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ABSTRACT
This study assessed the physical and microbial contaminations in selected drinking water sources, with emphasis on bottled water brands commonly consumed in Nigeria. Physical parameters analyzed included pH, turbidity, taste, and odour, while microbial analysis was carried out using MacConkey Agar, Nutrient Agar, and Yeast Extract Agar. Results revealed that all water samples had pH values ranging from 11.6 to 13.0, which exceeded the World Health Organization (WHO) permissible limits (6.5–8.5), indicating high alkalinity that may pose health risks. Turbidity levels (0.0–0.9 NTU) were within the acceptable range, although some samples showed noticeable particles and bubbles. Microbial analysis identified significant contamination in several brands, particularly Aquavie, ABS, and Heritage, with bacterial growth on both MacConkey and Nutrient agar, suggesting possible coliform presence. Fungal growth was also observed in some samples, with Bigi showing only fungal contamination. These findings demonstrate that despite being packaged, some bottled water brands do not comply with international drinking water standards, raising public health concerns. The study highlights the need for stricter regulatory oversight, regular monitoring of water quality, and increased consumer awareness to ensure the safety of drinking water sources.
i

[bookmark: _Toc207970672]CHAPTER ONE
[bookmark: _Toc207970673]1.0 INTRODUCTION
Contamination in drinking water sources can be broadly categorized into physical and microbial types. Physical contamination refers to changes in the physical properties of water, such as colour, taste, odour, and turbidity, often due to suspended solids, organic matter, or industrial waste. On the other hand, microbial contamination involves the presence of pathogenic microorganisms, including bacteria, viruses, protozoa, and fungi, which pose severe health risks when consumed. The assessment of these contaminants is essential to ensure the safety, quality, and suitability of water for human consumption, as outlined by the World Health Organization’s drinking water quality guidelines (WHO, 2022).
Physical contamination typically originates from natural sources like soil erosion or human-induced sources such as agricultural runoff and poor waste disposal. High turbidity in water, for example, may result from surface runoff after rainfall, introducing silt and clay particles. Such turbidity not only affects the appearance but can also shield microbial contaminants from disinfection, making treatment processes less effective (Ukomadu et al., 2021). Changes in colour and odour may be indicators of decaying vegetation or industrial pollutants, particularly in urban water sources. These alterations can degrade public confidence in water supplies, even when microbial levels are within safe limits.
Microbial contamination of drinking water is primarily caused by fecal pollution from human or animal waste. This can occur due to leaking septic systems, open defecation near water bodies, or poorly constructed pit latrines. Pathogens such as Escherichia coli, Salmonella, Vibrio cholerae, and Cryptosporidium are commonly implicated. Their presence in drinking water can lead to outbreaks of waterborne diseases like cholera, typhoid, and dysentery (Okoye et al., 2020). Monitoring microbial quality usually involves testing for indicator organisms such as total coliforms and E. coli, which signal fecal contamination.
The assessment of these contaminants involves systematic sampling, laboratory analysis, and interpretation of data in comparison with regulatory standards. Physicochemical parameters such as pH, turbidity, temperature, conductivity, and total dissolved solids (TDS) are measured using portable or bench-top equipment. These parameters help in evaluating the potential for chemical reactions and microbial survival in the water (Okey et al., 2023). For instance, high TDS may not directly cause illness but can contribute to unpleasant taste and may indicate pollution from fertilizers or industrial sources.
Microbial analysis, on the other hand, requires culturing water samples on selective media or using molecular techniques such as polymerase chain reaction (PCR). These techniques help in detecting specific pathogens or indicator organisms with high sensitivity and specificity. Advances in molecular diagnostics have enhanced our ability to rapidly identify contamination sources and track waterborne disease outbreaks (Ibrahim et al., 2022). Routine microbiological testing is essential for early warning systems, particularly in regions where water treatment infrastructure is lacking.
Surface water sources like rivers, lakes, and ponds are more susceptible to both physical and microbial contamination due to their exposure to environmental elements and human activities. Agricultural runoff, industrial effluents, and open defecation are common contributors to contamination in such sources. Groundwater, though often perceived as safer, can also become contaminated through leaching of chemicals or seepage of sewage (Chukwu et al., 2021). Therefore, both surface and groundwater sources require regular monitoring and protection strategies to ensure water safety.
Human activities such as poor sanitation, improper waste disposal, and lack of water treatment facilities significantly contribute to contamination. In many developing countries, inadequate infrastructure means that communities rely on untreated or poorly treated water sources, increasing the risk of waterborne infections. Effective water management policies and community education are essential in reducing contamination sources and promoting safe hygiene practices (Adeniran & Balogun, 2023). Public participation in sanitation and water governance can enhance awareness and foster ownership of water protection initiatives.
Climate change and seasonal variations also affect water quality. During the rainy season, runoff increases the load of sediments and pathogens entering water sources. Conversely, in dry seasons, reduced water levels may concentrate pollutants, making water unsafe for consumption. These changes necessitate dynamic water quality assessment approaches that consider environmental factors and temporal trends (Nwachukwu et al., 2021). Climate-resilient water infrastructure and adaptive monitoring systems are becoming increasingly important in ensuring continuous access to safe water.
Regular assessment and reporting of water quality are essential for public health, environmental sustainability, and policy development. National and international standards, such as those by WHO and local agencies, provide threshold limits for acceptable physical and microbial parameters. Non-compliance with these standards indicates a need for immediate intervention. Decision-makers and water managers use these assessments to prioritize interventions such as water treatment, source protection, and public health campaigns (Onyango et al., 2020). Transparent data reporting also builds public trust and encourages accountability.
The assessment of physical and microbial contamination in drinking water sources is a critical step in safeguarding public health. With increasing threats from urbanization, industrialization, and climate change, there is a growing need for integrated water quality monitoring strategies. These strategies should combine technological innovations with community engagement and policy reforms. Ensuring clean drinking water is not only a health priority but also a fundamental human right and a key component of sustainable development goals (SDGs), particularly Goal 6 Clean Water and Sanitation.
[bookmark: _Toc207970674]1.1 Literature review 
According to Onyango et al. (2020), the assessment of drinking water in peri-urban regions of Kenya revealed that most sources, particularly wells and open springs, were heavily contaminated with Escherichia coli and total coliforms. Their study linked these microbial pollutants to poor sanitation infrastructure, proximity of latrines to water points, and lack of proper hygiene practices. Physicochemical parameters such as turbidity and total dissolved solids also exceeded WHO permissible limits in several sites, indicating both microbial and physical pollution. These findings demonstrate the urgent need for regular surveillance and implementation of water safety plans in developing communities to prevent disease outbreaks.
According to Okoye et al. (2020), microbial analysis of borehole water samples in Enugu, Nigeria, showed significant levels of E. coli, Salmonella, and Pseudomonas species, suggesting fecal contamination. The study highlighted that the presence of microbial pathogens in groundwater sources challenges the common assumption that boreholes are naturally protected. The researchers emphasized the importance of community education and regular disinfection of water storage containers as part of effective water safety interventions. Their study also revealed that water samples with high turbidity were more likely to be contaminated microbiologically, indicating a strong correlation between physical and microbial water quality parameters.
According to Ibrahim et al. (2022), recent advancements in molecular techniques such as qPCR and 16S rRNA sequencing have revolutionized microbial water quality assessment. These techniques allow for rapid and sensitive detection of pathogens, even in low concentrations. Their research underlines the advantage of molecular diagnostics over conventional culturing methods, which may miss viable but non-culturable (VBNC) organisms. The study also supports the integration of molecular tools into routine monitoring frameworks, especially in areas prone to outbreaks of waterborne diseases like cholera and typhoid. Such innovations are vital for enhancing early warning systems and response strategies in water management.
According to Adeniran and Balogun (2023), rural communities in Nigeria face dual challenges of physical and microbial contamination in their drinking water sources. Their study across 10 villages showed that turbidity, colour, and odour were common complaints among users, and these physical signs often coincided with high bacterial loads. They found that open wells and streams had the worst contamination levels due to open defecation and lack of fencing around the water sources. The researchers concluded that community-led initiatives like local water committees and point-of-use water treatment could significantly improve water safety.
According to Nwachukwu et al. (2021), seasonal variations play a crucial role in determining the microbial load in surface water bodies. Their study in Imo State, Nigeria, revealed a surge in microbial contaminants during the rainy season due to increased runoff, erosion, and wastewater infiltration. During the dry season, however, the water bodies showed elevated levels of total dissolved solids and reduced dissolved oxygen, which may concentrate pollutants. This highlights the need for dynamic water quality monitoring that accounts for seasonal changes and adjusts mitigation strategies accordingly, especially in climate-sensitive regions.
According to Chukwu et al. (2021), groundwater pollution from microbial contaminants is increasingly being reported in urban and semi-urban settings in Nigeria. Their research linked the presence of enteric bacteria in boreholes to faulty sewage systems and poor urban planning. The study emphasized that although groundwater is often considered safer, it is not immune to contamination. The authors advocated for periodic hydrogeological assessments, proper borehole casing, and separation distances between latrines and wells to mitigate microbial intrusion. These interventions are critical to safeguarding public health, particularly in densely populated areas.
According to Okey et al. (2023), physical parameters such as turbidity, pH, electrical conductivity, and temperature significantly influence microbial activity in drinking water. Their study conducted in Imo State showed that higher turbidity levels were associated with higher bacterial counts, particularly coliforms. Moreover, water samples with extreme pH values tended to support the growth of specific microbial communities. The researchers argued for the inclusion of routine physicochemical assessments in national water monitoring programs, as they can provide indirect indicators of possible microbial threats.
According to Ukomadu et al. (2021), the presence of visible contaminants like debris, coloration, and foul odour in water sources is often a precursor to more serious microbial pollution. Their study in the Niger Delta revealed that physically contaminated water bodies almost always tested positive for pathogenic bacteria, including Vibrio cholerae and Shigella spp. The study concluded that physical assessment, though often underestimated, could be a useful early detection tool for identifying high-risk water sources. Community training in identifying such signs could serve as a cost-effective first line of defense in low-resource settings.
[bookmark: _Toc207970675]1.2 Statement of problem
· Lack of Consistent Water Quality Monitoring: Many rural and urban communities in developing countries rely on untreated water sources such as wells, streams, and boreholes without regular monitoring. The absence of systematic assessment of physical and microbial parameters increases the risk of consuming contaminated water, which can lead to waterborne diseases like cholera, typhoid, and diarrhea, especially among vulnerable populations such as children and the elderly.
· Physical Indicators Often Overlooked in Water Safety Assessment: Despite being easily observable, physical parameters such as turbidity, colour, odour, and temperature are often disregarded or underestimated in routine water quality checks. These indicators can serve as early warning signs of potential microbial contamination, but their neglect may lead to delayed interventions and increased public health risks.
· High Incidence of Waterborne Illnesses Due to Poor Sanitation and Infrastructure: Poor sanitation practices, proximity of waste disposal sites to water sources, and inadequate water treatment infrastructure contribute significantly to microbial contamination of drinking water. Without proper assessment and intervention, the continued consumption of such polluted water contributes to the spread of infectious diseases, reducing the overall quality of life and burdening healthcare systems.
[bookmark: _Toc207970676]1.3 Aim
The aim of this study is to assess the extent of physical and microbial contaminations in selected drinking water sources, with a view to evaluating their suitability for human consumption and recommending appropriate measures to ensure water safety and public health protection.
[bookmark: _Toc207970677]1.4 Objectives
· To determine the physical parameters (e.g., turbidity, colour, odour, temperature, and pH) of selected drinking water sources.
· To identify and quantify microbial contaminants (e.g., total coliforms, Escherichia coli, and other pathogenic microorganisms) present in the water samples.
· To compare the observed physical and microbial parameters with national and international drinking water quality standards (e.g., WHO guidelines).
· To recommend appropriate water treatment and sanitation measures based on the findings to improve the quality and safety of drinking water in the study area.
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[bookmark: _Toc207970679]2.0 MATERIALS AND METHODS
[bookmark: _Toc207970680]2.1 Materials Used
The following materials and equipment were employed in the study: beakers, digital pH meter, glass rods, pipettes, conical flasks, wire gauze, Bunsen burner, spirit lamp, agar-agar, nutrient agar, yeast extract, MacConkey agar, foil paper, petri dishes, distilled water, sterile inoculating loops, lab record sheets, and disposable cups. Each water sample container was labeled using permanent markers for identification. The culture media components included nutrient agar powder (7 g/250 ml), yeast extract (5 g), and agar powder (3 g). Distilled water was used for all media preparation to avoid impurities and ensure standardization. Packaged water samples were sourced from brands such as Bigi, Aquavie, Heritage, Salos, Kunata, Poly, Toycem, Moshtay, ABS, and Kingdee.
[bookmark: _Toc207970681]2.2 Sterilization of Glasswares
To ensure aseptic conditions and avoid cross-contamination, all glassware and instruments such as beakers, conical flasks, pipettes, and petri dishes were sterilized before and after use. Sterilization was primarily achieved using an autoclave, which employed pressurized steam at 121°C for 15–20 minutes. In instances where an autoclave was unavailable, dry heat and spirit lamps were used as alternatives for tool sterilization. In particular, the spirit lamp was essential for flaming the openings of test tubes and sterilizing inoculating loops, pipette tips, and needles during the inoculation process. All equipment was dried and stored in clean environments after sterilization to maintain sterility.
[bookmark: _Toc207970682]2.3 Sample Preparation
Water samples were collected in clean, transparent containers, each properly labeled with the name of the source or brand. For physical analysis, each sample was examined for clarity, odour, taste, colour, and visible particles. Odour was assessed using the wafting technique to avoid direct inhalation, while taste was evaluated using disposable cups (where deemed safe). For microbial analysis, small volumes of the water samples were inoculated onto prepared agar media using sterile loops or pipettes. Inoculation techniques included streaking, pour plating, and spread plating. All inoculated plates were incubated at 37°C for 24 to 48 hours to promote microbial colony growth.
[bookmark: _Toc207970683]2.4 Preparation of Media
Several types of culture media were prepared to analyze microbial contamination. For nutrient agar, 7 grams of nutrient agar powder were measured and added to 250 ml of distilled water. The mixture was heated gently over a wire gauze and stirred continuously until completely dissolved. For MacConkey agar, the same heating procedure was followed to dissolve the agar powder fully before cooling and pouring into petri dishes. Yeast extract agar was prepared by dissolving 2.5 grams of yeast extract and 3 grams of agar in 250 ml of distilled water. Each medium was sterilized using an autoclave to eliminate contaminants. Once cooled and solidified, the media plates were ready for microbial testing.
[bookmark: _Toc207970684]2.5 Inoculation and Incubation
After media preparation, water samples were carefully inoculated using sterilized inoculating loops. Streaking, pour plating, and spread plating techniques were employed to enable isolation and enumeration of microbial colonies. The inoculated plates were labeled and incubated at 37°C for 24 to 48 hours. This incubation temperature was chosen to allow optimal growth of most mesophilic waterborne bacteria, including coliforms and E. coli. After the incubation period, microbial colonies were visually examined, and their morphological characteristics were recorded.
[bookmark: _Toc207970685]2.6 Observation and Colony Count
Following incubation, plates were removed from the incubator and observed for microbial growth. Colonies were counted using a colony counter and recorded as colony-forming units per milliliter (CFU/ml). Differences in colony size, colour, shape, and elevation were noted for preliminary identification. The microbial load of each sample was then compared against World Health Organization (WHO) standards for drinking water quality to assess safety levels.
[bookmark: _Toc207970686]2.7 Physical Analysis of Water Samples
Physical analysis was conducted on all water samples to assess turbidity, pH, odour, taste, and the presence of bubbles or particles. pH was measured using a digital pH meter, while turbidity was evaluated visually and compared using a standard turbidity scale from 1 to 5. The sample clarity ranged from 0.5 to 0.9, with distilled water (control) assigned a turbidity score of 1.5. Aquavie and Kingdee brands were noted for their high clarity and absence of visible particles, while Salos was the only sample that exhibited suspended particles, suggesting filtration or handling issues.


[bookmark: _Toc207970687]CHAPTER THREE
[bookmark: _Toc207970688]4.1 Physical Characteristics of Water Samples
The physical analysis of the ten water samples was conducted to evaluate various characteristics including pH, turbidity, taste, and odour. The pH levels were measured using a calibrated digital pH meter, turbidity was visually assessed, and taste and odour were recorded through sensory evaluation.
[bookmark: _Toc207970689]Table 4.1: Physical Properties of Water Samples
	Sample ID
	pH
	Colour/Turbidity
	Taste
	Odour
	Distilled Water pH

	Sample 1
	13.0
	Bubbles
	Neutral
	None
	13.0

	Sample 2
	11.6
	Bubbles
	Neutral
	None
	13.0

	Sample 3
	12.1
	Bubbles
	Tasted
	None
	12.6

	Sample 4
	12.3
	Bubbles
	Tasted
	None
	12.1

	Sample 5
	12.3
	Bubbles
	Tasted
	None
	12.2

	Sample 6
	12.3
	Presence of particles
	Tasted
	None
	12.2

	Sample 7
	12.4
	Bubbles
	Tasted
	None
	12.2

	Sample 8
	12.4
	Clear
	Neutral
	None
	12.2

	Sample 9
	12.3
	Bubbles
	Tasted
	None
	12.2

	Sample 10
	12.4
	Clear
	Neutral
	None
	12.1



[bookmark: _Toc207970690]4.2 Turbidity Analysis
The turbidity of the water samples was assessed visually using comparative clarity with distilled water.
[bookmark: _Toc207970691]Table 4.2: Turbidity Analysis of Water Samples
	Sample ID
	Turbidity Reading
	Distilled Water Reference

	Sample 1
	0.0
	1.5

	Sample 2
	0.5
	1.5

	Sample 3
	0.8
	1.5

	Sample 4
	0.9
	1.5

	Sample 5
	0.3
	1.5

	Sample 6
	0.5
	1.5

	Sample 7
	0.5
	1.5

	Sample 8
	0.7
	1.5

	Sample 9
	0.5
	1.5

	Sample 10
	0.9
	1.5

	
	
	


[bookmark: _Toc207970692]4.3 Microbial Load Analysis
Water samples were cultured on MacConkey Agar, Nutrient Agar, and Yeast Extract Agar to observe bacterial and fungal growth.
[bookmark: _Toc207970693]Table 4.3: Microbial Load in Water Samples
	Sample ID
	MacConkey Agar (CFU)
	Nutrient Agar (CFU)
	
	Yeast Extract
	Microbial Type Detected

	Sample 3
	2
	69
	
	Bacteria
	High bacterial load

	Sample 7
	18
	45
	
	Bacteria
	Possible E. coli

	Sample 6
	3
	50
	
	Bacteria
	Moderate bacterial load

	Sample 10
	7
	55
	
	Bacteria
	Moderate bacterial load

	Sample 8
	2
	42
	
	Bacteria
	Mild bacterial load

	Sample 1
	0
	45
	
	Fungi
	Fungal presence

	Sample 5
	0
	51
	
	Bacteria
	Moderate load

	Sample 4
	0
	60
	
	Bacteria
	High bacterial load

	Sample 2
	0
	32
	
	Bacteria
	Highest contamination




[bookmark: _Toc207970694]CHAPTER FOUR
[bookmark: _Toc207970695]4.0 DISCUSSION AND CONCLUSION
The physical analysis revealed significantly high pH levels in all ten water samples (Samples 1–10), ranging from 11.6 to 13.0 (Table 1). These values are far beyond the acceptable range of 6.5–8.5 recommended by the World Health Organization (WHO) for potable water. For example, Sample 1 (Bigi) had the highest pH at 13.0, indicating strong alkalinity, while Sample 2 (Aquavie) followed closely with a pH of 11.6. Such elevated alkalinity may not be safe for long-term human consumption as it could cause irritation of the gastrointestinal tract and disturb body pH balance. This aligns with the findings of Oladipo et al. (2020), who also observed that highly alkaline water may pose potential health risks, including digestive disturbances and alterations in metabolic processes.
In terms of turbidity (Table 2), Samples 4 (Heritage) and 10 (Kingdee) had the highest readings of 0.9 NTU, which, although still below the WHO threshold of 5 NTU, are relatively higher than other samples. The presence of turbidity may indicate contamination with suspended solids or microbial presence. Samples like Sample 1 and Sample 6  had very low turbidity values (0 and 0.5 respectively), indicating higher clarity. According to Adekola et al. (2021), turbidity is often used as a proxy for possible contamination; thus, samples with higher readings, although under limits, should be further monitored especially if paired with microbial growth.
The microbial load analysis using MacConkey agar, Nutrient agar, and Yeast extract revealed diverse contamination levels (Table 3). Sample 2 (Aquavie) showed significant microbial growth, with 18 colonies on MacConkey agar and 32 on Nutrient agar. The presence of colonies on MacConkey agar suggests the potential presence of coliforms, such as Escherichia coli, which are indicators of fecal contamination. Sample 3 (ABS) and Sample 4 (Heritage) also displayed high bacterial loads (69 and 60 colonies on Nutrient agar respectively). These findings are consistent with those of Yusuf et al. (2020), who reported bacterial contamination in over 60% of tested bottled water samples in southwestern Nigeria, emphasizing the need for stricter quality control in bottled water production.
Sample 1 (Bigi), notably, had no colonies on MacConkey agar and displayed only fungal growth on the Yeast extract, indicating it may be free of bacterial contamination and possibly well treated or sterile. This supports the comment beneath Table 3 suggesting that Bigi may be microbiologically safe. On the other hand, multiple samples tested positive for both bacterial and fungal contamination on Yeast extract media, demonstrating that some bottled water may harbor multiple microbial groups. This finding is in agreement with the study by Ibrahim et al. (2020), who stressed that fungal contamination in drinking water may pose immunological risks, especially to immunocompromised individuals.
The taste and odour analysis revealed that most water samples were neutral in taste and odourless, except for samples such as Sample 3 (ABS) and Sample 4 (Heritage), which were noted to have a taste, possibly due to the presence of microbial metabolites or chemical contaminants. Previous work by Olanrewaju et al. (2022) reported similar findings where off-taste and odour in bottled water were linked to microbial degradation or improper bottling techniques.
The findings from this study highlight serious concerns about the safety of commercially available bottled water. With the exception of Sample 1 (Bigi), most samples exhibited either high pH values, microbial contamination, or turbidity that could raise health concerns if consumed over time. This correlates with earlier findings by Anya et al. (2021), who reported that up to 40% of bottled water brands in Nigeria did not meet national drinking water standards due to poor regulatory enforcement and inadequate treatment protocols.
[bookmark: _Toc207970696]4.2 Conclusion
The findings of this study reveal that while some bottled water sources appear physically clear and odorless, they may not meet standard quality requirements due to elevated pH values and microbial contamination. The pH values for most water samples ranged between 11.6 and 13.0, which far exceeds the World Health Organization’s recommended range of 6.5–8.5 for potable water. This high alkalinity can have potential health implications if consumed regularly over a long period 
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