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ABSTRACT 

Soil and water exposure to petroleum at petrol filling stations is believed to induce 

physicochemical changes and heavy metal pollution thus, this study investigated the extent. Using 

standard procedures; soil samples were collected 20-30 m apart and at a depth of about 0 – 20 cm while, 

water samples were collected within 30 m of the stations. At 500 m away from the stations, samples 

were collected as control. Soil samples were analyzed for; pH (6.25±0.25 to 6.78±0.28), Temperature 

(29.0±0.49 to 30.5±0.71 °C), Total Dissolved Solids (358 ±1.00 to 620±1.00 mg/kg), Electrical 

conductivity (719±1.00 to 1248±1.20 μS/cm), Cation exchange capacity (6.80±0.30 to 11.2±0.30 

mol/kg), Moisture content (3.50±0.30 to 7.00±0.30 %), Organic carbon (0.20±0.20 to 1.68±0.28 %) and 

heavy metal content (mg/kg): Cr (12.5±0.02 to 72.6±0.63), Cu (5.47±0.36 to 51.8±1.55), Fe 

(1525±25.10 to 2023±5.29), Ni (1.97±0.01 to 30.2±0.18), Mg (118±0.67 to 184±4.65), Mn (86.2±0.20 

to 394±0.54), Pb (3.08±0.08 to 12.2±0.12) and Zn (12.4±0.46 to 157±0.70). Water samples were also 

analyzed for; pH (7.50±0.50 to 7.71±0.30), Temperature (30.0±1.00 to 30.7±0.70 °C), Total Dissolved 

Solids (33.0±1.00 to 48.0±1.00 mg/L), Electrical conductivity (66.0±1.00 to 98.0±1.00 μS/cm), 

Dissolved Oxygen (2.60±0.30 to 4.80±0.30 mg/L), Biological Oxygen Demand (6.25±0.25 to 14.2±0.20 

mg/L), Turbidity (ND to 1.90±0.30 NTU) and Hardness (84.0±1.00 to 380±1.00 mg/L) and heavy metal 

content (mg/kg): Cr (0.187±0.004 to 0.257±0.002), Cu (0.101±0.012 to 0.112±0.008), Fe (ND to 

0.019±0.007), Ni (ND to 0.020±0.002), Mg (6.06±0.203 to 6.63±0.105), Mn (0.057±0.002 to 

0.360±0.004), Pb (0.042±0.000 to 0.072±0.001) and Zn (ND to 0.037±0.002). Even though, wide 

variability was observed in some instances, no significant impacts on soil and water were recorded as 

affirmed by their respective controls. In addition, determined parameters were on average within the 
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acceptable threshold limits set by standard regulatory bodies like NESREA, DPR, NSDWQ and WHO 

except for EC, Fe and Mg in soil and Cr and Pb in water, in all samples. 

 

Keywords: Heavy metals, petrol stations, metal pollution, physico-chemical 

 

 

 

1.  INTRODUCTION 

 

Over time, soil and water were thought as inexhaustible reservoirs for pollutants 

absorption thus, making many to adopt careless attitude towards our environment. With 

skyrocketing waste generation from advancing industrialization and rapid population growth 

[1], the conservation of soil and water has become a major concern [2]. Environmental pollution 

therefore has emerged as a global challenge, with much more bearing on developing countries 

where environmental sanitation practices and laws are neglected [3]. 

Water remains the most precious and inevitable resource for the survival of man and 

almost all other forms of life [4]. By this fact, a threat to water is therefore acknowledged as a 

threat to life [5]. Even though, water exist in abundance, covering 70 % of the earth surface, 

contamination and pollution of the fresh consumable fraction (0.3 %) of water has threatened 

its availability for human use [6]. Pollution of water is derived from natural and anthropogenic 

activities. Studies have agreed that anthropogenic activities nowadays contribute far more in 

polluting our water bodies and environment in general, than do natural causes [4].  

Similarly, soil forms the bases which support all forms of life and as such, the concern 

for its pollution and the need for protection can never be overemphasized. Pollutants in soil are 

leached into water bodies through water percolation as such soil pollution is not just pollution 

of soil but technically water and the environment in general [2]. Pollutants discharged into the 

soil however, have complex chemical composition and in some instances improve soil fertility 

by increasing content of nitrogen, organic matter and cation exchange capacity [2]. Despite this 

good and maybe few others, there are endless negative effects of pollutants on environment and 

man in particular. Some pollutants are negatively impactful even at low concentrations and may 

not have any biological benefit like some toxic heavy metals. Heavy metals are directly linked 

to respiratory problems, kidney damage, and cancer [7]. 

Metals and metalloid elements with high specific density and relative atomic weight 

greater or equal to 5 g/cm3 and 40.04 respectively, are regarded as heavy metals [8]. Heavy 

metals have emerged as a threatening class of pollutant due to their wide array of negative 

impacts and increasing presence in the environment due to technological advancement. Despite 

their being toxic, nondegradable, bioaccumulative and persistent in the environment, some are 

visibly harmful even at extremely low (trace) concentrations [8 & 9]. Following these features 

of heavy metals regarding their presence in the environment, it has become imperative to 

periodically assess their pollution potential. Heavy metals include but are not limited to 

Cadmium (Cd), lead (Pb), copper (Cu), chromium (Cr) and zinc (Zn), Iron (Fe), Manganese 

(Mn), Nickel (Ni) (Ande 2023b). Theses potentially toxic elements endanger human and animal 

health by entering water, soil, plant and food chain [10]. Presence of heavy metals in soil has 

great impact on the physicochemical parameters and fertility of soil. For water, some of the 

common parameters include; Turbidity, pH, Total Dissolved Solids (TDS), Hardness, 

Biological Oxygen Demand (BOD) and Dissolved Oxygen [11]. Meanwhile, for soil they 

include; pH, cation exchange capacity, Organic Matter and Moisture content [12]. The impact 
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on these parameters depends on the water and soil types, initial condition and amount of the 

contaminant present within the soil [13]. When these elements enter the ecosystem, they are 

prone to migrate, accumulate and concentrate for a long period of time in aquatic organisms, 

destroying the ecological balance, and affecting human health through food chain and drinking 

water, causing global concern [14]. This happens even more when the accumulation of these 

potentially toxic elements in soil and water exceeds the safety threshold; thus, threatening 

ecological balance and human health. The pathways through which these heavy metals get to 

humans have been highlighted in Figure 1. Meanwhile, the threshold values of some of these 

potentially toxic metals in water and soil are presented in Table 1. 

 

 
 

Figure 1. Pathways through which heavy metals gain accesses to man 
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Table 1. The WHO / NESREA Standard for Heavy Metal in Soil and Water [15] 

 

Parameters 
WHO/NESREA 

Soil (mg/Kg) Water (mg/L) 

Fe 0.5-50 /100 0.3/1.0 

Zn 95 /95 5.0/3.0 

Ni 50-10 /40 0.02 /0.02 

Pb 0.01 /50 0.01/0.1 

Cu 100-200 /100 2.0 /1.0 

Cr 0.05 /50 0.05/0.05 

Cd 1-3 /1 0.003/0.003 

Mn - /1500 0.4 /0.4 

 

 

Nigeria as a country has depended greatly on oil exploration as a major economic resource 

[16]. Petroleum refineries and depots are regarded as major sources of air pollutants; particulate 

matter (PM), nitrogen oxides (NOx), carbon monoxides (CO), hydrogen sulphide (H2S), 

sulphur oxides (SOx) and heavy metals. Heavy metals are allegedly agents of reproductive 

problems in humans and animals [16]. Energy generation from varying products of fossil fuel 

has led to the petroleum industry development with accompanying retail stations. Common 

among the retails are the premium motor spirit filling stations where it is sold alongside 

lubricating oils of different kinds [17]. Petroleum is generally thought of in terms of crude oil 

products but also includes all liquid, gaseous, and solid hydrocarbons.  

Proliferation of petroleum retailing stations around residential and commercial areas has 

been witnessed recently. This significantly raised the level of petroleum products being 

disposed indiscriminately into the environment and has led to soil contamination, affecting both 

surface and underground water. In many petroleum filling stations, mini motor servicing 

workshops are situated. In such workshops, activities for example change of oil fluids (oil, 

transmission, and brake types) cleaning, painting and car washing are carried. Such servicing 

activities are accompanied by dismantling of motor parts, spillage of spent and fresh oils thus, 

releasing contaminants including the heavy metals [18]. Aside servicing, petroleum spillage is 

a frequent recurring phenomenon during discharge of petroleum products into the underground 

reservoir. Of these two major instances petroleum and allied heavy metals find their way into 

the environment. By this, petroleum exploration and use has joined the other anthropogenic 

activities like mining, agricultural and industrial waste discharges as major contributors to 

heavy metals pollution of the environment [13]. Several studies have developed an integral 

assessment of soil and water qualities linked to human health and potential risks posed by heavy 

metal pollutants in the environments [19].  
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Therefore, the release of heavy metals from oil and gas wastes has become a matter of 

grave concern as they present a spectrum of human health and environmental challenges, when 

not managed properly. As earlier mentioned, these heavy metals when inhaled or ingested can 

impact neurological and kidney damage as well as cause cancer [20]. They also impact the 

physicochemical properties of soil and water and by extension the organisms that live within 

and agriculture. It is found that the key approach to addressing pollution of the environment 

due to these pollutants is simply prevention. This pollution can be prevented through proper 

handling (storage, transportation and waste management), to avoid reckless and indiscriminate 

release or discharge of contaminant into soil, water and environment in general. Therefore, it is 

of great significance to deepen the pollution assessment and risk assessment of these potentially 

toxic elements in soil and water around oil production plants, storage sites and retailing stations 

such as filling station.  

 

Study Area 

 

 

 

Figure 2. Map of Karu Local Government Area, showing sample locations 
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Petroleum filling stations within Karu Local Government Area of Nasarawa State, North 

Central Nigeria were considered for the studies. Nasarawa State is geographically coordinated 

by an area of 2,640 km2 and lying between latitude 8° 32′ and 10° 0′ north and longitude 7° 42′ 

east. Meanwhile, Karu local government has an area of 2,640 km2 and lies between latitude 

9.0469 and longitude 7.7636. Karu Local Government is an urban area in the North Central 

region of Nigeria, with some parts stretching into the boundaries of the Federal Capital Territory 

(FCT). The proximity of the major urban settlement of Karu to Abuja makes them part of the 

development corridors of the Federal Capital Territory. It consist of some major areas such as: 

Ado, New Nyanya, Mararaba, Newkaru, Masaka and some fast growing areas such as one man 

village and new Karshi [21]. Karu has two distinct seasons; wet (rainy) and dry seasons. The 

temperature, rainfall and humidity patterns follow closely, the pattern of two dominant tropical 

air masses, leading to the emergence of distinct climatic regimes. Temperature during the dry 

season (November-April) can be as high as 27.5 °C and 37 °C. March is a critical month during 

which temperature is usually highest, ranging from 35 °C to 37 °C. The maximum temperature 

ranges from 23.5 °C to 36 °C and is registered in the wet season (May-October). Daily range is 

reduced to about 7 °C illustrating the moderating influence of cloud cover and these patterns 

however vary with elevation [22]. The map of the study area showing the sample points is 

presented in Figure 2. 

 

 

2.  METHODOLOGY 

2. 1. Sample Collection 

Random sampling technique was adopted and soil and water samples were collected 

around four different filling stations within Karu Local Government Area, Namely; AYM Shafa 

(Mararaba), NNPC (Ado), Enyo (Karu) and Total Energies (Masaka). The soil samples were 

coded, S1, S2, S3 and S4 respectively. Meanwhile the water samples were coded W1, W2, W3 

andW4 respectively. The controls were both coded CTRL. Triplicate soil samples were 

collected within each sampling spot of about 20-30 m apart, using a clean stainless steel trowel. 

Samples were obtained at a depth of about 0 – 20 cm, soil samples were mixed thoroughly to 

homogenize. An amount of 20 g was properly labelled and wrapped in a clean aluminum foil, 

placed in a clean polythene bag and transported to Joseph Sarwuan Tarkaa Chemistry laboratory 

Makurdi for further analysis. 

Similarly, triplicate water samples were collected within each sampling spot of about 20 

- 30 m apart. Soil and water (Tap water) samples were collected 500 m away from the vicinity 

of the main sampling points and regarded as control. Soil and water samples were stored in a 

freezer to minimize sample degeneration until used. 

 

2. 2. Soil sample preparation and digestion 

After screening the soil to remove debris, drying and pulverizing, then sieving with a 2 

mm mesh, 2 g of the soil was introduced into a digestion flask and 20 mL of Nitric-hydrochloric 

acids (Sigma Aldrich, India) in the ratio of 1:3 was added to the samples. This was allowed to 

sit for 24 hours in a fume cupboard. After that, the entire mixture was heated till the solution 

becomes clear, allowed to cool, and then filtered into a 100 mL volumetric flask using a 

Whatman filter paper. The solution was made up to mark using deionized water. This procedure 
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was repeated for all the soil samples. The clear supernatant solutions were transferred to a set 

of plastic vials to assess the concentrations of Cr, Cu, Fe, Ni, Mg, Mn, Pb and Zn in soil. 

 

2. 3. Water Sample Digestion 

To ensure organic matter and prevention of interferences during heavy metal analysis, 20 

mL of the water samples were treated with drops of Nitric acid, filtered, and stored at 4 °C 

pending metal analysis. 

 

2. 4. Metal Analysis 

Flame Atomic Absorption Spectrophotometer (iCE 3000 Series, Thermo Scientific, 

Germany), was employed following standard procedure to determine the heavy metals. 

Wavelength of absorption for the metals, used in the procedure were; 248.3 (Fe), 279.5 (Mn), 

357.9 (Cr), 324.8 (Cu), 283.3 (Pb), 213.9 (Zn), 285.2 (Mg), 228.8 (Cd), and 232 (Ni) nm. 

 

2. 5 Physicochemical Parameters of Soil and Water  

2. 5. 1. Determination of pH of soil and water  

The pH of the soil and the water were determined using a pH meter. 

 

2. 5. 2. Cation exchange capacity of soil 

An amount of 10 g of soil sample was introduced in a 500 mL beaker, containing 250 mL 

of NH4OH, and shaken thoroughly for 30 minutes. It was allowed to stand for 24 hours then 

filtrated into a plastic bottle. The residue was repeatedly washed with ethanol to remove the 

excess NH4OH, and then washed with about 30 mL of NaCl solution to leach out NH4
+ [23].  

The CEC was then calculated thus; 

 

CEC (cmol /kg) of Soil =  
VB − VS × N × 100mcf

S
 

 

where: 

VB = volume of the blank, 

VS = Sample volume, 

N = NaOH’s normality, 

S = weight of sample, 

mcf = moisture correction factor 

 

2. 5. 3. Organic Matter of soil  

The soil sample was oven dried and heated at a temperature of 400 °C overnight, to burn 

off organic matter. The sample was weighed and weight loss of soil sample was measured and 

the amount of organic matter was recorded. 

 

OM = 𝐶 × 1.72 

 

where:  

C = Carbon 
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1.72 is a constant. 

 

2. 5. 4. Moisture content of soil 

An amount of 50 g of soil sample was oven dried and heated at a temperature of about 

105 °C [24]. The weight of the dried soil was reweighed and calculated using the equation 

below: 

 

MC =
Weight of moist soil (M) –  Weight of dry soil (D)

Weight of dry soil (D)
 

 

2. 5. 5. Turbidity of water 

Turbidity was measured using a portable turbid meter. 

 

2. 5. 6. Total Dissolved Solids (TDS) 

An amount 50 mL of sample of filtered water was oven-dried in a beaker for 5hrs at 105 

°C. To determine the TDS, the weight difference between the oven-dried content and the empty 

beaker was used to estimate the TDS [25]. 

 

Total dissolve solid (mg/L) =
(W2−W1)mg×1000

mL of filtrate used
 

 

2. 5. 7. Hardness 

To a 250 mL conical flask, 25 mL of each water sample was measured into and to it, 3 

mL of ammonium chloride in concentrated ammonia buffer was added alongside 2 drops of 

Eriochrome black T indicator. It was then titrated against 0.01M EDTA solution until there was 

a color change from, violet to blue [26]. 

 

Hardness in mg/L CaCO3=  
[𝑣×𝑚×1000]

𝑚𝐿 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑠𝑒𝑑
 

 

2. 5. 8. Biological Oxygen Demand (BOD) and Dissolved Oxygen (DO) 

Inside a 1000 mL volumetric flask, 10 mL of the water sample was added alongside 2 mL 

of ferric chloride solution, magnesium sulfate, and phosphate buffer and the entire solution 

made up to 1 liter mark with deionized water. The samples were analyzed immediately as day 

zero (D0) and on the fifth day (D5) [27]. 

 

BOD = 
D0−D5

Dilution Factor
  

 

2. 6. Analysis of Potentially Toxic Element  

Atomic Adsorption Spectrophotometer (AAS) was used to determine the presence and 

concentration of Cr, Cu, Fe, Ni, Mg, Mn, Pb and Zn in water and soil samples, following 

standard methods. 
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3.  RESULTS 

 

The physicochemical properties of soil and water within the study site are presented in 

Table 2 and 3 respectively. In all instances, CTRL represents the control samples while; S1, S2, 

S3 and S4 represent the others. Physicochemical properties of soil and water are known to be 

influenced by the presence of contaminants. In a related study, it was agreed that pollutants, 

particularly heavy metals from solid waste, increase significantly the soil physicochemical 

parameters [2], which also agreed with other studies [28 & 29]. For the soil parameters, all 

except electrical conductivity was seeing to go beyond the acceptable limit in all the sample 

sites including the control. 

 

Table 2. Physicochemical properties of the soil samples 

 

Parameters 
S1 

Mean±S.D 

S2 

Mean±S.D 

S3 

Mean±S.D 

S4 

Mean±S.D 

CTRL 

Mean±S.D 
NESREA 

pH 6.57±0.16 6.25±0.25 6.45±0.25 6.78±0.28 6.20±0.30 6.0-8.0 

Temp (°C) 30.5±0.71 30.1±0.50 29.9±0.52 29.0±0.49 29.7±0.50 20-30 

TDS (mg/kg) 358 ±1.00 434±1.00 359±1.01 620±1.00 492±1.00 1000-2000 

EC (μS/cm) 723±1.00 874±1.00 719±1.00 1248±1.20 720±1.00 100-500 

CEC(mol/kg) 6.80±0.30 7.60±0.30 11.2±0.30 6.80±0.30 4.80±0.30 5-15 

Moisture Content 

(%) 
3.50±0.30 6.00±0.31 3.50±0.30 7.00±0.30 6.50±0.30 10-30 

Organic Carbon 

(%) 
0.20±0.20 1.68±0.28 0.44±0.54 0.24±0.54 0.16±0.36 2.5 

SD = Standard Deviation S = Soil Sample (S1, S2, S3 and S4) 

 

Table 3. Physicochemical properties of the water smples 

 

Parameters 
W1 

Mean±S.D 

W2 

Mean±S.D 

W3 

Mean±S.D 

W4 

Mean±S.D 

CTRL 

Mean±S.D 
NESREA 

pH 7.50±0.50 7.57±0.50 6.78±0.25 7.71±0.30 6.82±0.20 6.8-8-5 

Temp (°C) 30.0±1.00 30.0±1.00 30.7±0.70 30.0±1.00 28.93±0.50 20-30 

TDS (mg/L) 33.0±1.00 44.0±1.00 44.0±1.00 48.0±1.00 23.58±1.22 500-1000 

EC (μS/cm) 66.0±1.00 88.0±1.00 98.0±1.00 94.0±1.00 67.55±0.50 10-100 

DO (mg/L) 4.80±0.30 2.82±0.25 2.84±0.35 2.60±0.30 2.63±0.32 5-8 

BOD (mg/L) 6.25±0.25 12.3±0.30 14.2±0.20 14.1±0.30 14.10±0.30 30 

Turbidity 

(NTU) 
BLD 0.70±0.20 0.10±0.20 1.90±0.30 BLD 5-20 

Total Hardness 

(mg/L) 
84.0±1.00 200±1.00 380±1.00 240±1.00 189±0.70 100-200 

SD = Standard Deviation W = Water Sample (W1, W2, W3 and W4) BLD = below detection 
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Table 4. Heavy metals concentrations in the soil samples (mg/kg) 

 

Metal 
S1 

Mean±S.D 

S2 

Mean±S.D 

S3 

Mean±S.D 

S4 

Mean±S.D 

CTRL 

Mean±S.D 
DPR NESREA 

Cr 12.5±0.02 15.0±0.11 72.6±0.63 21.2±0.27 14.1±0.11 100 50 

Cu 5.47±0.36 7.40±0.03 51.8±1.55 6.98±0.15 4.78±0.17 36 100 

Fe 1587±2.66 1525±25.10 2023±5.29 1651±41.20 1545±8.28 500 100 

Ni 1.97±0.01 2.23±0.01 30.2±0.18 2.24±0.02 2.37±0.03 35 40 

Mg 161±0.36 184±4.65 118±0.67 162±2.13 138±0.79 ≤100 100 

Mn 89.4±0.43 86.2±0.20 394±0.54 99.2±0.43 204±0.56 476 1500 

Pb 3.08±0.08 12.2±0.12 4.30±0.03 6.32±0.06 4.39±0.18 85 50 

Zn 12.4±0.46 32.6±2.29 157±0.70 46.5±0.35 11.3±0.33 50 95 

SD = Standard Deviation; S = Soil Sample (S1, S2, S3 and S4); DPR = Department of 

Petroleum Resources; NESREA = National Environmental Standards and Regulation 

Enforcement Agency 

 

 

Table 5. Heavy metals concentrations in the water samples (mg/L) 

 

Metals 
W1 

Mean±S.D 

W2 

Mean±S.D 

W3 

Mean±S.D 

W4 

Mean±S.D 

CTRL 

Mean±S.D 
NSDWQ WHO 

Cr 0.187±0.004 0.225±0.010 0.239±0.010 0.257±0.002 0.047±0.001 0.05 0.05 

Cu 0.101±0.012 0.112±0.008 0.110±0.007 0.111±0.008 0.100±0.01 1.0 2.0 

Fe BLD 0.019±0.007 BLD BLD BLD 0.3 0.3 

Ni BLD 0.020±0.002 0.012±0.000 0.011±0.000 BLD 0.02 0.02 

Mg 6.63±0.105 6.27±0.065 6.62±0.066 6.06±0.203 5.25±0.03 20 30 

Mn 0.057±0.002 0.360±0.004 0.067±0.001 0.086±0.008 0.020±0.01 0.2 0.4 

Pb 0.045±0.003 0.057±0.002 0.042±0.000 0.072±0.001 0.01±0.01 0.01 0.01 

Zn BLD 0.037±0.002 BLD BLD BLD 3.0 5.0 

SD = Standard Deviation; W = Water Sample (W1, W2, W3 and W4); BLD = below 

detection; NSDWQ = Nigerian Standard for Drinking Water Quality 

 

 

4.  DISCUSSION 

 

The pH values of the studied soil samples were slightly acidic but within normal soil pH 

range (6.0-8.0), designated by NESREA. The soil samples have pH values ranging between 

6.25±0.25 and 6.78±0.28, which were not reasonably different from the pH value of the control 
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(6.20±0.30). Acidic soil impairs plants nutrient uptake and increase the availability of 

aluminum which can also be toxic to plants [16]. Acidic soil however favours the availability 

of manganese which is also a plant nutrient. Acidity of soil is associated with cations such as 

hydrogen (H+), aluminium (Al3+), and iron (Fe2+) or Fe3+). On the other hand, basicity is 

promoted by cations such as; potassium (K+), sodium (Na+), magnesium (Mg2+) and calcium 

(Ca2+), through their formation of bases. Water on the other hand, has pH ranging from 

6.78±0.25 to 7.71±0.30 which is also within the NESREA designation of normal water (6.8-8-

5). Water from the respective sampling points is more drawn to neutral side of the pH scale, 

compared to the soil. The pH of the water ranged between 6.78±0.25 and 7.71±0.30, which was 

not in any way significantly different from the control (6.82±0.20). In all cases, the pH values 

of the samples were within the acceptable limit designated by NESREA. Even though, pH has 

no direct impact on consumption, it is an important operational parameter as it is indicative of 

pollution potential [30]. It is understood that water with low pH (7 or less) is more potentially 

corrosive and might lead to release of metals when allowed to pass through metal pipes. 

Similarly, a slightly lower pH was reported from filling stations and auto mechanic workshops 

by [31]. 

Temperature of the soil and the water obtained from the vicinity of the filling stations 

were not different from those of the controls and were in the range of 29.0±0.49 - 30.5±0.71 

°C. On average, the temperature values were at maximum and slightly above the Permissible 

limit (20 – 30 °C) of NESEREA, for both soil and water. Similar temperature ranges were 

reported by [32], and [31], in studies of soil and water in the vicinity of petrol filling stations 

and auto mechanic workshops in Abeokuta Metropolis, Nigeria and Bamenda-City, North West 

Region of Cameroon respectively. This high temperature recorded in the study area can be 

attributed to the atmospheric temperature of the place. Temperature has a positive correlation 

with the rate of some biological and chemical processes thus; the soil and water will be good 

for agricultural and aquatic activities.  

TDS is a measure of total ion dissolved in a solution. The TDS values of the soil and 

water within the vicinity of the petrol filling stations were all within the NESREA permissible 

limits of ≤ 2000 and ≤ 1000 mg/kg respectively. The TDS values of the soil ranged from 358 

±1.00 to 620±1.00 mg/kg whereas, that of water ranged from 33.0±1.00 to 48.0±1.00 mg/kg 

which correspond to that reported by [30]. The control water sample and the rest of the water 

samples showed no reasonable difference except for S4 sample point which was a bit higher.  

Soil electric conductivity (EC) in the vicinity of the petrol filling stations were found to 

be above the permissible limit set by NESREA (100-500 μS/cm). The values ranged from 

719±1.00 to 1248±1.20 μS/cm; the control was not much different from the values of S1, S2 

and S3 however, great difference was noticed in S4. This also, corresponds to the trend recorded 

earlier in TDS. EC is the measure of the ionic activity of a solution in terms of its ability to 

transmit current.  

Hence, the result of this study can be attributed to the uptake of soluble electrolytes from 

spilled petroleum products at the stations. High electrical conductivity indicates high 

availability of nutrients in soil which further implies high negative charge sites in the soil, 

holding up a great deal of cations. Water on the other hand has electrical conductivity values 

not different from the control (67.55±0.50 μS/cm), which were all within the acceptable limit 

of NESREA (10 – 100 μS/cm). The EC of the water samples range from 66.0±1.00 to 98.0±1.00 

μS/cm. The presence of oil in water reduces EC [30] hence, might be the reason for the low 

witnessed EC in water.  
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Turbidity values of the water samples ranged from BLD - 1.90±0.30 NTU, and in all the 

sampling points together with the control, turbidity values were quite low, and far lower than 

the maximum permissible limit set by NESREA (20 NTU), indicating good water quality. Even 

though, turbidity per se, has no health implication regarding consumption however, excessive 

turbidity causes staining and blockage of fittings [30].  

Dissolve oxygen (DO) in the sampling point, W1 demonstrated reasonably high value, 

higher than all the rest, which were not different within themselves. Although, all the values 

are still lower than the minimum threshold value set by NASREA (5 – 8 mg/L). The low DO 

values ranging from 2.60±0.30 to 4.80±0.30; indicate that the study area will poorly support 

activities of aerobic organism [30]. Furthermore, the ecosystem might be upset thereby 

encouraging the development of septic conditions and subsequent production of anaerobic 

conditions in the groundwater [33].  

In addition, water that is saturated with oxygen tastes fresh to human palates although, 

water with high DO levels speed up corrosion in water pipes [30]. 

Biochemical oxygen demand BOD of the water samples ranged from 6.25±0.25 to 14.2±0.20 

mg/L, while that of the control was 14.10±0.30 mg/L. The BOD values were all within the 

acceptable limit of ≤ 30 mg/L set by NESREA.  

Hardness of water is a function of the concentrations of magnesium and calcium ions 

present in the water as well as other ions like sulphate, chloride and hydrocarbonate [31]. The 

hardness value of the study area was examined and found to be greatly varied, ranging from 

84.0±1.00 to 380±1.00 mg/L. All sampling points except W2 and the control fell within the 

acceptable range (100-200 mg/L) by NESEREA. Hardness value for W1 (84.0±1.00 mg/L) was 

found to be lower than the minimum of the prescribed acceptable range (100-200 mg/L) by 

NESEREA. Meanwhile, W3 and W4 were all above the threshold, with a reasonable difference 

and a trend W3 > W4. However, all the samples showed values reasonably above the WHO 

limit of 75 mg/L [31]. The high hardness values in W3 and W4 might be an indication of 

permanent hardness.  

The number of exchangeable cations per unit mass of dry soil which perform a major 

function in soil fertility is known as cation exchange capacity (CEC) [2]. The cation exchange 

capacity of the soil samples were all within the acceptable range except for S4 which was lower 

than the minimum of the range of 5 - 15 mol/kg set by NESEREA. The reasonable content of 

exchangeable cations in the soil implies the presence of ions such as; Calcium (Ca), Sodium 

(Na), Magnesium (Mg) and Potassium (K). Cation exchange capacity also relies on other 

parameters like; pH, clay and organic matter (OM) contents of soil [2]. Soil with low CEC 

content is subject to leaching and may certainly yield insufficient nutrient ions like Ca, Na, Mg, 

K and low organic matter. 

Moisture content of soil generally ranges between 6.84 - 21.89 % [34]. Looking at the 

result of the study, S1 and S3 have the same value of moisture content (3.50±0.30 %) whereas; 

S2 and the CTRL have somewhat similar value (6.00±0.31 and 6.50±0.30 respectively). The 

moisture content of S4 (7.00±0.30 %), on the other hand was slightly above the rest however, 

all the values were below the minimum of the acceptable limit set by NESEREA.  

Organic carbon is the preserved carbon in organic matter and its presence in soil help rise 

the capacity to accumulate exchangeable cations in soil, which serve as nutrient to plants. The 

percentage of organic carbon content in all the soil samples which ranged between 0.16±0.36 

to 0.44±0.54 % were far lower than the threshold of 2.5 %, except for S2 which was quite close 
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(1.68±0.28). The fertility of the soil around the study sites therefore is not high and might need 

to be boosted for a good yield.  

The metal concentrations determined in the various soil samples are presented in Table 

4. Concentrations in mg/kg were in the respective ranges for; Cr (12.5±0.02 to 72.6±0.63), Cu 

(5.47±0.36 to 51.8±1.55), Fe (1525±25.10 to 2023±5.29), Ni (1.97±0.01 to 30.2±0.18), Mg 

(118±0.67 to 184±4.65), Mn (86.2±0.20 to 394±0.54), Pb (3.08±0.08 to 12.2±0.12) and Zn 

(12.4±0.46 to 157±0.70). The concentrations of Cr, Ni, Mn, and Pb were within the DPR and 

NESREA acceptable threshold limits. In contrast, all soil samples had the concentrations of Mg 

and Fe above the DPR and NESREA permissible limits. Levels of Zn and Cu were within safe 

concentrations except for levels detected in soil sample S3. Soil samples from location S3 

contained the highest concentrations of Cr, Cu, Fe, Ni, Mn, and Zn hence, the most polluted 

site. The control samples had values within the ranges observed for the study points thus, 

confirming less impact of the exposure except for S3 which has highly significant difference. 

The metal concentrations in the drinking water samples from the study area were 

investigated and results are presented in Table 5. The water samples were found to contain Cr 

(0.187±0.004 to 0.257±0.002), Cu (0.101±0.012 to 0.112±0.008), Fe (BLD to 0.019±0.007), 

Ni (BLD to 0.020±0.002), Mg (6.06±0.203 to 6.63±0.105), Mn (0.057±0.002 to 0.360±0.004), 

Pb (0.042±0.000 to 0.072±0.001) and Zn (BLD to 0.037±0.002). The Fe and Zn levels in water 

samples W1, W3, and W4 were not detected; Ni was not detected in W1. The water samples 

contained safe amounts of Zn, Mg, Fe, and Cu as stipulated by the NSDWQ and WHO. Ucheana 

et al.,  reported unsafe Pb concentrations, safe Zn and Mg concentrations in water samples 

collected from some urban centers in Enugu state, Nigeria [35]. However, Cr and Pb levels 

were above the NSDWQ and WHO threshold of 0.05 and 0.01 mg/L, respectively. The 

exposure to high Cr and Pb amounts in the drinking water could lead to carcinogenic and non-

carcinogenic health issues [36]. The concentrations of Mn and Ni in W2 were above the 0.2 and 

0.02 mg/L concentrations recommended by NSDWQ and WHO. With regards to the control 

samples, it can be inferred that there is varied influence on the water due to activities within the 

stations as the controls have values within the acceptable limits.  

 

 

5.  CONCLUSION 

 

No serious physicochemical changes were observed between the exposed sampling points 

and the controls even though variations existed. Hence, it suffices to say there is yet little or no 

influence of the anthropogenic activities in the petrol filling stations on the soil and water in the 

particular study areas. More also, all the studied physicochemical parameters for the soil and 

water seemed to be either below or within the acceptable threshold limits set by NESREA, 

except for the electrical conductivity of the soil which was reasonably above in all sampling 

points, including the control.  

This further confirms less impact of the petroleum chemical products and the activities 

within petrol filling stations on the physicochemical properties of the soil and water within the 

vicinity. Similar instance is observed in the heavy metal concentration of the soil as only Fe 

and Mg were seeing to be above the threshold in all sampling points including the control. 

Water on the other hand had Cr and Pb concentrations above the limits however, thus time the 

values of the control were within permissible limits. This therefore infers that, the metals may 

possibly have been contributed by the activities within the stations.  



World News of Natural Sciences 57 (2024) 18-33 

 

 

-31- 

References  

 

[1] Mekonnen, B., Haddis, A. and Zeine, W. (2020). Assessment of the Effect of Solid 

Waste Dump Site on Surrounding Soil and River Water Quality in Tepi Town, 

Southwest Ethiopia. Journal of Environmental and Public Health, Volume 2020, 

Article ID 5157046, 9 pages. 

[2] Ulakpa, Ruth. O., Ulakpa, W. C. and Eyankware, M.O. (2021). Quantitative analysis of 

physical and chemical attribute of soil around power-line dumpsite at Boji-Boji Owa, 

Delta State, Nigeria. World News of Natural Sciences. 35, 118-134 

[3] Verma, N., Kaur, M. and Tripathim A. K. (2020). Greenhouse Gas Emissions from 

Municipal Solid Waste Management Practice.in V. Shukla, N. Kumar (eds.), 

Environmental Concerns and Sustainable Development, Springer Nature Singapore, 

https://doi.org/10.1007/978-981-13-6358-0_17 

[4] Ande, S., Itodo, A.U., Anza, S.V., Tyem, D,I. (2024a). Level of Some Heavy Metal 

Contamination of Water and Sediments of River Pil-Gani Plateau State Nigeria. Journal 

of Chemical, Environmental and Biological Engineering, 7 (1): 38-43. 

[5] Mohammad, Z. H. (2015). Water: The Most Precious Resource of Our Life. Global 

Journal of Advance Research, 2 (9): 1436-1445 

[6] Hadiza, A. S. and Hindatu, A. (2017). Consequences of Water Pollution and the Way 

Forward Among Local Communities in Nigeria. International Journal of Geography 

and Environmental Management, 3 (3): 15–21 

[7] Samaila, B., Kalgo, Z.M., Maidamma, B. (2023). Exposure to heavy metals in oil and 

gas wastes: A systematic review on health hazards assessment and mitigation in 

Nigeria. Advanced Research in Medical and Health Sciences, 1 (1): 22-32 

[8] Ande, S., Itodo, A.U., Tyem, D.I. and Anza, V.S. (2024b). Assessment of Heavy Metals 

in Sediment of River Pil-Gani Plateau State Nigeria. FUAM Journal of Pure Applied 

Science, 4 (1): 18-24 

[9] Ahmad Zubir, A.A., Mohd Saad, F.N., Dahalan, F.A. 2018. The Study of Heavy Metals 

on Sediment Quality of Kuala Perlis Coastal Area. E3S Web of Conferences 34, 02018 

[10] Shi, T., Guo, L., Chen, Y., Wang, W., Shi, Z. and Li, Q. (2018). Proximal and Remote 

Sensing Techniques for Mapping Of Soil Contamination with Heavy Metals. Applied 

Spectroscopic Review, 53 (10): 783–805 

[11] Widder, S.H. and Baechler, M.C. (2013). Impacts of Water Quality on Residential 

Water Heating Equipment (No. PNNL-22921). Pacific Northwest National 

Lab.(PNNL), Richland, WA (United States). 

[12] Neina, D. (2019). The Role of Soil pH in Plant Nutrition and Soil Remediation. Applied 

and Environmental Soil Science, 2019, 1-9. 

[13] Onojake, M.C. and Frank, O. (2013). Assessment of heavy metals in a soil 

contaminated by oil spill: a case study in Nigeria. Chemistry and Ecology, 29:3, 246-

254, DOI:10.1080/02757540.2012.717619 

https://doi.org/10.1007/978-981-13-6358-0_17


World News of Natural Sciences 57 (2024) 18-33 

 

 

-32- 

[14] Ali, I.H., Siddeeg, S.M., Idris, A.M., Brima, E.I., Ibrahim, K.A., Ebraheem, S.A. and 

Arshad, M. (2021). Contamination and Human Health Risk Assessment of Heavy 

Metals In Soil of a Municipal Solid Waste Dumpsite in Khamees-Mushait, Saudi 

Arabia. Toxin Reviews, 40 (1): 102-115 

[15] Emenike, P. C., Tenebe, I., Ogarekpe, N., Omole, D., and Nnaji, C. (2019). Probabilistic 

risk assessment and spatial distribution of potentially toxic elements in groundwater 

sources in Southwestern Nigeria. Scientific Reports, 9 (1), 15920 

[16] Nwosu, F.O., Olulegan, Y.O., Olayinka, O.D. and Fabiyi, S.F. (2021). Investigation of 

Pollution Levels of Soils within Petroleum Depots in Nigeria. Journal of Chemical 

Society of Nigeria, 46 (4): 0731-0744 

[17] Adebiyi, F.M., and Adeyemi, A.F. (2015). Determination of the contamination profile 

of groundwater in the vicinity of petroleum products retailing stations in Nigeria. 

Management of Environmental Quality: An International Journal, 26(2), 250-269 

[18] Okonokhua, B.O. and Aghidi, E.A. (2024). Assessment of Soil Physicochemical 

Properties and Total Petroleum Hydrocarbon of Three-Decade-Old Polluted Site at 

Evbareke, Benin City. African Journal of Health, Safety and Environment, 5 (1): 53-61 

[19] Wang, X., Cui, L., Li, J., Zhang, C., Gao, X., Fan, B. and Liu, Z. (2021). Water Quality 

Criteria for The Protection Of Human Health Of 15 Toxic Metals and Their Human 

Risk in Surface Water, China. Environmental Pollution. (276): 116-628 

[20] Chen, Y., Ma, Y., Qiu, G., et al. (2016). Environmental risk assessment of heavy metal 

contamination from petroleum exploration and exploitation activities in the Bohai Sea, 

China. Environmental Science and Pollution Research, 23 (11): 11165-11177 

[21] Kanayochukwu, E. and Dogo, B. (2019) Profiling the Characteristics of Karu Slum, 

Nasarawa State, Nigeria. Journal of Service Science and Management, 12, 605-619. 

doi: 10.4236/jssm.2019.125041 

[22] Kanayochukwu, E. C., and Dogo, B. (2019). Profiling the Characteristics of Karu Slum, 

Nasarawa State, Nigeria. Journal of Service Science and Management, 12 (5), 605-619 

[23] Akan, J. C., Abdulrahman, F. I., and Yusuf, E. (2010). Physical and Chemical 

Parameters in Abattoir Wastewater Sample, Maiduguri Metropolis, Nigeria. The Pacific 

Journal of Science and Technology, 11 (1): 640-648 

[24] Ihedioha, J.N., Ogili, E.O., Ekere, N.R. and Ezeofor, C.C. (2019). Risk assessment of 

heavy metal contamination of paddy soil and rice (Oryza sativa) from Abakaliki, 

Nigeria. Environmental Monitoring and Assessment, 191 (6): 350 

[25] Ramos, L.P., da Silva, L., Ballem, A.C., Pitarelo, A.P., Chiarello, L.M., and Silveira, 

M.H.L. (2015).Enzymatic Hydrolysis of Steam-exploded Sugarcane Bagasse using 

High Total Solids and Low Enzyme Loadings. Bioresource Technology, (175): 195-202 

[26] Longe, E.O., and Ogundipe, A.O. (2010). Assessment of wastewater Discharge Impact 

from a Sewage Treatment Plant on Lagoon Water, Lagos, Nigeria. Research Journal of 

Apply Science Engineering Technology, 2 (3): 274-282 



World News of Natural Sciences 57 (2024) 18-33 

 

 

-33- 

[27] Awoyemi, O.M., Albert A.C., and Okoya, A.A. (2014). The Physicochemical Quality 

Of Groundwater In Relation To Surface Water Pollution In Majidun Area Of Ikorodu, 

Lagos State, Nigeria. American Journal of Water Resources 2(5): 126-133 

[28] Ogala, J.E., Kalaitzidis, S., Rizos, A.M., Christanis, K., Omo-irabor, O.O., Adaikpoh, 

E.O., Ejeh, O.I., Papaefthymiou, H. Petrographic and mineralogical study of extended 

out crops of lignite layers in Agbor area, southern Nigeria. Journal of African Earth 

Sciences, Volume 164, April 2020, 103659. 

https://doi.org/10.1016/j.jafrearsci.2019.103659 

[29] Wunzani, D.K., Dauda, M.S., Wyasu, G., D.A.A. David. "Assessments of 

Physicochemical Properties and Heavy Metals Content in Soils from Selected Solid 

Waste Dumpsites in Kaduna Metropolis, Kaduna State, Nigeria. Science World Journal, 

15 (1): 76-79 

[30] Igwe, O., Ngwoke, M., Ukah, B. U., Ubido, O. E. (2021). Assessment of the 

physicochemical qualities of groundwater and soils around oil‑producing communities 

in Afam, area of Porthacourt, Niger Delta Nigeria. Applied Water Science, 11 (74): 1 – 

13 

[31] Mbah I.N., Amahnui, G.A., Gwendoline, M.T., Ndemanou, F.L. and Emmanuel, N.N. 

(2022). The physicochemical properties of surface water resources around fuel filling 

stations and auto-mobile repair workshops in Bamenda-City, North West Region of 

Cameroon. International Journal of Biodiversity and Conservation, 14 (4): 165-172 

[32] Adedeji, O.H., Olayinka, O., Badejo, A.A. and Osunde, E.O. (2016). Assessment of 

heavy metals contamination of soil and groundwater around selected petrol stations in 

Abeokuta Metropolis, Nigeria. Journal of Science Research, 15 (2016): 39-48 

[33] Nwachukwu, A. N. and Osuagwu, J.C. (2014). Effects of oil spillage on groundwater 

quality in Nigeria. American Journal of Engineering Research, 3 (6), 271-274 

[34] Olayinka, O.O., Akande, O.O., Bamgbose, K., Adetunji, M.T. (2017). Physicochemical 

Characteristics and Heavy Metal Levels in Soil Samples obtained from Selected 

Anthropogenic Sites in Abeokuta, Nigeria. Journal of Applied Science and 

Environmental Management, 21 (5): 883-891 

[35] Ucheana, I.A., Ihedioha, J.N., Abugu, H.O. and Ekere, N.R. (2024). Water quality 

assessment of various drinking water sources in some urban centres in Enugu, Nigeria: 

estimating the human health and ecological risk. Environmental Earth Sciences, 83 

(10): 325 

[36] Dessie, B.K., Robele, S., Mihret, A., Desta, A. F. and Mehari, B. (2021). Determination 

and Health Risk Assessment of Trace Elements in the Tap Water of Two Sub-Cities of 

Addis Ababa, Ethiopia. Heliyon 7, 06988 

https://www.sciencedirect.com/journal/journal-of-african-earth-sciences/vol/164/suppl/C

