the measured values in this study are above 

3.0 mg.kg-1. A soil Cd limit of 1 mg.kg-1 is set in 

Norway (Reimann et al., 1997), Germany, Ireland, 

Spain and Portugal (ECDGE, 2010). Switzerland set a 

value of 0.8 mg.kg-1 for Cd (FOEFL, 1987) while 

Sweden set 0.4 mg.kg-1 (ECDGE, 2010). The 

measured values of Cd in this present study were 

below 1 mg.kg-1. Several of these findings find 

support in a study by Kabala and Singh (2006) which 

investigated the vertical distribution of Cd as well as 

its potential mobility in soil profiles exposed to copper 

smelter emissions. It found that Cd ranged from 1.06 

to 1.40 mg.kg-1 overall.  

 

Heavy metals in ground water samples: Groundwater 

is the principal natural water resources for both 

drinking and agricultural purposes. Nowadays one of 

the most important environmental issues is 

groundwater contamination. In areas where population 

density is high and human use of the land is intensive, 

groundwater is especially vulnerable. Virtually any 

activity whereby chemicals or wastes may be released 

to the environment, either intentionally or 

accidentally, has the potential to pollute groundwater. 

When ground water becomes contaminated, it is 

difficult and expensive to clean up. Industrial waste 

and the municipal solid waste have emerged as one of 

the leading cause of pollution of surface and ground 

water. In many parts of the country available water is 

rendered non-potable because of the presence of heavy 

metal in excess. Patil et al. (2012)  

World Health Organization (1996) set the maximum 

permissible limits of heavy metals in drinking water as 

follows; Cadmium (0.003 mgl-1), Lead (0.01 mgl-1) 

and Nickel (0.02 mgl-1). All water samples analysed 

in the present study cut across these limits and 

therefore posed some degree of danger to consumers 

as far as these specific heavy metals are concerned but 

Adelekan and Abegunde, (2011), reported that all 

heavy metals were within the these recommended 

maximum permissible limits and therefore poses no 

danger. The deleterious health effects of excessive 

levels of heavy metals in water vary (WHO, 1996, 

2004). It can be seen that the mean level of Cd in water 

samples in the present study is within the permissible 

limits of Cd for drinking water and irrigation water, 

this does not agree with Yusuf et al. (2018) where the 

mean concentration of Cadmium across all the 

samples was 0.07mg/l as against the WHO, (2011) 

permissible limit of 0.03mg/l and 0.003mg/l 

respectively. Iron concentration in the present study is 

lower when compared to the concentration of 

0.084mg/kg in reported by Musa et al. (2013), thus, it 

does not exceed the recommended limit for Fe in water 

0.3ppm and irrigation water 5.00ppm. The level of Fe 

in underground water of automobile mechanic 

location is safe for use. But the mean level of Zn in the 

underground water is within the permissible limit of 

both drinkable and irrigation water, 5.0mg/kg and 

2.0mg/kg respectively but does not tally with results 

from Musa et al. (2013) where zinc concentration 

ranges from 0.004mg/L to 0.066mg/L around 

Obajana, Kogi State. Thus, Zn is hazardous in the soil 

of the study areas and this can be as a result of the type 

of activities carried out in the region. Nickel is 

ubiquitous in the environment. Nickel is almost 

certainly essential for animal nutrition, and 

consequently it is probably essential to man. Nickel is 

a relatively non-toxic element; however, certain nickel 

compounds have been shown to be carcinogenic in 

animal experiments. FAO (2019). From the study, the 

mean level of Ni in underground water 0.0867mg/kg 

is above the maximum permissible Nickle limit just as 

Yusuf et al. (2018), where high concentration was 

observed at the entire location with mean value of 

0.88mg/l as against both WHO, (2011) permissible 

limit of 0.02mg/l. When use for drinking and domestic 

purposes at high concentration, Nickel can cause 

carcinogenic diseases (National Academy of Sciences, 

1999). The mean concentration of lead in underground 

water of study area 0.004mg/kg is within the 

permissible limit of both drinking water and irrigation 

water as against Yusuf et al. (2018) with the mean 

concentration values for Lead ion ranges from 

1.186mg/l and 2.392mg/l in the study area.  

 

Conclusion: The combined use of different 

approaches for evaluating soil and groundwater heavy 

metal contamination facilitates a comprehensive 

interpretation of the soil characteristics in terms of the 

background influences. The mechanic workshop 

environment is getting polluted, particularly with Pb, 

Ni and Cd based on the enrichment factor. This is a 

reflection of anthropogenic contribution which might 

partly result from the use of metal containing additives 

as lubricants. Based on the geo-accumulation index 

data, the soils can generally be classified as 

“moderately contaminated”  
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