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ABSTRACT  
Sources of water at Oke - Ose, Abantan and Idi - Igba 
communities in Ilorin, Kwara, Nigeria were evaluated for potability. 
A total of 21 wells and 6 boreholes were sampled in these 
communities. The sanitary survey, total viable bacterial count, 
total coliform and faecal coliform counts as well as some 
physicochemical parameters of the water were assessed. The 
total viable bacterial counts of the well water and the borehole 
water ranged from 0.4 x 102 – 3.8 x 102 CFU/mL and 0.5 × 10² - 
1.4 × 102 CFU/mL respectively. Furthermore, the range of total 
coliform counts of the well water and borehole water were 3 – 150 
MPN/100ml and 3 – 28 MPN/100 mL respectively. Faecal coliform 
was not isolated in all the water samples. Only 50% and 42.9% of 
the boreholes and wells had sanitary score of less than 80%. All 
the water samples were within the limit of the physicochemical 
parameters allowed by Nigerian standard for drinking water 
quality (NSDWQ) for turbidity, total solid, dissolved solid, chloride, 
nitrate, and electrical conductivity. All the water samples did not 
meet up with the permissible limit of 100mg/l of sulphate. The 
bacteria isolated in this study include Budvicia aquatica, 
Enterobacter agglomerans, Myroides odoratus, Burkholderia 
cepacia, Pseudomonas aeruginosa, Aeromonas hydrophila, 
Listeria sp. and Corynebacterium sp. It was concluded from this 
study that 19.0% of the wells water and 16.7% of the borehole 
water supplies satisfied bacteriological qualities of potable water. 
It is recommended that the resident of these communities need to 
be enlightened on the need for hygienic environment and 
measures of protecting their water supplies from contamination. 
 
Keywords: Potability, water, bacteriological characteristics, 
communities 
 
INTRODUCTION 
Access to potable water is a fundamental human need and it is 
therefore, a basic human right. Potable water is that which 
possesses the quality that renders it fit and safe for drinking. It 
must be free of pathogens, lack undesirable taste, smell, colour, 
turbidity and must contain no harmful chemicals (NSDWQ, 2007). 
Water is used for an array of activities chief among these being 
for drinking, food preparation, as well as for sanitation purposes. 
In as much as safe drinking water is essential to health, a 
community lacking a good quality water will be saddled with a lot 
of health problems which could be avoided. In spite of the 
proliferation of wells and boreholes in many communities, the joint 
report on water and sanitation by WHO-UNICEF reveals that 
Nigerian and many sub-Saharan African countries are lagging 
behind in achieving potable water and good sanitation (Ohwo and 
Abotutu, 2014). Although the country is blessed with abundant 

water resources, governments at all levels have not been able to 
successfully harness these resources to ensure sustainable and 
equitable access to safe, adequate, improved and affordable 
water supply and sanitation to the populace (Muta'ahellandendu, 
2012).  
The development of rural water resources in Kwara State, North 
Central is a typical example. The major sources of water supply to 
most rural communities were hand – dug wells, streams, together 
with rainfall harvest, majority of which are highly unreliable during 
the dry seasons (Makoni et al., 2004). Despite the investments in 
the provision of potable water to local dwellers by government 
and non-governmental organizations, there is still a long way to 
go (Gay et al., 2007). Improving access to safe water source and 
sanitation services is a preventive intervention which will have an 
outcome of reducing number of diarrhea cases and a 
proportionate reduction in number of deaths (Majuru et al., 2011).  
This research is necessitated by the need for ensuring the 
consumption of wholesome water by all, particularly in the study 
areas. This work focused on the water sources used by the 
people of Oke - Ose, Abantan and Idi - Igba communities in Ilorin 
East Local Government Area, Kwara State, Nigeria.  
The objectives of this study were to assess the potability of water 
sources such as hand dug wells and bore holes within Oke- Ose , 
Abantan and Idi - Igba communities in Ilorin, Nigeria; identify the 
sources of pollution or contamination of the water sources; 
determine the physicochemical characteristics of the water 
samples; and suggest remedial measures for ensuring the 
potability of the water sources. 
 
MATERIALS AND METHODS 
Study Area 
The study areas were Oke - Ose, Abantan and Idi - igba 
communities all located in Ilorin East, Kwara, Nigeria. These 
communities have a total populations: Oke - Ose (2,330), 
Abantan (1,520) and Idi - Igba (2,288) (Adeoye et al., 2013). 
 
Sanitary survey and sanitary scores of the water sources 
A direct observation of the conditions of individual water sources 
was made to ascertain any possible sources of contamination that 
may affect the quality of the water using some of the parameters 
given by WHO (2013). The sanitary score of each water source in 
percent was obtained by dividing the number of “yes” scores by 
the total number of parameters assessed and multiplying the 
result by 100 (Sule et al., 2011). 
 
Interviews on the users’ perception of water quality 
At each sampling sites, three regular users of the Well and 
Borehole water samples were interviewed. They were asked 
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about what they use the water for, their perception on the quality 
of the water, as well as if they had experienced any illness in 
connection to the use of the water. 
 
Collection of water samples  
The period of water sample collection stretched between January 
and March, 2016. Samples were collected using standard 
methods (WHO, 2013). All the samples were collected in the early 
hours of the day (7.00 – 9.00am) and taken to the laboratory 
immediately for analysis. 
 
Bacteriological counts of the water samples 
The water sample was serially diluted by introducing 1 mL of it 
into a test tube containing 9 mL of sterile distilled water. This 
formed 10-1dilution. The total viable bacterial count was 
determined by plating 0.1mLof aliquot from 10-1dilution into sterile 
plate followed by the addition of sterile molten nutrient agar; 
swirled and allowed to set. This was incubated at 37oC for 24 h 
(Fawole and Oso, 2007).  Total coliform was determined using 
multiple tube fermentation technique. This involved introducing 
different volumes (10, 1 and 0.1 mL) of the water sample into 
sterile MacConkey broth containing Durham tube for each 
volume. Three broths were used for each volume making a total 
of 9 broths per sample. The broths were incubated at 37oC for 48 
h in order to determine presumptive total coliforms. The number 
of tubes positive for acid and gas for each set was subcultured 
into sterile Brilliant Green Lactose Bile broth to determine 
confirmed total coliforms. The results from here was used to 
determine the MPN/ 100 mL of the water. The faecal coliform 
count was determined using spread plate technique. Aliquots 
(0.1mL) of the raw water and 10-1dilution was introduced and 
spread on sterile eosin methylene blue agar (EMB). The EMB 
plates were incubated at 44.5oC for 48 h so as to isolate faecal 
coliforms.  Colonies with greenish metallic sheen were taken 
tentatively as faecal coliforms (APHA, 2013). Colonies gotten 
from the media were subcultured using nutrient agar; incubated at 
37oC for 24 h and stored in the refrigerator at 4oC for further use. 
 
Characterization and identification of Bacterial Isolates  
The Gram positive bacteria were characterized and identified 
based on their colonial, cellular, and biochemical properties 
(Olutiola et al., 2000; Cheesbrough, 2006). Microbact biochemical 
identification kit 24E was used for the identification of Gram 
negative bacteria. It can identify both oxidase positive and 
oxidase negative bacteria. The kit has 24 wells with each well 
containing reagent for biochemical tests such as lysine, ornithine, 
H2S, glucose, mannitol, xylose, indole, urease, citrate, gelatin, 
malonate, inositol, sorbitol, rhamnose, sucrose etc.  One to three 
colonies from the young culture (18-24h) were picked; emulsified 
in 5ml of sterile normal saline and shaken thoroughly to form a 
homogenous suspension. Using a sterile Pasteur pipette, 4 drops 
of the emulsified suspension was added aseptically into each 
well. After inoculation, wells 1, 2, 3 and 24 were overlaid with 
mineral oil for oxidase positive bacteria while wells 1, 2, 3, 20 and 
24 were also overlaid with mineral oil for oxidase negative 
bacteria. The inoculated kit was incubated for 24-48 h (Oxoid, 
2016). Results were read as stipulated in the kit manual after 
which the eight or nine digits code obtained was run on the 
Microbact offline identification software in order to get the most 
probable identity of the Gram negative bacterial isolate. 
 

Physicochemical Analysis 
The pH, electrical conductivity, turbidity and total hardness, total 
solids, suspended solids, dissolved solids, nitrate, sulphate and 
chloride contents were determined using the standard methods 
(Ademoroti, 1996; Fawole and Oso, 2007; Mwendera, 2006; 
APHA, 2013). 
 
RESULTS   
 
Sanitary Survey 
The sanitary survey of the water sample ranged from 20 – 100% 
based on the parameters assessed. The borehole water sites had 
a better sanitary score than the well water sites (Table 1). 
 
Interviews on users’ perception on the water quality 
From the interactions made with the users of the water, the water 
is being used for laundry, bathing, cooking and drinking. Some of 
the observed effects of the usage of the water and the users’ 
conclusion on the quality of the well and bore hole water samples 
are presented in Table 2.  
 
Bacteriological analysis of the water samples 
 
Total viable bacterial counts  
The viable bacterial counts of the well water ranged from 0.4 × 
10² - 3.8 × 10² CFU/mL and 1.1 × 10² – 1.4 × 10² CFU/mL for Oke 
– Ose and Idi - Igba communities respectively. Similarly, the total 
viable bacterial counts of borehole water samples at Oke-Ose and 
Abantan communities ranged from 0.8 × 10² – 1.4 × 10² CFU/mL 
and 0.5 × 10²- 0.6 × 10² CFU/mL respectively (Table 3). 
 
 Coliform counts 
The total coliform counts of the well water samples at Oke-Ose 
and Idi-Igba ranged from 3-150 MPN/100ml and 11 -12 MPN 
respectively. For the borehole water samples at Oke-Ose, the 
total coliform counts ranged from 3–20 MPN/100ml while the 
same value of 28 MPN/100mL was obtained for the two borehole 
water samples at Abantan community. There was absence of 
faecal coliform in all the water samples (Table 3). 
 
Identification of the bacterial isolates 
The bacterial isolates were characterized based on their colonial, 
cellular and biochemical characteristics. The probable identity of 
the bacterial isolates were Listeria sp., Corynebacterium sp., 
Budvicia aquatica, Enterobacter agglomerans, Myroides odoratus, 
Burkholderia cepacia, Pseudomonas aeruginosa and Aeromonas 
hydrophila. 
Physicochemical characteristics of the water samples 
The turbidity, pH, total solids, dissolved solids, suspended solid, 
total hardness, sulphate, chloride, nitrate, and electrical 
conductivity of the well water samples across the three 
communities of Oke-Ose, Idi-Igba, and Abantan ranged from  0.4 
– 0.6 NTU, 4.7 – 6.8, 202- 263 mg/l, 175 – 248 mg/l, 3 – 27 mg/l, 
56 – 280 mg/l, 511 – 598 mg/l, 44 – 240 mg/l, 10.0 – 16.0 mg/l, 
and 485 – 643 mg/l respectively.  Furthermore, the turbidity, pH, 
total solids, dissolved solids, suspended solid, total hardness 
sulphate, chloride, nitrate, and electrical conductivity of the 
borehole water samples at Oke-Ose and Abantan communities 
ranged from 0.4 – 0.5 NTU, 5.0 – 5.5, 198- 206 mg/l, 183 – 198 
mg/l, 3 – 20 mg/l, 60 – 288 mg/l, 549 – 596 mg/l, 52 – 104 mg/l, 
10.0 – 11.9 mg/l, and 456 – 630 mg/l respectively (Table4). 

85 

http://www.scienceworldjournal.org/


Science World Journal Vol. 15(No 1) 2020 
www.scienceworldjournal.org 
ISSN 1597-6343 
Published by Faculty of Science, Kaduna State University 

 

Assessment of the Potability of Water Sources in Some Rural Communities in 

Ilorin East, Kwara, Nigeria 

Table 1: Sanitary scores of the water sampling sources of three 
communities in Ilorin East, Kwara, Nigeria 

 

Key: I=Water does not accumulate near the water sources; II=Is 
the sampling points not in close vicinity to a septic tank?; III=Is the 
sampling point not in close vicinity to uncleared bushes?; IV=Is 
the sampling point not in close vicinity to a refuse dump?; 
V=Cover slab; Y=Yes; N=No; Wk (1-19)=Water from wells at Oke 
Ose community; Wd (20-21)=Water from wells at Idi-Igba 
community; BHk (1-4)= Water from boreholes at Oke-Ose 
community; BHt (5-6)= Water from boreholes at Abantan 
community 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 2: Users’ perception of the quality of the well and borehole water samples 

 
Key: Wk (1-19) = Water from wells at Oke Ose community; Wd (20-21) = Water from wells at Idi-Igba community; BHk (1-4) = Water from 
boreholes at Oke-Ose community; BHt (5-6) = Water from boreholes at Abantan community 
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Table 3: Bacteriological counts of the water samples of three 
communities in Ilorin East, Kwara, Nigeria 

 
Key: Wk (1-19) = Water from wells at Oke Ose community; Wd 

(20-21) = Water from wells at Idi-Igba community; BHk (1-4) = 
Water from boreholes at Oke-Ose community; BHt (5-6) = Water 
from boreholes at Abantan community 
 
Table 4: Physicochemical characteristics of the well and borehole 
water samples from three communities in Ilorin East, Kwara, 
Nigeria 

 

Key: Wk (1-19) = Water from wells at Oke Ose community; Wd 

(20-21) = Water from wells at Idi-Igba community; BHk (1-4) = 
Water from boreholes at Oke-Ose community; BHt (5-6) = Water 
from boreholes at Abantan community 
 
DISCUSSION 
The sanitation survey revealed the possible sources of 
contamination of the well and borehole water supplies in the 
communities of Oke-Ose, Idi-Igba, and Abantan. The poor 
sanitary conditions found in some of the sites include proximity of 
the water source to soak away, dirty gutter, refuse dump, bushy 
surrounding, and lack of cover for the wells. Hence, 42.9% of the 
wells and 50% of the boreholes had sanitary scores less than 
80%. There was a clear link between the sanitary scores and the 
bacteriological quality of the water samples. For instance, 
locations that had sanitary score of 100% conform with the 
NSDWQ bacteriological requirements in term of total viable 
bacterial count, total coliform and faecal coliform counts. In a 
study on the bacteriological and physicochemical quality of water 
supply to some restaurants at University of Ilorin by Sule et al. 
(2013) sanitary scores that ranged from 60 to 90% were obtained. 
 
The borehole water samples had lower bacterial counts than the 
well water samples. The well water (33.3%) and borehole water 
(83.3%) samples had bacterial counts ≤100 CFU/mL. The total 
coliform counts of the borehole water samples were also lower 
than that of the well water samples.  Three well water samples 
and one borehole water sample representing 14.3% and 16.7% 
satisfied the permissible limit of total coliform (10 CFU/mL) 
according to NSDWQ (2007). In relation to WHO (2013) which 
specified that potable water should have zero total coliform in any 
given sample, none of the water sample satisfied this 
requirement. All the water samples were devoid of faecal coliform 
but they were however not free from total coliforms which are 
probably from the environmental sources and are non-faecal in 
origin. Eniola et al. (2007) obtained bacterial count in the range of 
5.0×10² - 7.0×10² CFU/mL for stored borehole water. Also, Erah 
et al. (2002) in a study conducted on the quality of ground water 
in Benin, Nigeria found unacceptable levels of aerobic bacteria 
and fungi in borehole water of Teboga District of Benin city. 
Rogbesan et al. (2002) and Akinyanju (1987) also reported higher 
incidence of bacteria and coliforms in shallow well waters.  
 
It was also observed that the water sample with the highest viable 
bacterial count also had the highest total coliform count and the 
lowest sanitary score of 20%.  Agbabiaka and Sule (2010) in their 
work on bacteriological assessment of selected borehole water 
samples in Ilorin Metropolis also obtained a similar trend where 
sampling point with the highest bacterial count of 2.3 x 102 

CFU/mL had the highest coliform load of 16 MPN/100 mL.  
 
Most of the bacteria isolated in this study were Gram negative 
rods. This result is in conformity with the results obtained by Allen 
(1981) where Gram negative rods dominated their isolates. The 
Gram negative rods encountered in these water sources were 
Budvicia aquatica, Enterobacter agglomerans, Myroides odoratus, 
Burkholderia cepacia, Pseudomonas aeruginosa, and Aeromonas 
hydrophila while the Gram positive rods were Listeria sp. and 
Corynebacterium sp. These isolates are non-faecal in origin and 
they are of little significance in water. However, some of these 
isolates have been reported to cause opportunistic infections. 
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Fernandez et al. (2000) reported that Aeromonas hydrophila can 
produce cytotoxins and enterotoxins that is associated with 
gastroenteritis and wounds infections in man. Furthermore, 
Caskeys et al. (2018) reported the occurrence P. aeruginosa in 
water and its association with increased morbidity and mortality in 
patients with cystic fibrosis.  Therefore, there is need for caution 
when using this contaminated water for any purposes. 
 
All the water samples whether wells or boreholes were within the 
limit allowed for turbidity, dissolved solids, total solids, chloride, 
nitrate and electrical conductivity. The values obtained for these 
physicochemical parameters were less than the limit allowed by 
NSDWQ (2007). Contrary to this, all the water samples did not 
meet up to the limit of sulphate 100mg/l allowed by the same 
agency. Furthermore, two well water samples representing 9.5% 
did not conform to the limit of 25 mg/l allowed for suspended 
solids.  
Only one well and one borehole water sample representing 4.8% 
and 16.7% can be regarded as soft water since their hardness 
were within 0 -60 mg/l (De Zuane, 1997; USGS, 2020). However, 
if NSDWQ (2007) is used eleven of the well water samples and 
four borehole water representing 52.4% and 66.7% were within 
the permissible limit of 150mg/l for total hardness. Majority of the 
water in this study can be classified as being moderately hard 
(61- 120 mg/l) or hard water (121-180mg/l) or very hard ˃180 
mg/l (USGS, 2020).   
The well water samples (61.9%) were within the range of allowed 
limit of pH 6.5 – 8.5 whereas all the borehole water samples fell 
below this range. Olorunfemi et al. (2014) obtained pH range of 
4.2 - 6.8 for drinking water sources from some rural communities 
in Ughelli, Delta State. Turbidity in drinking water is as a result of 
particulate matters such as clay, silt, fine organic matter and so 
on. These particulates can shield microorganisms from the effects 
of disinfection and can stimulate the growth of bacteria (Hunter et 
al., 2009). These materials can provide adsorption sites for 
chemicals that may be harmful to health or cause undesirable 
tastes or odour (Adekunle et al., 2007; (Katsi et al., 2007). Total 
hardness is determined by the amount of calcium, magnesium 
and potassium in water sources. Graciana (2010) also reported 
that large concentration of calcium may affect the taste of water 
and also leads to soap wastage if used for washing. High 
concentration of nitrate in ground water can probably be as a 
result of poor sanitation and latrine construction, fertilizer and 
other agrochemical use. High nitrate concentration in drinking 
water points towards contamination (Gupta et al., 2001). Chloride 
may occur naturally but may also be present due to the local use 
of de-icing salt or saline intrusion (GHWP, 2009). 
From the results obtained, especially the bacteriological analysis 
of the water sources, it has been clearly shown that most of the 
water sources in these communities, especially their hand dug 
wells were of poor quality. Ryan (2008) and WHO (2013) reported 
that about 80% of the health problems in developing country can 
be linked to inadequate water and sanitation. 
 
Conclusion 
This study has shown that 19.0% of the well water and 16.7% of 
the borehole water supplies satisfied the Nigerian Standard for 
drinking water quality in terms of bacteriological qualities and 
these sampling sites correspond to those locations with sanitary 
score of 100%. 
 

 Recommendation 
Reducing the occurrence of bacterial contamination of water 
sources within these communities should be a collaborative effort. 
The Government in collaboration with civil society groups and 
non-governmental organizations should come to the aid of these 
communities to provide potable water supplies. There is also a 
need to create awareness on the hazards of drinking 
contaminated water and the residents of the communities should 
be enlightened on how contamination of water sources can be 
prevented. Lastly, they should be trained on simple household 
water treatments such as boiling or adding water guard before 
using these water sources for domestic purposes. 
 
Acknowledgements 
The authors acknowledge the cooperation received from the 
villagers and their heads as well as the students of Kwara State 
Polytechnic resident in these communities where the samples 
were collected 
 
REFERENCES 
Adekunle, I.M., Adekunle, M.T., Gbadebo, A.M., and Banjoko, 

O.B. (2007). Assessment of Ground Water Quality in a 
Typical Rural Settlement in Southwest Nigeria.  Int. J. 
Environ.Res.Public Health, 4(4):307-318. 

Ademoroti, C.M.A., (1996). Environmental chemistry and 
Toxicology.  Foludex Press Ltd. Ibadan, Nigeria: 215 - 218 

Adeoye, P.A., Adeolu, A.R., and Ibrahim, H.M. (2013). Appraisal 
of Rural Water Supply: Case Study of Kwara State, North 
Central Nigeria.  International Journal of Basic and Applied 
science.  1(4): 816 – 826. 

Agbabiaka, T.O. and Sule, I.O. (2010).  Bacteriological 
Assessment of Selected Borehole Water Samples in Ilorin 
Metropolis.  IJABR 2(2): 31-37. 

Akinyanju, J.A. (1987).  Bacteriological analysis of drinking water 
in Ilorin - An Urban Center in Nigeria.  Nigeria Journal of 
Pure and Applied Sciences. 2:1-5.   

Allen, M.J. (1981).  Microbiology of Ground Water.  Water 
Pollution Control Federation Journal 53(6):1107-1112. 

APHA (2013). American Public Health Association. Standard 
Methods for the Examination of Water and Waste water. 
American Public Health Association, New York. 

Caskey, S., Stirling, J.,  Moore, J.E., Rendall, J.C. (2018). 
Occurrence of Pseudomonas aeruginosa in waters: 
implications for patients with cystic fibrosis. Lett. Appl. 
Microbiol. 66(6): 537 541 

Cheesbrough M.C. (2006) District laboratory practice in Tropical 
Countries Cambridge University Press, 2nd edition Part 2. 
P.133 -153 

De Zuane J. (1997). Maintaining potability: Handbook of drinking 
water quality, 2nd edition. NewYork, John Wiley and Sons, 
Inc. p.478 - 480 

Eniola, K.I.T., Obafemi, D.Y., Awe,S.F., Yusuf, I.I. and Falaiye, 
O.A. (2007).  Effects of Containers and Storage conditions 
on Bacteriological Quality of Borehole Water.  Nigeria 
Journal of Microbiology. 21:1578-1585. 

Erah, P.O., Akujieze, C.N. and Oteze, G. E. (2002). The Quality of 
Ground Water in Benin City:  A baseline study on inorganic 
chemicals and microbial contaminants of health importance 
in boreholes and open wells.  Tropical Journal of 
Pharmaceutical Research, 1(2):75-82. 

Fawole, M.O. and Oso, B.A. (2007). Laboratory Manual of 

88 

http://www.scienceworldjournal.org/


Science World Journal Vol. 15(No 1) 2020 
www.scienceworldjournal.org 
ISSN 1597-6343 
Published by Faculty of Science, Kaduna State University 

 

Assessment of the Potability of Water Sources in Some Rural Communities in 

Ilorin East, Kwara, Nigeria 

Microbiology, Spectrum Books Limited, Ibadan, Nigeria. 4th 
edition. 127pp. 

Gay, H., Lawrence, H. and Jamie, B. (2007). Global cost – benefit 
analysis of water supply and sanitation interventions.   
Journal of Water and Health, 5 (4): 481 – 486. 

Fernandez, M.C., Giampaolo, B.N., Ibanez, S.B., Guargliardo, 
M.V., Esnaola, M.M., Conca, L., Valdivia, P., Stagnaro, 
S.M., Chiale, C., Frade, H. (2000). Aeromonas hydrophila 
and its relation with drinking water indicators of 
microbiological quality in Argentine. Genetica 108(1): 35 - 40 

Graciana, P. (2010).  Impact of rural water projects on hygiene 
behaviour in Swaziland.   

  Physics and Chemistry of the Earth, 35 (13): 772 – 779. 
Guidance to Health and Water Professionals (GHWP) (2009). 

Drinking Water Safety. The Drinking Water Inspectorate, 55 
Whitehall London. 

Gupta, S.K., Gupta, R.C., and Gupta, A.B. (2001). Recurrent 
Diarrhea in Children Living in Areas with High Levels of 
Nitrate in Drinking Water. Archives of Environmental Health, 

Ryan, H. (2008).  International Finance Corporation World Bank, 
Water and Sanitation. 

Hunter, P.R., Zmirou – Navier, D., and Hartemann, P. (2009).  
Estimating the impact of health of poor reliability of drinking 
water interventions in developing countries. Science of the 
Total Environment, 407 (8): 2621 – 2624. 

Katsi, I., Siwadi, J., Guzha, E., Makoni, F.S., and Smiths, S.  
(2007) Assessment of factors which affect multiple uses of 
water sources at household level in rural Zimbabwe: A case 
study of Marondera, Murehwa and Uzumba Maramba 
Pfungwe districts. Physics and chemistry of the Earths Parts 
A/B/C, 32 (15-18):1157 -1166. 

Majuru, B., Micheal, M.M., Jagals, P. and Hunter, P.R. (2011). 
Health impact of small community water supply reliability. 
International Journal of Hygiene and Environmental Health, 
214 (2): 162-166.   

Makoni, F.S., Manase, G. and Ndamba, J. (2004). Patterns of 
domestic water use in rural areas of Zimbabwe, gender 
roles and realities. Physics and Chemistry of the Earth, parts 
A/B/C, 29 (15-18): 1291-1294. 

Muta’ahellandendu, J. (2012).  Health implications of water 
scarcity in Nigeria. Eur. Sci. J, 8, (18): 111-122.                

Mwendera, E. J.  (2006). Rural Water Supply and Sanitation 
(RWSS) Coverage in Swaziland: Towards Achieving 
Millenium Development Goals.  Physics and chemistry of 
the Earth 31:681 – 689. 

NSDWQ (2007).  Nigerian Standards for Drinking Water Quality.  
Addendum to 2005 Edition. ICS 13. 06020. Nigerian 
industrial standard, NIS 554:2007. Approved by Standards 
organization of Nigeria (SON). 30p. 

Ohwo, O. and Abotutu, A. (2014).  Access to potable water supply 
in Nigerian cities: Evidence from Yenogoa metropolis. Amer. 
J. Water Res. 2(2) 31.  

Olorunfemi, D., Uruemu, E. and Janice, E. (2014). Toxicological 
Evaluation of Drinking Water Sources in Some Rural 
Communities in Southern Nigeria after Mycofiltration 
Treatment: Pol. J. Environ.Stud. 24(3):1205-1212. 

Olutiola, P.O., Famurewa, O., Sonntag, H. G. (2000).  An 
Introduction to General Microbiology. A Practical Approach. 
2nd edition. Bolabay Publications (Publishing and Media 
Consultants), Lagos, Nigeria. 

Oxoid (2016) Microbact Biochemical Identification kits [online] 
available from  
<http://www.oxoid.com/UK/blue/prod_detail.asp?pr=MB1130
>  accessed (14-06-2016). 

Rogbesan, A.A., Eniola, K.I.T. and Olayemi, A.B. (2002).  
Bacteriological Examination of some Boreholes within 
University of Ilorin.  Nigeria Journal of Pure and Applied 
Science.  pp. 117-223. 

Sule, I.O., Agbabiaka, T.O., and Akomolafe, A.V. (2011). 
Bacteriological Qualities of Water Stored Exteriorly in 
Storage Tanks. Research Journals of Environmental 
Science 2011. ISSN. 1819-3412/ DOI: 10.3923/JES.2011.  

Sule, I. O., Oyeyiola, G. P., Ahmed, R. N., and Agbabiaka, T. O. 
(2013). Bacteriological 

and physicochemical quality of water supply to some restaurants 
in University of Ilorin, Nigeria. Journal of Science, Technol., 
Mathematics and Edu. 10(1): 63 – 71.  

USGS (2020). United States Geological Survey. 
www.usgs.gov/special-topic/water     

science/science/hardness-water?. Accessed 10 February, 2020. 
WHO (2013). World Health Organization.  Progress on Drinking 

Water and Sanitation 2012 update, New York. 

89 

http://www.scienceworldjournal.org/
http://www.usgs.gov/special-topic/water

