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Bacteriological Quality of Drinking Water and Associated Health Risks in Primary Schools of the Federal Capital Territory of Nigeria

ABSTRACT

This study assessed the bacteriological quality of drinking water sources and associated health risks among primary school children in the Federal Capital Territory, Nigeria, to inform Water, Sanitation, and Hygiene interventions. This is a cross-sectional study in the Federal Capital Territory, Nigeria, carried out between April and June 2025. Twenty-four public primary schools were selected using multistage random sampling across three area councils (Abuja Municipal Area Council, Bwari, and Kuje). A total of 1,514 pupils participated. Fifty-two water samples were collected in sterile containers from main drinking sources (taps and water bottles) and analyzed for bacterial contamination using Nutrient Agar, MacConkey Agar, and Eosin Methylene Blue Agar through membrane filtration and multiple tube fermentation techniques. Indicators included total coliforms, Escherichia coli, Pseudomonas aeruginosa, and Enterococci. Health status and water access data were gathered using questionnaires and observation checklists. Data were analyzed with SPSS version 29, employing descriptive statistics and chi-square tests for associations, alongside multiple regression for predictors of related diseases. The results showed that of the 52 samples, 84.62% exhibited bacterial growth on Nutrient Agar (range: 2.0x10⁰ to 2.81x10² CFU/ml), while 48.08% showed growth on MacConkey Agar (5.0x10⁰ to 1.86x10² CFU/ml) and Eosin Methylene Blue Agar (1.2x10⁰ to 2.64x10² CFU/ml), exceeding the World Health Organization standards. A significant association existed between poor water quality and water-related disease prevalence (P<0.001). Multivariate regression indicated that water source contamination, main drinking water source, and treatment status significantly predicted related disease prevalence (F [9, 1504] = 26.545, P<0.001, R=0.370). In conclusion, drinking water in the Federal Capital Territory primary schools is highly contaminated with pathogenic bacteria, posing substantial health risks to pupils. Urgent government-led investments in water infrastructure, treatment, hygiene education, and routine monitoring are essential to enhance school Water, Sanitation, and Hygiene systems and reduce disease burden.
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1.	INTRODUCTION
Access to safe drinking water is a fundamental human right and a critical determinant of public health, particularly among school-aged children who are highly vulnerable to waterborne diseases (UNICEF, 2024). Despite global advancements in water, sanitation, and hygiene (WASH) interventions, many low- and middle-income countries (LMICs), including Nigeria, continue to grapple with inadequate access to clean water, especially in educational settings (Okesanya et al., 2024). 
Contaminated drinking water is a primary vector for disease transmission, including cholera, diarrhoea, dysentery, and typhoid, particularly among children in developing countries (Ali et al., 2025). Contaminated drinking water is a major vector for pathogens, including Escherichia coli (E. coli), Staphylococcus aureus, and Klebsiella sp., which cause diarrhoea, gastroenteritis, and other infections (Khanna & Bhushan, 2025). The bacteriological quality of drinking water in schools is a significant public health concern, as contaminated water serves as a primary transmission route for diarrheal diseases, typhoid, cholera, and other infections that disproportionately affect children (WHO, 2023).  
In Nigeria, the Federal Capital Territory (FCT), Abuja, represents a unique paradox: while it is the administrative and political hub of the nation, disparities in water quality persist, particularly in primary schools (Acinwu et al., 2023). Studies have shown that school water sources, including boreholes, wells, and stored water, are frequently contaminated with fecal coliforms, E. coli, and other pathogenic bacteria due to poor sanitation infrastructure, inadequate water treatment, and unhygienic handling practices (Morgan et al., 2021). For instance, a study on water dispensers highlighted bacterial growth due to poor maintenance and biofilm formation, emphasizing the need for regular cleaning (Baumgartner & Grand, 2006). In a comparable setting in Southwest Ethiopia, 80% of drinking water samples from various sources were positive for fecal coliforms, with Enterobacteriaceae and Bacillus spp. as dominant isolates, underscoring regional challenges in water safety (Yasin et al., 2015). These contaminants pose severe health risks, contributing to high absenteeism, impaired cognitive development, and increased morbidity among pupils (WHO, 2023).
The WHO (2017) guidelines stipulate that drinking water should be free from fecal contamination, with zero detectable E. coli per 100 ml (Odonkor & Mahami, 2020). However, evidence suggests that many Nigerian schools fail to meet this standard, with studies reporting high bacterial loads in water samples collected from school premises (Odeyemi, 2015). Factors exacerbating this problem include intermittent water supply, reliance on untreated groundwater, and poor maintenance of water storage facilities. Additionally, the lack of routine water quality monitoring in schools further compounds the risk of outbreaks (WHO, 2023).
Given the critical role of safe water in child health and educational outcomes, this study aimed to assess the bacteriological quality of drinking water in primary schools across the FCT and examine the associated health risks. By identifying key contamination sources and risk factors, the findings will inform targeted WASH interventions to safeguard schoolchildren’s health and align with Sustainable Development Goals (SDGs) three (good health and well-being) and six, which aim to ensure universal access to clean water and sanitation by 2030 (United Nations, 2023).

[bookmark: _Hlk201316473]2.	METHODS
The study area and population, study design, sample size, data collection methods, analysis and ethical considerations are:  
2.1	Study Area and Population
The study was carried out in the Federal Capital Territory (FCT), which is the capital of Nigeria. The FCT is made up of six area councils comprising the Abuja Municipal Area Council (AMAC), Abaji, Bwari, Gwagwalada, Kwali and Kuje. And this study was conducted in three of the area councils: AMAC, Bwari, and Kuje.
2.2	Study Design
A cross-sectional design was employed for this study.
2.3	Sample Size and Sampling Technique
Twenty-four (24) primary schools were randomly selected using multistage sampling across the three randomly selected area councils of the FCT. And the sample size of 1,514 pupils was calculated using the Fisher’s formula (Charan & Biswas, 2013), at a standard normal variate Z of 1.96 (at 5% type 1 error, p=0.05), an absolute precision of 5% (0.05), prevalence of 50.7% (0.507) among primary school students (Nwadiuto et al., 2021), a design effect of 3, and incorporating a 15% non-response rate, the sample size was 1,514.
[bookmark: _Hlk201316233]2.4	Data Collection
Data was collected by:  
· Water Sampling: Samples were collected in sterile containers from the main drinking water sources (drinking/running taps, water bottles) in the schools.
· Laboratory Analysis: Bacteriological assessments were conducted using:
· Multiple Tube Fermentation 
· Membrane Filtration Techniques
· Indicators Tested: Total coliforms, Escherichia coli (E. coli), Pseudomonas aeruginosa, and Enterococci.
· Health status and water access data was collected with questionnaire and observation checklist.
2.5	Data Analysis
Descriptive statistics, chi-square tests (for categorical associations), and multiple linear regression (for predictors) were performed using SPSS version 29; significance at P<0.05.
2.6	Ethical Consideration
The study received ethical approval from the University of Abuja Teaching Hospital Health Research Ethics Committee (UATH/HREC), FCT, Nigeria. Additional permissions were obtained from the Federal Capital Territory Universal Basic Education Board, the participating school headteachers, and written parental consent was obtained for all the participating pupils. Assent was obtained from the pupils.  Parents and children had the right to informed consent and assent, respectively, prior to data collection, the right to privacy and confidentiality, and right to withdraw at any point without any consequences.  Data were anonymised and stored securely to maintain confidentiality.
   
[bookmark: _Hlk201328355]3.	RESULTS & DISCUSSION
3.1	Total bacteria count (CFU/ml) of water samples from different schools at FCT, Nigeria
The result showed that 24 primary schools were surveyed, and a total of 52 water samples were tested in the FCT, Nigeria. Out of the 52 samples tested with Nutrient Agar, there was bacterial growth on 44 (84.62%) of the samples, ranging from 2.0x100 to 2.81x102 colony-forming units per milliliter (CFU/ml). In MacConkey Agar, 25 (48.08%) of the samples had bacterial growth, which ranged from 5.0x100 to 1.86x102 CFU/ml. And in Eosin Methylene Blue Agar, 25 (48.08%) of the water samples had bacterial growth, which ranged from 1.2x100 to 2.64x102 CFU/ml (as in Table 1).
The implication of this finding is that the WHO mandates zero detectable total coliforms per 100 ml for safe drinking water, and even low levels correlate with pathogen presence (World Health Organization, 2017). But this study showed coliform growth in nearly half of the tap and water-bottle samples, indicating unacceptable fecal contamination in the drinking water of primary schools in the FCT, Nigeria, similar to other environments in Nigeria (Nwinyi et al., 2020). But contrary to findings in Pakistan where 74% of the primary schools had access to excellent or good quality drinking water (Ahmed et al., 2020); and the United States where 67.1% of articles published between 1990 and 2023 reported that the population considered the public tap and bottle water as safe and good quality (Olatunde et al., 2025).

[bookmark: _Ref216352222]Table 1 	Total bacteria count (CFU/ml) of water samples from different schools at THE FCT, Nigeria
	Area Council
	School name
	Total counts (in CFU/ml) on

	
	
	Eosin Methylene Blue Agar
	Mac Conkey Agar
	Nutrient Agar

	AMAC 

	LEA Primary School Utako
	6.0 x 100
7.2 x 101
	4.1 x 101
	5.0 x 100
5.4 x 101

	
	LEA Primary School Wuse Zone 6
	1.92 x 102
	1.86 x 102
	1.0 x 100
2.69 x 102

	
	Model Primary School Maitama
	-
	6.0 x 100
	2.0 x 100
1.4 x 101

	
	LEA Primary School Durumi
	-
	-
	2.9 x 101
4.1 x 101

	
	LEA Primary School Jabi
	2.0 x 100
	2.1 x 101
	-

	
	LEA Primary School Nyanya
	-
	-
	2.1 x 101

	
	LEA Primary School Karu
	-
	-
	3.1 x 101

	
	LEA Primary School Wuse Zone 3
	2.0 x 100
	2.0 x 101
	-

	Bwari
	Bezaleel International School Mpape
	5.0 x 100
4.8 x 101 
	-
	1.3 x 101
1.21 x 102

	
	Lizmike Nursery/Primary School Mpape
	4.5 x 101
	8.4 x 101
	5.0 x 100
2.09 x 102

	
	Richland Academy Dawaki
	3.0 x 101
1.21 x 102
1.98 x 102
	
1.36 x 102
1.81 x 102
	4.9 x 101
2.01 x 102
2.81 x 102

	
	Elis Angels School Dutse
	3.9 x 101
5.1 x 101
	4.6 x 101
1.0 x 101
	9.6 x 101
3.6 x 101
2.0 x 100

	
	Cathrina International Academy Dutse
	-
	-
	3.0 x 100

	
	LEA Primary School Dutse
	2.64 x 102
	1.61 x 102
	.46 x 102
1.0 x 101

	
	LEA Nomadic Primary School Dutse 
	-
	-
	3.0 x 101
8.0 x 100

	
	LEA Primary School Kubwa
	-
	-
	2.0 x 100

	Kuje
	Wowo Model Primary School Kuje
	-
	-
	-

	
	LEA Primary School Kayarda Kuje
	1.0 x 101
	3.1 x 101
	4.6 x 101

	
	Pilot Science Primary School Kuje
	-
	-
	2.9 x 101

	
	Mustard Seed Primary School Kuje
	2.1 x 101
1.5 x 101
	4.5 x 101
2.8 x 101
5.0 x 100
	1.5 x 101
2.8 x 101
1.0 x 101
5.0 x 100

	
	Islamic Leadership Academy Kuje
	
2. 8 x 101
3.4 x 101
1.0 x 101
	1. 2 x 101
4.3 x 101
2.1 x 101
2.1 x 101
	2.4 x 101
2.8 x 101
-
1.0 x 101

	
	Royal Primary School Kuje
	5.0 x 101
2.1 x 101
	1.1 x 101
3.9 x 101
	2.1 x 101
1.7 x 101

	
	First UBE Primary School Kuje
	2.9 x 101
	4.1 x 101
1.0 x 101

	1.75 x 102
4.9 x 101
4.7 x 101

	
	Junior School Pasali Kuje
	6.0 x 100
2.0 x 100
1.2 x 100
	1.9 x 101
1.0 x 101
3.9 x 101
	1.6 x 101
3.9 x 101
3.6 x 101




3.2	Bacteriological Contaminants of Drinking Water in Primary Schools of the Federal Capital Territory of Nigeria
An assessment of the biochemical characteristics and carbohydrate fermentation of bacterial isolates from water samples in this study revealed that the bacteria isolate from the water samples based on their biochemical characteristics including the presence of Catalase, Oxidase, Coagulase, Indole, Voges Proskaeur, Methyl Red, Citrate, Nitrate reduction, Urease, Glucose, Sucrose, Lactose, Maltose, Mannitol, Arabinose, and Xylose. Subsequently, the following bacteria were isolated: Staphylococcus aureus, Klebsiella sp., Enterococcus faecalis, Bacillus cereus, Escherichia coli (E. coli), Bacillus subtilis, and Bacillus licheniformis (as shown in Table 2).


[bookmark: _Ref216352849]Table 2 	Colonial and microscopic characteristics of bacteria isolated from water samples in Primary Schools of the FCT Nigeria
	Colonial Characteristics
	Motility Test
	Spore Formation
	Capsule Formation
	Gram morphology/ reaction
	Probable Identity

	Circular moist and shiny golden yellow colonies on Nutrient Agar and light yellow on Mannitol Salt Agar
	-
	-
	-
	Gram positive cocci predominantly in clusters, few in tetrads and pairs
	Staphylococcus sp.

	Large slimy mucoid colonies on Eosin Methylene Blue Agar
	+
	-
	+
	Gram negative short thick rods in chains
	Klebsiella sp.

	Small circular moist and shiny low convex cream colonies on Nutrient Agar
	-
	-
	-
	Gram positive cocci predominantly in chains and pairs
	Enterococcus sp.

	Serrated dull and dry flat cream colonies on Nutrient Agar
	
	
	
	Large gram-positive rods with central spores
	Bacillus sp.

	Greenish metallic sheen on Eosin Methylene Blue Agar
	+
	-
	-
	Gram negative rods predominantly in single and pairs
	Escherichia coli

	Dull and dry medusa head shape cream colonies
	_
	+
	-
	Gram positive rods in short chains
	Bacillus sp.




These bacteria have been shown to exhibit varying degrees of pathogenicity of which three of them are of critical public health importance, namely: Staphylococcus aureus, Klebsiella sp., and E. coli. Infection with Staphylococcus aureus results in gastroenteritis and food poisoning (from the thermostable enterotoxin produced by the bacteria), septicemia, endocarditis, osteomyelitis and pneumonia (Ibrahim, 2020). Klebsiella sp., may cause serious infection among immune-compromised patients (WHO, 2004). E. coli has many variants of pathogenic strains that not only cause serious enteric diseases, but infections that may have life threatening chronic sequelae such as hemolytic uremic syndrome.    
Compared to an Ethiopian study (Negera et al., 2017), the bacteriological profile of the drinking water samples was worse than the finding of this study as the authors found total and fecal coliforms to be in 100% of the water samples while Escherichia coli was found in 88.8% of the water samples. They, however, did not find Klebsiella sp., Bacillus sp. and Enterococcus sp. in the water samples but found Salmonella, Shigella and Vibrio cholerae. While previous studies such as (Yasin et al., 2015) reported 80% fecal coliform positivity in unprotected sources but did not assess health predictors through regression analysis, and (Baumgartner & Grand, 2006) bacteriologically monitored drinking water to evaluate their hygienic status without linking to disease prevalence as in Table 3. These findings emphasize the need for targeted WASH interventions in Nigeria and around Africa, and integrating research (Isokariari et al., 2021), multi-sectoral concerns and collaborations (Kanmodi et al., 2022; Ogunsuji et al., 2023; Soneye et al., 2023; Ubom et al., 2023), and community-based interventions (Isiguzo et al., 2019; Jacobs & Merson, 2018; Karim et al., 2022) with school-based WASH facility interventions (Amadi et al., 2015). 

[bookmark: _Ref216799390]Table 3	Comparison of Bacteriological Contamination in School Drinking Water Across Studies
	Study
	Year
	Location
	% Total Coliform Positive
	Key Pathogens Identified

	Current Study
	2025
	FCT, Nigeria
	48.08%
	E. coli, Klebsiella sp., S. aureus

	Yasin et al.
	2015
	Jimma Zone, Ethiopia
	80% (faecal coliforms)
	Enterobacteriaceae, Bacillus, Salmonella

	Baumgartner & Grand
	2006
	Switzerland (dispensers)
	High in uncleaned
	Pseudomonas, heterotrophs



 
3.3	Association of Bacteriological Quality of Drinking Water and WASH-related Diseases in Primary Schools of the Federal Capital Territory of Nigeria
A multiple regression analysis was run to predict WASH-related diseases occurrence from: if the water supply was a potential source of contamination, what the main source of drinking water for the school was, if water from the source was treated before use; and these statistically significantly predicted the occurrence of any WASH-related disease among FCT primary school pupils F(9, 1504) = 26.545, p<0.001, R=0.370 (Table 4).

[bookmark: _Ref216365774][bookmark: _Hlk216365927]Table 4 	Association of Bacteriological Quality of Drinking Water and WASH-related Diseases in Primary Schools of the FCT Nigeria
	Predictor
	B
	SE (B)
	β
	T
	P-value

	(Intercept)
	0.300
	0.039
	7.603
	7.603
	<0.001

	Water supply as potential source of contamination (yes vs. no)
	0.117
	0.016
	0.180
	7.381
	<0.001

	Main source of drinking water: Tap 
(ref. = borehole)
	0.129
	0.021
	0.150
	6.102
	<0.001

	Main source of drinking water: Drinking water bottle (ref. = borehole)
	0.115
	0.023
	0.120
	5.066
	<0.001

	Main source of drinking water: Well 
(ref. = borehole)
	0.090
	0.021
	0.110
	4.252
	<0.001

	Water storage contamination risk (high vs. low)
	0.076
	0.017
	0.110
	4.607
	<0.001

	Water treated before use (yes vs. no)
	-0.124
	0.017
	-0.180
	-7.306
	<0.001

	Age (years)
	0.027
	0.004
	0.160
	6.972
	<0.001

	Hygiene practice score
	-0.019
	0.003
	-0.160
	-6.923
	<0.001

	Sanitation access (yes vs. no)
	0.040
	0.016
	0.060
	2.555
	0.011


Dependent Variable: Have you suffered any WASH-related disease

This multiple regression analysis demonstrated that potential water supply contamination, primary drinking water source, and pre-use treatment status significantly predicted the occurrence of WASH-related diseases among primary school pupils in the FCT, accounting for approximately 13.7% of variance (R² = 0.137). This moderate explanatory power highlights water management practices as key modifiable risk factors, consistent with fecal-oral transmission pathways in under-resourced educational environments where untreated or contaminated sources amplify pathogen exposure.
Comparable associations have been observed in other low- and middle-income countries (LMICs) facing similar infrastructural and socioeconomic constraints, like Kenya (Nygren et al., 2016) and India (Ghosh et al., 2021) which reflect shared challenges of inadequate treatment and sanitation coverage in densely populated, resource-limited settings.
Conversely, studies in high-income contexts report weaker or non-significant links, attributable to robust WASH infrastructure minimizing waterborne risks. Globally, (Liu et al., 2024) showed that while a 1% increase in basic drinking water access reduced diarrhea incidence by 0.41% (95% CI: 0.33%–0.50%) in low-SDI regions, the effect was non-significant in high-SDI areas like Europe and North America (P>0.05), where near-universal piped, treated supplies obscure individual water factor influences. Similar observations were made by (Wolf et al., 2018) in developed nations where baseline disease rates are low and non-WASH determinants (e.g., vaccination) predominate. These parallels and divergences underscore the urgency of FCT-specific enhancements in water treatment and monitoring, drawing lessons from LMIC peers while recognizing that high-income models prioritize maintenance over foundational access. 

4.	CONCLUSIONS
This study revealed immense bacteriological contamination in drinking water sources across 24 primary schools in Nigeria’s Federal Capital Territory (FCT), with most samples exceeding heterotrophic thresholds and almost half of the samples harbored fecal coliforms and Escherichia coli, far surpassing WHO zero-tolerance guidelines. Pathogens isolated included Staphylococcus aureus, Klebsiella sp., and Enterococcus faecalis, and highlightand highlighted fecal-oral transmission risks, which were corroborated by a significant multivariate association between water quality deficits and WASH-related disease occurrence (F[9, 1504] = 26.545, p < 0.001, R = 0.370). These findings highlight systemic failures in school water infrastructure, treatment, and hygiene practices, contributing to elevated morbidity, absenteeism, and cognitive impairments among vulnerable pupils.
The unsatisfactory WASH landscape in the FCT demands urgent, multi-stakeholder action: government investment in chlorination systems, borehole upgrades, and routine microbial surveillance; integration of hygiene curricula; and partnerships with NGOs for community monitoring.  
Specific recommendations include: (1) Implementing mandatory quarterly water quality testing in all schools with immediate remediation for non-compliant sources; (2) Installing low-cost point-of-use treatment devices such as ceramic filters or UV purifiers in school kitchens and taps; (3) Developing a national school WASH policy mandating hygiene education modules in primary curricula; (4) Training school staff on safe water handling and storage to prevent recontamination; and (5) Conducting longitudinal follow-up studies to evaluate intervention impacts. 
Aligning with SDGs three (health) and six (water and sanitation), these interventions could avert thousands of child infections annually and foster equitable educational outcomes. Future longitudinal research should evaluate the efficacy of interventions to guide scalable WASH models.
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