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Abstract 

The present study investigated the physicochemical and microbiological assessment of selected hand-dug wells for water 
quality in Ilesa metropolis. The aim was to assess the groundwater quality. Twenty-five (25) hand-dug wells were randomly 
selected and water samples were collected four times spanning through the rainy and dry seasons. Physical parameters (ambient 
air temperature, water temperature, colour, turbidity and total dissolved solids), chemical (pH, conductivity, calcium, 
magnesium, total hardness, chlorides, sulphates, phosphates and nitrates) and microbiological parameters (total heterotrophic 

bacteria count, Escherichia coli and total heterotrophic fungi count) of the samples were examined. The data obtained were 

subjected to relevant statistical analysis. Results showed distinct seasonal variation in ambient air temperature, water 
temperature, pH and magnesium with highly significant different values at (p ˂ 0.01). Total hardness and sulphates 
concentrations had high significant different values in the dry season than in the rainy season (p ˂ 0.05) while the total 
heterotrophic bacteria count was significantly different at (p ˂ 0.001). The bacteria species isolated from well water samples 
were susceptible to pefloxacin and gentamicin. Comparing with international guide levels for drinking water, water samples 
were poor and unsuitable for drinking. The study concluded that the presence of multiple antibiotic resistant micro-organisms 
indicates a serious health hazard to the consumers of water obtained from these wells. 
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Introduction 

Groundwater account for about 98% of the world’s 
fresh water and it is fairly well distributed throughout the 
world (Bouwer, 2002). It provides a reasonable constant 
supply, which is not likely to dry up under natural condition 
and usually of high quality. The quality of groundwater is of 
vital importance, whether for industrial or domestics 
purposes. The composition of surface and groundwater is 
dependent on natural factors (geological, topographical, 
meteorological, hydrological and biological) in the drainage 
basin and varies with seasonal difference in runoff volumes, 
weather conditions and water levels (Muller, 2001). It 
supports drinking water supply, for man, livestock, 
irrigation, industrial and many commercial activities 
(Vesilind, 1993). Groundwater is generally less susceptible 
to contamination and pollution when compared to surface 
water bodies (Zaman, 2002).  

In many parts of Nigeria and several other African 
countries, pipe borne- water supply is either unavailable or 
irregular especially in the small-sized communities and 
towns. In most Nigerian cities, the supply of water for 
domestic purposes has several accompanying inadequacies. 
According to Sangodoyin (1993), the reasons for these 
inadequacies include enormous socio-economic rate of 
development, a growing industrial base, poor planning, 
insufficient funding, haphazard implementation of 
programmes, lack of maintenance culture and lack of 
political will, as well as technically deficient personnel. The 
national average for access to drinking water was estimated 
at 32% of households. Even at that, wide variations existed 
among the states of the federation, with low values of 6% 
and 8% recorded for Taraba and Benue states respectively 
and the highest values of 58% and 78% recorded in Ogun 
and Lagos states respectively (Adedeji, 2001). Given such a 
grim situation, residents are left with no other choice than 
to seek sources of freshwater from streams, rainfall, and 
groundwater (by digging wells). 

Received: 24 Mar 2017. Received in revised form: 28 Mar 2017. Accepted: 22 Mar 2018. Published online: 27 Mar 2018. 



Omotoso AJ et al / Not Sci Biol, 2018, 10(1):52-59 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

area of about 73.6 square kilometers. The population of 
Ilesa was at 210,141 in 2006 (NPC, 2006). The climate is 
humid tropical type with a mean annual temperature of 
about 28 oC and a mean annual rainfall of over 1,600 mm. 
The underlying geology is mainly fine-grained biotitegneiss 
and schists although quartzite and quartz-schist rocks are 
common especially on slopes and ridges (Smyth and 
Montgomery, 1962). The whole area is drained by 
tributaries of Osun, Sasa and Oora rivers which flow South-
ward and south-West ward directions. The natural 
vegetation is the Tropical Rain Forest which could only be 
found in patches all over the district, but mainly on hills. 

 
Study design and sample collection 
Twenty-five hand-dug wells (designated stations A-Y) as 

shown in Table 1, were randomly selected in Ilesa 
metropolis, and water sampling were conducted four times 
spanning through the rainy season (June and October 
2013) and dry season (March 2013 and January 2014).
Two sets of sterilized, sealed and well- labelled sample 
bottles were used (one set for physico-chemical analysis and 
the other for microbiological analysis).  

Before the water samples were taken, the depth of the 
wells was estimated by using tape rule to measure their 
depths. The time for water sampling from each location 
ranges between 7.30 am - 12.00 pm throughout the periods. 
The ambient air and well-water temperature of the samples 
were measured with mercury-in-glass bulb thermometer on 
the spot of collection. The grid co-ordinates of each station 
were determined using portable Global Positioning Systems 
(GPS) equipment (Model GERMIN GPS map 76CSX). 
Physical observations and description of location and its 
surrounding were examined, their nearness to the any 
possible source of pollution. After collection, the water 
samples were immediately placed in iced box and 
transported to the Obafemi Awolowo University Ile-Ife for
further analysis.  

The assessment of water quality in dug wells is essential 
because these are often the main sources of water for human 
consumption in typical African communities (Cho et al., 
2010). The well-being of people is dependent on the quality 
of water which they ingest or otherwise make use of. To live 
in good health, people need to have access to good quality 
water in adequate quantity. The parameters for drinking 
water quality typically fall under three categories namely 
physical, chemical and microbiological. Physical quality 
involves such parameters as odour, colour and taste, 
turbidity and temperature, total dissolved solids. Chemical 
parameters include pH, total solids, nitrates, sulphates, 
chlorides, hardness, Biological Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD) and metals, as well as 
some other elements (Boleda et al., 2013). Microbiological 
parameters include coliform bacteria, Streptococci, E. coli 
and parasites. 

The presence of Escherichia coli in drinking water 
denotes that the water has been faecally contaminated and 
therefore, presents a potential health risk to households that 
use them untreated (World Health Organization, 1993). 
This has grim public health implications as the organisms 
identified can cause water related diseases like possible 
outbreaks of typical dysentery or cholera, epidemics and 
other health problems that have serious complications in 
children and adults particularly immune-compromised 
individuals. It has thus become imperative to assess the 
quality of the water supply from these hand-dug wells and 
identify the various sources of contaminants in order to 
ascertain the contamination problems that may confront 
the consumers. 

 

Materials and Methods  

Geographical location of the study area 
The study area lies within latitude 7o30’ and 7o35’N and 

longitude 4o30´and 4o34’E (Fig. 1). The town covers a total 
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Fig. 1. Map of Ilesa metropolis showing the investigated sampling stations 
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Table 1. Description of physical features and geographical location of the wells 

Location Locality 
Global Positioning Systems 

(GPS) 
Depth (m) Physical Condition of the Hand- Dug Well 

HDW-A Ilaje 
07o 381 38.611 N 

004o 43158.311 E 
12.60 Unlined and eroded apron. 

HDW-B Oke-Omiru 
07o 38153.411N 

004o 44.2111 E 
14.14 Lined and surrounded by overgrown bushes. 

HDW-C Ikoti 
07o 38106.011N 

004o 44116.611 E 
14.30 Unlined with porous corrugated iron roofing sheet cover. 

HDW-D Oke- Iyin 
07o 37120.811 N 

004o 43159.011 E 
11.88 

Unlined with bad lid and sited much close to toilet and aluminum 

melting shop. 

HDW-E Ita-Balogun 
07o 37125.311 N 

004o 44125.811E 
6.10 

Unlined with wooden cover, eroded basement and surrounded by 

household waste materials. 

HDW-F Adeti 
007o 37148.711N 

004o 44129.411E 
5.40 Bad lid conditions, very close to toilet. 

HDW-G Ibala 
007o 39.0021 N 

004o 44.8241 E 
3.00 

Unlined, wooden cover, lower parapet and sited along the water 

way. 

HDW-H Isokun 
07o 38.4471 N 

004o 44.8551 E 
11.20 

Unlined, porous cover, eroded basement and sited very close to 

burial ground and toilet. 

HDW-I Odo-Iro 
07o 37.4301 N 

004o 44.1991 E 
2.40 Unlined, no parapet and apron and covered with used iron sheets. 

HDW-J Ido-Ijesa 
07o 36.2621 N 

004o 42.6071 E 
12.10 Sited much close to road side with porous cover. 

HDW-K Isale-General 
07o 38.2621 N 

004o 43.5041 E 
7.50 

Bad cover, close to gutter with much seepage during the rainy 

season. 

HDW-L Araromi 
07o 37.7141 N 

0040 43.1301 E 
10.15 Unlined and located near household dumpsite. 

HDW-M Oke-Ola 
07o 37.9771 N 

004o 44.6591 E 
3.20 No protective cover and sited near toilet. 

HDW-N Isona 
07o 36.9761 N 

004o 44.2791 E 
10.90 Unlined, bad protective cover and surrounded by debris materials. 

HDW-O Bolorunduro 
07o 35152.211N 

004o 441 32.711E 
9.88 Unlined and sited near the road side. 

HDW-P Irojo 
07o 36105.411N 

004o45121.911E 
18.89 Unlined and located near dumpsite. 

HDW-Q Ogburu 
07o 37.4481 N 

004o 44.6331 E 
1.50 

Unlined, no parapet and apron, covered with used materials like 

iron sheets and tyres. 

HDW-R Iloro 
07o 37.3431 N 

004o  45.0271 E 
10.00 Covered with porous plastic material. 

HDW-S Iroye 
07o 37.3431 N 

004o 45.3221 E 
7.60 

Located near toilet and covered with used iron and wooden  

materials 

HDW-T Omi- Asoro 
07o 371 31.411 N 

004o 461 50.811 E 
19.19 Unlined and sited much close to the piggery house. 

HDW-U Igbaye 
07o 371 53.211N 

004o 45111.311 E 
9.88 No parapet and very low basement. 

HDW-V Ifosan 
07o 37.6981 N 

004o 44.9321 E 
8.30 Unlined, poor cover and sited much close to toilet. 

HDW-W Ijamo 
07o 37.7521 N 

004o 44.7281 E 
11.20 Unlined and sited near road side. 

HDW-X Imo 
07o 37.8221 N 

004o 46.1391 E 
17.00 Protected well but sited much close to poultry. 

HDW-Y Otapete/ Isida 
07o 37.6131 N 

004o 44.5651 E 
3.00 Unlined, bad cover and located near slaughter house. 

*HDW=Hand-Dug Well 
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Laboratory analyses 
The water samples were analyzed in the laboratory for 

the following physical parameters: colour, turbidity, air 
temperature, water temperature, total dissolved solids. The 
general chemical parameters included: pH, conductivity, 
calcium, magnesium, total hardness, sulphates, phosphates 
and chlorides. The water samples were analyzed using 
standard titrimetric, gravimetric, colorimetric, 
spectrophotometric methods and standard methods as 
applicable. The microbiological quality parameters 
included: total heterotrophic bacteria count (THBC), 
Escherichia coli (E. coli) count and total heterotrophic fungi 
count (THFC). The bacterial isolates were characterized 
using colonial, morphological and biochemical tests. They 
were further identified using Bergey’s manual of 
Determinative Bacteriology; the microscopic and 
macroscopic characterization with further identification of 
fungi isolates were carried out using standard methods. The 
in vitro antibiotic susceptibility test was carried out using 
the disc diffusion assay by Bauer et al. (1966), and the zones 
of inhibition were measured, compared and interpreted 
using manual of Clinical Laboratory Standard Institute, 
(CLSI, 2013). 

The data obtained were analyzed using appropriate 
statistical methods including descriptive statistics, 
inferential statistics (ANOVA, regression, correlation 
analyses) and PAST (Paleontological Statistics) statistical 
software. 

 

Results and Discussion 

Physical parameters of water samples obtained from 
Hand-dug wells  

Ambient air temperature: The highest ambient air 
temperature of mean ± value of 27.26 ± 0.13 oC was 
recorded in the dry season while the lowest mean ± value of 
26.80 ± 0.10 oC was recorded in the rainy season; there was 
a significant difference (p ˂ 0.01) in seasonal variations 
during the sampling period (Table 2). This could be due to 
the thicker cloud cover which had a reducing effect on the 
solar radiation and in addition, the high temperature 
observed in dry season was probably associated with high 
atmospheric temperature, low relative humidity according 
to Egborge (1978) and Anetekhai (1986).  

Water temperature: The highest mean ± s.e.m water 
temperature value of 28.04 ± 0.12 oC was recorded in the 
dry season while the lowest mean ± s.e.m water temperature 
value of 27.56 ± 0.11 oC was recorded in the rainy season; 
there was significant difference (p ˂ 0.01) over the seasonal 
variations during the sampling period as indicated in Table 
2.  According to Krenkel and Novotny (1980), increased 
temperatures cause the growth of undesirable algae and
Escherichia coli multiply much more rapidly at elevated 
temperatures while at lower temperature, the rate of 
biological activities, that is, the utilization of food supplies 
for growth and reproduction is slower. 

Colour: The mean ± s.e.m value of colour was higher 
(89.43 ± 13.73 Pt-Co) during the dry season than the rainy 
season (87.51 ± 14.85 Pt-Co), however, there was no 
significant difference in the seasonal variations during the 
sampling period (p ˃ 0.05) as presented in Table 2. This was 
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not in agreement with the findings of Corbit (2004), who 
reported that colour was higher during the rainy season 
than during the dry season indicating that well water 
significantly increases the concentration of total solids that 
cause colour in water.  

Turbidity: During the seasonal variations, the dry season 
recorded the highest mean ± s.e.m value of 7.36 ± 1.57 
NTU with the rainy season having mean ± s.e.m value of 
4.09 ± 0.76 NTU, but there was no significant difference (p 
˃ 0.05) (Table 2). Higher turbidity levels are often 
associated with  higher  levels  of  disease-causing  
microorganisms such  as  viruses,  parasites  and  some  
bacteria.  These organisms can cause serious health 
challenges (Reza and Singh, 2009). 

Total Dissolved Solids (TDS): The highest mean ± s.e.m 
value of total dissolved solids was recorded during the dry 
season (368 ± 40.75 mgL-1) while the lowest mean ± s.e.m 
value was recorded in the rainy season (328.48 ± 36.61 
mgL-1), but there was no significant difference during the 
sampling period (p ˃ 0.05) as shown in Table 2. This is 
consistent with the findings of Bowell et al. (1996) and Efe 
et al. (2005).  

 
Chemical parameters of water samples obtained from 

Hand-dug wells  
pH: Highest mean ± s.e.m pH value was recorded in the 

rainy season (6.45 ± 0.15) while the lowest mean ± s.e.m 
value was recorded in the dry season (5.95 ± 0.13), there was 
a significant difference (p ˂ 0.01) over the two seasons of 
the annual cycle during the sampling period as presented in 
Table 2. The high acidity may also lead to concrete 
structures because of the dissolving and corrosive properties 
of free carbon dioxide (Krenkel and Novotny, 1980). This 
season-dependent pattern of low pH in the dry season was 
reported by Bello (2002).  

Conductivity: The highest conductivity mean ± s.e.m 
value (547.71 ± 61.06 µScm-1) was recorded during the 
rainy season while the lowest mean value was recorded in 
dry season mean ± s.e.m value  (519.99 ± 62.36 µScm-1). 
However, there was no significant difference (p ˃ 0.05) 
during the sampling period as presented in Table 2. Higher 
conductivity value in the rainy season than the dry season 
may be attributed to increase in concentration of salts, 
ionized substances and the sediments in water (Atef and Al-
Attar, 2007; Suma et al., 2012). 

Calcium: Dry season recorded the highest concentration 
of calcium ions mean ± s.e.m of 31.16 ± 5.22 mgL-1 while 
rainy season recorded the lowest mean ± s.e.m 
concentration value of 30.76 ± 3.66 mgL-1.But, there was no 
significant difference during the sampling period (p ˃ 0.05) 
(Table 3a). The mean value of calcium ions was higher in 
the dry season than in the rainy season, this may be due to 
dissolution of CaCO3 and CaMg(CO3)2 during recharge 
(Datta et al., 1996). 

Magnesium: The mean ± s.e.m value of magnesium ions 
concentration was greatly high in the dry season (24.07 ± 
4.61 mgL-1) than in the rainy season (9.53 ± 1.07 mgL-1), 
the mean value of magnesium ions at various locations were 
significantly different during the sampling period (p ˂ 0.01) 
(Table 2). The higher mean value of magnesium ion 
concentrations during the dry season than rainy season was 
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significant (p ˂ 0.01) and was in agreement with the work 
of Anthony et al., (2013). The higher mean value of 
magnesium ions in the dry season may be attributed to 
dissolution of magnesium calcite, gypsum and/or dolomite 
from source rock (Garrels and Mackenzie, 1967).  

Total hardness: During sampling period, the highest 
mean ± s.e.m value was observed during the dry season 
(190.44 ± 29.52 mgL-1) than the rainy season of 116.08 ± 
12.69 mgL-1, there was significant difference over the two 
seasons considered (p ˂ 0.05) as presented in Table 2. Low 
hardness values during rainy season which may be due to 
high dilution during rainy season. Total  hardness  may also 
be as a result of  presence  of bicarbonate,  sulphate,  
chlorides  and  nitrates  of  calcium and  magnesium. 

Sulphate: The concentration of sulphate ions increased 
in the dry season (28.02 ± 3.10 mgL-1 ) and decreased 
abruptly in the rainy season (18.91 ± 2.50 mgL-1), there was 
a significant difference during the sampling period (p ˂
0.05) as indicated in Table 2. The higher concentration of 
sulphate ions during the dry season may be attributed to the 
action of leaching and anthropogenic process in 
metamorphic environment by release of sulphur gases from 
industries which is oxidized and enter into the groundwater 
(Saxena, 2004). High sulphate content in water could cause 
gastrointestinal irritation (Santra, 2001). 

Chloride: The mean chloride ions concentration was 
highest during the rainy season (65.90 ± 7.66 mgL-1) than 
during the dry season (62.11 ± 6.64 mgL-1), there was no 
significant difference during the sampling period (p ˃ 0.05) 
as shown in Table 2. High chloride concentration in 
groundwater during the rainy season than dry season could 
be as a result of pollution from sewage, industrial wastes or 
saline water intrusions according to Bertram and Balance 
(1998).  

Phosphate: During the seasonal variations, highest mean 
± s.e.m value of phosphate ions concentration was recorded 
in the dry season with mean ± s.e.m value (2.83 ± 0.20 mgL-

1) than the rainy season (2.80 ± 0.16 mgL-1), but there was 
no significant difference (p ˃ 0.05) (Table 2). This 
observation agreed with the reports of Egborge (1976), Hall 
et al. (1977) and Etienne and Bregeon (1992), which 
confirmed that phosphate concentrations are higher in the 
dry season. They related the high phosphate concentrations 
in the dry season to high rate of decomposition of organic 
matters and mineralization of the mineral salts through 
evaporation in the dry season. 

Nitrate: Dry season recorded highest concentration of 
nitrate ions of 31.32 ± 1.85 mgL-1 than during the rainy 
season (30.10 ± 1.45 mgL-1), however, there was no 
significant in the seasonal variations during the sampling 
period (p ˃ 0.05) (Table 2). This is in agreement with 
Adeyemo et al. (2008), who reported that nitrates are 
usually built up during the dry seasons and that high levels 
of nitrate ions can only be observed during early rainy 
seasons. Common  sources  of these nutrient ions  include  
septic  systems, animal manure, decaying organic matter and 
commercial nitrogen  fertilizer  (Reza  and  Singh,  2009).  
Besides, nitrate is one of the most commonly identified 
groundwater contaminants and it is primarily regulated in 
drinking water because excessive levels can cause 
methaemoglobineamia (blue-baby syndrome). 

Microbial parameters of collected samples in Ilesa 
metropolis  

Total heterotrophic bacterial abundance: Total 
heterotrophic bacterial count recorded highest population 
count which was higher in the dry season (1.55 x 105 ± 3.10 
x 104 cfumL-1) than in the rainy season (1.46 x 104 ± 3.30 x 
103 cfumL-1), there was significant difference (p ˂ 0.01) over 
the seasonal variations during the sampling period (Table 
2). This may be attributed to total dissolved solids (TDS) 
that were found to be higher in the dry season than in the 
rainy season. This agrees with the observation made by 
Craun (1988) that the THC present in water isusually 
directly proportional to the amount of organic matters 
available as food. The highest total counts in the dry season 
than the rainy season may  be due to the fact that, in the dry 
season,  the  volume  of  these  water  sources are reduced  
thereby  increasing  the  concentrations of microorganisms
(World Health Organization, 2003).  

Abundance of Escherichia coli (E. coli): The population 
of E. coli was higher during the dry season with mean ± 
s.e.m value of 3.40 x 103 ± 2.51 x 104cfumL-1 than the rainy 
season with the mean ± s.e.m value of 1.15 x 103 ± 4.17 x 
102 cfumL-1. However, there was no significant difference (p 
˃ 0.05) over the two seasonal variations during the sampling 
period (Table 2). This may  be due to the fact that, in the 
dry season  the  volume  of  these  water  sources  are reduced  
thereby  increasing  the  concentrations of microorganisms, 
this in line with the study of Obi  et  al. (1998) which 
explained that, the high number of  E. coli in the dry season 
was due  to  concentration  of  the  organisms  during  the  
dry  season. Similarly, Krenkel and Novotny (1980) and 
Gupta and Gupta (1999) made the same observation as 
stated above. The higher number may be as a result of 
animals hurdle around these hand-dug wells in search of 
drinking water  and  as  such  might  have  deposited their 
faeces in  or  near  the  water  sources (World Health 
Organization, 2003).  It is worth noting that the presence of 
E. coli in the water has a potential health hazards effect.  

Population of heterotrophic fungi: Higher mean ± s.e.m 
value of total heterotrophic fungi count was recorded in the 
dry season (2.27 x 104 ± 5.6 x 103 cfumL-1) while the lower 
mean ± s.e.m value 2.26 x 104 ± 4.58 x 103 cfumL-1 was 
recorded in the rainy season, but there was no significant 
difference (p ˃ 0.05) over the seasonal variations as shown 
in Table 2. This may be attributed to total dissolved solids 
(TDS), colour, temperature, turbidity of water and other 
mineral salts that were found to be higher in the dry season 
than in the rainy season which favour increased fungi 
population because reduction in water volume would 
increase the concentrations of microorganisms as stated by 
Obi et al. (1998). Results from studies on taste and odour 
problems in drinking water indicated the occurrence of 
fungi as an important causative agent for these sensoric 
changes (Nystro¨m et al., 1992; Montiel et al., 1999), and 
bad  tastes  in  water  have been  attributed  to  microfungi  
for  decades  (Kelley  et  al., 2003).  

 
Antibiotic susceptibility testing of bacteria isolates 
The susceptibility of bacteria isolates to various classes of 

antibiotics was employed. The bacteria species isolated from 
hand-dug well water samples from Ilesa metropolis were 
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very susceptible to pefloxacin and gentamicin while they 
were very resistant to ciprofloxacin amoxicillin, 
streptomycin, augmentin and sparfloxacin as showed in 
Table 3a and 3b. The resistance of the bacterial isolates to 
commonly used antibiotics as obtained in this study 
indicates the potential dangers they may pose to the health 
of the public. It has been reported that major epidemics in 
the World had been linked with resistant pathogens (Levy, 
2001; Canton et al., 2003). The high levels of resistance 
obtained may be due to the prevalence  of  fake  and  sub-
standard  drugs available in  many  developing  countries  

like  Nigeria  (Kothari and  Sagar,  2008).  Also  attached  to  
this phenomenon is  the  inappropriate  use  of  
antimicrobial  agents  without proper  prescriptions  from  
qualified  medical personnel. Since the antibiotics persist in 
the environment (Zuccato et al., 2000), bacteria are then 
exposed to sub-optimal doses of the drugs, thereby making 
them resistant. Some of the selected hand dug wells were 
very close to the major roads where they receive toxic gases 
from automobile exhausts (cars, lorries and trucks) and this 
could also cause resistance because of the toxic effect of 
hydrocarbons. 

Table 2. Seasonal variations of selected hand-dug well water samples from Ilesa Metropolis   

Parameter 
Dry season 

(mean ± s.e.m) 

Rainy season 

(mean ± s.e.m) 

ANOVA 

F P 

Ambient air temperature (oC) 27.26 ± 0.13 26.8 ± 0.10 7.875 0.00604** 

Water temperature (oC) 28.04 ± 0.12 27.56 ± 0.11 8.720 0.00394** 

Colour (Pt-Co) 89.43 ± 13.72 87.51 ± 14.85 0.00898 0.925 

Turbidity (NTU) 7.36 ± 1.57 4.09 ± 0.76 3.498 0.0644 

pH 5.95 ± 0.13 6.45 ± 0.15 6.48 0.0125** 

Conductivity (µScm-1) 519.99 ± 62.36 547.71 ± 61.06 0.1008 0.7516 

Total Dissolved Solids (mgL-1) 368.14 ± 40.75 328.48 ± 36.61 0.5239 0.4709 

Calcium (mgL-1) 31.16±  5.22 30.76 ± 3.66 0.003895 0.9504 

Magnesium (mgL-1) 24.07 ± 4.61 9.53 ± 1.07 9.435 0.002755** 

Total Hardness (mgL-1) 190.44 ± 29.52 116.08 ± 12.69 5.355 0.02275* 

Sulphate (mgL-1) 28.02 ± 3.10 18.91 ± 2.50 5.238 0.02425* 

Chloride (mgL-1) 62.11 ± 6.64 65.90 ± 7.66 0.14 0.7091 

Phosphate (mgL-1) 2.83 ± 0.20 2.80 ± 0.16 0.02012 0.8875 

Nitrate (mgL-1) 31.32 ± 1.85 30.10 ± 1.45 0.268 0.6059 

Total Heterotrophic Bacteria 

Count (cfumL-1) 
154874.3 ± 31005.96 14640.10 ± 3297.85 20.23 1.891E-05*** 

Escherichia coli (cfumL-1) 3396.42 ± 2511.63 1150.87 ± 417.66 0.9667 0.3349 

Total Heterotrophic Fungi Count 

(cfumL-1) 
22657.69 ± 5610.60 22645.96 ± 4576.87 2.643E-06 0.9987 

p ˂ 0.05 =   * significant difference; p ˂ 0.001 = *** very highly significant difference; p ˂ 0.01 =   ** highly significant difference; S.e.m =  Standard Error of Mean 
 

Table 3a. Percentage frequency of antibiotic susceptibility pattern for gram positive bacterial isolates 

                                                                                                        Percentage (%) Frequency 

S/N Antibiotics Resistance Intermediate Susceptible 

1 Zinnacef (Z) 85 7.7 7.7 

2 Amoxacillin (AM) 62 15.4 23.1 

3 Rocephin (R) 31 38.5 31 

4 Ciprofloxacin (CPX) 77 23.1 0 

5 Streptomycin (STR) 39 0 62 

6 Septrin (SXT) 7.7 31 62 

7 Erythromycin (ERY) 54 46 0 

8 Pefloxacin (PEF) 0 7.7 92 

9 Gentamicin (CN) 0 7.7 92 

10 Ampiclox (APX) 54 23.1 23.1 

 

Table 3b. Percentage frequency of antibiotic susceptibility pattern for gram negative bacterial isolates 

                                                                                                                  Percentage (%) Frequency 

S/N Antibiotics Resistance Intermediate Susceptible 

1 Septrin (SXT) 85 0 15.4 

2 Chloranphenicol (CH) 77 15.4 7.7 

3 Sparfloxacin (SP) 92 0 7.7 

4 Amoxacillin (AM) 92 0 7.7 

5 Augmentin (AU) 100 0 0 

6 Ciprofloxacin (CPX) 77 23.1 0 

7 Gentamicin (CN) 7.7 15.4 77 

8 Pefloxacin (PEF) 7.7 0 92 

9 Streptomycin (S) 92 0 7.7 

10 Tarivid (OFX) 84.6 7.7 7.7 
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Conclusions 

The study concluded that colour, turbidity, pH, 
phosphates, total hardness, total heterotrophic bacteria, 
Escherichia coli and total heterotrophic fungi values of the 
water were above the maximum permitted levels of 
Nigerian Standard for drinking water quality, European 
Union for water quality and World Health Organization
safety guidelines for drinking water. There were presences of 
multiple antibiotic resistant bacteria. Thus, 
microbiologically, the water samples were found to be unfit 
for human consumption without prior treatment. 

 

Recommendations 

The failure to provide safe potable water to the rapidly 
growing rural and urban population nationwide is driving 
people into desperation. Hence, individuals are forced by 
these circumstances to extract groundwater at very unsafe 
location and depth. Based on the research findings and 
conclusions, it is recommended that people in the study area 
should: 

a. Boil and filter their groundwater before drinking. 
b. The existing wells should be well kept and should be 

well developed while the uncovered  ones are to be provided 
with good covers. 

c. The wells should always be properly lined or ringed to 
avoid seepage during the dry season. 

d. Put pressure on government to re-introduce house to 
house sanitary inspections to check the proximity of latrines
to wells. 

e. Access to wells by domestic and grazing animals 
should be restricted with an enclosure by fencing. 

f. Finally, the Federal Government should put up a 
national action plan to check the possible spread of water-
borne diseases and sponsor research in the rural areas on
water borne diseases as a means of disaster risk reduction. 
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