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Abstract  

One of the reliable means of meeting up with rural water demands is through groundwater exploitation and 

Federal Polytechnic, Offa community is not an exception. Thus, the microbiological and physicochemical 

qualities of portable water (boreholes) sunk in the mini-campus Federal Polytechnic, Offa were investigated 

using pour plate and other conventional methods. The bacterial means count ranged between 1.33 -2.0 (x 106 

CFU/ml). The bacteria presumptively identified from the water samples analyzed included Bacillus sp. and 

Staphylococcus epidermidis. Findings from physicochemical analyses recorded the highest values of alkalinity 

and hardness of 50.15 and 71.4 respectively for the sample of water collected from source designated AD. 

Findings from the determination of heavy metal in water samples revealed that samples collected from source 

designated G recorded the highest values for Cu, Fe and Co with 0.21, 0.32 and 0.14 ppm concentrations. Also 

findings from antibiotic sensitivity test on isolates from water samples confirmed ofloxacin the most potent 

antibiotic among the selected antibiotics. Thus, findings of this study suggest that water from which the samples 

were collected should be properly treated before consumption especially that water from source designated BG.   

 

Keywords: Physicochemical properties, bacterial means count, heavy metals, antibiotics  

 

Introduction 

Owing to the purifying process that occurs in the soil, ground water is generally regarded as a great supply of 

potable water. Every day, an average of 1.5 billion people globally benefit from underground water (Giordano, 

2009; Margatan & Van Der Gun, 2013; Guppy et al., 2018). Even while borehole water is drinkable, it can get 

tainted or contaminated and may not be as safe as people think (USEPA, 1982). Southeast Asia and Africa have 

the lowest rates of improved water and sanitation, making them the regions most impacted by faecal 

contamination of groundwater (Bain et al., 2014).Sources of water can be considered as either improved or 

unimproved on the basis of whether or not they are "protected from outside contamination" (Onda et al., 2012).  

Sources like public taps or standpipes, tube wells or boreholes, protected dug wells, protected springs and 

rainwater collection are considered improved (Bain et al., 2014). Water disposal facilities, industrial pollution, 

agricultural practices, atmosphere fallout, clearing of vegetation, over-abstraction of groundwater and 

excavation below the water table can serve as sources of groundwater pollution (Idehen, 2020). The pollutants 

do not only affect water quality but also threaten human health, economic development and social prosperity 

(Milovanovic, 2007).  

 

Groundwater is universally accepted as a safe source of potable water because it is associated with a low 

microbial load which may require little treatment before drinking (Lobina & Mercy, 2015). However, a lot of 

bacterial, viral and protozoan pathogens are causing waterborne infections. Some are primarily enteric bacterial 

pathogens such as Vibrio cholerae, Salmonella spp, Shigella spp and recognized pathogens from faecal sources 

such as E. coli (Szewzyk et al., 2000). Pathogens of bacterial genera; Legionella spp, Pseudomonas aeruginosa 

and Mycobacterium spp are found in potable water usually in low numbers and grow within the distribution 

system biofilms (Szewzyk et al., 2000). Inadequate public water supply has made boreholes and wells an 

indispensable and integral part of water supply systems in rural and urban areas, especially in Nigeria 

(MacDonald & Calow, 2009; Calow et al., 2011). More than one billion people have no access to clean safe 

water worldwide. In Sub Sahara Africa up to 300 million rural people have no access to safe water supplies. 

http://www.fnasjournals.com/
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Groundwater is the main source of domestic water upon which a large population of the world especially in sub-

Sahara Africa depends (Calow et al., 2011), this is because it is accessible anywhere, less capital intensive to 

develop and maintain and is less susceptible to pollution, seasonal fluctuation and naturally has good quality 

(Bresline, 2007).  

 

Human welfare is linked directly with quality water because of its vital role in the life of mankind. According to 

Ranjana (2010), public health status depends to a greater extent on the quality of groundwater. However, 

groundwater is believed to be of higher quality compared to surface water, its quality is aggregate of the natural 

geology of the environment and anthropogenic influences such as withdrawal, land use change, and solid waste 

dumping (Chapman & Kimstach, 1996). Water quality parameters reflect the level of contamination in water 

resources and show whether or not the water is suitable for human consumption. The safety of potable water is 

dependent on the physico-chemical and microbiological parameters of water (MacDonald & Calow, 2009) and 

their analysis is crucial for public health and pollution studies (Kot, 2003). Thus, this study aimed at assessing 

physicochemical and microbiological qualities, and antibiotic susceptibility patterns of bacteria present in 

portable water (Borehole) in Mini campus Federal Polytechnic Offa, Kwara State, Nigeria, with the view to 

have information on the status of borehole water in the Federal Polytechnic, Offa, Kwara State Mini Campus. It 

also gives the school management insight into the quality of borehole water and measures of adequate treatment 

where necessary.  

 

Materials and Methods 

Collections of samples 

The water samples were collected from four different boreholes (admin office, botanical garden, boys' hostel 

and NAAS garden) in the Mini Campus of the Federal Polytechnic Offa, Kwara State. The samples were 

collected in a sterile universal bottle, corked tightly to prevent cross-contamination, and brought to the 

laboratory to isolate and identify bacteria associated with borehole water. 

 

 Sterilization of Glassware and Working Environment 

The glass wares which included Petri dishes, conical flasks, test tubes, beakers, and McCartney bottles were 

thoroughly washed with detergent, rinsed with distilled water, and sterilized at 160 °C for 1 hour in the oven. 

The workbench was disinfected with 75 % ethanol by mopping the surface with cotton wool moistened with 

75% ethanol to reduce the microbial load of the working bench. An inoculating loop was dipped into the alcohol 

and then flamed but it was allowed to cool for seconds before use, while the liquid media were also sterilized 

using an autoclave at 121°C for15 minutes at 15 Pascal. 

 

Preparation of media 

The culture media used for this project were Nutrient Agar (NA) and Muller-Hinton Agar, they were prepared 

according to the manufacturer's instructions as stated on the container of the media. 

 

Preparation of inoculums 

This was carried out using a serial dilution technique where 1 ml of the sample (borehole water) was accurately 

measured and transferred into 10 ml sterile distilled water (serving as stock) and serially diluted into ten folds 

under aseptic conditions. 

 

Isolation and enumeration of microbial population of borehole water sample 

This was carried out using pour plate techniques. One millilitre (1 ml) of prepared inoculum from 10" and 10" 

diluents were aseptically transferred into about 20 ml of freshly prepared nutrient agar, rocked gently and 

allowed to set. The plates were made in duplicate alongside with control MSC (Medium Sterility Control) all 

were accurately labelled and incubated at 37 for 24 hours. The emergent colonies were counted using a colony 

counter and recorded accurately.  

 

Preparation of pure isolates 

After 24 hours of incubation, pure isolates were prepared from the mixed culture with the aid of a sterile wire 

loop, a distinct colony was taken and streaked on a freshly prepared solidified nutrient agar and incubated for 24 

hours at 37 °C to get pure and distinct colonies. This was repeated severally for a satisfactory pure isolate to be 

obtained. 

 

 

Identification of bacterial isolates 
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The colonial morphological characterization was carried out based on the shapes, colour, size, edge, optical 

characteristics, surface texture, and consistency of the different colonies observed The cellular morphology was 

carried out by microscopic observation based on the arrangement of the cells, the shapes of the cells and the 

reaction of cells to the gram staining Further characterization and identification tests were carried out using 

some biochemical tests such as Catalase test, Indole test, Motility test and Coagulase test (Cheesbrough, 2010) 

 

Antibiotics sensitivity test 

The sensitivity of the bacterial species isolated was performed on Mueller-Hinton agar (MHA) (Merck) plates 

by disk diffusion method as described by the National Committee for Clinical Laboratory Standards (CLSI, 

2017). About 0.1 ml of each bacterial isolate was seeded into the Petri dishes containing Mueller-Hinton agar 

and allowed to stand for 30 minutes to enable the inoculated organisms to pre-diffuse. The discs contain the 

following antibiotics: augmentin (AUG, 30ug). ofloxacin (OFL. 5ug), gentamicin (GEN,10ug), ceftazidime 

(CAZ 30ug), cefuroxime (CRX 30ug), cloxacillin (CXC 5ug), ceftriaxone (CTR 5ug), erthromycin (ERY 5ug), 

were placed on the surfaces of the sensitivity agar plates with sterile forceps and incubated aseptically at 37°C 

overnight. Zones of inhibition after incubation were observed and the diameters of inhibition zones were 

measured in millimetres 

 

Physiochemical analysis of borehole water samples: The assessment of the physiochemical parameters of 

borehole water such as pH, temperature, total hardness, carbonate, bicarbonate, total solid, total dissolved solids, 

dissolved oxygen, biochemical oxygen demand and presence of minerals such as (Magnesium, chlorine and 

calcium) determined by method described by APHA (2005) 

 

pH: The Jenway 1910 multipurpose set was used, the instrument is an automated digital one and handheld, the 

pointer (electrode) was dipped into 10ml of water sample and held in place for 2-3 minutes to stabilize the pH 

value was then read off the instrument while still in the water. 

 

Temperature: A mercury-in-glass thermometer was used to measure the temperature. The thermometer was 

dipped into the water samples and held in place for 2-3 minutes to stabilize before taking the reading. 

 

Total dissolved solid (TDS): The percentage of dissolved solids was determined gravimetrically. A measured 

volume of the water sample was filtered through Whatman No 42-grade filter paper. The Filtrate was used for 

the percentage of dissolved solids in the water samples. 

 

Total Hardness (Using EDTA Titrimetric method): Fifty millilitres (50 ml) of the water sample was measured 

into a 250 ml conical flask. About 4ml of buffer solution and 6 drops of ferrochrome black T indicator solution 

were added prior to titration against 0.01 EDTA to the endpoint indicated by a distinct blue coloration. Titration 

was repeated for consistent titer was calculated. It was calculated this; total hardness (MgCaCO3) = ML Titrant 

X 100ml/sample 

 

Electrical conductivity: The electrode was wetted thoroughly and plugged into the conductivity meter (Cyber-

Scan CON510) before it was inserted into a 250 ml beaker containing distilled water. The conductivity meter 

was switched on and zero error was corrected. The distilled water was replaced with sachet water samples and 

the electrode was inserted in each case. The system was allowed to stabilize and the reading was recorded. 

 

Alkalinity determination: Fifty millilitres (50ml) of the sample was measured in a conical flask. Two drops of 

phenolphthalein indicator were added and the resulting mixture was titrated against a standard 0.10N H2SO4 

solution until the pink colour disappeared. The burette reading was recorded and five drops of methyl orange 

indicator were added to the solution and titrated against the standard 0.10. N H2SO4  solution to the first 

permanent pink colour pH 4.5. The calculation was done using: Total Alkalinity= Ml titrant x Normality of acid 

x 50000/ml sample. 

 

Heavy metals analysis: The heavy metals: Copper (Cu), Nickel (Ni), Iron (Fe), and Cobalt (Co) were 

determined by Perkin Elmer 2380 Flame Atomic Absorption Spectrophotometer. APHA method (2005) was 

followed during the preparation of samples to be analyzed 

 

Statistical analysis of data: In order to give a lucid representation of the data analyzed, descriptive statistics such 

as mean, frequency, standard deviation, percentage and graph were used in the discussion of the results; 
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Statistical Package (IBM-SPSS) version 20 was used to test for the level of significance of the results obtained. 

Differences were considered significant at p < 0.05. 

 

Results 

Mean counts of bacteria isolates of borehole water samples (BWS) 

The mean count of bacterial isolates from borehole water samples collected from Federal Polytechnic, Offa, 

Offa Local Government Area, Kwara State, Nigeria is shown in Table I. The findings revealed that water 

samples from sources designated with the letter D recorded the highest means bacterial count (2.0 x106 CFU/ml) 

while water samples from sources designated B and C recorded the lowest means count of 1.33 x106 CFU/ml 

and there was no significant difference among the values obtained in all samples of water analyzed at p≤0.05 

 

Bacterial isolates from borehole water samples (BWS) 

Using standard conventional methods, the bacteria presumptively identified to be present in samples of water 

obtained from sources designated with letters A and D included Bacillus sp. and Staphylococcus epidermidis 

while in samples of water from sources designated with letters B and C Bacillus sp. was presumptively 

confirmed present (Tables II and III.)  

 

Physicochemical analysis of borehole water samples (BWS) 

Findings from physicochemical analysis of water collected from boreholes sunk in Federal Polytechnic, Offa 

revealed that sample collected from source designated NA recorded the highest pH value of 6.165, while, 

samples from sources designated AD recorded the highest values for alkalinity and hardness of 50.15 and 71.4 

respectively. Also, samples collected from a source designated BH recorded the highest values for conductivity 

and acidity of 71.4 and 66.2 respectively, while samples collected from a source with BG designation recorded 

the lowest value of 0.52 for chloride ion (Table IV). 

 

Heavy metal (in ppm) in borehole water samples (BWS) analyzed 

The findings from heavy metal analysis of borehole water samples collected from Federal Polytechnic, Offa 

revealed that samples collected from sources designated with the letter BG recorded the highest values for Cu, 

Fe and Co with 0.21, 0.32 and 0.14 ppm concentrations. However, none of the water samples contain Ni (Table 

V.) 

Antibiotic sensitivity pattern of bacteria isolates of borehole water samples (BWS). 

The findings from the antibiotic sensitivity pattern revealed that isolates from all boreholes' water samples 

(BWS) were all susceptible to ofloxacin and resistant to other antibiotics used (Table VI) 

 

Results 

Table I: Mean counts of bacteria isolated from borehole water samples (BWS) 

S/N Samples’ sites Samples’ sites coordinate Means population x 106 CFU/ml 

1 AD Lat. N8O 8’1.08270 

Long. E40 43’024950 

1.67 ±0.58a 

2 BG Lat. N8O 8’1.09720 

Long. E40 43’0.32540 

1.33 ±0..58a 

3 BH Lat. N8O 8’1.092420 

Long. E40 42’48.80290 

1.33 ±0.58a 

4 NA  Lat. N8O 8’0.68450 

Long. E40 42’53.36880 

2.00 ±0.00a 

Values are mean ±SD of replicates (n=3).  

Values with the same alphabet in the same column are not significantly different while values with a different 

alphabet are significantly different (α < 0.05) 

 

Key:  S/N = Serial Number, Lat= latitude, Long=longitude, AD=Admin Office, BG = Botanical Garden, BH= 

Boys Hostel, NA= NAASS borehole 
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Table II: Bacteria isolated from borehole water samples (BWS) 

S/N Samples’ sites Samples’ sites coordinates Bacterial isolates  

1 AD Lat. N8O 8’1.08270 

Long. E40 43’024950 

Bacillus sp. and Staphylococcus 

epidermidis 

2 BG Lat. N8O 8’1.09720 

Long. E40 43’0.32540 

Bacillus sp. 

3 BH Lat. N8O 8’1.092420 

Long. E40 42’48.80290 

Bacillus sp. 

4 NA Lat. N8O 8’0.68450 

Long. E40 42’53.36880 

Bacillus sp. and Staphylococcus 

epidermidis 

Key: S/N = Serial Number, Lat= latitude, Long=longitude, AD=Admin Office, BG= Botanical Garden, BH= 

Boys Hostel, NA= NAASS borehole 

 

 

Table IV: Physicochemical Analysis of borehole Water samples (BWS) 

 

S/N 

 

Parameters  

Water samples’ sources 

BH BG AD NA 

1 pH 5.62±0.014 5.43±0.007 5.63±0.000 6.165±0.007 

2 Alkalinity  37.55±0.007 39.70±0.141 50.15±0.007 45.35±0.007 

3 Hardness  60.4±0.000 42.05±0.007 71.4±0.000 36.35±0.007 

4 Conductivity  71.4±0.000 28.6±0.000 24.2±0.000 42.6±0.000 

5 Acidity  66.2±0.000 59.5±0.007 48.0±0.000 56.1±0.000 

6 TDS 12.4±0.000 18.6±0.000 24.2±0.000 38.4±0.000 

7 Chloride  0.60±0.000 0.52±0.000 0.90±0.000 0.87±0.000 

Values are means ± S.D of replicate (n=3) 

Key:  S/N = serial number, BH = Boys Hostel, BG = Botanical Garden, AD= Admin Office, NA= NAASS 

Borehole 
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Table V: Heavy metal (in ppm) in borehole water samples (BWS) 

 

S/N 

 

Heavy metals  

Water samples 

BH BG AD NA 

1 Cu 0.03 0.21 0.12 0.01 

2 Fe  0.10 0.32 0.04 0.06 

3 Co 0.01 0.14 0.00 0.02 

4 Ni  0.00 0.00 0.00 0.00 

Key: S/N = serial number, Cu = copper, Fe = iron, Co= cobalt, Ni= Nickel, BH = Boy hostel BG = Biological 

Garden AD= Administrative block NA= NASS garden.  

 

Table VI: Antibiotic susceptibility pattern of isolates from borehole water samples (BWS)  

S/N  Isolates Antibiotic used(mm zone of inhibition)  

CXC OFL AUG CAZ CRX GEN CTR ERY MAR MARI 

1 Bacillus spp. R 20 R R R R R R 7 0.88 

2 Staphylococcus 

epidermidis 

R 22 R R R R R R 7 0.88 

Key: S/N = serial number, CXC = cloxacillin, OFL = oflaxacin , AUG = augumentin, CAZ = ceftazidine, CRX 

= cefuroxime , GEN = gentamincin, CTR= ceftriazone, MAR= Multiple Antibiotic Resistance, MARI = 

Multiple Antibiotic Resistance Index    

 

Discussion 

The means counts of bacteria isolated from the borehole water sample (BWS) recorded no significant difference 

at p< 0.05. The total aerobic counts of this study agreed with the findings of Ibe and Okplenye (2008) who 

reported 1.5 x 102 to 5.9 x 104 CFU/ml as mean counts of bacteria from borehole water in Uli, Nigeria. 

However, findings from the microbiological study of Ibe and Okplenye (2008) vary greatly from the findings of 

the present study, Ibe and Okplenye (2008) confirmed the presence of Escherichia coli, Klebsiella sp., Proteus 

sp., Enterobacter sp. and Staphylococcus aureus, the disagreement was due to difference in the location of 

borehole water (BWS) the later was located in an unsanitary environment, near a pit latrine. Drinking such water 

has been connected with a countless majority of health issues. Cholera and typhoid fever are diseases associated 

with microbiologically contaminated drinking water (WHO, 2022).Also, the isolated bacteria from this study 

was different from those isolated by Lobina and Mercy (2015), who isolated Escherichia coli, Salmonella 

species and Klebsiella species and found out that the water samples from the selected borehole water were a 

cause of concern for human consumption but bacteria isolated in this study showed that water samples within 

the region of the selected borehole are within the standard set by WHO (2011) 

 

Analysis of the physicochemical properties of the borehole water samples in the study showed that they all fall 

within the acceptable level for all the water samples, this is in agreement with the findings of Abugu et al. 

(2022). The pH values of the selected boreholes ranged between 5.62 and 6.165 indicating the slightly acidic to 

slightly alkaline (near neutral) nature of the ground waters and well are within the limits prescribed for various 

uses of water including drinking water supplies (WHO, 2011). Also, the values obtained for the total dissolved 

solid (TSD) of the four borehole water samples analyzed are within the standard recommended by NSDWQ, 

WHO, and NAFDAC (500 mg/l). The values of chloride contents were within the permissible limits for 

drinking water, in agreement with WHO (2004). Chlorides become more toxic when they combine with other 

toxic substances such as cyanides. The accumulation in little quantities can also lead to severe contamination 

which may be undesirable to the consumers because of its health risk implications. Alkalinity is a measure of the 

substances in water that have the acid-neutralizing ability; alkalinity buffers against pH changes and makes 

water less vulnerable to acid rain. In the borehole selected and tested the mean range values are less than the 

recommended permissible limit. The primary cations posing hardness are calcium and magnesium. It is an 

undisputable fact that groundwater is much harder than surface water; maximum hardness was observed (71.4 ± 

0.000 mg/l). The hardness may be beneficial since it averts the corrosion in the pipes by forming a thin layer of 

scale that diminishes heavy metal contamination from the pipe to the water but water with hardness greater than 

500 mg/l may lead to heart and kidney problems and is not recommended for drinking purposes (Lobina & 

Mercy, 2015). 
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Findings from analysis of the heavy metal content of borehole water samples (BWS) revealed that the values 

recorded for the principal heavy metals fall below the permissible limit as recommended by NAFDAC. Also, 

findings from the antibiotic sensitivity test confirmed ofloxacin the most potent antibiotic as it was previously 

observed by Usman et al. (2021). It was discovered in this study that the levels of main physicochemical 

parameters and heavy metal content are within tolerable limits in the Federal Polytechnic Offa, Mini Campus. 

This confirmed the suitability of the water sample sources for drinking purposes. However, treatment of sources 

that fell short of standard such as source designated BG before drinking was recommended.  

 

Conclusion 

Findings from this study confirmed that means count of bacteria from borehole water samples (BWS) ranged 

from 1.33 x 106 to 2.0 x 106 CFU/ml, bacteria isolated from borehole water samples included Bacillus sp. and 

Staphylococcus epidermidis where Bacillus sp. Was predominant. A borehole water sample (BWS) collected 

from a source designated with BG recorded high levels of copper (Cu), iron (Fe) and cobalt (Co), however, the 

value ranges fall within the acceptable limit set by NAFDAC and ofloxacin confirmed the most potent among 

the antibiotics selected. 

 

Recommendations 

1. Based on the findings of this study, the Polytechnic Management should organize health -talks for 

members of staff and students on the implications of drinking microbial-contaminated water, and on a 

regular basis school management should assess the quality of the borehole water in school premises.  

2. Finally, water from the borehole designated BG requires treatment before consumption.  
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