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Abstract

Background: Safe drinking water is essential for human health, yet bacterial contamination remains a
pervasive challenge in resource-limited settings. In many Nigerian communities, households supplement
or replace tap water with water purchased from informal vendors, often referred to as Meruwa, under the
assumption that vended water is safer. However, no prior study has systematically compared bacterial
contamination in both institutional tap water and informal vended water in this region. Objective: This
study compared contamination levels and bacterial species distribution between institutional tap water and
vended water in Ogbia, Bayelsa State, Nigeria, and assessed compliance with World Health Organization
drinking water standards. Methods: A total of 47 water samples were analyzed, comprising 23 tap water
samples from six campus points and 24 vended water samples from vendors in Ogbia Main Town. Total
bacterial counts and total coliform counts were determined using the plate count method on nutrient
agar and MacConkey agar, respectively. Bacterial isolates were identified through Gram staining and
biochemical characterization. Compliance was assessed against WHO guidelines of 0 CFU/100 mL for
coliforms and less than 500 CFU/mL for heterotrophic bacteria. Results: All samples exceeded WHO
standards. Tap water total bacterial counts ranged from 3.50 × 106 to 5.00 × 106 CFU/mL with a mean of
4.32 × 106 CFU/mL, and total coliform counts ranged from 3.00 × 106 to 3.80 × 106 CFU/mL with a
mean of 3.21 × 106 CFU/mL. Vended water total bacterial counts ranged from 3.50 × 106 to 5.30 × 106

CFU/mL with a mean of 4.24 × 106 CFU/mL, and total coliform counts ranged from 3.00 × 106 to 4.00
× 106 CFU/mL with a mean of 3.21 × 106 CFU/mL. No significant difference was observed between
water sources for total bacterial counts (p = 0.642) or total coliform counts (p = 0.981). Tap water isolates
included Escherichia coli at 28.0%, Staphylococcus aureus at 28.0%, Pseudomonas aeruginosa at 20.0%,
Klebsiella pneumoniae at 12.0%, and Enterobacter aerogenes at 12.0%. Vended water isolates comprised
E. coli at 33.3%, Salmonella typhi at 25.0%, K. pneumoniae at 20.8%, and Citrobacter freundii at 20.8%.
Species distribution differed significantly between sources (χ2 = 24.18, p = 0.0005). Compliance with
WHO standards was 0% for both sources. Conclusion: Both water sources are universally contaminated
with faecal and opportunistic pathogens, including S. S. typhi. The assumption that vended water is safer
is unfounded. Routine monitoring, mandatory treatment of both sources, vendor certification, and targeted
hygiene interventions are urgently needed.

How To Cite: I.F. Ndu and N.J. Festus. Comparative Assessment of Bacterial Contamination in Institutional Tap Water and Vended Water (Meruwa) in Ogbia, Bayelsa State,
Nigeria. Energy and Environmental Research, 2(2):1–7, 2026. https://doi.org/10.58614/eer221

https://orcid.org/0009-0004-9259-5271


2 Energy and Environmental Research, 2(2):1–7, July-December: 2026. DOI: https://doi.org/10.58614/eer221

1. Introduction

Access to safe drinking water is a fundamental determinant of human health, yet microbial contamination of water supplies remains
a persistent challenge in resource-limited settings [1–3]. In Nigeria, despite national and international efforts to expand water supply
infrastructure, many communities continue to rely on unsafe or inadequately treated water sources, contributing to a sustained burden
of waterborne diseases [4–6]. The Niger Delta region, including Bayelsa State, faces compounding challenges from aging distribution
infrastructure, environmental degradation, and inconsistent water quality monitoring, which collectively heighten the risk of exposure
to pathogenic microorganisms [5, 7–9]. Waterborne illnesses, including acute gastroenteritis, cholera, typhoid fever, and dysentery, are
frequently linked to consumption of water contaminated with faecal coliforms, Escherichia coli, and other enteric pathogens [10–12]. In
institutional settings such as schools and colleges, where populations are concentrated and water consumption is high, contaminated water
poses particular risks for outbreaks and endemic transmission [13–16].

Moreover, in many Nigerian communities, households supplement or replace tap water with water purchased from informal vendors,
often referred to as Meruwa, under the assumption that vended water is safer [4, 17, 18]. However, limited empirical data exist to support
this assumption, and the relative microbial quality of institutional tap water versus vended water remains poorly characterized in many
parts of the Niger Delta. Environmental contamination from sewage discharge, agricultural runoff, and unregulated waste disposal further
compromises water safety by introducing faecal matter into both surface and groundwater sources [11, 15, 16, 19]. These pressures are
particularly acute in the Niger Delta, where urbanization, industrial activity, and inadequate sanitation infrastructure converge to elevate
microbial loads in water supplies [20–23]. Consequently, drinking water in this region frequently exceeds WHO guideline values for total
coliforms and heterotrophic bacteria, indicating widespread non-compliance with international safety standards [24–27].

Despite growing recognition of water quality challenges in Bayelsa State, critical knowledge gaps persist. Specifically, no prior study
has systematically characterized and compared bacterial contamination in both institutional tap water and locally vended water (Meruwa)
within Otuogidi-Ogbia and Ogbia Main Town. Furthermore, the spatial distribution of contamination across multiple campus tap points and
the diversity of bacterial species in vended water have not been comprehensively documented. These gaps hinder evidence-based policy
formulation, limit the ability of regulatory authorities to enforce water safety standards, and leave consumers without reliable guidance on
water treatment practices. To address these gaps, this study was designed to compare contamination levels and bacterial species distribution
between institutional tap water and vended water, to evaluate compliance with WHO drinking water quality standards, and to provide
evidence-based recommendations for improving water safety. Using standard microbiological techniques including total bacterial and
coliform enumeration on nutrient and MacConkey agar followed by morphological and biochemical characterization of isolates, this study
provides a comprehensive assessment of microbial water quality that integrates both institutional and informal water sources. The findings
are intended to inform water safety interventions, strengthen regulatory oversight of the vended water sector, and contribute to the broader
evidence base on drinking water quality in the Niger Delta region.

2. Materials and Methods

2.1. Study Area and Design

A descriptive cross-sectional study was conducted at Bayelsa State College of Health Technology, Otuogidi-Ogbia, and among water vendors
in Ogbia Main Town, Ogbia Local Government Area, Bayelsa State, Nigeria. The college is located at approximately 4◦39′00′′N and
6◦16′00′′E within the low-lying Niger Delta environment [2, 3, 28, 29].

2.2. Sampling and Sample Size

A total of 47 water samples were examined, comprising 23 institutional tap-water samples and 24 vended-water (Meruwa) samples. The 23
tap samples represented all accessible campus sampling points: Boys’ Hostel (n=5), Water Board/point of entry (n=5), Girls’ Hostel A (n=5),
Girls’ Hostel B (n=5), Library (n=2), and Community Health Hall (n=1). Two originally planned points were inaccessible during sampling.
All 24 registered active vendors identified through the Ogbia Main Town Development Association were included. Vendor water sources
comprised borehole (n=16), municipal supply (n=5), and surface water (n=3); storage containers comprised plastic jerry cans (n=18) and
metal drums (n=6).

2.3. Sample Collection and Transport

Approximately 100 mL of each sample was collected aseptically into sterile 100-mL screw-capped containers. Tap outlets were allowed to
run for 2 minutes before collection. For vended water, storage containers were gently mixed, outlets were disinfected with 70% ethanol and
allowed to flow for 30 seconds, and one container was randomly selected where multiple containers were available. Samples were labelled
appropriately, transported in a cool box at approximately 4°C, and processed within 24 hours. Tap-water sampling was conducted over one
week (Monday–Saturday).

2.4. Microbiological Analysis

Serial ten-fold dilutions (10−1–10−6) were prepared from each sample. Total bacterial counts (TBC) were determined on nutrient agar,
while presumptive total coliform counts (TCC) were determined on MacConkey agar using the spread-plate method. For each dilution, 0.5
mL was spread aseptically over the agar surface and plates were incubated at 37°C for 24–48 hours. Plates containing 30–300 colonies were
used for enumeration, and counts were expressed as CFU/mL using the standard plate-count formula.

Representative colonies were characterized by colony morphology and Gram staining. Pure isolates were subjected to catalase, coagulase,
oxidase, citrate, urease, indole, Kligler iron agar, and motility tests using standard microbiological procedures. Presumptive coliforms were
further assessed on eosin methylene blue agar and in EC broth at 44.5°C. The original study protocol identified Escherichia coli using the
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indole reaction.

2.5. Quality Control

Media sterility was checked using uninoculated plates. Reference strains of Escherichia coli ATCC 25922, Staphylococcus aureus ATCC
25923, and Pseudomonas aeruginosa ATCC 27853 were used as positive controls, while sterile distilled water served as a negative control.
Analyses were performed in duplicate, and 10% of samples were re-plated to assess reproducibility; reported coefficients of variation were
below 10%.

2.6. Data Analysis and Ethical Considerations

Data were entered in Microsoft Excel 2021 and analysed using SPSS version 27.0. Means, standard deviations, medians, interquartile
ranges, and ranges were calculated. Differences in TBC and TCC between tap and vended water were assessed using independent-samples
t-tests or Mann–Whitney U tests according to distributional assessment. One-way ANOVA with Tukey post-hoc testing was used for
comparisons across tap-water sampling points where applicable. Associations between water source and bacterial species were assessed
using the chi-square test. Statistical significance was set at p < 0.05. Compliance was assessed against the benchmarks specified in the
original study protocol [30]. Ethical approval was obtained from the Bayelsa State College of Health Technology Research Ethics Committee
(BAYCHT/ERC/2024/017), and vendor consent and data anonymization procedures were applied.

3. Results

In Table 1 A total of 47 water samples were analysed, comprising 23 tap-water samples and 24 vended-water samples. Tap-water TBC
ranged from 3.50 × 106 to 5.00 × 106 CFU/mL and TCC from 3.00 × 106 to 3.80 × 106 CFU/mL. Vended-water TBC ranged from 3.50 ×
106 to 5.30 × 106 CFU/mL and TCC from 3.00 × 106 to 4.00 × 106 CFU/mL. No significant difference was reported between sources for
TBC (p=0.642) or TCC (p=0.981).

Table 1: Descriptive statistics of total bacterial count (TBC) and total coliform count (TCC) in tap and vended water

Water source n Statistic TBC (CFU/mL) TCC (CFU/mL)
Tap water 23 Mean ± SD 4.32 × 106 ± 0.54 × 106 3.21 × 106 ± 0.24 × 106

Median (IQR) 4.40 × 106 (3.80–4.80 × 106) 3.20 × 106 (3.00–3.40 × 106)
Range 3.50–5.00 × 106 3.00–3.80 × 106

Vended water 24 Mean ± SD 4.24 × 106 ± 0.68 × 106 3.21 × 106 ± 0.31 × 106

Median (IQR) 4.05 × 106 (3.80–4.80 × 106) 3.15 × 106 (3.00–3.35 × 106)
Range 3.50–5.30 × 106 3.00–4.00 × 106

p-value 0.642 0.981
Note: p-values are those reported in the source manuscript. The original table described use of
independent-samples t-test and Mann–Whitney U test according to distribution.

As shown in Table 2, Escherichia coli was the overall dominant species across both sources (30.6%, n=15), followed by Klebsiella
pneumoniae (16.3%) and Staphylococcus aureus (14.3%). Tap water was primarily contaminated with E. coli, S. aureus (28.0% each),
and Pseudomonas aeruginosa (20.0%), whereas vended water exclusively harbored Salmonella S. typhi (25.0%) and Citrobacter freundii
(20.8%). A Chi-square test revealed a highly significant association between the type of water source and the distribution of bacterial species
(χ2 =24.18, p=0.0005), demonstrating distinct microbial profiles between tap and vended water.

Table 2: Comparative distribution of bacterial isolates by water source

Bacterial species Tap water (n=25 isolates) Vended water (n=24 isolates) Combined (n=49 isolates)
Escherichia coli 7 (28.0%) 8 (33.3%) 15 (30.6%)
Staphylococcus aureus 7 (28.0%) 0 (0%) 7 (14.3%)
Pseudomonas aeruginosa 5 (20.0%) 0 (0%) 5 (10.2%)
Klebsiella pneumoniae 3 (12.0%) 5 (20.8%) 8 (16.3%)
Enterobacter aerogenes 3 (12.0%) 0 (0%) 3 (6.1%)
Salmonella S. typhi 0 (0%) 6 (25.0%) 6 (12.2%)
Citrobacter freundii 0 (0%) 5 (20.8%) 5 (10.2%)
Chi-square test for association between water source and bacterial species distribution: χ2(6)=24.18, p=0.0005.

As demonstrated in Table 3, both tap and vended water samples failed to meet World Health Organization (WHO) safety standards,
exhibiting 0% overall compliance across all microbial parameters. Total coliform counts for tap (3.00–3.80×106 CFU/mL) and vended water
(3.00–4.00 ×106 CFU/mL), alongside heterotrophic plate counts (3.50–5.30 ×106 CFU/mL), exceeded the WHO benchmark thresholds (0
CFU/100 mL and < 500 CFU/mL, respectively) by several orders of magnitude. Furthermore, the detection of faecal coliforms (Escherichia
coli) in 30.4% (7/23) of tap water and 33.3% (8/24) of vended water samples confirms widespread, active faecal contamination across both
supply chains.
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Table 3: Comparison of microbial contamination with the WHO benchmarks reported in the study

Parameter Tap water (n=23) Vended water (n=24) WHO benchmark Compliance
Total coliforms 3.00–3.80 × 106 CFU/mL 3.00–4.00 × 106 CFU/mL 0 CFU/100 mL 0%
Faecal coliforms¹ Present Present 0 CFU/100 mL 0%
Heterotrophic plate count 3.50–5.00 × 106 CFU/mL 3.50–5.30 × 106 CFU/mL <500 CFU/mL 0%
1Escherichia coli was used as the indicator of faecal contamination; it was detected in 7/23 (30.4%)
tap-water samples and 8/24 (33.3%) vended-water samples.

4. Discussion

The finding that total bacterial and coliform counts in both tap and vended water universally exceeded WHO drinking water guidelines by
factors of 104 to 105 aligns with evidence documenting pervasive microbial contamination of drinking water in resource-limited settings
[16, 31, 32]. Comparable exceedances have been reported in sachet and bottled water in Makurdi and in tap water from university hostels in
Abuja, demonstrating that water supplies across Nigeria face systemic microbial quality challenges [4, 32].

The absence of significant difference in contamination levels between tap and vended water corroborates findings from Côte d’Ivoire,
where household stored drinking water exhibited bacterial loads comparable to tap water [33]. This challenges the widespread consumer
assumption that vended water is safer, a misconception also noted by Olalekan et al. [7] and Nicholas and Raimi [5, 27]. The finding that 0%
of vended water samples met WHO standards indicates critically deficient regulatory oversight of the informal water sector.

The uniform contamination across all six campus tap water sampling points, with no significant differences between the Water Board
which served as the point of entry and terminal taps, suggests that contamination occurs upstream or at the treatment stage rather than
accumulating through distribution. This pattern is consistent with biofilm formation within pipes, as documented by Destiani and Templeton
[34], and with observations that drinking water challenges in the Niger Delta are systemic rather than localized [7]. The detection of
Pseudomonas aeruginosa at both the Water Board and Community Health Hall supports the hypothesis of established biofilms, as this
organism is a recognized biofilm former capable of persisting despite intermittent disinfection [9, 35].

The identification of five bacterial species in tap water and four in vended water reveals distinct contamination pathways. The detection
of S. aureus exclusively in tap water at 28% of isolates indicates point-of-use contamination through human handling, as this organism is a
commensal shed from skin and mucous membranes [10, 18], consistent with studies attributing its presence to inadequate hygiene practices
[12, 36]. Conversely, the exclusive recovery of S. typhi from vended water at 25% of isolates indicates faecal contamination at the source or
during storage and distribution. This prevalence is notably higher than the 10 to 15% range reported in sachet water from Yenagoa [35],
suggesting that Meruwa vendors face particular vulnerabilities. The presence of P. aeruginosa exclusively in tap water further supports the
biofilm hypothesis, as this organism colonizes plumbing systems and resists routine disinfection [9, 34]. The significant difference in species
distribution between sources with χ2 = 24.18 and p = 0.0005 confirms that these microbial communities reflect fundamentally different
contamination pathways, a distinction with important implications for intervention targeting.

The detection of E. coli in 28% of tap water isolates and 33% of vended water isolates, coupled with the presence of other coliforms and
S. typhi, provides compelling evidence of widespread faecal contamination across both sources [24, 25]. The co-occurrence of multiple
enteric pathogens in vended water suggests contamination through faecal intrusion from inadequately treated source water, unsanitary storage
containers, or cross-contamination during handling, rather than through biofilm-associated pathways. This is supported by Seki et al. [33],
who found that household stored water exhibited higher coliform counts than source water, and Ulla et al. [37], who documented water
quality deterioration during storage. The absence of S. aureus and P. aeruginosa from vended water further supports the hypothesis that
vended water contamination is primarily faecal in origin.

The detection of Salmonella typhi in 25% of vended water isolates represents the most clinically significant finding of this study. Typhoid
fever is a systemic illness with case fatality rates of 10 to 20% in untreated patients and the potential for chronic carriage and sustained
community transmission [38–42]. The presence of this pathogen in water sold to consumers under the assumption of safety constitutes a
preventable public health crisis. The prevalence observed here is among the highest documented in vended water [1, 43], and the detection
of S. typhi exclusively in vended water suggests that the informal water sector may represent a disproportionately important transmission
route for typhoid fever. The co-occurrence of S. typhi with E. coli and K. pneumoniae indicates that consumers are exposed to a mixture of
pathogens capable of causing both acute gastroenteritis and systemic illness. From a health systems perspective, the presence of S. typhi
in one-quarter of vended water isolates suggests that typhoid fever is likely endemic in the study population, contributing to preventable
morbidity and antimicrobial use that strain limited resources [5, 14, 44]. The absence of molecular confirmation represents a limitation, as
biochemical identification of S. typhi is presumptive, though the characteristic H2S production and biochemical profile are highly specific
[16].

Synthesizing the findings, while tap and vended water harbor quantitatively similar levels of bacterial contamination, their qualitative risk
profiles differ substantially. For tap water, the presence of S. aureus, P. aeruginosa, and enteric pathogens indicate multiple barriers to safety,
with source water quality, distribution system integrity, and consumer hygiene all contributing. For vended water, the exclusive presence of
enteric pathogens including S. typhi suggests a simpler but more clinically severe contamination pathway involving faecal contamination at
the source, during storage, or through handling. This distinction has important implications for intervention design, as strategies effective for
tap water may be less relevant for vended water, where source water treatment and container sanitation are paramount. The comparable
contamination levels underscore that neither source can be considered safe without treatment, and the detection of S. typhi in vended water
represents a sentinel event that should prompt immediate public health action [9, 29, 45, 46].

Study Limitations

This study has several limitations. The single-week sampling period captured only a snapshot of water quality and did not account for
seasonal variability. Bacterial identification relied on morphological and biochemical methods, which provide presumptive identification
without molecular confirmation, and the plate count method detects only culturable bacteria. These findings should therefore be interpreted
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as conservative estimates, and future studies should incorporate longitudinal sampling and molecular techniques.

Recommendations

Mandatory chlorination of vended water should be implemented with subsidized chlorine tablets for vendors, alongside emergency
disinfection of high-risk taps and distribution of household water treatment supplies. Routine microbial monitoring of sentinel taps and all
vendors should be conducted monthly with results reported publicly, and vendor certification with hygiene training should be established.
In the medium term, rehabilitation of campus water storage and treatment facilities, installation of point-of-use filtration infrastructure,
and formation of a Water Safety Committee should be pursued. In the long term, distribution system rehabilitation, centralized treatment
upgrades, integration of vended water into formal regulatory oversight, and community-based surveillance with longitudinal research should
be developed.

5. Conclusion

Both institutional tap water and vended water (Meruwa) in the study area are universally and heavily contaminated with bacterial pathogens,
with no sample meeting WHO drinking water standards. While contamination levels were quantitatively similar, the pathogen profiles
differed significantly: tap water harbored a mix of faecal, biofilm-associated, and human-handling-related organisms, whereas vended water
contained Salmonella typhi in one-quarter of samples. The assumption that vended water is safer is unfounded. Immediate point-of-use
treatment for all consumers, mandatory microbial testing of vended water with specific screening for S. typhi, targeted disinfection of
high-risk campus taps, and sustained investment in water safety infrastructure are urgently needed.
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