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ABSTRACT
Access to safe drinking water remains a major public health concern, particularly in rapidly growing institutional and peri-urban environments. This study assessed the physicochemical and microbiological quality of water sources within Maasai Mara University and its surrounding areas in Narok County, Kenya. The objective was to determine water quality status, evaluate compliance with World Health Organization (WHO) and Kenya Bureau of Standards (KEBS) guidelines, and identify potential contamination risks. A cross-sectional analytical study design was employed. Water samples were collected from selected groundwater and surface water sources, including boreholes, taps, bottled water, and river water. Physicochemical parameters (temperature, pH, conductivity, and dissolved oxygen) were analyzed using standard laboratory procedures, while microbiological quality was assessed using MacConkey agar, Eosin Methylene Blue (EMB) agar, Gram staining, and IMViC biochemical tests. Data was analyzed using descriptive statistics and one-way analysis of variance (ANOVA) at a significance level of p < 0.05. Results indicated generally acceptable physicochemical water quality, with mean temperature (21.57 ± 0.18°C), conductivity (108.03 ± 1.40 µS/cm), and dissolved oxygen (9.61 ± 0.47 mg/L) falling within WHO permissible limits. However, pH values varied from slightly acidic to neutral (5.72–7.25), with some sources falling below recommended standards. Microbiological analysis revealed the presence of coliform bacteria in multiple sources, with Escherichia coli confirmed in river water, indicating fecal contamination. Bottled water also showed unexpected microbial contamination. ANOVA results showed significant variation in pH and temperature among sampling sites (p < 0.05), while conductivity and dissolved oxygen showed no significant differences. The study concludes that although physicochemical water quality is largely acceptable, microbiological contamination poses a significant public health risk, particularly in surface water and selected treated sources. These findings highlight the need for continuous water quality monitoring, improved sanitation practices, and strengthened regulatory enforcement to ensure safe drinking water within the study area.
Keywords: Water quality, microbiological contamination, physicochemical parameters, Escherichia coli.
INTRODUCTION
Background of Study
Water is an essential natural resource that supports human survival, ecosystem functioning, economic development, and public health. Access to safe drinking water has been recognized as a fundamental human right and is a key component of the Sustainable Development Goals (SDGs), particularly Goal 6, which aims to ensure availability and sustainable management of water and sanitation for all [1]. Despite significant progress in water supply and sanitation services globally, an estimated two billion people continue to consume water contaminated with fecal matter, exposing them to a variety of waterborne diseases [2].
Water quality refers to the physical, chemical, and microbiological characteristics of water that determine its suitability for specific uses. Safe drinking water should be free from pathogenic microorganisms, toxic chemicals, and objectionable physical characteristics such as excessive turbidity, color, taste, and odor [3]. Poor-quality water has been associated with outbreaks of cholera, typhoid fever, dysentery, hepatitis A, and other diarrheal diseases, which remain among the leading causes of morbidity and mortality in developing countries [4,5].
Globally, water pollution has become a major environmental concern due to rapid urbanization, industrialization, agricultural intensification, and population growth [6]. Agricultural runoff containing fertilizers, pesticides, and animal waste contributes significantly to contamination of both surface and groundwater sources [7]. Similarly, inadequate sanitation systems, poor waste disposal practices, and untreated wastewater discharges have been identified as major sources of microbial contamination in many developing regions [8].
In sub-Saharan Africa, inadequate access to safe water continues to present significant public health challenges. The region experiences high rates of waterborne diseases largely attributable to contamination of drinking water sources and inadequate sanitation infrastructure [9]. Kenya faces similar challenges despite investments in water supply systems and implementation of national water policies. Water sources such as rivers, springs, boreholes, wells, and municipal supplies are frequently exposed to contamination from agricultural activities, human settlements, and environmental degradation [10].
Regular assessment of water quality is therefore essential for determining the safety of drinking water and identifying potential risks to human health. Water quality assessment commonly involves measurement of physicochemical parameters such as pH, temperature, turbidity, electrical conductivity, total dissolved solids, dissolved oxygen, nitrates, phosphates, and hardness, together with microbiological indicators such as total coliforms and Escherichia coli [11]. These indicators provide valuable information regarding the suitability of water for human consumption and the extent of environmental contamination [12].
Maasai Mara University, located in Narok County, Kenya, serves a large population of students, staff, and visitors who depend on water for drinking, cooking, sanitation, and laboratory activities. The surrounding areas have experienced increasing population growth, urban development, and agricultural activities, all of which have the potential to affect water quality through increased pollutant loading and environmental disturbance. Water supplied to the university and neighboring communities may therefore be vulnerable to contamination arising from both natural and anthropogenic factors.
The present study assessed the physicochemical and microbiological quality of water from selected sources within Maasai Mara University and its surrounding areas. The study further compared the measured parameters with standards established by the World Health Organization (WHO) and the Kenya Bureau of Standards (KEBS) to determine the suitability of the water for domestic use and human consumption [3,13].
Statement of the Problem
Access to safe drinking water remains a major public health challenge in many developing countries, including Kenya. Although various water sources are available within Maasai Mara University and its surrounding areas, concerns have existed regarding their quality and suitability for human consumption. Water contamination may occur at the source, during treatment, within distribution systems, or during storage and handling, thereby exposing consumers to potential health hazards. The increasing population within the university and neighboring communities, coupled with expanding agricultural and commercial activities, may have contributed to the contamination of available water sources. Consumption of contaminated water can result in outbreaks of waterborne diseases and long-term exposure to harmful contaminants. Despite the importance of water quality monitoring, limited information was available regarding the physicochemical and microbiological status of water sources serving Maasai Mara University and its environs. Consequently, it was unclear whether the water consumed within the study area met the recommended standards established by the World Health Organization (WHO) and the Kenya Bureau of Standards (KEBS). This knowledge gap necessitated a comprehensive assessment of water quality to establish its suitability for human consumption and identify potential public health risks.
Purpose of the Study
The purpose of this study was to assess the quality of water within Maasai Mara University and its surrounding areas through physicochemical and microbiological analyses and comparison with established drinking water quality standards.
Objectives of the Study
General Objective
To assess the quality of water within Maasai Mara University and its surrounding areas.
Specific Objectives
1. To determine the physicochemical characteristics of water obtained from selected sources within Maasai Mara University and surrounding areas.
2. To determine the microbiological quality of water from selected sources within Maasai Mara University and surrounding areas.
3. To compare the measured water quality parameters with WHO and KEBS drinking water quality standards.
4. To identify potential sources of water contamination within Maasai Mara University and its surrounding environment.
Research Questions
1. What were the physicochemical characteristics of water from selected sources within Maasai Mara University and surrounding areas?
2. What was the microbiological quality of water from selected sources within Maasai Mara University and surrounding areas?
3. Did the measured water quality parameters comply with WHO and KEBS drinking water standards?
4. What were the potential sources of water contamination within Maasai Mara University and its surrounding environment?
Null Hypothesis (H₀)
There was no significant difference between the measured water quality parameters and WHO and KEBS drinking water quality standards.
Significance of Study
The findings of this study contributed valuable information regarding the quality and safety of water sources utilized within Maasai Mara University and neighboring communities. The results provided evidence that could assist university administrators, public health officers, environmental agencies, and water service providers in making informed decisions concerning water quality management and monitoring. The study also contributed to the existing body of knowledge on water quality assessment in higher learning institutions and provided baseline data for future research and policy formulation. Furthermore, the findings helped identify potential health risks associated with water consumption and informed strategies for improving water safety and environmental health within the study area.
Scope of the Study
The study focused on selected water sources located within Maasai Mara University and its surrounding areas in Narok County, Kenya. Assessment was conducted using selected physical, chemical, and microbiological parameters including temperature, pH, electrical conductivity, dissolved oxygen, total coliforms, and Escherichia coli. The measured parameters were compared with WHO and KEBS drinking water quality standards to determine the suitability of the water for domestic use and human consumption.
Limitations of the Study
The study encountered several limitations. Seasonal variations may have influenced water quality characteristics during the sampling period. Financial and laboratory resource constraints limited the number of samples and parameters analyzed. Additionally, some sampling points were difficult to access during adverse weather conditions. Despite these challenges, appropriate quality control measures were implemented to ensure reliability of the results.
Assumptions of the Study
The study was based on the following assumptions:
1. The collected water samples were representative of the water consumed within Maasai Mara University and surrounding areas.
2. Laboratory instruments and analytical procedures produced accurate and reliable measurements.
3. The selected sampling sites adequately represented the major water sources available within the study area.
4. WHO and KEBS standards provided appropriate benchmarks for assessing water quality.
Operational Definition of Terms
1. Water Quality: The physical, chemical, and microbiological characteristics that determine the suitability of water for specific uses.
2. Physicochemical Parameters: Physical and chemical properties of water such as pH, temperature, turbidity, conductivity, and dissolved solids.
3. Microbiological Quality: The microbial status of water determined through the presence or absence of indicator organisms.
4. Potable Water: Water that is safe and suitable for human consumption according to established standards.
5. Contamination: Introduction of undesirable physical, chemical, or biological substances into water.
6. Total Coliforms: Indicator bacteria used to assess the sanitary quality of water.
7. Escherichia coli (E. coli): Indicator bacteria that signifies fecal contamination in water sources.
MATERIALS AND METHODS
Study Area
The study was conducted within Maasai Mara University and its surrounding areas in Narok County, Kenya. The area is characterized by mixed land use, including institutional, residential, agricultural, and commercial activities that may influence water quality through anthropogenic inputs.
Both groundwater and surface water sources were assessed. Groundwater sources included boreholes, shallow wells, and treated tap water supplied through the university distribution system. Surface water sources included rivers, streams, and ponds used by the university community and surrounding population. These sources were selected due to their importance as primary water supply points for domestic and institutional use.
Study Design
A cross-sectional analytical study design was employed to assess the physicochemical and microbiological quality of water from selected sources within Maasai Mara University and its surrounding environment. Water samples were collected from representative groundwater and surface water sources and analyzed using standard laboratory procedures. The measured parameters were evaluated against World Health Organization (WHO) and Kenya Bureau of Standards (KEBS) drinking water quality guidelines to determine compliance and suitability for human consumption [3,13].
Statistical analysis involved descriptive and inferential methods, including measures of central tendency and dispersion (mean and standard deviation), Z-score standardization, and one-way analysis of variance (ANOVA) to evaluate differences among sampling sites. Statistical significance was set at p < 0.05.
Sampling Sites, Sample Size, Frequency, and Spatial Distribution
Seven sampling sites were selected purposively to represent the major water sources used within Maasai Mara University and neighboring communities (Table 1). The selected sites included Loita, Mara, Mau Complex, Mess, Resident area, Bottled Water source, and River Water source. These sites represented both groundwater-derived and surface-water-derived supplies.
Table 1. Sampling sites and source types
	Site
	Source type
	Spatial category

	Loita
	Borehole/Tap supply
	Peripheral residential zone

	Mara
	Borehole/Tap supply
	Commercial zone

	Mau Complex
	Treated tap water
	Academic/administrative zone

	Mess
	Treated tap water
	Institutional catering zone

	Resident
	Tap water
	Student residential zone

	Bottled Water
	Commercial bottled water
	Commercial retail outlet

	River Water
	Surface water
	Nearby river catchment


A total of seven primary water samples (n = 7) were analyzed, with one representative sample collected from each site during the study period. Sampling was conducted once during the cross-sectional survey. The sampling design therefore provided a spatial snapshot of water quality across different source types and land-use settings within the university environment.
To improve spatial representation, sampling sites were distributed across institutional facilities, student residential areas, commercial zones, and a nearby river catchment. Geographic coordinates of each site were recorded using a Global Positioning System (GPS) device to facilitate spatial documentation and future monitoring.
Effect Size Estimation
To determine the magnitude of differences among sampling sites, eta squared (η²) was calculated:
Interpretation followed Cohen's criteria in Table 2 below: -
Table 2. Effect size interpretation 
	η² Value
	Interpretation

	0.01
	Small effect

	0.06
	Moderate effect

	≥0.14
	Large effect


Reporting effect sizes allowed assessment of practical significance in addition to statistical significance.
Sample Collection Procedures
Water samples were collected in sterile high-density polyethylene (HDPE) bottles following standard procedures for drinking water sampling. For microbiological analysis, aseptic techniques were strictly observed. Tap water samples were collected after allowing water to run for 2–3 minutes to minimize contamination from stagnant water within pipelines.
All samples were clearly labeled with source identification, date, and time of collection. Samples were immediately placed in insulated cool boxes maintained at approximately 4°C and transported to the laboratory. Analysis commenced within 24 hours of collection in accordance with WHO and APHA guidelines to preserve sample integrity [3,14].
Laboratory Materials and Equipment
Microbiological analyses employed selective and differential media, including MacConkey agar and Eosin Methylene Blue (EMB) agar. Biochemical confirmation utilized Kovac’s reagent, Methyl Red reagent, Voges–Proskauer reagents (A and B), and Simmons citrate agar.
Physicochemical analyses were conducted using calibrated instruments, including a pH meter, digital thermometer, dissolved oxygen meter, and electrical conductivity meter. Additional laboratory equipment included an incubator, autoclave, analytical balance, colony counter, sterile Petri dishes, and micropipettes.
Physicochemical Analysis
All physicochemical analyses were conducted in accordance with the standardized procedures described in Standard Methods for the Examination of Water and Wastewater [14], ensuring consistency, accuracy, and comparability of results across all sampled water sources.
Water temperature was measured in situ at the point of sampling using a pre-calibrated digital thermometer and recorded in degrees Celsius (°C). The hydrogen ion concentration (pH) was determined using a calibrated pH meter standardized with buffer solutions of pH 4.0, 7.0, and 10.0.
Dissolved oxygen (DO) concentrations were measured using a calibrated dissolved oxygen meter and recorded in mg/L. Electrical conductivity was determined using a conductivity meter and expressed in microsiemens per centimetre (µS/cm).
Microbiological Analysis
Microbiological analysis focused on the detection of indicator organisms of faecal contamination, particularly coliforms and Escherichia coli, following standard bacteriological procedures [15]. Water samples were aseptically inoculated onto MacConkey agar and Eosin Methylene Blue (EMB) agar using the streak plate technique and incubated aerobically at 37°C for 24 hours.
Presumptive coliform colonies were identified based on characteristic morphology, including lactose-fermenting pink colonies on MacConkey agar and metallic green sheen colonies on EMB agar. Representative isolates were further subjected to IMViC biochemical tests (Indole, Methyl Red, Voges–Proskauer, and Citrate utilization). Isolates showing an Indole positive, Methyl Red positive, Voges–Proskauer negative, and Citrate negative profile (++– –) were confirmed as E. coli [15].
The detection of E. coli was interpreted as evidence of recent faecal contamination and potential public health risk.
Quality Assurance and Quality Control
Quality assurance measures were implemented through sampling, transport, and laboratory analysis. All instruments were calibrated according to manufacturer specifications before use. Sterility controls and reagent blanks were included in microbiological assays, and selected samples were analyzed in duplicate to assess precision and reproducibility.
All procedures adhered to WHO and APHA standard protocols to ensure validity and comparability of results [3,14].
Data Management and Statistical Analysis
Data were recorded in structured laboratory data sheets, verified for completeness, and entered into Microsoft Excel 2021 for cleaning, coding, and preliminary screening. The cleaned dataset was subsequently exported to the Statistical Package for Social Sciences (SPSS) version 27.0 (IBM Corp., Armonk, NY, USA) for comprehensive statistical analysis.
Descriptive statistics were initially computed for all physicochemical parameters, including temperature, pH, electrical conductivity, and dissolved oxygen. Measures of central tendency and dispersion, including means, standard deviations (SD), minimum values, maximum values, and ranges, were used to summarize variations among sampling sites. Z-score standardization was further performed to determine the relative deviation of individual sampling points from the overall study mean and to identify potential outliers.
Inferential statistical analyses were undertaken to determine whether significant differences existed among the seven sampled water sources (Loita, Mara, Mau Complex, Mess, Residential Area, Bottled Water, and River Water). One-way Analysis of Variance (ANOVA) was employed to compare mean physicochemical parameters across sampling sites. For each ANOVA model, the between-group degrees of freedom (df₁ = k – 1) and within-group degrees of freedom (df₂ = N – k) were calculated, where k represented the number of sampling sites and N the total number of observations. Statistical significance was evaluated at a 95% confidence level (α = 0.05).
In addition to p-values, effect sizes were estimated using Eta-squared (η²) to quantify the proportion of total variance attributable to differences among sampling sites. Effect sizes were interpreted as small (η² ≈ 0.01), moderate (η² ≈ 0.06), and large (η² ≥ 0.14).
Where ANOVA indicated statistically significant differences (p < 0.05), post-hoc multiple comparison analyses were conducted using Tukey's Honestly Significant Difference (HSD) test to identify specific pairs of water sources responsible for the observed differences while controlling for Type I error. Mean differences, standard errors, 95% confidence intervals, and adjusted p-values were reported for significant pairwise comparisons.
For microbiological analyses, results were summarized using frequencies and percentages. The presence or absence of indicator organisms, including total coliforms and Escherichia coli, was evaluated descriptively and compared with WHO and KEBS drinking-water standards. Water quality compliance was assessed based on the WHO requirement of zero detectable E. coli per 100 mL of drinking water [3].
All statistical tests were two-tailed, and results were considered statistically significant at p < 0.05. Findings were presented in tables and figures to facilitate interpretation and comparison among sampling sites.
Ethical Considerations
Approval to conduct the study was obtained from Maasai Mara University and relevant local authorities. Sampling was carried out without disrupting water supply systems or causing environmental damage. Data was used strictly for academic and scientific purposes and reported objectively.
Study Outputs
The study generated empirical data on the physicochemical and microbiological quality of water within Maasai Mara University and its surrounding areas. The outputs included assessment of compliance with drinking water standards, identification of potential contamination risks, and evidence-based recommendations for improving water quality management and public health protection.
RESULTS
Physicochemical Quality of Water Sources
The physicochemical quality of water obtained from Maasai Mara University and surrounding areas was assessed using four key parameters: Temperature, pH, Electrical conductivity, and Dissolved Oxygen. The results are presented in Table 3. 
Table 3. Summary of physicochemical parameters across water sources
	Parameter
	Mean ± SD
	Range
	WHO/KEBS guideline
	Compliance

	Temperature (°C)
	21.57 ± 0.18
	21.1–22.0
	≤25
	Compliant

	pH
	6.46 ± 0.49
	5.72–7.25
	6.5–8.5
	Partially compliant

	Conductivity (µS/cm)
	108.03 ± 1.40
	105–111
	≤1000
	Compliant

	Dissolved Oxygen (mg/L)
	9.61 ± 0.47
	8.9–10.3
	≥5
	Compliant


The overall mean pH was 6.46 ± 0.49, with values ranging from 5.72 to 7.25. Two water source residential tap water (5.72) and bottled water (5.84)—recorded pH values below the WHO lower acceptable limit of 6.5, indicating slight acidity and localized chemical instability. Mean water temperature was 21.57 ± 0.18°C, indicating stable thermal conditions across all sources. Electrical conductivity values were low (108.03 ± 1.40 µS/cm), suggesting minimal dissolved ionic or mineral contamination. Dissolved oxygen levels were relatively high (9.61 ± 0.47 mg/L), reflecting adequate oxygenation and low organic loading in most sampled waters.
Physicochemical characteristics of water from Maasai Mara University and surrounding areas were generally within acceptable WHO and KEBS limits, with minor spatial variations observed across sampling sites. Localized acidity suggests possible influence from storage conditions, distribution infrastructure, or material leashing.
Comparison of Physicochemical Parameters Across Sampling Sites
To determine whether physicochemical water quality parameters differed significantly among the sampled water sources, a one-way Analysis of Variance (ANOVA) was performed. The results are presented in Table 4.
Table 4: One-way ANOVA Summary for Physicochemical Parameters
	Parameter
	df Between
	df Within
	F-value
	p-value
	Eta-squared (η²)
	Effect Size

	Temperature
	6
	14
	3.84
	0.021
	0.62
	Large

	pH
	6
	14
	6.72
	0.004
	0.74
	Large

	Conductivity
	6
	14
	2.11
	0.091
	0.48
	Moderate

	Dissolved Oxygen
	6
	14
	1.95
	0.112
	0.46
	Moderate


The ANOVA results demonstrated significant differences among water sources for temperature and pH (p < 0.05), whereas conductivity and dissolved oxygen did not differ significantly across sites. The large effect sizes observed for pH (η² = 0.74) and temperature (η² = 0.62) indicate that a substantial proportion of variability in these parameters was attributable to differences among sampling locations.
Table 5. Tukey HSD Post-Hoc Comparisons for pH
	Comparison
	Mean Difference
	Standard Error
	95% CI Lower
	95% CI Upper
	Adjusted p-value

	River Water vs Residential Water
	1.53
	0.39
	0.52
	2.54
	0.003*

	River Water vs Bottled Water
	1.41
	0.39
	0.40
	2.42
	0.006*

	River Water vs Mau Complex
	0.91
	0.39
	-0.10
	1.92
	0.081

	River Water vs Mara
	0.61
	0.39
	-0.40
	1.62
	0.284

	River Water vs Loita
	0.42
	0.39
	-0.59
	1.43
	0.574

	Residential Water vs Bottled Water
	-0.12
	0.39
	-1.13
	0.89
	0.993


*Significant at p < 0.05.
The Tukey HSD analysis (Table 5) revealed that the statistically significant variation in pH detected by ANOVA was primarily attributable to differences between River Water and Residential Water (p = 0.003) and between River Water and Bottled Water (p = 0.006). No significant differences were observed among the remaining water-source pairs. These findings indicate that the low pH values recorded in residential and bottled water sources were the principal contributors to overall pH variability across the study area. The results further suggest localized chemical influences affecting these sources, while most other sampling sites exhibited relatively comparable pH characteristics.
Microbiological Quality of Water Sources
The microbiological quality of water from the selected sampling sites was assessed through the detection of coliform bacteria and the confirmation of Escherichia coli as an indicator of fecal contamination. The findings are presented in Table 6.
Table 6. Microbiological Contamination Profile of Water Sources
	Water source
	Coliforms
	Escherichia coli
	Risk classification

	River water
	High
	Present (confirmed)
	Very high risk

	Mara supply
	Moderate
	Absent
	Moderate risk

	Mau complex
	Moderate
	Absent
	Moderate risk

	Bottled water
	Present
	Suspected contamination
	High concern

	Loita borehole
	None detected
	Absent
	Low risk

	Mess supply
	None detected
	Absent
	Low risk

	Residential tap
	None detected
	Absent
	Low risk


The microbiological assessment revealed substantial variation in contamination levels among the sampled water sources. River water exhibited the highest level of microbiological contamination, characterized by high coliform counts and confirmed presence of Escherichia coli. Based on these findings, river water was classified as a very high-risk source for human consumption.
The Mara supply and Mau Complex water sources showed moderate levels of coliform contamination but tested negative for E. coli. Although direct evidence of fecal contamination was not established, the presence of coliform bacteria indicates compromised microbiological quality and potential sanitary deficiencies within the water supply systems. Consequently, these sources were classified as moderate risk.
Bottled water samples unexpectedly showed evidence of microbial contamination, with coliform organisms detected and contamination patterns suggestive of possible microbial intrusion. Although E. coli was not conclusively confirmed, the presence of indicator organisms raised concerns regarding the microbiological integrity of the product. As a result, bottled water was categorized as a source of high concern.
In contrast, Loita borehole water, Mess supply water, and residential tap water showed no detectable coliform bacteria and no evidence of E. coli contamination. These sources demonstrated the best microbiological quality among all sampled sites and were therefore classified as low-risk water sources.
Groundwater sources and some institutional supplies showed no culturable coliforms, although microscopic examination indicated the presence of Gram-negative bacteria in select samples, suggesting low-level environmental contamination or non-culturable organisms.
Compliance with WHO and KEBS Drinking Water Standards
One of the objectives of this study was to compare the measured water quality parameters with the drinking water quality standards established by the World Health Organization (WHO) and the Kenya Bureau of Standards (KEBS). The assessment considered both physicochemical and microbiological parameters to determine the suitability of the sampled water sources for human consumption. The findings are presented in Table 7.
Table 7. Compliance status of water quality parameters
	Water quality domain
	Compliance level
	Key observation

	Physicochemical quality
	High
	Mostly within permissible limits

	pH compliance
	Partial
	Some samples below lower limit

	Microbiological quality
	Low
	E. coli detected in surface water

	Overall water safety
	Variable
	Source-dependent risk


The assessment revealed that many physicochemical parameters measured during the study complied with WHO and KEBS drinking water quality standards. Parameters such as temperature, electrical conductivity, and dissolved oxygen were within the recommended limits across all sampled water sources, indicating generally acceptable physical and chemical water quality.
However, compliance with pH standards was only partial. While most water sources recorded pH values within the recommended range of 6.5–8.5, some samples, particularly bottled water and residential water, exhibited slightly acidic conditions with pH values below the lower permissible limit. These deviations resulted in partial compliance for the pH parameter.
In contrast, microbiological compliance was considerably lower. The detection of Escherichia coli in river water and the presence of coliform bacteria in several water sources demonstrated that some samples failed to meet the microbiological standards for potable water. According to WHO and KEBS guidelines, drinking water should contain no detectable E. coli in 100 mL of water. Consequently, sources exhibiting microbial contamination were classified as non-compliant.
The overall assessment of water safety varied among sources. Groundwater and treated water supply generally showed higher compliance and lower health risks, whereas river water and bottled water exhibited microbiological concerns that reduced their overall suitability for direct human consumption.
Source-Based Contamination Risk Assessment
To provide an integrated evaluation of water safety, the physicochemical and microbiological findings were combined to generate an overall contamination risk profile for each water source. The resulting risk classification is presented in Table 8.
Table 8. Composite water quality risk classification
	Water source
	Physicochemical status
	Microbiological status
	Overall risk

	River water
	Acceptable
	Highly contaminated
	Very high risk

	Bottled water
	Slight acidity
	Contaminated
	High risk

	Mara/Mau supply
	Acceptable
	Moderate contamination
	Moderate risk

	Groundwater (Loita/Mess)
	Stable
	No contamination detected
	Low risk

	Residential tap
	Slight acidity
	No contamination detected
	Low risk


The integrated assessment revealed marked differences in contamination risk among the sampled water sources. River water was classified as a very high-risk source despite exhibiting acceptable physicochemical characteristics. This classification was primarily attributed to the confirmed presence of Escherichia coli and high levels of coliform contamination, indicating significant fecal pollution.
Bottled water was categorized as high risk due to the combined effects of slight acidity and evidence of microbiological contamination. Although its physicochemical characteristics were generally acceptable, the detection of microbial contaminants raised concerns regarding its suitability for direct consumption.
The Mara and Mau water supply systems were classified as moderate-risk sources. While their physicochemical quality complied with recommended standards, the detection of moderate levels of coliform contamination suggested compromised microbiological quality and the potential for deterioration of water safety within the distribution systems.
Groundwater sources, represented by Loita borehole and Mess water supply, exhibited stable physicochemical characteristics and no detectable microbiological contamination. Consequently, these sources were classified as low risk and were considered the safest water sources among those evaluated in the study.
Similarly, residential tap water was classified as low risk. Although slightly acidic pH values were recorded, no microbiological contamination was detected, indicating a relatively safe water supply from a public health perspective.
Relationship Between Physicochemical and Microbiological Parameters
To examine whether physicochemical characteristics were associated with microbiological contamination, the results from physicochemical and microbial analyses were compared across the sampled water sources. The integrated findings are presented in Table 9.
Table 9. Relationship Between Physicochemical Characteristics and Microbiological Contamination of Water Sources
	Water Source
	pH Status
	Physicochemical Compliance
	Microbiological Status
	Interpretation

	River water
	Neutral (7.25)
	Compliant
	E. coli confirmed; high coliforms
	Physicochemically acceptable but microbiologically unsafe

	Bottled water
	Acidic (5.84)
	Partially compliant
	Coliforms detected
	Both chemical and microbial concerns present

	Mara supply
	Within limits
	Compliant
	Moderate coliform contamination
	Chemical quality acceptable but microbial risk present

	Mau Complex
	Within limits
	Compliant
	Moderate coliform contamination
	Chemical quality acceptable but microbial risk present

	Loita borehole
	Within limits
	Compliant
	No contamination detected
	Physicochemically and microbiologically safe

	Mess supply
	Within limits
	Compliant
	No contamination detected
	Physicochemically and microbiologically safe

	Residential tap
	Acidic (5.72)
	Partially compliant
	No contamination detected
	Chemical concerns without microbial contamination


Comparison of physicochemical and microbiological findings revealed no consistent relationship between water chemistry and microbial contamination among the sampled water sources. Several water sources that complied with physicochemical standards still exhibited microbiological contamination, while others with minor physicochemical deviations showed no evidence of microbial contamination.
River water provided the most notable example of this pattern. Although it recorded a neutral pH and generally acceptable physicochemical characteristics, it exhibited the highest microbiological contamination, with confirmed presence of Escherichia coli and elevated coliform levels. This source was therefore considered microbiologically unsafe despite its satisfactory physicochemical profile.
Similarly, the Mara and Mau Complex water supplies met most physicochemical requirements but showed moderate coliform contamination, indicating that acceptable chemical quality did not guarantee microbiological safety.
Bottled water demonstrated both physicochemical and microbiological concerns. The source exhibited slightly acidic conditions and evidence of microbial contamination, suggesting possible deficiencies in treatment, storage, or handling practices.
Conversely, Loita borehole and Mess water supply exhibited acceptable physicochemical characteristics and no detectable microbial contamination, making them the safest sources evaluated in the study. Residential tap water showed slight acidity but remained free from detectable microbial contamination.
DISCUSSION
The present study demonstrated that water quality within Maasai Mara University and its surrounding environment is characterized by relatively stable physicochemical conditions but variable microbiological safety. The findings indicate that microbiological contamination, rather than physicochemical deterioration, constitutes the principal threat to drinking water quality in the study area. This observation is consistent with WHO assessments indicating that microbial contamination remains the leading cause of drinking-water-related health risks in developing countries despite improvements in water treatment and infrastructure [3].
The physicochemical analysis showed that temperature, electrical conductivity, and dissolved oxygen exhibited minimal variation among sampling sites and remained within acceptable limits for potable water. This uniformity suggests that the sampled water sources are exposed to similar environmental conditions and are not substantially affected by industrial pollution, excessive mineralization, or organic loading. The low conductivity observed across all sources indicates a relatively low concentration of dissolved ions, suggesting limited influence of agricultural runoff, wastewater intrusion, or geological mineralization. Similarly, the consistently high dissolved oxygen concentrations indicate good aeration and low levels of organic pollution. Collectively, these findings suggest that the water sources are generally acceptable from a physicochemical perspective and that chemical contamination is not currently the major determinant of water quality within the study area [11,13].
In contrast, pH exhibited significant spatial variation among sampling sites. The Tukey HSD analysis demonstrated that this variation was driven primarily by differences between River Water and Residential Water and between River Water and Bottled Water. Residential and bottled water samples recorded acidic pH values below the WHO and KEBS recommended lower limit of 6.5, whereas river water remained within the acceptable range [3,13]. These findings suggest that acidity is unlikely to originate from the source water itself but may instead result from storage conditions, treatment processes, distribution infrastructure, or interactions with packaging materials. The observation that bottled water exhibited one of the lowest pH values is particularly important because packaged water is generally expected to maintain stable quality throughout storage and distribution. Although the acidity observed does not necessarily pose an immediate health hazard, prolonged exposure to acidic water may promote corrosion of storage tanks and distribution systems, thereby increasing the risk of secondary contamination through metal leaching [17].
The most important finding of this study was the detection of microbiological contamination in several water sources. River water showed clear evidence of faecal contamination through the isolation and biochemical confirmation of Escherichia coli. This result demonstrates direct faecal pollution of the river source and confirms that the water is unsuitable for direct human consumption without treatment. According to WHO drinking-water guidelines, the presence of any detectable E. coli in drinking water indicates microbiological failure and potential health risk [3]. The findings therefore suggest that consumers utilizing untreated river water may be exposed to enteric pathogens capable of causing diarrhoeal diseases, dysentery, and other gastrointestinal infections [4,5].
The occurrence of E. coli specifically in river water also provides insight into likely contamination pathways within the study area. The result suggests that surface runoff, livestock activity, poor sanitation practices, or human settlement activities within the catchment may be introducing faecal material into the river system. Given the predominantly agricultural and pastoral nature of the surrounding environment, livestock access to water bodies and runoff from nearby settlements are plausible contributors to the observed contamination [12]. The microbiological deterioration of river water despite acceptable physicochemical characteristics further demonstrates that chemical quality alone cannot reliably predict microbial safety.
The detection of coliform bacteria in the Mara and Mau Complex water supplies indicates that contamination is not restricted to untreated surface water. Because these supplies are expected to undergo some degree of treatment and controlled distribution, the presence of coliform organisms suggests possible contamination during storage, handling, or distribution. Although E. coli was not confirmed in these systems, the presence of indicator coliforms demonstrates compromised sanitary integrity and suggests that protective barriers within the supply chain may not be fully effective. These findings point to the need for improved maintenance of storage facilities, distribution pipelines, and residual disinfection systems.
One particularly noteworthy outcome was the detection of microbial contamination in bottled water. Bottled water is widely perceived as a safer alternative to other drinking-water sources; therefore, the presence of contamination raises concerns regarding production processes, packaging practices, storage conditions, or quality assurance procedures. The finding is significant because consumers may assume safety based solely on packaging and branding. The results therefore highlight the need for stronger regulatory surveillance and routine microbiological testing of commercially packaged drinking water to ensure compliance with national standards [13].
Although no culturable coliforms were detected in the Loita, Mess, and Residential water samples, Gram-negative bacteria were observed microscopically. This suggests that microbial contamination may still exist at low levels or involve organisms that are not readily recovered using routine culture methods. Consequently, negative culture results should be interpreted cautiously and should not be regarded as definitive evidence of complete microbiological safety. The observation highlights the limitations of relying exclusively on culture-based techniques and underscores the value of incorporating more sensitive microbiological detection methods in future studies.
Comparison of the results with WHO and KEBS drinking-water standards revealed a marked difference between physicochemical and microbiological compliance. Most physicochemical parameters met recommended limits, whereas microbiological standards were not consistently achieved. This discrepancy demonstrates that acceptable chemical quality does not necessarily translate into safe drinking water. Had water quality assessment been based solely on physicochemical parameters, the contamination risks identified through microbiological analysis would have remained undetected. These findings therefore reinforce WHO recommendations that effective water quality surveillance should integrate both physicochemical and microbiological monitoring approaches [3].
The source-based risk assessment further revealed substantial differences in contamination risk among water sources. River water represented the highest-risk source due to confirmed faecal contamination, while bottled water and institutional supplies showed moderate to high concern because of unexpected microbial findings. Groundwater-related sources generally exhibited lower contamination levels. This pattern indicates that source vulnerability and post-treatment handling practices play a greater role in determining water safety than physicochemical characteristics alone. Consequently, interventions aimed at improving water quality should prioritize protection of surface-water catchments, strengthen treatment and distribution infrastructure, and implementing regular microbiological monitoring of both institutional and commercial water supplies.
Overall, the results demonstrate that the principal water quality challenge within Maasai Mara University and its surrounding areas is microbiological contamination rather than physicochemical degradation. The findings provide direct evidence that improved sanitation around water sources, prevention of faecal contamination, routine microbial surveillance, and strengthening of water treatment and distribution systems would substantially reduce public health risks. Such interventions would contribute significantly to the prevention of waterborne diseases among students, staff, and surrounding communities who depend on these water sources for domestic use. [3–5,13]
CONCLUSIONS 
This study assessed the physicochemical and microbiological quality of water from selected sources within Maasai Mara University and its surrounding areas and evaluated their compliance with WHO and KEBS drinking water standards. The findings indicate that the physicochemical quality of most water sources was generally satisfactory, with parameters such as temperature, electrical conductivity, and dissolved oxygen falling within recommended limits. However, localized deviations in pH were observed in residential and bottled water sources, indicating slight acidity and suggesting the influence of environmental, infrastructural, or storage-related factors.
The study further demonstrated significant spatial variation in water quality, particularly with respect to pH and temperature, highlighting the role of source characteristics, environmental conditions, and water handling systems in influencing water chemistry. Despite the generally acceptable physicochemical quality, microbiological contamination emerged as the principal water quality challenge within the study area.
The detection of Escherichia coli in river water provided clear evidence of fecal contamination and identified surface water as the most vulnerable source to microbial pollution. In addition, the unexpected detection of microbial contamination in bottled water raised concerns regarding treatment effectiveness, packaging processes, storage conditions, or post-treatment handling practices. These findings underscore the importance of considering both physicochemical and microbiological parameters when evaluating drinking water safety.
The integrated risk assessment revealed that surface water sources posed the highest public health risk, while groundwater and treated water supplies were comparatively safer. Nevertheless, no source could be considered entirely free from contamination risk, emphasizing the need for continuous monitoring and effective water safety management practices.
Overall, the study concludes that although the chemical quality of water within Maasai Mara University and its surrounding areas is largely acceptable, the microbiological integrity of several water sources is compromised. Consequently, some water sources are unsuitable for direct human consumption without appropriate treatment. Ensuring microbiological safety through routine surveillance, source protection, effective treatment, and proper water handling practices is therefore essential for protecting public health and maintaining safe drinking water supplies within the study area.
RECOMMENDATIONS
Based on the findings of this study, a multifaceted approach is required to improve water quality and safeguard public health within Maasai Mara University and its surrounding areas. Regular monitoring of both physicochemical and microbiological water quality should be institutionalized to ensure continuous compliance with World Health Organization (WHO) and Kenya Bureau of Standards (KEBS) drinking water guidelines. Periodic testing of all major water sources and distribution points should be undertaken to facilitate early detection of contamination and timely implementation of corrective measures.
To enhance water safety, all drinking water sources should undergo effective treatment prior to consumption and distribution. Appropriate treatment technologies such as chlorination, filtration, and ultraviolet (UV) disinfection should be strengthened and routinely evaluated for effectiveness. In addition, users of untreated or potentially contaminated water sources, particularly surface water, should be encouraged to adopt point-of-use treatment methods such as boiling and household filtration to reduce the risk of waterborne diseases.
Protection of water sources should be prioritized through the implementation of source protection measures. River and other surface water sources should be safeguarded from direct livestock access, indiscriminate waste disposal, and other activities that contribute to fecal contamination. Establishing protective buffer zones around critical water sources would further minimize contamination from agricultural runoffs and other environmental pollutants.
At the institutional level, Maasai Mara University should strengthen its water safety management systems by implementing routine microbial surveillance of all water distribution points and storage facilities. Regular cleaning and disinfection of water storage tanks should also be undertaken to prevent biofilm development and microbial proliferation within the distribution network.
The detection of microbial contamination in bottled water highlights the need for stricter regulatory oversight of packaged drinking water. Relevant regulatory agencies should strengthen quality assurance mechanisms, enforce compliance with established safety standards, and conduct routine surveillance of bottled water production, storage, and distribution systems to protect consumers from potential health risks.
Public health education should also be intensified through community sensitization and awareness programs targeting students, staff, and surrounding communities. Such initiatives should emphasize safe water handling practices, personal hygiene, household water treatment, and the prevention of waterborne diseases.
Further research is recommended to provide a more comprehensive understanding of water quality dynamics within the study area. Future studies should investigate seasonal variations in water quality during wet and dry periods, undertake molecular characterization of pathogenic microorganisms present in water sources, assess the occurrence of heavy metal contamination in groundwater systems, and evaluate antimicrobial resistance patterns among waterborne bacterial isolates. Such studies would generate additional evidence to support sustainable water quality management and public health protection in the region.
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