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Abstract

The research was designed to evaluate bacteriological and physico-chemical quality of some borehole
water in Wudil town, Wudil Local Government Area, Kano State. Ten (10) borehole water samples
were collected randomly from Wudil town using aseptic microbiological procedure. The
physicochemical parameters were analyzed following standard qualitative techniques while the total
bacterial loads were analyzed using pour plate method. Coliforms count was done using most probable
number technique while identification was done using morphology and biochemical methods. The
results of the physicochemical analyses showed the total hardness range to be 69 — 145 mg/L, electric
conductivity of 100 - 294uS/cm, turbidity of 2 - 4 NTU, pH of 5.32 - 6.14 and total dissolved solid of
38.4 - 190 mg/L. The total aerobic mesophilic counts of the samples analyzed extended from 2.41 x 102
- 8.09 x 102 CFU/ml, that of coliform also ranged from 3 — 11 MPN/100 ml of the sampled water. The
bacteria isolated were Escherichia coli and Enterobacter species. The study reveals that the borehole
water in the study area has public health concern especially due to the presence of E. coli. There is need
for improved sanitation, reqular water quality monitoring, and protective measures like borehole
sealing and chlorination to ensure safe drinking water from the sampled boreholes.
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INTRODUCTION

Groundwater is essential for life both for domestic and industrial use. Water is a ready
resource for both crop and animal farming. In cities, asides domestic uses, groundwater is
used to water crops in gardens and small farms around the home and a major source of water
for fish farmers (WHO, 2024). Urbanization has its effect on the quantity and quality of
underground water (Foster and Hitara, 2018). The importance of water for human health,
economic development, and population growth can never beignored (Talib et al., 2019).

Safe water is one of the basic human needs and is considered as an unquestionable factor for
good health. Organic compounds before not known to be substantial in freshwater, in relation
to concentration and distribution, are now being more widely noticed as analytical techniques
improved (Lopez-Serrano et al., 2024). These compounds, which have the possible to cause
suspected or known adverse for human health. The quality of water is described byits
physical, chemical and biological contents (Rehman et al., 2018).

The effects of water contamination may be aesthetic (with respect to colour, taste and odour),
cosmetic (causing skin or tooth discoloration) or technical (causing damage to water
equipment or hampering treatment for other contaminants). These contaminants pose health
hazards to consumers of the water from the underground sources (Arvnabh et al., 2020).
Previous work of Soladoye and Ajibade (2024) revealedthat most hand-dug wells in Lagos
state fell short of both national and international standards for drinking water. Most samples
were acidic and had metal contaminants of Magnesium, Manganese and Zinc at varying
levels. Olowu, (2019) reported the water quality of the hand-dug wells, whose average depth
range from 6 - 20metres, had average levels of 0.58 mg/L (NO3), 56 mg/L (Cl), 4.0 mg/L
(Mg), 0.02 mg/L (Fe), 0.02 mg/L (Mn) and 1.05 mg/L (Zn).

Pure and contaminated water determines population health, so the importance of clean water
cannot be ignored therefore there is a rising concern over water pollution in recent times
(Wagh et al., 2019). Water quality of both surface and groundwater has been identified as one
of the main issues in Pakistan, due to four major water quality tribulations such as
bacteriological, arsenic, nitrate and fluoride contamination (Rehman et al., 2018). Safe water
concerns have been highlighted intensely in the last few years and many water purification
technologies have been introduced in the country to remove undesirable chemicals, materials,
and biological contaminants from raw water (Talib et al., 2019). However, the water that is
reasonably contaminant- free (and safe) one moment can become dangerously contaminated
the next because of accident, neglect, or some natural event (Foster and Hitara, 2018).

In Nigeria, majority of the rural populace do not have access to potable water and therefore,
depend on well, stream and river water for domestic use. The bacterial qualities of
groundwater in Nigeria, have been reported to be unsatisfactory, with coliform counts far
exceeding the level recommendation by world health organization (WHO). The public health
significance of water quality cannot be over emphasized. Many infectious diseases are
transmitted by water through the fecal-oral route. Diseases contacted through drinking water
kill about 5 million children annually and make 1/6th of the world population sick (WHO,
2024).

The probability of ingesting infective dose of disease-causing microorganism is very high
considering the fact that water borne pathogens generally have a low infective dose. Microbial
contamination of groundwater is a significant problem particularly, in areas where it is used
directly for drinking without any treatment (Foster and Hitara, 2018). Coliform bacteria in
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well water are the major contaminant by organic means through the discharge of sewage and
domestic effluents into water sources. The presence of such pathogenic bacteria in
groundwater due to environmental pollution is highly undesirable (Bello et al., 2013).
Assessing groundwater quality is very important in order to find its suitability for intended
use therefore, the aim of this study is to evaluatethe physical, chemical and bacteriological
parameters of borehole water in Wudil town, Wudil, Kano state.

MATERIALS AND METHODS

Sampling Site

The sampling site was Wudil town located in Wudil Local Government Area, Kano State.
Woudil is located within the Sudan Savannah region of Nigeria. The study site is located on
the latitude 11°37 and11°56 N and longitude 8°45 and 8°57 E at an altitude of 403m above the
sea level. The relative humidity of the region is always low and ranges between 41-59%
(Olofin, 2018). It is bordered with Warawa to the west and north, Gaya to the east, Garko and
Albasu to the South. The area has average rainfall of about 800-900mm and annual
temperature range between 26-33°c. It covers the total area of about 640km?2 with about 23,066
populations from 2016 census. The main occupation of the Wudil inhabitant is farming and
trading.

Sample Collection

Ten (10) borehole water samples were collected randomly in Wudil town from ten various
borehole points. The hand pump was continuously operated for five minutes. The mouth of
the pump was heated using a lighter and some quantities of water were pump to waste. The
sample of the water was collected aseptically by allowing the water from the pump to flow
directly into the sterile bottle, andcarefully replacing the bottle cap and cover (Bello et al.,
2013).

Sample Preparation

Serial dilution of sampled borehole water were prepared by measuring 10ml of the sampled
water andtransferred into a test tube containing 90ml of sterilized peptone water and the
mixture was then shaken vigorously. From the first bottle, 1ml was transferred into another
tube containing 9ml of peptone water. This process was repeated until the fifth dilution factor
was obtained (Rehman et al., 2018).

Physico-Chemical Analysis

The physico-chemical parameters of the sampled water were determine by adopting the
method of Bello et al. (2013) and that of Oparaocha et al., (2020). The parameters analysed
included temperature, pH, turbidity, electrical conductivity, and total hardness.

Determination of Aerobic Mesophilic Bacteria Count

This was carried out according to the method described by Wagh et al., (2019). One milliliter
(Iml) of inoculum from the 10, 102, and 10 dilutions were transferred into duplicate Petri
dishes which were labeled accordingly. This was followed by pouring aseptically 15ml of
molten nutrient agar at 35°C. The cultured plates were swirled and later allowed to solidify.
The plate were incubated in an invertedposition at 37'C for 24hrs. After incubation, plates
containing between 30-300 colonies were selected and counted. The average number of
colonies was calculated and multiplied by the inverse of the dilution factor to determine the
number of colony-forming units per milliliter (CFU/ml).
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Coliform Analysis; Most probable Number Techniques
The coliform analysis was carried out using the Most Probable Number (MPN) procedure as
described by Eaton et al. (2017).

Presumptive Test

Nine test tubes, each containing 9 ml of lactose broth and an inverted Durham tube, were
placed in a rack, autoclaved for sterilization, and to expel air. Inoculation was done from
serially diluted samples as follows: from the 1:10 dilution, 1ml of inoculum was transferred to
the first three of the 9 test tubes containing 9m1 of lactose broth. Then 1ml also was transferred
from 1:100 dilutions to the second set of three test tubes of lactose broth and finally 1ml of
inoculum was transferred from 1:1000 dilutions to each of the last three tubes. All the 9 test
tubes were incubated at 37°C for 24 hours and other 24 hours in the absence of gas. Following
24hrs of incubation, the tube were observed for gas production and number of gas positive
tubes was compared with the most probable number (MPN) table to estimate the most
probable number of coliforms per milliliter samples.

Confirmatory Test:

A sterilized wire loop was used to transfer a drop of culture from each gas-positive tube to a
tube containing brilliant green lactose bile broth (BGLBB). Gas formation in any Durham
tubes within 48hours at 37°C was considered as positive test. The presence of gas in all
inoculated tubes is a positive test; that is the organisms which produced the gas in the
presumptive tubes are likely to be coliform.

Completed Test:

Aloopful of inoculum from gas positive tubes was streaked onto Eosine methyleneblue (EMB)
agar plate and incubated at 37°C for 24hrs (confirmed test). Following incubation, colonies
which formed bluish black colonies with green metallic sheen, and reddish colonies were
noted and isolated on agar slant. Colonies exhibiting a metallic sheen were re-inoculated into
lactose broth and incubated at 37°C for 24 hours to observe gas production, confirming the
presence of coliforms.

Identification of isolates

Bacterial isolates were identified through by subculturing, Gram staining and other
biochemical tests such as indole test, methyl-red test, Voges-Proskauer test and citrate
utilization test as previously described by Cheesbrough, (2012).

RESULTS

The temperature of the borehole water samples ranged from 28.9°C - 31°C. Total Hardness
ranged from 69 mg/L to - 145 mg/L, Electric Conductivity (100 - 294uS/cm), Turbidity
ranged from 2 -4 NTU, pH ranged from 5.32 - 6.14, Total Dissolve Solid ranged from 38.4 - 190
mg/L. This can be seen in Table 1. The bacterial loads of the samples analyzed ranged from
2.41 x102- 8.09 x 102 CFU/ml with sample WB8 having the highest bacterial load (8.09 x 1(?)
and sample WB1 having the least bacterial load (2.41 x10?). The coliform count also ranged from
15 - 75 CFU/ml as depicted in Table 2. The bacteria isolated were Escherichia coli and
Enterobacter aerogenes with Escherichia coli having the highestoccurrence (60%).
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Table 1: Physico-Chemical Analysis of the Borehole Water Samples Analyzed

Temperature Electrical
Conductivity
Sample Code (°C) Total Hardness (mg/L) pH Turbidity (NTU)

(us/cm)
WB1 29.5 69 100 5.32 3
WB2 30.1 78 184 5.96 4
WB3 28.5 140 204 6.01 3
WB4 30.7 112 167 5.78 2
WB5 31 105 246 6.14 2
WB6 29.8 87 231 6.02 2
WB7 289 74 294 5.46 4
WBS 30.5 125 210 6.09 3
WB9 30.9 145 241 5.63 4
WB10 29.6 96 173 5.96 3
WHO 25 500 300 7 5
NSDWQ 25 500 1000 6 5

Keys: WB - Borehole Water, WHO: World Health Organization, NSDWQ: Nigerian StandardDrinking
Water Quality

Table 2: Bacterial load, Total Coliform Count and Biochemical Tests of the water samples
collected

Sample AMB (CFU/ml) TCC (MPN/ml) In Cit Mr Vp Bacteria Isolated
WB1 2.41 x 102 20 -+ -+  Enterobacter aerogenes
WB2 3.64 x 102 15 + - + - Escherichia coli
WB3 2.61 x 102 23 + - + - Escherichia coli
WB4 4.04 x 102 36 + -+ - Escherichia coli
WB5 3.84 x 102 24 -+ -+  Enterobacter aerogenes
WB6 5.41 x 102 43 + - + - Escherichia coli
WB7 7.21 x 102 38 -+ - +  Enterobacter aerogenes
WBS 8.09 x 102 75 + -+ - Escherichia coli
WB9 3.74 x 102 28 -+ - +  Enterobacter aerogenes
WB10 4.63 x 102 27 + -+ - Escherichia coli

Permissible Level (WHO) 1.0 x102 0 -

Keys: BL (CFU/ml): Bacterial Load, TCC (MPN/ml): Total Coliform Count, In: Indole Test Cit: Citrate Test, Mr:
Methyl-Red Test Vp: Voges-Proskauer Test

DISCUSSION

Physicochemical Parameters

In the presented data, the temperature ranged from 28.7°C to 31°C, which is consistent with
tropical environments where borehole water temperatures typically fall between 25°C and
32°C (WHO, 2017). Adeyemi et al. (2017) reported similar temperature ranges 27°C to 30°C
for borehole water in rural areas of Nigeria. Ogundipe et al. (2020) found borehole water
temperatures between 26°C and 29°C in Oyo State, Nigeria, suggesting slightly cooler
conditions. Higher temperatures, as found in this study, can promote microbialgrowth, which
may compromise water safety if not properly managed (Akinbile and Yusoff, 2011). A similar
study in Ghana by Boateng et al. (2016) recorded water temperatures around 30°C, which is
consistent with the findings here. While these temperatures are within acceptable limits,
higher temperatures can increase microbial activity, potentially compromising water safety
(WHO, 2011). Total hardness values ranged from 60 to 145 mg/L, indicating soft to
moderately hard water. WHO (2017) classifies water hardness below 150 mg/L as acceptable
for drinking water. In a study by Olusegun et al.(2019), borehole water in Ibadan, Nigeria,
showed total hardness between 50 to 160 mg/L, aligning closely with this study. However,
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excessive hardness, as reported by Amadi et al. (2015) with values exceeding 200 mg/L, could
lead to scaling in pipes and appliances; though this is not a health concern. This is comparable
to findings by Aiyesanmi and Okoloko (2015), who reported hardness values between50 and
140 mg/L in borehole water from Ekiti State. However, the hardness values observed by Eke
et al. (2018) in Delta State were higher, reaching up to 200 mg/L, indicating significantly
harder water in their study area. The lower hardness values in this study suggest reduced
calcium and magnesium ion content, which minimizes the potential for scaling in household
appliances and pipes (WHO, 2011).

Electrical conductivity (EC) in the current study ranged from 100 to 294 pS/cm, indicating
low to moderate mineral content this falls well below the WHO guideline value of 1,500
uS/cm for safe drinking water (WHO, 2011), suggesting the absence of excessive dissolved
ionic species. Similar findings were reported by Osuolale and Okoh (2017) in South Africa,
with EC values between 200 and 350 uS/cm, further affirming the safety of the current study's
samples. In contrast, Okoro et al. (2019) reported higher EC values of 150 to 450 pS/cm in
southeastern Nigeria, while Adeleke ef al. (2021) recorded values reaching up to 800 pS/cm
in Osun State, indicating more substantial mineral leaching. The relatively lower EC values
in the present study imply minimal contamination and are favorable for human consumption.
This falls well below the WHO permissible value of 1,500 uS/cm for safe drinking water
(WHO, 2011), suggesting the absence of excessive dissolved ionic species. Similar findings
were reported by Osuolale and Okoh (2017) in South Africa, with EC values between 200 and
350 pS/cm, further affirming the safety of the current study's samples. In contrast, Okoro et
al. (2019) reported higher EC values of 150 to 450 uS/cm in southeastern Nigeria, while
Adeleke et al. (2021) recorded values reaching up to 800 pS/cm in Osun State, indicating more
substantial mineral leaching. The relatively lower EC values in the present study imply
minimal contamination and are favorable for human consumption. The turbidity values (2-4
NTU) fall within the WHO (2017) permissible limit of 5 NTU. This is in agreement with the
findings of Agbabiaka and Sule (2018), who reported turbidity levels of 2.5to 3.8 NTU in
borehole water in Kwara State. The lower turbidity levels found in this study suggest better
water clarity and fewer suspended solids, improving overall water quality. Higher turbidity
levels, such as those found in the report of Adegbola et al. (2020), who recorded turbidity
values of up to 10 NTU, may signalparticulate contamination, affecting water clarity and
potentially shielding harmful pathogens. Lower turbidity values often signify reduced
particulate matter and potential microbial contamination. In contrast, Ojo et al. (2020)
observed turbidity values as high as 6 NTU in boreholes in Ogun State, exceeding WHO
guidelines and raising concerns about suspended particles and microbial growth. The pH
values in this study (5.32 to 6.14) suggest slight acidity, which falls below the WHO
permissible range of 6.5 to 8.5 (WHO, 2011).

Acidic pH levels can lead to corrosion in pipes and leaching of metals. This is consistent with
the findings of Anake et al. (2016), who observed similar pH ranges in borehole water samples
across Lagos. However, contrasting studies, such as that of Mohammed and Hassan (2021),
reported neutral pH levels (6.8 to 7.5), indicating variability based on geology and local
environmental factors. This is consistent with the findings of Afolabi et al. (2016), who reported
pH values between 5.5 and 6.2in borehole water in Lagos State, Nigeria. However, contrasting
studies such as that of Yakubu et al. (2017), which recorded pH levels of 7.1 to 7.8 in boreholes
in northern Nigeria, demonstrate more neutral and safer pH levels for drinking water.

Microbiological Quality
The results obtained from the borehole water bacterial counts ranging from 2.41 x 102 to 8.09
x 10?2 CFU/ml are indicative of the presence of significant microbial contamination. Such levels
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are concerningwhen compared to permissible standards set by organizations like the World
Health Organization (WHO) and the Nigerian Standard for Drinking Water Quality
(NSDWQ), which recommend that potable watershould not contain more than 100 CFU/100
ml (WHO, 2017; NAFDAC, 2018). The bacterial counts observed in the borehole water sample
exceed these limits, suggesting potential health risks, especially considering that borehole
water is often used as a primary source of drinking water in rural areas and informal urban
settlements.

This study's bacterial counts align with similar research on groundwater contamination in
various regions. Agbabiaka et al. (2020) on borehole water in Nigeria found bacterial counts
ranging from 3.50 x 102 to 1.05 x 10° CFU/ml. This study also highlighted the presence of
pathogenic organisms, including Escherichia coli which pose significant health threats. Kalu et
al. (2018) reported bacterial counts of 2.30 x 102 CFU/ml to 6.80 x 10> CFU/ml in borehole
water samples from the southeastern region of Nigeria, which were higher than the WHO's
acceptable limits, raising concerns about water safety. In the study by Okeke et al. (2021) on
borehole water in urban and rural parts of southwestern Nigeria, bacterial counts ranged from
2.00 x 10%to0 5.00 x102 CFU/ ml. This range is quite similar to the results obtained in this current
study, showing consistent contamination issues in borehole water sources within the same
region. The researchers also found that borehole water was frequently contaminated with
enteric pathogens like E. coli, among all of which are associated with waterborne diseases
(Okeke et al., 2021). This overlap with the current study's findings reinforces the potential
health risks linked with high bacterial loads in untreated or poorly managed borehole water.

A study conducted by Zaki et al. (2022) on the microbiological quality of borehole waterin
Egypt reported significantly lower bacterial counts, ranging from 1.00 x 10! to 3.00 x 10?
CFU/ml. Although the bacterial load in this study was lower, it was still above the WHO's
recommendation of 10 CFU/ml for safe drinking water with zero coliform bacteria. This
contrast may reflect differences in water treatment practices, population density, and the level
of infrastructural development between the regions studied. Zaki et al. (2022) noted that
borehole water quality in Egypt was generally better in urban areas due to more consistent
monitoring and treatment, whereas rural areas, like in Nigeria, still face significant challenges
in water quality management. Wambua et al. (2019) reported a broader range of bacterial
contamination in borehole water, from 1.50 x 10? to 1.50 x 10° CFU/ml. This higher count
might be attributed to poor sanitation and contamination from surrounding agricultural
activities. The findings in this current study are in line with the lower end of this range, but
still show that bacterial contaminationin borehole water, even in urban or semi-urban
settings, can be significant and pose serious health concerns.

Comparison with Standards

Borehole water with total coliform counts ranging from 15 to 75 CFU/ml indicates that the
water has been contaminated with fecal or non-fecal coliform bacteria. Coliform bacteria,
especially total coliforms, are commonly used as indicators of water quality and sanitation.
The presence of coliforms suggests that the water may be contaminated with harmful
pathogens, which could pose significant healthrisks, particularly gastrointestinal diseases.
Abubakar et al. (2020) reported that borehole water in rural Nigerian communities had total
coliform counts ranging from 10 to 50 CFU/ml, with contamination attributed to improper
sanitation and poor handling practices. Similarly, Mohammed et al. (2019) found that borehole
water in urban and peri-urban areas of a Nigerian city had coliform counts ranging from 20to
60 CFU/ml, pointing to the influence of agricultural runoff and untreated sewage as the main
contributors. In a study conducted by Oluwaseun et al. (2022) in southern Nigeria, total
coliform countsin borehole water ranged from 10 to 60 CFU /ml, similar to the results observed
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in this current study. The authors attributed the contamination to seasonal changes, where
increased rainfall during the wet seasonled to surface water runoff into boreholes,
exacerbating contamination levels. This finding aligns with the current study’s coliform range,
indicating that environmental factors such as rainfall and runoff might also contribute to
microbial contamination in borehole water sources, particularly in areas with poorly
maintained borehole infrastructure. Umar et al. (2021) in northern Nigeria found significantly
lower coliform counts, ranging from 5 to 15 CFU/ml, in borehole water samples. This lower
level of contamination was attributed to more controlled environmental conditions and the
use of deeperboreholes, which were less prone to contamination from surface runoff. The high
coliform counts in this study (15-75 CFU/ml) could be linked to variations in the depth of the
boreholes, sanitation practices, and local environmental conditions, where surface
contamination is morelikely to affect shallower boreholes. Nwachukwu et al. (2020) conducted
a study on borehole water quality in Nigeria's southeastern regions, finding coliform counts
in the range of 25 to 70 CFU/ml. They identified improper waste disposal and lack of
maintenance of borehole equipment as significantcontributors to the contamination levels.

This study is quite comparable to the present research, which similarly suggests that poor
sanitation practices may be a leading factor in coliform contamination.

Implications for Policy and Practice

This study shows the presence of Escherichia coli and Enterobacter aerogenes in borehole water,
with E. coli having the highest frequency, indicate significant contamination and pose
potential health risks. The presence of E. coli, a fecal coliform, is particularly concerning as it
suggests fecal contamination, which could result from inadequate sanitary conditions around
the borehole or poor maintenance of watersources (Nkansah et al., 2020). The contamination
by Enterobacter aerogenes, although not typically pathogenic, can also indicate environmental
pollution, raising concerns about the overall microbiologicalquality of the water. Obi and
Okocha (2017) found E. coli as the most frequently isolated organism in borehole water
samples from rural communities, emphasizing poor sanitation and contamination from
nearby septic tanks or agricultural runoff. Oyedeji et al. (2020) on groundwater in Nigeria also
found a high prevalence of E. coli in samples, underscoring that borehole water sources,
especially in developingregions, are highly vulnerable to contamination by enteric bacteria.
Edema et al. (2011) found that in borehole water samples from South-Western Nigeria, E. coli
was highly prevalent, particularly in areas with poor drainage systems. The researchers
suggested that infiltration from septic tanks and latrines significantly contributed to the
bacterial contamination, further validating the findings in this research. Nwachukwu and
Otokune for (2016) reported the frequent isolation of E. coli from borehole water in theNiger
Delta region, where shallow water tables and improper waste disposal were implicated in
groundwater pollution. These results confirm that in areas where sanitary infrastructure is
lacking, boreholes are highly susceptible to contamination, reinforcing the need for stringent
water quality control. Contrastingly, a study by Odonkor and Ampofo (2013) in Ghana on
borehole water revealed relatively lower occurrences of E. coli contamination, attributed to
better water management practices, including the regular disinfection of boreholes. This
highlights how improved sanitation and protective measures around boreholes can reduce
microbial contamination. Makungo et al. (2017) conducted a study on borehole water in South
Africa and found that while bacterial contamination was present, E. coli was not the most
frequent isolate. Instead, species like Pseudomonas and Staphylococcus were more common.
These variations underscore the influence of local geological, environmental, and
infrastructural factors on microbial contamination profiles. The high frequency of E. coli in
this study highlights a serious public health risk and underscores the urgent need for regular
microbial monitoring. Preventive measures such as routine chlorination, proper sealing of
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boreholes, and improved sanitation practices around water sources are critical to
safeguarding drinking water quality.

CONCLUSION

The results of this study indicate that although certain physicochemical parameters, such as
total hardness and electrical conductivity, fall within permissible limits, the water samples
exhibited elevated temperatures, mildly acidic pH levels, and significant microbial
contamination. The detection of Escherichia coli and Enterobacter aerogenes confirms fecal and
environmental contamination, posing serious public health risks. These findings suggest that
borehole water in the study area is not entirely safe for direct human consumption without
treatment.

High  bacterial levelsand  coliform reported above recommended drinking  water
standards emphasize the necessity of the need for urgent intervention. For the supply of
safe drinking water, routine monitoring, sanitation by right practices, and treatment
involving chlorination and sealing of boreholes should be done. Prevention of waterborne
diseases and public health protection in the study area are reliant on addressing these
issues.
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