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Introduction
Water is an integral part of life on the planet Earth. Water finds 

multiple uses in every sector of development like agriculture, industry, 
transportation, aquaculture, etc.

However, since old times, water has also been used for disposal 
purposes.

Potable water is the water that has sufficient quality to serve as 
drinking water. It is an essential ingredient for good health and the 
socio-economic development of man [1], but it is lacking in many 
societies. Over large parts of the world, humans have inadequate 
access to potable water and use sources contaminated with disease 
vector, pathogens or unacceptable levels of toxins or suspended solids 
[2]. Such water is not wholesome and drinking or using such water 
in food preparation leads to widespread acute and chronic illness and 
constitute a major cause of death and misery in many countries [3].

The major sources of pollution in streams, rivers and underground 
water arise from anthropogenic activities largely caused by the poor 
and uncultured living habit of people as well as the unhealthy practices 
of factories, industries and corporate bodies; resulting in the discharge 
of untreated effluents and waste. Water ppollution affects not only 
water quality but could also be dangerous to aquatic life [4].

The natural elements causing water pollution are gases, soil 
minerals, humic materials, waste created by animals and other living 
organisms present in water. Contamination of water bodies has 
increasingly become an issue of serious environmental concern [5,6]. 
Reduction of water borne diseases is a major public health goal in many 
developing countries. 

Catchment protection has been shown to be important to the 
control of pathogens in drinking water [7]. This in turn reduces reliance 
to treatment processes to ensure water of acceptable quality. A good 
example of bacteria found in bore-hole water is coli form bacteria [8].

Direct drinking water sourcing from bore-hole has affordability and 

availability as key advantage over bottle and sachet water in Gokana, 
Ogale and Trans-Amadi communities, hence, the high patronage by 
residents in these communities. 

This study therefore seeks to investigate the levels of potential 
pollutants and needed substances in selected borehole water samples to 
ascertain their fit-for-purpose. A comparative analysis of these samples 
by location is also implied.

Materials and Methods
Sampling

Groundwater sampling was carried out with bailers that 
were properly decontaminated between samples to avoid cross-
contamination. For the same reason, disposable bailers were used 
for each location. Each sample was assigned a unique identification 
number and the exact location was registered. Triplicate samples from 
existing functional Boreholes in Ogale, Gokana and Trans- Amadi 
communities were collected using standard techniques. Necessary QA/ 
QC like transportation of samples in Ice chest coolers, use of analytical 
grade reagents, use of appropriate samplers and data validation were 
employed.

Test procedure

Recommended methods by DPR and Federal Ministry of 
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Selenium, Chromium, Cyanide and Zinc levels gave 0.00 mg/l 
which fell within the NSDWQ limit of 0.05 mg/l for Chromium, 
0.01mg/l for Cyanide and 3.00 mg/l for Zinc (15.0 mg/l from DPR). 
Benzene (µg/l) levels of 2200.3, 18 and 29 were observed for Ogale, 
Gokana and Trans – Amadi samples respectively. Copper, Lead and 
Cadmium levels were low compared to set limits employed. Barium 
levels were 2.00mg/l for Ogale and 1.00 mg/l for both Gokana and 
Trans-Amadi samples. Fluoride levels for all water samples were below 
the detection limit of the analytical instrument (Figure 2b). 

Total Silica and TDS values gave no statistically significant 
difference (P ≤ 0.05) among samples. Total suspended solids, TSS 
and Biological oxygen demand, BOD mean levels for all samples did 
not comply with NSDWQ set limits of 10mg/l and 4.0-5.0 mg/l. Total 
organic carbon, TOC gave significant variations among samples.

Total hardness, Calcium and Magnesium hardness levels complied 
with limits of 500, 75and 0.2mg/l set by NSDWQ. At Gokana and 
Ogale, the hydrocarbon pollution has reached the groundwater at 
levels in excess of the Nigerian standards as per the DPR target value 
of 0.2µg/l for Benzene. Concentration of Benzene was 0.2 µg/l, 0.94 

Environment such as American Society for Testing and Materials 
(ASTM) and American Public Health Association (APHA) were 
employed.

For colour determination, Lovibond colour disc was used. Total 
Dissolved Solids and Total suspended Solids were measured by 
gravimetric method. Determination of Phenolphthalein Alkalinity, 
Total Alkalinity, Total Hardness, Acidity and Total Organic Carbon 
was by Titrimetric Method. Turbidity, Nitrate, Nitrite, Chloride, 
Fluoride, Total Silica, Barium, Lead, Calcium, Magnesium, and Iron 
was determined using a portable data logging spectrophotometer 
(Atomic Absorption Spectrophotometer Hach DR/2010). Specially 
pre-cleaned glassware was used for organic analyses, and specially 
pre-cleaned Teflon beakers were used for analysis of metal samples. 
Benzene was analyzed by a process of chemical extraction, evaporation 
and measurement through gas chromatograph equipped with a mass 
spectroscopy (GC-MS). 

Nutrient Agar was prepared and ethanol - sterilized for Escherichia 
coli and Total Coliform assay. The plate was removed after 24hr and 
perfect circled colonies were identified as Escherichia coli (E. Coli) and 
other colonies together with E.coli were counted as the total coliform. 
All preparation and analysis were carried out in a clean environment.

Statistical Analysis
Data from the different measurements were subjected to analysis of 

variance (ANOVA) (one-way and two-way as the case may be). Least 
significant difference (LSD) was used for comparison between the 
treatment means. Descriptive statistics were calculated using the SPSS 
v. 13.0 software package.

Results
The appearance of all the water samples (Ogale, Gokana and Trans-

Amadi) from the three different locations was clear in accordance to 
NSDWQ specification. The colour for all water samples was 5H.U 
which was above the DPR limit of 0.5H.U. Odour from Ogale water 
sample was objectionable, while those of Gokana and Trans-Amadi 
were unobjectionable. The pH of the water bodies, did not comply with 
the NSDWQ limit of 6.5-8.5 and the DPR limit of 6.5-9.2 as shown 
in Figure 1. The temperature for Trans-Amadi samples fell within the 
NSDWQ limit of 25°C while those of Ogale and Gokana exceeded this 
set limit (Figure 1).

The Turbidity of the studied water samples complied with the 
NSDWQ limit of 5NTU and the DPR limit of 50 NTU. Also, Electrical 
conductivity for all studied samples were below the NSDWQ limit of 
1000 µs/cm.

The chemical properties of the water samples studied are as 
shown in the Figures 2a-2d. The Iron and Salinity levels were within 
NSDWQ limits of 0.3mg/l and 0.50% respectively. Observed highest 
total Alkalinity recorded for the Gokana water samples were below the 
upper limit by NSDWQ (Figure 2a). The phenolphthalein Alkalinity of 
the water samples gave 0 mg/l, which is in line with the NSDWQ limit. 
The Acidity was highest for Ogale samples, and did not comply with 
NSDWQ range of 4.5-8.2 mg/l. Manganese, Aluninium, Phosphate, 
Nitrate, and Nitrite levels were within recommended levels. Sulphate 
levels were 1.00 mg/l for both Ogale and Trans-Amadi and 4.00 mg/l 
for Gokana samples which were within the NSDWQ and DPR limits of 
100 mg/l and 200 mg/l respectively. The observed levels of Ammonia 
in the water samples for all locations exceeded the NSDWQ limit of 0 
mg/l. 
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Figure 1: Mean values of physical properties of studied water samples. Bars 
represent the mean values ± standard error (n = 3) for the studied samples and 
set standards. Identical superscripts on bars have no significant difference (P 
< 0.05) between means according to least significant digit.
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Figure 2a: Mean values of some chemical properties of borehole water 
samples. Bars represent the mean values ± standard error (n = 3) for the 
studied samples and set standards.
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µg/l and 8561 µg/l for Trans – Amadi, Gokana and Ogale respectively. 
The most serious case of groundwater hydrocarbon contamination 
was observed at Nsisioken Ogale, in Eleme LGA, close to a Nigerian 
National Petroleum Company product pipeline where a significant 
layer of refined oil was observed floating on the groundwater samples 
and Benzene values exceeding WHO limit of10 µg/l. 

The number of Escherichia coli seen per 100ml of the water samples 
(Ogale, Gokana and Trans-Amadi) ranged from 9-12 cfu/ 100 ml, 2-4 
cfu/ 100 ml and 10-19 cfu/ 100 ml respectively while the total coli form 
ranged from 22-26 cfu/ 100 ml, 3-7 cfu/ 100 ml and 16-26 cfu/ 100 ml 
respectively (Figure 3). These exceeded their NSDWQ limit of 0 per 
100ml of sample. 

Discussion
The pH readings of the water samples varied between 3.54 and 4.97 

and was in the order Ogale > Gokana > Trans-Amadi (Figure 1) in 
increasing acidity. All the samples did not meet the set limits of 6.5-8.5 
[9] and 6.5-9.2 (EGASPIN, 2002 [10]. The increased acidity is probably
caused by the presence of organic matter in the soil [1]. Acidic waters
are favourable to the growth of iron bacteria which cause incrustation
of pipes. The objectionable colour resulted from leaching of the organic
debris but the colour number has no direct connection with the actual
amount of organic material causing the colour [11]. The objectionable
odour from Ogale samples is attributable to tank inventory losses,

spills or leaks from underground storage tanks and deterioration 
of abandoned tanks and could be treated through leak backup 
containment, permit compliance and removal of abandoned tanks. The 
observed trend in temperature may be attributed to increased organic 
load which according to Alabaster and Lloyd [4] might be acting as a 
heat insulator, thus lowering the temperature by several degrees at these 
points. It is necessary to state that the effect of increased temperature 
depends on the type and level of polluting material [12]. 

Although turbidity values fell below NSDWQ standards, those of 
Gokana and Trans – Amadi gave significant values in comparison to 
set limit of 5NTU (Figure 1). According to Tambari [13], turbidity 
is caused by a wide variety of suspended and colloidal solids and is a 
concern to both health and aesthetic reasons and it is a good practice 
to ensure that water entering the distribution system from a secure 
groundwater supply has a low turbidity level. Turbidity is effectively 
reduced through filtration [14]. Although the electrical conductivity, 
EC for all locations fell below the NSDWQ limit of 1000 µs/cm, the 
mean values were statistically different at the 95% confidence level. 
According to Moore (1989) [15], EC estimates the amount of total 
dissolved solids (TDS) or the total amount of dissolved ions in the 
water and is controlled by number of factors such as rock types and 
the wastewater from sewage treatment plants and other sources of ions.

Observed level of Iron in Ogale samples is attributable to the leaching 
of minerals [1] such as hematite, limonite and goethite. According to 
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Figure 2b: Mean values of some chemical properties of borehole water 
samples. Bars represent the mean values ± standard error (n = 3) for the 
studied samples and set standard.

Figure 2b: Mean values of some chemical properties of borehole water samples. Bars represent the mean values ± standard error (n = 3) for the
studied samples and set standard.

Figure 2c: Mean values of some chemical properties of borehole water samples. Bars represent the mean values ± standard error (n = 3) for the
studied samples and set standards.
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Figure 2c: Mean values of some chemical properties of borehole water 
samples. Bars represent the mean values ± standard error (n = 3) for the 
studied samples and set standards.
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Figure 2d: Mean values of some chemical properties of borehole water 
samples. Bars represent the mean values ± standard error (n = 3) for the 
studied samples and set standards.
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(and beyond) to hydrocarbons spilled on the surface [26]. Natives at 
Nsisioken Ogale are drinking water from boreholes/ wells that are 
contaminated with Benzene, a known carcinogen, at levels over 11000 
and 850 times above the EGASPIN target value (0.2µg/l) and World 
Health Organization (WHO) guidelines (0.2µg/l) respectively. This is 
most worrisome and warrants emergency remedial action. Benzene 
also has numerous short - term effects. Chloride levels all samples 
fell below the set standard of 250 mg/l [9]. According to Paul [27], 
Chlorine itself is not believed to be the problem; scientists suspected 
that the actual cause of bladder cancer is a group of chemicals that form 
as a result of reactions between the Chlorine and natural substances 
and pollutants in the water (organic matter such as leaves and twigs). 
The hardness values for groundwater samples in this study ranged from 
37.6-52.0mg/l. According to FEPA [24], hardness range of 0-60mg/l 
shows soft water. In terms of total hardness, therefore, the water samples 
could be suitable for domestic purposes such as cleaning because it will 
lather easily with soap. Acceptable total dissolved solids (TDS) levels 
of 4.8 to 27.2mg/l could be attributed to the depth of the boreholes. 
Low Dissolved Oxygen levels ranging from 1.1-1.7mg/l is indicative of 
organic pollution. This shows that the amount of Oxygen saturation 
is very low. Total Organic Content was highest in Ogale samples and 
least in Trans-Amadi samples. Organic matter exists in ground and 
surface water due to biological decomposition. Leaves and grasses for 
instance form methane gas as a decomposition by-product, and animal 
decay produces both fulvic and humic acids. Escherichia coli (E. coli) 
and Total coli form were detected in the three water bodies (Figure 
3). Trans-Amadi has the highest number of E.coli with an average 
value of 14 cfu per 100ml of the samples. This may have arisen due to 
dense industrial activities in the area. Gokana gave the lowest number 
of E.coli (2-4 cfu per 100ml sample) as well as total coliform ranging 
from 3-7 cfu per 100ml of the samples. Highest coliform load were 
expressed in Ogale water samples. This may be attributed to microbial 
hydrocarbon degraders in this area as hydrocarbon contamination is 
evident. Also, at 95% confidence level, there was statistically significant 
difference among all microbiological parameters studied.

Conclusions
From the foregoing, it has become imperative that all borehole water 

samples studied are organically polluted and at such proper aeration 
and disinfection should be applied to improve the water quality. 
Levels of some metals like Barium in Ogale samples summon public 
health concerns for the community. Further studies on contaminants 
mobility and fate, soil characteristics and effective monitoring around 
contaminated sites is implied bearing in mind the dose and exposure 
time.
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