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Abstract  
Water is one the most inevitable and treasured natural resources for the 

existence of all living organisms on the planet earth. Management of the 

quality of this precious resource is, therefore, of special significance.  This 

study evaluated the quality of water samples collected from different twenty-

seven open wells located at nine selected fuel stations scattered within three 

Ilorin metropolitan areas. Three stations each, in the three local government 

area were randomly selected. Physiochemical parameters of samples and the 

total petroleum hydrocarbon (TPHC) were analysed for any possible 

petroleum product leaking from the stations underground storage tank into 

the nearby wells, using standard methods for the analysis.  Physiochemical 

values of the samples for Ilorin South fuel Stations (SFS); pH, colour, 

electrical conductivity, turbidity, total dissolved solids (TDS), total hardness 

(TH), total iron (TI), copper, manganese, nitrate, chloride, TPHC, chemical 

oxygen demand (COD) and biological oxygen demand (BOD); are 5.06 to 

8.87, 1.00 to 2.57 pt-Co, 424 to 484 μS/cm, 2.10 to 4.01 NTU, 1170 to 1750 

mg/l, 259 to 590 mg/l, 0.05 to 0.86 mg/l, 0.37 to 0.63  mg/l, 0.04 to 0.28 mg/l, 

17.81 to 22.00 mg/l, 20 to 117mg/l, 0.006 to 0.125mg/l, 13.61 to 22.40mg/l, 

and 6.48 to 12.12 mg/l, respectively. For Ilorin East fuel stations (EFS); 6.22 

to 7.70, 0.00 to 6.40pt-Co, 104 to 848 μS/cm, 0.21 to 4.41NTU, 1206 to 
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Introduction 
According to World Health 

Organization, (WHO, 2000). About 1 

billion people in developing countries 

lack access to safe drinking water with 

a greater percentage found in 

developing countries. This increasing 

deficiency of potable water has 

necessitated the use of water from 

other sources that are prone to 

contamination. Consequently, 

developing countries are particularly 

plagued with water-borne diseases 

(Aderibigbe et al., 2008). Therefore, it 

is essential to routinely examine the 

sources and quality of drinking water 

to safeguard public health. 

These contaminants have found their 

ways into supplies as a result of 

inadequate treatment and improper 

disposal of waste, industrial 

discharges, underground storage fuel 

tank leakage, open defecation and 

surface disposal of hydrocarbon fuels 

just to mention few. The proportion of 

water borne disease outbreaks 

associated with the distribution 

system failure has been increased over 

the years, so water is unfit for drinking 

if there is presence of contaminants. 

Considering the above facts, this 

research focused its attention to detect 

possible hydrocarbon contaminants in 

underground drinking water sources 

located near petrol and diesel filling 

stations within Ilorin Metropolitan 

area. 

The contaminated groundwork are 

being pumped and used for some 

household chores other than drinking 

and cooking which brings about some 

of the people contacting dermatitis 

due to long term exposure to the 

1717mg/l, 280 to 410mg/l, 0.05 to 0.56mg/l, 0.37 to 0.81mg/l, 0.04 to 

0.66mg/l, 18.65 to 22.01 mg/l, 76 to 217mg/l, 0.006 to 0.021mg/l, 13.12 to 

21.20mg/l, and 6.45 to 11.28mg/l, respectively. And for Ilorin West fuel 

stations (WFS) ranged as follows: 6.30 to 7.72, 1.21 to 5.00pt-Co, 424 to 993 

μS/cm, 0.46 to 4.13NTU, 1292 to 1683mg/l, 210 to 256mg/l, 0.03 to 0.28mg/l, 

0.19 to 0.25mg/l, 0.06 to 0.13mg/l, 17.77 to 22.50mg/l, 25 to 129mg/l, 0.004 

to 0.006mg/l, 9.15 to 13.39mg/l, and 8.11 to 14.21mg/l. Data analysis showed 

that factor area and location accounted for 51.17% (BOD), 62.75% (COD) 

and 38.51 % (TPHC) of the well within Ilorin Metropolitan area. 

   

Keywords: water, qualities, open wells, fuel station and petroleum 

hydrocarbon and physiochemical 
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contaminated water. Incidence of spills resulting from auto crash or pipeline 

vandalism involving trucks or pipes carrying refined petroleum products 

(petrol, kerosene, diesel etc.) are common occurrence in Nigeria. The spilled 

products are not recovered but find their way into rivers, streams, open wells 

and also sink into soils thereby polluting groundwater (Kayode, et al., 2009). 

 

Water Pollution and Its Effect on Healthy living   

Water pollution is a major problem in the global context. It has been suggested 

that it is the leading worldwide cause of deaths and diseases, and that it accounts 

for the deaths of more than 14,000 people daily (WHO, 2009). An estimated 

700 million Indians have no access to a proper toilet, and 1,000 Indian children 

die of diarrhoea sickness every day. Some 90 % of China's cities suffer from 

some degree of water pollution, and nearly 500 million people lack access to 

safe drinking water. In addition to the acute problems of water pollution in 

developing countries, industrialized countries continue to struggle with 

pollution problems as well. In the most recent national report on water quality 

in the United States, 45 percent of assessed stream miles, 47 percent of assessed 

lake acres, and 32 percent of assessed bay and estuarine square miles were 

classified as polluted (Franzluebbers, 2002, EPA, 2003). 

 

Chemical Constituents in Groundwater 

Nitrate 

Igneous rocks contain small amounts of soluble nitrate or ammonia. Nitrate is 

the final stage of oxidation of nitrogen from organic matter. Most nitrates in 

natural water come from organic matter. Most nitrates in natural water come 

from organic sources or from industrial and agricultural chemicals. Water 

containing high nitrate concentration more than 15-25mg/l causes 

methemaglobiniema in infants. 

 

Mg 

Magnesium is one of the earth most common elements. It forms soluble salts 

which contribute both carbonate and non-carbonate hardness to water, (surface 

and groundwater). Excessive concentrations of magnesium are undesirable in 

domestic water because problems of scale formation and also because 

magnesium has a cathartic and diuretic effect. (WHO, 2009). 
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Sulphate 

The concentration of Sulphate in natural water can vary over a wide range from 

a few mg/l to several thousand mg/I. The Sulphate ion in groundwater is usually 

derived from contact with gypsum and other mineral deposits containing 

Sulphate.  

 

Calcium 

Calcium is an essential part of human diet, but the nutritional value from water 

is likely to be minimal compared to the intake from food sources. The 

concentration of calcium ion must not exceed 200ppm in groundwater. (WHO, 

2009). 

 

Potassium 

Potassium is an important metallic ion in water. Water associated with igneous 

silica rocks contains sodium and potassium in equivalent amount, Okonkwo, et 

al., (2008) showed that common sources of potassium are the potassium formed 

by the weathering of orthoclase, leucite and nepheline in igneous and 

metamorphic rocks. 

 

Phosphate 

Significant concentrations of Phosphates are usually found in groundwater 

unless they have become polluted. 

 

Sodium 

Sodium unlike calcium and magnesium, and silica is not found as an essential 

constituent of many of the common rock forming minerals. Sodium does not 

appear in large amounts in groundwater except in connate waters or when salt 

water from the ocean intrudes into aquifer. (WHO, 2009). 

 

Materials and Methods 

 

Study Area 

Location and size 

The study was conducted within the cosmopolitan of Ilorin, Kwara State. Ilorin 

as the State capital comprises of three Local Government areas namely; Ilorin 

South, Ilorin East and Ilorin West. Ilorin is located on latitude 8°24'N and 
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83°6'N and longitude 4°10'E and 4°36'E and is situated at a strategic point 

between the densely populated South-Western and the sparsely populated 

middle belt of Nigeria. Ilorin is located in the transitional zone between the 

deciduous wood land of the South and dry Savannah of North Nigeria (Jimoh, 

2003). The choice of Ilorin as the State capital has resulted in its rapid increase 

in population and urban development. The 2006 population census figure 

showed that the city had a population of 766,000 (Aderibigbe, et al., 2008). 

Ilorin has grown from what can be describes as “Foot City” with residential 

houses located around the Emir’s palace to an “Automobile City” (Aderamo, 

2003). The neighbouring States and borders by location are, Niger State to the 

North, Kogi State to the East, Republic of Benin to the West, Oyo and Osun 

States to the South. 

 

Some materials used 

1. Plastic bottles 

2. Funnel  

3. Distilled water 

4. Cello tape (paper) 

5. Conical flask 

 

Methods of Analysis 

Field investigation  

Three samples each, were taken from three randomly wells in each area making 

9 samples from each Local Government area. Properly labelled plastic sample 

bottles were rinsed with distilled water and later with a little quantity of the 

sample. These bottles were then securely taped up leaving no space for air. They 

were packed in a cooler provided with ice pack and taken to the laboratory for 

the analysis. Recommended physiochemical and bacteriological analysis were 

conducted at a competent laboratory that is authorized by WHO. All necessary 

precautions were duly followed. A geographical positioning system (GPS), 

German 76 model was used for recording the geographical coordinates of the 

sampling points of each filling station. Tables 1 and 2 show location of 

randomly selected control wells and samples location of selected fuel stations 

within Ilorin metropolitan areas, respectively. 

 

 

http://nigerianwiki.com/Niger
http://nigerianwiki.com/Kogi
http://nigerianwiki.com/Osun
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Table1: Location of some selected control wells within Ilorin metropolis  

Area Location Latitude  Longitude  Altitude 

Ilorin 

South  

Maraba Sabo-Oke, beside 

CAC Church 

8°48'99" 4°57'10" 268m 

Ilorin 

West  

Gari Alimi, behind Total fuel 

station 

8°46'04" 4°50'33" 233m 

Ilorin 

East  

Oloje 8°52'31" 4°49'12" 315m 

 

Table2: Samples location of selected fuel stations within Ilorin metropolis  

Area Locations Latitude  Longitude  Altitude 

Ilorin 

South  

1. Okin Oloja fuel station 

(SFS1) 

2. M.D Ayoka fuel station 

(SFS2) 

3. Total fuel station Faite 

(SFS3) 

8°50'37" 

8°50'35" 

8°49'98" 

4°57'92" 

4°57'86" 

4°58'02" 

223m 

274m 

276m 

Ilorin 

West  

1. Oando fuel station Gari 

Alimi overhead bridge (WFS1) 

2. A. Tapita fuel station after 

Gari Alimi overhead bridge 

(WFS2) 

3. Total fuel station Surulere 

Rd.(WFS3) 

 

8°46'11" 

 

8°46'08" 

8°48'18" 

 

4°52'02" 

 

4°51'93" 

4°53'62" 

 

322m 

 

324m 

279m 

Ilorin East  1.Yuslat oil & gas Nig, Oloje 

(EFS1) 

2. Olumo oil Okolowo (EFS2) 

3.  Bovas petrol station 

Okolowo(EFS3) 

8°52'61" 

8°53'12" 

8°53'27" 

4°49'37" 

4°48'67" 

4°48'83" 

304m 

293m 

219m 

 

Laboratory analysis 

Physiochemical analysis 

Physiochemical analysis involves the studies of both physical and chemical 

properties of the samples. Chemical characteristics tend to be specific in nature 

than the physical parameters and are useful in assessing the properties of water 
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samples. The physiochemical parameters studied in this study include the 

followings (Simpi, et al., (2011); 

a. EC 

b. Colour 

c. pH 

d. Taste/Odour 

e. Turbidity 

f. TDS 

g. TH (Ca Mg) 

h. TI 

i. Cu 

j. Mn 

k. Nitrate 

l. Chloride  

m. TPHC   

n. COD 

o. BOD 

 

Data analysis 

ANOVA was carried out on the effect of area and location on physicochemical 

characteristics (BOD, COD and TPHC) of well water in Ilorin Metropolitan 

areas. Such that the area comprises of SFS, EFS   and WFS. The location are 

filling stations environment.  

  

Results and Discussions 

Physicochemical properties of the open-wells  

The results of the physiochemical properties of three wells each, from the three 

local government area of Ilorin which are; SFS, EFS and WFS are hereby 

enumerated below: 

 

pH 

The pH values (Fig. 1) of SFS varied between 8.87 and 5.06 with sample SFS1 

and SFS3 having the highest and lowest pH values,  respectively, this does not 

complied with the pH values (6.5-8.5) recommended by WHO. pH of EFS 

varied between 7.70 and 6.22 with sample EFS1 and EFS3 having the highest 

and lowest pH values, respectively. These fall within the recommended values. 
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WFS varied between 7.72 and 6.30 with sample WFS2 and WFS1 having the 

highest and lowest pH values, respectively, these are within the recommended 

values. These pH values may be as result of type of soil and free carbon (IV) 

oxide level in the samples. The fluctuations in optimum pH ranges may result 

in increase or decrease in the toxicity of poisons in water bodies (Okonkwo et 

al., 2008, Chikezie et al., 2018). 

 
Fig. 1: pH value for the samples 

 

Colour 

Colour values (Fig. 2) for SFS varied between 2.57 and 1.00 with SFS1 and 

SFS2 having the highest and lowest colour values, respectively. Colour values 

for EFS varied between 6.20 and 0.00 with sample EFS2 and EFS1 having the 

highest and lowest colour values, respectively. Values for WFS varied between 

5.00 and 1.21 with WFS1 and WFS3 having the highest and lowest colour 

values, respectively, the colour of the water samples in this location complied 

with the values (15pt-Co) recommended by WHO.  

  
Fig. 2: Colour of samples 

Turbidity 

Turbidity (Fig. 3) for SFS varied between 4.01 NTU and 2.10 NTU; sample 

SFS3 and SFS2 having the highest and lowest level, respectively. The level of 
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the water samples for EFS varied between 4.41 NTU and 0.21 NTU; samples 

EFS3 and EFS1 having the highest and lowest level, respectively. Levels for 

WFS varied between 4.13 NTU and 0.46 NTU; sample WFS1 and WFS3 having 

the highest and lowest levels, respectively. The turbidity of the samples 

conformed to standard requirements, WHO, (2009).  

 
Fig. 3: Turbidity of the samples 

 

EC 

EC (Fig. 4) of SFS ranged from 484 μS/cm and 424 μS/cm with SFS1 and SFS2 

having the highest and lowest values, respectively. The values for EFS ranged 

from 848 μS/cm and 104 μS/cm with EFS3 and EFS2 having the highest and 

lowest values, respectively. WFS values ranged from 993 μS/cm and 424μS/cm 

with EFS2 and EFS3 having the highest and lowest values, respectively.  

 
Fig. 4: EC of the samples 

 

TDS 

TDS (Fig. 5) for SFS varied from 1750 mg/l to 1170 mg/l with SFS1 and SFS2 

having the highest and lowest values, respectively. TDS for EFS ranged from 

1717 mg/l to 1206 mg/l with EFS2 and EFS1 having the highest and lowest 

values, respectively. TDS for WFS varied between 1683 mg/l and 1292 mg/l 

with WFS2 and WFS3 having the highest and lowest values, respectively. TDS 

of SFS1, EFS2, EFS3 and WFS2 did not comply with the WHO standard.  TDS 

represents the percentage of inorganic substances available in water which 

reveals the nature of water quality, High TDS gives objectionable odour or 

offensive taste in water (Kayode et al., 2009). 
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Fig. 5: TDS in the samples 

 

TH 

Highest TH (Fig. 6) of 590 mg/l was found in SFS1 while SFS3 recorded the 

lowest TH of 259 mg/l for SFS. TH for EFS ranges from 410 mg/l to 280 mg/l 

with EFS2 and EFS3 having the highest and lowest values, respectively, and the 

TH for WFS varied from 256 mg/l to 210 mg/l with sample WFS1 and WFS3 

having the highest and lowest values, respectively.  TH of SFS1 is greater than 

500 mg/l which does not falls within the permissible limit for drinking water by 

WHO (2009). 

 
Fig. 6: TH of the samples 

 

TI 

TI (Fig. 7) for SFS varied between 0.86mg/l and 0.05mg/l with SFS1 and SFS3, 

having the highest and lowest values, respectively. TI for EFS varied between 

0.56mg/l to 0.05mg/l with EFS2 and EFS1 having the highest and lowest values, 

respectively. WFS varied between 0.28 and 0.03 with WFS3 and WFS1 having 

the highest and lowest values, respectively, TI content in samples complied with 

the WHO recommendations. 
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Fig. 7: TI contents in the samples  

 

Nitrate (Fig. 8) for SFS varied between 22.00 mg/l and 17.81 mg/l with SFS1 

and SFS2 having the highest and lowest values, respectively. Nitrate values for 

EFS varied between 22.01 mg/l and 18.5 mg/l with sample EFS3 and EFS2 

having the highest and lowest values, respectively. Values for WFS varied 

between 22.50 mg/l and 17.77 mg/l with WFS2 and WFS3 having the highest 

and lowest values, respectively. Nitrate content in this location meet the terms 

with the values (50 mg/l) recommended by WHO.  

  
Fig. 8: Nitrate contents in the samples 

 

Cu 

Cu content (Fig. 9) for SFS ranges between 0.63 mg/l to 0.37 mg/l with sample 

SFS1 and SFS3 having the highest and lowest value, respectively. While the Cu 

content for EFS varied between 0.81 mg/l and 0.37 mg/l with sample EFS3 and 

EFS1 having the highest and lowest values, respectively. Cu values for WFS 

varied between 0.25mg/l and 0.19 mg/l with sample WFS3 and WFS1 having 

the highest and lowest values, respectively. Cu values conformed to the values 

(1.5 mg/l) recommended by WHO. 
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Fig. 9: Cu contents in the samples 

Chloride 

The Chloride content in SFS ranges between 117 mg/l to 20mg/l with sample 

SFS1 and SFS3 having the highest and lowest value, respectively. Chloride 

content for EFS varied between 217 mg/l and 76 mg/l with sample EFS1 and 

EFS2 having the highest and lowest values, respectively. Chloride for WFS 

varied between 129 mg/l and 25 mg/l with sample WFS2 and WFS1 having the 

highest and lowest values, respectively. 

  
Fig. 10: Chloride in the samples 

Chloride present naturally in groundwater and may also originate from diverse 

sources such as weathering, leaching of sedimentary rocks and infiltration of 

seawater etc. According to WHO standards concentration of chloride should not 

exceed 250 mg/L. It produces salty taste at 250 mg/L to 500 mg/L (Agboola, 

2004). Making it unacceptable for human consumption.  

 

Mn 

Highest Mn (Fig. 11) of 0.27 mg/l was found in SFS1 while SFS2 and SFS3 

recorded the lowest value of 0.04 mg/l. EFS ranges from 0.66 mg/l to 0.04 mg/l 

with EFS2 and EFS3 having the highest and lowest values, respectively, and Mn 

for WFS varied from 0.13 mg/l and 0.06mg/l with sample WFS3 and WFS1 

having the highest and lowest values, respectively. 
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Fig. 11: Mn in the samples 

 

TPHC 

TPHC content in the water samples recorded for SFS ranges  between 0.125 

mg/l to 0.006 mg/l with sample SFS1 and SFS2  having the highest and lowest 

value, respectively. While the TPHC content recorded for EFS varied between 

0.021 mg/l and 0.004mg/l with sample EFS2 and EFS3 having the highest and 

lowest values, respectively. TPHC content recorded for WFS varied between 

0.006 mg/l and 0.004 mg/l with sample WFS2 and WFS3 having the highest and 

lowest values, respectively.  

 
Fig. 12: TPHC in the samples 

 

TPHC values recorded in EFS2 and SFS1 water samples does not complied with 

the values (0.007 mg/l) recommended by WHO. The analysis of variance was 

carried out (Fig. 13) on TPHC of well water in petrol fuel stations within Ilorin 

Metropolitan area. 

  
Fig. 13: TPHC base on area and location 
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for EFS ranges from 21.20 mg/l to 13.12 mg/l with sample EFS3 has the highest 

value and EFS2 has the lowest value. COD recoded for WFS ranges from 13.39 

mg/l to 9.15 mg/l with sample WFS3 having the highest value and WFS2 has the 

lowest value. COD of the samples exceeded the maximum permissible limit for 

drinking water; this could be as a result of the heavy contaminants that 

infiltrated into wells.  

 
Fig. 14: COD of the samples 

Fig. 15 shows the analysis of variance that was carried out on COD of well 

water in the filling stations within Ilorin Metropolitan area. 

  
Fig. 15: COD base on area and location 

 

BOD 

BOD (Fig. 16) for SFS generally ranged from 12.12 mg/l to 6.48 mg/l with 

sample SFS1 has the highest value and SFS2 has the lowest value. EFS ranges 

from 11.28 mg/l to 6.45 mg/l with sample EFS2 has the highest value and EFS1 

has the lowest value. WFS ranges from 14.21 mg/l to 8.11 mg/l with sample 

WFS3 having the highest value and WFS2 has the lowest value. BOD values did 

not comply with the recommended standard value (<3 mg/l) for drinking water.  

 
Fig. 16: BOD of the samples 
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Fig. 17 illustrates the analysis of variance was carried out on BOD of well water 

in petrol fuel stations and mechanical workshop within Ilorin Metropolitan area. 

  
Fig. 17: BOD base on area and location 

 

However, The analysis of variance was carried out revealed that the coefficient 

of determination for each physiochemical characteristics considered shows that 

the factor area and location accounted for 51.17 %, 62.75 % and 38.51 %, for 

BOD, COD and TPHC of the wells (SFS, EFS and WFS) within Ilorin 

Metropolis. Plates 1-3 show some of wells while Plate 4 illustrates the 

laboratory equipment.  

`     

Plate 1: Well at SFS1                 Plate 2: Well at WFS1        Plate 3: Well 

at EFS2                Plate 4: Lab equipment   

 

Conclusions and Recommendations  

Conclusions 

BOD and COD are used to measure oxygen used and equate it to the amount of 

organic matter available in the water sample (Clarke et al., 2012). BOD 

measures the amount of oxygen utilized by microorganisms, in this case, 

bacterium, to oxidize organic matter available within the water sample (Lv et 

al., 2002). The analysis of the water samples from open wells located at fuel 

stations within Ilorin metropolis revealed some of the samples contain one form 

of contaminant or the other, which exceeded the recommended limit by WHO 

which makes the water unsuitable for drinking. The sample collected from Ep2 

and Sp1 are polluted with TPHC since its level in these samples are above the 

level stipulated by WHO. However, continuous drinks from these wells can lead 

to accumulation of petroleum hydrocarbon in the body tissue which may cause 

adverse effect to human health and petroleum hydrocarbon are known to be 

carcinogenic in nature. 
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Recommendations  

1. Due to contaminants in the samples proper treatment or disinfection of 

the water sources should be carried out before use.  

2. Wells at fuel stations should be located at least minimum distance of 

forty meters away from fuel underground storage tanks.   

3. Instead of wells, sinking of boreholes will be better alternatives. 
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