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Abstract

Recent outbreaks of waterborne diseases linked to contaminated drinking water sources underscore the
need for effective water quality monitoring. This study evaluated the microbiological and
physicochemical quality of borehole water in Ilorin, Nigeria. Water samples were collected during a
single sampling event in March 2024 (dry season) from five borehole locations and analyzed using
standard methods. Physicochemical parameters showed temperature (26.5-27.7°C), pH (6.87-7.62),
total hardness (12.5-199.0 mg/L), electrical conductivity (11.7-854.5 uS/cm), turbidity (1.25-1.55
NTU), total dissolved solids (79.0-411.4 mg/L), and chloride (7.9-253.1 mg/L). Heavy metals detected
included lead (0.009-0.017 mg/L), cadmium (0.001-0.004 mg/L), chromium (0.015-0.024 mg/L), iron
(0.18-0.31 mg/L), and zinc (1.05-1.30 mg/L). Lead and cadmium exceeded the permissible limits of the
World Health Organization (WHO, 2022) gquidelines in several samples, indicating potential
toxicological risks. Bacterial counts ranged from 1.6 x 107 to 3.8 x 10* CFU/mL, while total coliforms
and faecal coliforms ranged from 2.0 x 10" to 3.7 x 10" CFU/100 mL and 0-3.0 CFU/100 mL,
respectively, exceeding recommended standards. Predominant isolates included Escherichia coli
(54.55%), Pseudomonas spp. (18.8%), Shigella spp. (18.8%), and Klebsiella spp. (9.09%). Biofilm
formation was observed in Pseudomonas isolates, and all isolates exhibited multidrug resistance, with
universal resistance to erythromycin, flucloxacillin, oxacillin, and ofloxacin. Overall, despite acceptable
physicochemical ranges, the presence of pathogenic and multidrug-resistant bacteria, alongside elevated
heavy metal concentrations beyond WHO (2022) limits, indicates that the borehole water sources are
unsafe for direct consumption. These findings highlight the urgent need for routine monitoring,
improved sanitation, and effective water treatment interventions.
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INTRODUCTION

Access to safe drinking water is a fundamental public health priority, yet groundwater
sources, traditionally regarded as pristine due to natural attenuation through geological strata
are under increasing scrutiny. While soil and lithospheric layers provide a degree of natural
filtration, this process is frequently overwhelmed by anthropogenic pressures, particularly in
regions with substandard sanitation infrastructure and intensive human activity.
Contaminants often infiltrate aquifers via seepage from septic systems, pit latrines, and refuse
dumps, or through agricultural runoff and structural deficiencies in borehole construction
(Silva et al., 2023). Consequently, the microbial ecology of borehole water is highly dynamic
and serves as a critical determinant of its safety for human consumption.

Beyond conventional pathogens, groundwater systems have recently emerged as significant
environmental reservoirs for Antibiotic-Resistant Bacteria (ARB). Traditionally, the detection
of fecal coliforms, specifically Escherichia coli, has served as the gold standard for assessing
fecal pollution and the potential presence of enteric pathogens (Meradji et al., 2025). However,
the concern now extends beyond simple pathogenicity; these indicator organisms often
harbor Antibiotic Resistance Genes (ARGs) that persist within aquatic matrices. Through
mechanisms such as horizontal gene transfer, these genetic elements can be disseminated to
diverse bacterial populations, effectively turning domestic water sources into conduits for
resistance within the community.

The global burden of waterborne disease remains a formidable challenge, primarily driven by
the ingestion of water contaminated with a diverse array of bacteria, viruses, and protozoa
(Shoukat et al., 2025). While these infections are most prevalent in developing regions with
limited infrastructure, compromised water systems in developed settings remain equally
vulnerable to outbreaks. When boreholes serve as the primary domestic supply, they establish
a direct environmental-to-human transmission route, allowing multi-drug resistant (MDR)
strains to bypass traditional barriers.

The proliferation of antibiotic resistance is exacerbated by the pervasive misuse of
antimicrobials in clinical, agricultural, and environmental sectors (Endale et al., 2023).
Resistant strains employ sophisticated survival strategies, including enzymatic inactivation,
modification of target sites, and the overexpression of active efflux systems. Once introduced
into groundwater, these organisms can persist for extended periods, creating a continuous
exposure loop that complicates the treatment of subsequent clinical infections.

Groundwater is often considered safe; however, studies show borehole water frequently
harbors faecal bacteria such as Escherichia coli and may contain heavy metals like lead and
cadmium from anthropogenic and geogenic sources (Agoro et al., 2020; Edeki et al., 2023).
Emerging evidence also identifies groundwater as a reservoir of multidrug-resistant, biofilm-
forming bacteria (Meradji et al., 2025). However, integrated assessments are scarce. This study
uniquely combines heavy metal analysis with microbial, biofilm, and resistance profiling to
reveal combined public health risks.

The sampling sites in this study were selected based on their proximity to certain

contamination sources like drainages and where there are several residential activities, these
factors were considered due to their possible influence on groundwater quality
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MATERIALS AND METHODS

Study Area

This research was conducted on five distinct borehole water samples in Ilorin, Kwara state,
the sampling sites are; Flower Garden(A), Asadam (B), Islamic village (C), Sabo Oke (D) and
Okekere (E). Each location featured a borehole water source. The precise coordinates of each
sampling site were determined using Global Positioning System technology. Ilorin, the capital
city Kwara State is located in the North Central region, As of 2024, the population is 1,064,000.
Ilorin is a modern, industrial and educational city, the coordinates are 8.54° N, 4.54° W
characterized by varying level of sanitation practices. Some selected places practice improper
waste disposal, open defecation. Figure 1 shows the study area and the sampling sites are
indicated accordingly.
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Figure 1: Locations of the selected boreholes used in this study

Table 1: Description of the sampling sites including the sanitary condition of the sites

Location Coordinates Sanitary Activities around Uses
observation

A 8°29'20.76" N Good Residential area, close to a Cooking, bathing,
4°34' 48.59" E laboratory washing and drinking.

B 8°26'39.75" N Good Residential area, close to a Cooking, bathing,
4032'21.53" E farm washing and drinking.

C 8°30'10.43" N Good Residential area, by the Cooking ,bathing,
4°32'7.54" E roadside washing and drinking.

D 8°29'22.93" N Fair Roadside, close to a Cooking ,bathing,
4°34' 20.98" E drainage washing and drinking.

E 8°30'10.43" N Fair Residential area, close to a Cooking, bathing,
4°32' 754" E drainage washing and drinking.

Key: A = Flower Garden, B= Asadam, C= Islamic Village, D= Sabo Oke and E= Okekere

Water Sample Collection
Five hundred millilitres of water samples were collected aseptically from each of the five
selected borehole sites into sterile containers to prevent external contamination. Sampling was
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conducted once in March 2024 during the dry season. The samples were immediately placed
on ice to maintain their microbial integrity and transported to the Microbiology Laboratory
for physicochemical and bacteriological analyses, which were carried out within 2 hours of
collection.

Physicochemical Characteristics of Water Samples

Temperature, pH, Electrical conductivity was determined in the laboratory using a
standardized portable pH/EC/TDS/Temperature meter (model: Hanna HI 9813-61). The
other parameters analyzed are the total hardness (mg/L) with the use of a portable
multiparameter gadget and result expressed in uS/cm, total dissolved solids (mg/L), chloride
content (mg/L).

Heavy metal concentrations (Pb, Cd, Cr, Fe, and Zn) in water samples were measured using
Atomic Absorption Spectrophotometry after nitric acid digestion at 95 °C and filtration. The
instrument was calibrated with standard solutions, results were recorded in mg/L, and values
were compared with WHO permissible limits (2022). These parameters provide crucial
information about the environmental conditions that may influence microbial growth and
diversity in the water sources. They were analyzed using standard methods and recorded
accordingly (Agoro et al., 2020).

Bacteriological Analyses of Water samples
The membrane filtration method was used to quantify the total coliform and faecal coliform

counts, and the pour plate method was employed to detect and estimate the total bacterial
count. One hundred milliliters of the water sample was passed through a millipore filter paper
(0.45 um) using a pump, this was done to capture the bacteria present in the water sample.
The millipore filter paper was then placed aseptically using sterile forceps on the already
solidified culture medium. As for the pour plate method, a serial dilution was conducted for
each of the five (5) water samples, 1ml of the third dilution was taken and introduced on the
Petri dishes, swirled and molten agar was poured into the plates and were left to solidify.
MacConkey agar for the total coliform, Eosine methylene blue for the faecal coliform and
Nutrient agar for total bacterial counts. All plates were incubated at 37 degrees celsius for 24
hrs. The colonies were counted and the result was expressed in CFU/ml for total bacterial
count while CFU/100ml was recorded for total coliform and faecal coliform counts (Terrones-
Fernandez et al., 2023).

Identification of the Isolates

A series of biochemical tests were conducted on isolated bacteria, including: Gram staining,
catalase test, citrate test, oxidase test, Indole test, methyl red test, Voges-Proskauer test, sugar
fermentation tests. These tests were carried out to identify the isolated bacteria (Kumar and
Guora, 2025).

Biofilm Test

Biofilm production was determined using the tube method as previously described by
Pokhrel et al. (2024). A loopful of each bacterial isolate was inoculated into 5 milliliters of
Tryptic Soy Broth and incubated at 37°C for 24 hours. Following incubation, the broth culture
was gently decanted and the tubes were washed three times with phosphate buffered saline
at pH 7.2 to remove planktonic cells. The tubes were then allowed to air dry at room
temperature. The adhered cells were stained with 0.1 percent crystal violet solution for 10
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minutes. Excess stain was removed by rinsing the tubes thoroughly with deionized water,
after which the tubes were inverted and left to air dry. Biofilm formation was assessed visually
based on the presence and intensity of crystal violet staining on the inner walls and bottom of
the tubes using a standardized grading method. Isolates showing a thick, visible violet film
lining the tube walls and base were classified as strong biofilm producers. Isolates with a
clearly visible but thin violet layer were regarded as moderate biofilm producers. Weak
biofilm production was defined by faint staining that was barely visible, while isolates
showing no visible film with only a stained ring at the air liquid interface were considered
non biofilm producers.

Antibiotic Susceptibility Test

This was performed to assess the susceptibility of isolated bacteria to various antibiotics. The
disc diffusion approach was used. Each test organism's 24-hour-old cultures were evenly
distributed over the Mueller-Hinton agar surface and let to dry. The antibiotics discs
(Ofloxacin, Streptomycin, Tetracycline, Chloramphenicol, Erythromycine, Flucloaxacillin,
Oxacillin) was placed aseptically on already solidified agar and the plates were then incubated
for 18-24 hours. The diameter of the antibiotic's zone of inhibition was measured and recorded.

The CLSI standard was used to measure susceptibility to conventional antibiotics (Hossain et
al., 2024).

Multiple Antibiotic Resistance Index (MARI)

The percentage of antibiotics to which an organism is resistant to all antibiotics to which the
organism is exposed is known as the MAR index. MARI is determined as a/b, where b is the
total number of antibiotics utilized and an is the number of antibiotics that an isolate was
resistant to. Bacteria with a MAR index of greater than or equal to 0.2 come from a high-risk
source of contamination that uses multiple antibiotics (Mir et al., 2022).

RESULTS AND DISCUSSION

Physicochemical parameters of the selected borehole water samples Ilorin

The physicochemical parameters of the borehole water samples (Table 2) generally fell within
the permissible limits recommended by the World Health Organization (WHO), indicating
acceptable baseline water quality. The pH values ranged from 6.87 to 7.62, which is consistent
with the WHO recommended range (6.5-8.5) and comparable to findings reported by Nzekwe
and Chinedu (2024). This near-neutral pH suggests chemical stability and reduces the risk of
enhanced heavy metal solubility, which is typically associated with acidic conditions.

Temperature values (26.5-27.7°C) were also within acceptable limits, supporting microbial
activity without significantly accelerating chemical reactions. Electrical conductivity (EC) and
total dissolved solids (TDS) remained within WHO limits; however, Sample E exhibited
notably higher values (EC: 8545 uS/cm; TDS: 4114 mg/L), indicating increased
mineralization and possible anthropogenic influence. Similar trends have been reported by
Adjovu et al. (2023) and Zang et al. (2024). Elevated chloride concentration in Sample E (253.1
mg/L) further suggests potential contamination from sewage intrusion or leachates, as also
noted by Larance et al. (2025).

Total hardness values (12.5-199.0 mg/L) classify the water as soft to moderately hard,
aligning with Abugu et al. (2022), and reflecting the dissolution of calcium and magnesium
salts from geological formations. Turbidity values (1.25-1.55 NTU) were well below the WHO
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limit (5 NTU), indicating visually clear water. However, as emphasized by De Roos et al.
(2017), low turbidity does not guarantee microbiological safety.

Table 2: Physicochemical parameters of the selected borehole water samples Ilorin

Sample pH EC (uS/cm)  Total Turbidity = TDS TEMP Chloride
Hardness (NTU) (mg/L) (°O) (mg/L)
(mg/L)

A 6.87+0.1  115-11.7 12.5+0.70 1.25+0.07 79.0+1.41 27.25+0.07 15.1+£0.07

B 7.6210.1  266.6+2.12 47.0+1.41 1.35£0.07 179.0+1.41 27.20+0.14 79t1.46

C 713+0.2  202.1+1.43 55.5+0.71 1.45+0.07 138.5+2.15  26.8+0.14  28.6£1.46

D 733101  339.540.71 106.5+2.12 1.25+0.07 229.0#1.41  265+0.70  522+0.25

E 7.37+04  854.5+0.71 199.041.41 1.55+0.07 411.4+1.41 27.7+£0.21 253.1£3.74

WHO 6.5-8.5 1000 500 5 1000 30 250

The values are mean + standard deviation, WHO = World Health Organization
Key: pH = Potential of Hydrogen, EC= Electrical conductivity, TDS= Total Dissolved Solids, TEMP= Temperature,
TURB= Turbidity, CHL= Chloride, TH= Total hardness.

Heavy Metal Concentrations of Selected borehole Water Samples

Heavy metal analysis (Table 3) revealed that most parameters were within WHO limits,
indicating relatively low contamination. However, lead (Pb) concentrations exceeded the
permissible limit (0.01 mg/L) in samples B (0.013 mg/L) and C (0.017 mg/L), while sample A
(0.010 mg/L) was at the permissible threshold. Cadmium (Cd) approached or exceeded limits
in some cases. These findings raise concerns due to the toxicological implications of these
metals, including neurological and renal damage upon prolonged exposure (Wréblewski et
al., 2025).

Iron (Fe) concentrations were close to the permissible threshold (0.30 mg/L), particularly in
Sample C (0.31 mg/L), which may lead to aesthetic issues such as discoloration and taste
alteration. The presence of these metals may be linked to pipe corrosion, industrial activities,
or improper waste disposal practices.

Table 3: Heavy Metal Concentrations in Borehole Water Samples (mg/L)

Sample Pb Cd Cr Fe Zn

A 0.010 0.002 0.018 0.22 1.10
B 0.013 0.003 0.021 0.27 1.25
C 0.017 0.004 0.024 0.31 1.30
D 0.009 0.001 0.015 0.18 1.05
E 0.012 0.002 0.020 0.25 1.18
WHO Limit 0.01 0.003 0.05 0.30 3.00

Key: Pb: Lead, Cd: Cadmium, Cr: Chromium, Fe: Iron, Zn: Zinc

Bacteriological Quality of Selected borehole Water Samples

The bacteriological analysis (Table 4) revealed significant microbial contamination across all
sampling sites. Total bacterial counts ranged from 1.6 x 104 to 3.8 x 10* CFU/mL, exceeding
the WHO recommended limit (100 CFU/mL). Similarly, total coliform counts (2.0 x 10 to 3.7
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x 101 CFU/100 mL) surpassed the acceptable standard of zero, indicating contamination.
These findings are consistent with reports by Adamu et al. (2024) and Srikullabutt et al. (2021),
who linked coliform presence to potential pathogenic contamination.

Faecal coliforms were detected in samples C, D, and E, confirming recent faecal pollution
likely originating from septic systems or poor sanitation practices (WHO, 2017). The
predominance of Escherichia coli (54.55%) further validates faecal contamination and
suggests the potential presence of enteric pathogens. The isolation of Shigella spp., Klebsiella
spp., and Pseudomonas spp. highlights the risk of waterborne infections, particularly among
vulnerable populations.

Table 4: Bacteriological Quality of Selected borehole Water Samples in Ilorin

S/N Sample TBC (CFU/ml) TCC (CFU/100mL)  FCC (CFU/100 mL)
1 A 2.5x104+0.14 2.0x101 + 1.41 0.00+0.00

2 B 2.0x1048.49 2.5x101+16.9 0.000.00

3 C 2.1x104+ 4.24 3.7 x101 £5.66 2.00+1.41-

4 D 3.8x104 £5.65 3.4x 101556 3.0+1.39

5 E 1.6x104+ 4.24 3.5x101 +4.24 2.0£0.42

The values are means of three independent replicates of the water samples + standard
deviation.
Legend: FCC- Faecal coliform Count, TCC- Total Coliform Count , TBC- Total Bacterial Count.

CFU/ml= Colony Forming Unit per Millimetre.
A- Flower Garden, B- Asadam, C- Islamic Village, D- Sabo Oke, E- Okekere

W E. coli

18.80% ® Pseudomonas

Shigella

Klebsiella

Figure 2: Percentage occurrence of the identified organisms

Biofilm Formation

Biofilm formation assays (Table 6) revealed that Pseudomonas spp., Shigella spp., and some E.
coli isolates exhibited moderate biofilm-forming ability. This characteristic enhances microbial
persistence in water distribution systems by providing protection against environmental
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stress and antimicrobial agents (Almatroudi, 2025). The role of biofilms in maintaining chronic
contamination and facilitating resistance has been widely reported (Waegenaar et al., 2024).
Correlation between water hardness and microbial counts suggests that calcium and
magnesium ions may promote bacterial adhesion through ionic bridging, thereby enhancing
biofilm formation. This finding aligns with Wang et al. (2019), who reported that dissolved
ions can support microbial colonization in aquatic systems.

Table 6: Biofilm formation in the isolated bacteria from the water samples

Organisms Biofilm formation
Escherichia coli Moderate Positive
Escherichia coli Negative
Pseudomonas spp Moderate Positive
Escherichia coli. Negative

Shigella spp Moderate Positive
Escherichia coli Negative
Escherichia coli Negative
Pseudomonas spp Moderate Positive
Shigella spp Negative
Klebsiella spp Negative
Escherichia coli Moderate Positive

Antibiotic Susceptibility Profile of the identified Bacteria

The antibiotic susceptibility results (Table 7) revealed a high prevalence of multidrug-resistant
(MDR) bacteria among the isolates. All isolates exhibited complete resistance (100%) to
oxacillin, while high resistance rates were observed for erythromycin and flucloxacillin. This
pattern is consistent with the widespread misuse and overuse of antibiotics in both human
and veterinary practices (Maillard and Centeleghe, 2023).

Conversely, relatively higher susceptibility to chloramphenicol was observed, likely due to its
reduced usage in clinical settings, which minimizes selective pressure. The detection of
resistance to ofloxacin, a critical antimicrobial agent, raises concerns regarding environmental
dissemination of resistance genes (Duarte et al., 2022).

The Multiple Antibiotic Resistance (MAR) index ranged from 0.3 to 0.9, exceeding the
threshold value of 0.2 and indicating that the isolates originated from high-risk contamination
sources such as sewage or agricultural runoff (Isaiah et al., 2025). The presence of MDR E. coli
and Shigella spp. is particularly alarming, as these organisms can act as reservoirs of resistance
genes, facilitating their spread to other pathogens (Sheikh et al., 2019; Li et al., 2021).

F. A. Jimoh, et al., DUJOPAS 12 (2d): 80-91, 2026 87



Public Health Risks of Groundwater in llorin, Nigeria: Heavy Metal Contamination and Multidrug-Resistant
Bacterial Reservoirs

Table 7: Antibiotic Susceptibility Profile of the identified Bacteria

Isolate S(mm) SIntT T Int C(mm) Clnt E (mm) EInt FC (mm) FCInt  OX(mm) OXInt ON (mm) ONInt MAR
(mm)
E.colil 254 S 806 I 244 S - R - R - R - R 0.6
E. coli2 - R 933 1 - R - R - R - R - R 0.9
Pseudomonas spp1 123 1 214 S 235 S 10.11 - 244 - - R - R 0.3
E. coli3 - R 214 S 223 S - R - R - R - R 0.7
Shigella spp 1 14.4 I 804 I 8.22 I - R - R - R - R 0.6
E. coli4 16.9 s - R 8.63 I - R - R - R - R 0.7
E. coli5 11.3 I 198 S 11.94 - - R - R - R 8.76 R 0.4
Pseudomonas spp 2 24.5 S - R 255 S - R — R - R - R 0.7
Shigella spp 2 25.1 S 103 1 27.33 S - R - R - R - R 0.6
Klebsiella spp 25.3 S 108 I 24.5 S - R — R - R — R 0.6
E.coli6 8.4 R 91 1 9.2 I - R — R - R — R 0.6

Legend: S = Streptomycin, T = Tetracycline, C = Chloramphenicol, E = Erythromycin, FC = Flucloxacillin, OX =
Oxacillin, ON = Ofloxacin

S/1/R = Susceptible / Intermediate / Resistant

MAR = Multiple Antibiotic Resistance Index

CONCLUSION

This study confirms that borehole water in these study areas are microbiologically unsafe for
direct consumption due to high bacterial loads and contamination with toxic heavy metals
such as lead and cadmium exceeding regulatory standards. The high prevalence of multidrug-
resistant isolates, particularly E. coli and Shigella spp. with elevated MAR indices, highlights
these groundwater sources as critical environmental reservoirs for the dissemination of
antibiotic resistance. These findings underscore the urgent necessity for regular water quality
surveillance, improved sanitation infrastructure, and mandatory treatment of borehole water
to mitigate the public health risks of waterborne infections and resistant pathogens. To
enhance reliability of findings, future investigations should incorporate seasonal comparative
sampling across wet and dry seasons as this study was restricted to a single month sampling
period.
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