STUDIES OF BACTERIOLOGICAL AND PHYSICO CHEMICAL QUALITY OF SACHET WATER SOLD IN KWARA STATE POLYTECHNIC CAMPUS

BY

OYEGOKE AMIDAT OPEYEMI
ND/23/SLT/FT/0038


SUBMITTED TO:
DEPARTMENT OF SCIENCE LABORATORY TECHNOLOGY
(CHEMISTRY UNIT), INSTITUTE OF APPLIED SCIENCES (IAS),
KWARA STATE POLYTECHNIC, ILORIN.

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF NATIONAL DIPLOMA (ND), IN SCIENCE LABORATORY TECHNOLOGY (SLT)




JULY, 2025

CERTIFICATION
This is to certify that this project work was written by OYEGOKE AMIDAT OPEYEMI  with matric number ND/23/SLT/FT/0038 in the Department of Science Laboratory Technology, Microbiology Unit, Kwara State Polytechnic Ilorin. It has been approved as meeting part of the requirements for the award of National Diploma (ND) in Science Laboratory Technology.

  ____________________					____________________
  MR. ADEKUNLE J. A.						DATE
  	(Project Supervisor)
		
	____________________ 					____________________               
DR.JAMIU WASIU  
 (Chemistry Head of Unit) 	DATE


____________________ 					____________________               
 DR. USMAN ABDULKAREEM				                DATE
   (Head of Department)


	
[bookmark: _GoBack]

DEDICATION
This project is dedicated to the Almighty Allah, the source of my strength, wisdom, and understanding. I also dedicate this work to my beloved parents, whose love, support, and encouragement have been the foundation of my academic journey.


ACKNOWLEDGEMENTS
I am deeply grateful to Almighty Allah for His endless grace, wisdom, protection, and strength throughout the course of my studies and the successful completion of this project.
My heartfelt appreciation goes to my project supervisor, MR. ADEKUNLE J. A., for her invaluable guidance, encouragement, and support. Your constructive feedback and dedication played a significant role in the success of this research. Thank you, Sir.
I also sincerely appreciate my wonderful mother, elder sister and uncle. MRS,OYEGOKE, MRS OMOTOLA AKINBAMI, MR AKINDELE for their unconditional love, prayers, and sacrifices. Your constant motivation and support have been the backbone of my academic journey.
Special thanks to all the staff of the Department of Science Laboratory Technology, Kwara State Polytechnic, for imparting knowledge and for their consistent support throughout my studies.
To my friends and classmates, thank you for your companionship, shared ideas, and encouragement during challenging times. Our journey together has been remarkable.
Finally, I extend my appreciation to everyone who contributed in one way or another to the success of this work. May Allah bless you all abundantly.




ABSTRACT
This study was carried out to assess the bacteriological and physicochemical quality of sachet water sold within Kwara State Polytechnic Campus, Ilorin, Nigeria. The increased consumption of sachet water due to its affordability and accessibility necessitates regular monitoring to ensure its safety for human consumption. A total of ten sachet water brands were randomly sampled from different locations on campus and subjected to laboratory analyses. The bacteriological analysis involved testing for coliform bacteria, including Escherichia coli, using the multiple tube fermentation technique. The physicochemical parameters examined included pH, temperature, turbidity, total dissolved solids (TDS), electrical conductivity, chloride, and nitrate concentrations, following standard methods recommended by the World Health Organization (WHO). The results revealed that while most sachet water samples met the recommended physicochemical limits, some samples showed the presence of coliform bacteria, indicating possible contamination from unhygienic handling or poor production practices. A few samples had pH values slightly outside the WHO permissible range, which may affect water taste and safety over time. In conclusion, although sachet water remains a vital source of drinking water for students and staff, the presence of microbial contaminants in some brands raises serious public health concerns. It is recommended that regulatory bodies like NAFDAC and the Ministry of Health strengthen routine surveillance and enforce stricter hygiene compliance among producers to ensure the safety and quality of sachet water.
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CHAPTER ONE
INTRODUCTION
1.1	BACKGROUND OF THE STUDY
Water is a fundamental necessity of life. It plays a vital role in virtually every aspect of human existence, including hydration, food preparation, sanitation, agriculture, and industrial processes. The importance of water to health and development cannot be overstated. However, the availability of clean and safe drinking water remains a major public health concern in many developing nations, particularly Nigeria, where rapid population growth and poor infrastructure have strained the existing water supply systems (World Health Organization [WHO], 2017). Inadequate access to potable water has led to the proliferation of alternative water sources, especially sachet water, commonly known as "pure water" in Nigeria.
Sachet water is typically packaged in 500 ml polyethylene bags and sold for direct consumption. It has become an integral part of the daily lives of millions of Nigerians due to its affordability, portability, and accessibility. This form of packaged water is especially prevalent in urban and semi-urban areas, where tap water is either unavailable or unreliable (Oluwafemi & Adewoye, 2019). However, while sachet water is marketed as “pure,” its actual quality varies significantly depending on the production practices and hygiene standards of the manufacturers. The growing popularity of sachet water has, therefore, raised significant concerns regarding its safety for human consumption.
Numerous studies have documented the presence of microbial and chemical contaminants in sachet water, particularly in instances where regulatory standards are not strictly enforced (Adeniran, Ogundele, & Folarin, 2020). One of the major public health risks associated with sachet water is bacteriological contamination. This is often due to poor water treatment procedures, inadequate hygiene during packaging, or contamination during storage and transportation. Pathogenic bacteria such as Escherichia coli, fecal coliforms, and Salmonella species, when present in drinking water, are indicators of fecal pollution and can lead to outbreaks of waterborne diseases like diarrhea, typhoid fever, cholera, and dysentery (Ibrahim & Bello, 2018). The consumption of such contaminated water poses serious risks, especially to vulnerable groups such as children, the elderly, and immunocompromised individuals.
In addition to microbiological concerns, physicochemical parameters also play a crucial role in determining the overall safety and quality of drinking water. Parameters such as pH, turbidity, electrical conductivity, total dissolved solids (TDS), nitrates, chlorides, and temperature are essential indicators of water purity and acceptability. Deviations from permissible limits established by national and international bodies such as the WHO and the National Agency for Food and Drug Administration and Control (NAFDAC) can affect not only the taste and appearance of water but also its long-term health implications (Ojo, Adebayo, & Lawal, 2022). For instance, high levels of nitrates in drinking water have been linked to methemoglobinemia (blue baby syndrome) in infants.
Despite regulations and standards, enforcement remains a challenge in Nigeria. While some sachet water producers operate under licenses and are monitored by regulatory agencies, many others operate illegally or under unsanitary conditions, bypassing health and safety protocols (Chukwu, Eze, & Ibe, 2021). This inconsistency in monitoring and enforcement creates a significant risk for consumers, especially in environments such as tertiary institutions where demand for sachet water is high, and quality control may be overlooked.
Kwara State Polytechnic, located in Ilorin, Kwara State, is one such environment where sachet water consumption is widespread. The campus hosts thousands of students and staff members who depend on sachet water as their primary source of drinking water due to the limited availability of alternative potable sources. Unfortunately, many of the sachet water brands sold on campus do not undergo regular quality assessment, and their safety cannot be guaranteed. This situation raises public health concerns, particularly in the absence of consistent quality control and inspection by relevant authorities (Ogunlade & Ajiboye, 2023).
Given this context, it is imperative to conduct a comprehensive assessment of the bacteriological and physicochemical quality of sachet water sold within Kwara State Polytechnic. The findings of this study will provide valuable data on the safety of these products and help inform consumers, health officials, and policymakers. It will also highlight the need for strict monitoring of sachet water production, distribution, and regulation to safeguard the health of the institution’s population.
1.2	STATEMENT OF THE PROBLEM
Access to safe and clean drinking water is a basic human necessity, yet it remains a persistent challenge in many developing countries, including Nigeria. In response to the inadequacy of public water supply systems, the consumption of sachet water has become increasingly popular, particularly among students and low-income earners due to its affordability and availability. However, the rapid rise in sachet water production has led to a flood of products in the market, some of which are produced under questionable sanitary conditions and without adherence to regulatory standards.
Despite regulatory efforts by agencies like the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON), studies have shown that many sachet water brands still fail to meet the minimum microbiological and physicochemical standards for potable water. This is often due to poor quality control during water sourcing, treatment, packaging, and distribution. The presence of harmful bacteria such as Escherichia coli and high levels of physicochemical contaminants in sachet water have been linked to outbreaks of waterborne diseases such as diarrhea, typhoid, and cholera, which continue to pose serious public health threats in Nigeria.
Kwara State Polytechnic, being a large institution with a high population of students, academic and non-academic staff, experiences substantial consumption of sachet water daily. Many individuals on campus rely solely on these sachet water brands as their primary source of drinking water. However, there is little to no documentation or recent data assessing the quality and safety of the sachet water sold within the campus. The absence of routine monitoring, quality assessment, and enforcement of sanitary practices among sachet water producers and vendors presents a significant health risk to the campus community.
Therefore, the problem that this study seeks to address is the lack of current and comprehensive information on the bacteriological and physicochemical quality of sachet water consumed within Kwara State Polytechnic. It is unclear whether the sachet water brands sold on campus meet the World Health Organization (WHO) and NAFDAC safety standards. This study is necessary to evaluate the potential public health risks posed by contaminated sachet water and to provide recommendations that will ensure improved water safety for the polytechnic community.
1.3	OBJECTIVES OF THE STUDY
The main objective of this study is to evaluate the bacteriological and physicochemical quality of sachet water sold within Kwara State Polytechnic Campus to determine its safety for human consumption.
Specifically, the study aims to:
1. Determine the presence and concentration of bacteriological contaminants such as Escherichia coli and total coliforms in selected sachet water samples.
2. Analyze the physicochemical parameters of the sachet water samples, including pH, turbidity, temperature, total dissolved solids (TDS), electrical conductivity, nitrate, and chloride content.
3. Compare the results of the bacteriological and physicochemical analysis with standard values recommended by the World Health Organization (WHO) and the National Agency for Food and Drug Administration and Control (NAFDAC).
4. Identify potential public health risks associated with the consumption of non-compliant sachet water sold on campus.
5. Make recommendations for improved monitoring, regulation, and public awareness regarding the quality of sachet water consumed within the institution.
1.4	SIGNIFICANCE OF THE STUDY
This study is significant for several reasons, especially within the context of public health, regulatory enforcement, and consumer awareness. The findings of this research will contribute meaningfully to the understanding of the quality and safety of sachet water consumed within the Kwara State Polytechnic campus.
Firstly, the study will serve as a scientific assessment of the bacteriological and physicochemical quality of sachet water sold on campus. By providing up-to-date data on the levels of microbial contaminants and chemical parameters in these water samples, the research will highlight potential health risks that may arise from the consumption of contaminated water. This is particularly important in an environment like Kwara State Polytechnic, where a large population of students and staff depends on sachet water daily.
Secondly, the study will create awareness among consumers—especially students—about the importance of water quality and the dangers of consuming unsafe water. This can encourage the campus community to be more selective in their choice of water brands and more conscious of hygiene in water handling and storage.
Thirdly, the results will be valuable to public health officials and regulatory agencies such as the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON). By identifying sachet water brands that fail to meet safety standards, the study can aid these agencies in enforcing stricter quality control measures and penalizing non-compliant producers.
Additionally, the research will benefit producers and vendors of sachet water by providing them with insights into the quality of their products and the need for improvements in their production, treatment, and packaging processes. This can lead to higher compliance with safety regulations and improved public trust in their products.
Finally, the study will serve as a reference material for future academic and scientific studies, especially for students and researchers interested in environmental microbiology, water quality, and public health. It adds to the body of knowledge on water safety and can stimulate further investigations into waterborne diseases and sanitation challenges in Nigerian institutions.
1.5	SCOPE OF THE STUDY
This study is limited to the evaluation of the bacteriological and physicochemical quality of sachet water sold within the Kwara State Polytechnic campus, Ilorin, Kwara State, Nigeria.
The research focuses specifically on sachet water brands that are commonly consumed by students, academic staff, and non-academic staff within the campus environment. The study involves the random collection and laboratory analysis of sachet water samples purchased from various vendors and outlets across the polytechnic campus.
The bacteriological analysis is confined to detecting the presence and levels of indicator organisms such as Escherichia coli and total coliforms, which are widely accepted as markers of fecal contamination and general microbial safety.
The physicochemical parameters assessed in this study include:
· pH
· Turbidity
· Total Dissolved Solids (TDS)
· Temperature
· Electrical Conductivity
· Chloride concentration
· Nitrate concentration
The study does not include virological or parasitological analysis, nor does it assess the economic, marketing, or branding aspects of sachet water production. Also, the study does not extend to bottled water or other sources of drinking water such as boreholes or wells within the campus.
In addition, the study is limited to a specific time frame during which samples were collected and analyzed; hence, seasonal variations in water quality are not covered. The findings represent the water quality status at the time of the study only.
This defined scope enables the research to maintain focus, achieve its objectives effectively, and provide meaningful data relevant to public health within the Kwara State Polytechnic campus.
1.6	DEFINITION OF TERMS
· Sachet Water: Portable, packaged drinking water sealed in polyethylene sachets, typically 500 ml in volume, commonly referred to as "pure water" in Nigeria.
· Bacteriological Quality: Refers to the presence or absence and concentration of microorganisms especially bacteria such as Escherichia coli and coliforms—in water, used to determine its microbiological safety for consumption.
· Physicochemical Parameters: Measurable physical and chemical characteristics of water, such as pH, turbidity, total dissolved solids (TDS), temperature, electrical conductivity, nitrate, and chloride content.
· Total Coliforms: A group of related bacteria commonly found in the environment, used as indicators of the sanitary quality of water.
· Escherichia coli (E. coli): A species of coliform bacteria found in the intestines of humans and animals. Its presence in water indicates fecal contamination and potential presence of harmful pathogens.
· Turbidity: The cloudiness or haziness of water caused by suspended particles that scatter light, often used as an indicator of water quality.
· pH: A measure of the acidity or alkalinity of water on a scale from 0 to 14, where 7 is neutral. Safe drinking water typically has a pH between 6.5 and 8.5.
· Total Dissolved Solids (TDS): The total concentration of dissolved substances in water, measured in milligrams per liter (mg/L), which can affect taste and water safety.
· NAFDAC: National Agency for Food and Drug Administration and Control—Nigeria’s regulatory body responsible for ensuring the quality and safety of consumable products, including sachet water.
· WHO: World Health Organization—an international public health agency that provides global water quality standards and guidelines.



CHAPTER TWO
LITERATURE REVIEW
2.0	INTRODUCTION
Water quality assessment is an essential area of environmental and public health research, particularly in developing countries where access to safe drinking water remains a pressing concern. Over the years, numerous studies have been carried out globally and locally to examine the chemical and microbial safety of water sources, especially with the increasing dependence on packaged water products like sachet water in urban and institutional settings.
This chapter presents a comprehensive review of relevant literature on sachet water consumption and the factors affecting its safety. It begins by discussing the general importance of water and its role in human health, followed by a detailed look at the sources and treatment of drinking water. The chapter also explores the rise of sachet water as an alternative to unreliable municipal water supplies, particularly in Nigeria.
Further, the literature review covers key bacteriological and physicochemical parameters used in assessing water quality, and it highlights the implications of contaminated water on public health. It also reviews regulatory standards provided by national and international bodies such as the World Health Organization (WHO) and the National Agency for Food and Drug Administration and Control (NAFDAC). Finally, the chapter presents findings from previous research studies related to sachet water quality in various regions, thereby identifying knowledge gaps and justifying the relevance of the present study.
2.1	OVERVIEW OF WATER AND ITS IMPORTANCE
Water is universally acknowledged as a fundamental resource essential for the survival of all living organisms. It plays a central role in maintaining ecological balance, supporting human health, and enabling various socio-economic activities. The importance of water spans domestic, agricultural, industrial, and recreational applications. In the context of public health, access to safe and clean water is a key determinant of wellbeing, hygiene, and disease prevention (WHO, 2017). The following subsections explore the multifaceted importance of water in detail.
2.1.1 Water and Human Health
Water is vital to human physiology, as it regulates body temperature, facilitates digestion, transports nutrients, and removes waste products. The human body is composed of approximately 60% water, making adequate hydration essential for cellular function and metabolic processes. According to Adewumi and Oladimeji (2018), dehydration, poor hygiene, and consumption of contaminated water are directly linked to various health conditions such as urinary tract infections, kidney stones, and gastrointestinal diseases.
Moreover, the availability of clean water is critical in preventing waterborne diseases, which remain a leading cause of morbidity and mortality in developing countries. Unsafe drinking water has been associated with outbreaks of cholera, typhoid fever, dysentery, and hepatitis A (Chukwu et al., 2021). Children under five are particularly vulnerable, with millions of deaths recorded annually due to diarrhea caused by contaminated water (Ogunyemi & Dauda, 2023). The United Nations has consistently emphasized that access to safe water is a basic human right and a prerequisite for sustainable development.
2.1.2 Water for Domestic and Community Use
Water is indispensable for domestic activities such as cooking, bathing, washing, and sanitation. Inadequate water supply in households leads to poor hygiene, which significantly increases the risk of communicable diseases. A study by Ojo and Adebayo (2022) revealed that communities with limited access to potable water experience higher cases of skin infections, parasitic infestations, and respiratory illnesses due to compromised sanitation.
Community infrastructure, including schools, hospitals, markets, and places of worship, also depends on the consistent availability of water for functionality and safety. Within academic institutions such as Kwara State Polytechnic, access to safe drinking water is vital not only for student wellbeing but also for maintaining a healthy learning environment. Unfortunately, many institutions rely heavily on packaged water due to unreliable municipal water supply, raising concerns about the quality of such alternatives (Adeniran et al., 2020).
2.1.3 Water in Agriculture and Food Security
Water is a critical input in agriculture, where it supports crop cultivation, livestock farming, and aquaculture. Inadequate or poor-quality water supply can lead to reduced crop yields, livestock diseases, and food insecurity. Irrigation systems, for instance, depend on clean water sources to ensure that agricultural produce is free from harmful pathogens and chemicals that could be transferred to consumers (Ibrahim & Bello, 2018).
Furthermore, water quality affects the nutritional content of food and the safety of agricultural products. According to Oluwafemi and Adewoye (2019), irrigation with contaminated water has led to food poisoning and long-term health issues, including exposure to heavy metals and pesticide residues. Hence, ensuring the availability of safe water in agriculture contributes directly to food security and public health.
2.1.4 Water for Industrial and Economic Development
Water is a key resource in industries where it is used for processing, cooling, cleaning, and manufacturing purposes. From beverage production to pharmaceutical and textile industries, water serves as a solvent, reactant, and transport medium. The quality of water used in industrial processes affects product safety, equipment longevity, and environmental impact (Ogunlade & Ajiboye, 2023).
In developing economies like Nigeria, access to reliable water sources can significantly boost local industries and generate employment. However, when industries discharge untreated wastewater into water bodies, it pollutes the environment and poses health risks to nearby communities. This underscores the importance of effective water management practices and regulations (Taylor & Williams, 2024).
2.1.5 Global and National Efforts on Water Access
Over the past decade, international bodies like the World Health Organization (WHO), UNICEF, and the United Nations Development Programme (UNDP) have emphasized the need for improved access to safe water through programs like Sustainable Development Goal 6 (Clean Water and Sanitation). This goal seeks to ensure the availability and sustainable management of water and sanitation for all by the year 2030 (WHO, 2017).
At the national level, Nigerian regulatory agencies such as the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON) have set guidelines to monitor water quality, especially for packaged drinking water. However, enforcement remains weak, and many sachet water producers operate without strict adherence to safety standards (Ojo et al., 2022).
2.2	SOURCES OF DRINKING WATER
Access to clean and safe drinking water is essential for public health, yet the sources from which water is obtained significantly influence its quality. In both rural and urban communities, drinking water can originate from various sources, each with its unique characteristics, advantages, and risks. Understanding these sources is critical in identifying potential points of contamination and designing effective water quality management strategies (WHO, 2017).
2.2.1 Surface Water Sources
Surface water includes rivers, lakes, streams, and reservoirs. These are among the most common sources of raw water for domestic and industrial use, particularly in regions with adequate rainfall and open water bodies. However, surface water is highly susceptible to contamination from agricultural runoff, sewage discharge, industrial effluents, and stormwater (Ibrahim & Bello, 2018). The open nature of surface water sources also makes them vulnerable to microbial pollution and chemical infiltration, which can severely affect their suitability for drinking purposes without prior treatment. Surface water generally requires comprehensive treatment such as sedimentation, filtration, and disinfection before it is considered safe for human consumption (Chukwu et al., 2021).
2.2.2 Groundwater Sources
Groundwater is derived from underground aquifers through boreholes and wells. It is often perceived as cleaner than surface water because it is filtered naturally through soil and rock layers. This natural filtration typically removes suspended solids and some microorganisms. In many parts of Nigeria, boreholes serve as the primary source of water supply for both urban and rural dwellers (Oluwafemi & Adewoye, 2019). However, groundwater is not immune to contamination. In areas with poor waste disposal systems, leaking septic tanks, or agricultural activities, groundwater can become contaminated with nitrates, heavy metals, and pathogens. Excessive consumption of nitrate-contaminated water has been linked to methemoglobinemia, especially in infants (Ogunyemi & Dauda, 2023).
2.2.3 Rainwater Harvesting
Rainwater harvesting involves collecting and storing rainwater from rooftops and surfaces for domestic use. It is an age-old practice, especially in regions where municipal water supply is irregular. While rainwater is relatively pure in its natural form, it can become contaminated when it comes into contact with dirty catchment surfaces or storage containers (Adewumi & Oladimeji, 2018). The presence of bird droppings, decaying leaves, and airborne pollutants on roofs or in storage tanks can compromise the quality of harvested rainwater. Therefore, adequate filtration and periodic cleaning of collection systems are necessary to ensure its safety for drinking.
2.2.4 Municipal Tap Water
Municipal or public tap water is treated water distributed by government or private water supply corporations. It is expected to meet national and international drinking water quality standards. Municipal water undergoes several stages of treatment, including coagulation, sedimentation, filtration, and chlorination to eliminate pathogens and impurities (Adeniran et al., 2020). However, in many Nigerian cities, inconsistent water treatment, aging distribution infrastructure, and intermittent supply have led to low public confidence in tap water. In some cases, broken pipes and illegal connections can lead to the intrusion of contaminants into the distribution system (Ojo et al., 2022). As a result, many consumers seek alternative sources such as sachet and bottled water.
2.2.5 Packaged Water (Sachet and Bottled)
Packaged water, particularly sachet water, has become a popular source of drinking water in Nigeria due to its low cost and wide availability. Sachet water is usually sourced from boreholes, municipal taps, or other local water sources, treated, and then sealed in 500 ml polyethylene sachets. While this water is expected to be treated before packaging, studies have shown that not all producers comply with safety guidelines set by the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON) (Ogunlade & Ajiboye, 2023).
In many cases, sachet water has been found to contain microbial contaminants and unsafe levels of physicochemical substances due to poor treatment processes, unhygienic packaging environments, or contamination during storage and transportation (Chukwu et al., 2021). Nevertheless, due to inadequate municipal supply, sachet water remains a widely consumed alternative, especially among students and low-income earners.
2.3	SACHET WATER IN NIGERIA
In Nigeria, sachet water has emerged as one of the most widely consumed forms of packaged drinking water. Commonly known as “pure water,” it is sold in small, heat-sealed plastic bags, typically containing 500 milliliters of water. The rise in the popularity of sachet water is closely linked to the persistent failure of government-owned water supply systems to meet the demands of the rapidly growing population, especially in urban and semi-urban areas (Adewoye & Oluwafemi, 2019). For millions of Nigerians, sachet water is the most affordable and accessible source of drinking water.

2.3.1 Growth and Consumption Patterns
The sachet water industry in Nigeria has experienced significant growth over the last two decades. This growth has been fueled by factors such as urbanization, unreliable municipal water supply, low cost of production, and a large consumer base with limited access to clean tap water (Ibrahim & Bello, 2018). According to Chukwu et al. (2021), sachet water is consumed daily by over 60% of urban dwellers in Nigeria, particularly students, traders, workers, and low-income earners. In academic institutions like Kwara State Polytechnic, sachet water is the dominant source of drinking water for students due to its affordability and convenience.
2.3.2 Production Practices and Regulation
The production of sachet water typically involves sourcing water from boreholes, municipal taps, or surface water, followed by treatment processes such as filtration, reverse osmosis, and ultraviolet disinfection before packaging. However, many producers, especially small-scale operators, fail to implement proper treatment procedures. This leads to varying quality among different sachet water brands in the market (Ogunlade & Ajiboye, 2023).
In response to growing health concerns, the Nigerian government has mandated regulatory bodies like the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON) to monitor and enforce standards for the production and distribution of sachet water. Registered water producers are expected to meet specific microbiological and physicochemical benchmarks in line with national and WHO guidelines (Ojo, Adebayo & Lawal, 2022). Nevertheless, the enforcement of these regulations is often weak, and many unregistered and unregulated producers continue to operate illegally.
2.3.3 Public Health Implications
Several studies have identified both bacteriological and physicochemical contamination in sachet water sold across different parts of Nigeria. Common bacterial contaminants include Escherichia coli, fecal coliforms, and Salmonella species, which are indicators of fecal pollution and poor sanitary conditions during production or handling (Adeniran et al., 2020). Physicochemical abnormalities such as extreme pH values, high levels of turbidity, and elevated concentrations of total dissolved solids (TDS) and nitrates have also been reported (Ogunyemi & Dauda, 2023).
Contaminated sachet water has been linked to outbreaks of typhoid fever, gastroenteritis, cholera, and other waterborne diseases, especially in low-income communities and institutions where it is consumed in large quantities. Despite the packaging label stating “NAFDAC approved,” many sachet water products on the market have been found to fall short of acceptable safety standards (Taylor & Williams, 2024).
2.3.4 Consumer Perception and Reliance
Despite health concerns, sachet water remains the preferred option for many Nigerians due to its affordability, portability, and widespread availability. A study by Oluwafemi and Adewoye (2019) revealed that a majority of consumers believe sachet water is cleaner than tap water, largely because of the visible sealing and perceived filtration. In many institutions, including Kwara State Polytechnic, sachet water is sold at every corner, with little attention paid to the brand, treatment process, or regulatory approval. This high level of dependence makes it crucial to continually assess the safety of sachet water consumed in such environments.
2.4	BACTERIOLOGICAL PARAMETERS OF WATER
Bacteriological quality is a critical component of water safety assessment, as it directly relates to the presence of microorganisms that can cause diseases in humans. Pathogenic bacteria in drinking water are primarily of fecal origin, and their presence indicates contamination from human or animal waste. Monitoring bacteriological parameters provides valuable insights into the microbial safety of water and helps prevent the spread of waterborne diseases such as cholera, typhoid, dysentery, and gastroenteritis (WHO, 2017).
Water intended for human consumption must be free from disease-causing organisms, especially those that originate from fecal contamination. Regulatory bodies such as the World Health Organization (WHO), the United States Environmental Protection Agency (USEPA), and the National Agency for Food and Drug Administration and Control (NAFDAC) have set strict microbiological standards for drinking water. According to these standards, the acceptable limit for coliform bacteria in 100 mL of drinking water is zero (Ojo, Adebayo & Lawal, 2022).
2.4.1 Total Coliforms
Total coliforms are a broad group of bacteria found naturally in the environment, including in soil, vegetation, and water. While not all coliforms are harmful, their presence in drinking water suggests that pathways exist for disease-causing organisms to enter the water supply. Total coliforms are used as indicator organisms because they are easy to detect and their presence generally reflects the potential contamination by pathogens (Chukwu et al., 2021).
Studies conducted across Nigeria have shown that many sachet water brands contain detectable levels of total coliforms, indicating poor treatment practices or unhygienic packaging conditions (Ogunlade & Ajiboye, 2023). In Kwara State specifically, research has revealed inconsistencies in bacteriological compliance among sachet water producers (Adeniran et al., 2020).
2.4.2 Fecal Coliforms
Fecal coliforms are a subset of total coliforms that specifically originate from the feces of warm-blooded animals, including humans. Their presence in water is a strong indicator of recent fecal contamination, which may introduce pathogens such as Salmonella, Shigella, Campylobacter, and Vibrio cholerae into the water source. The most commonly identified fecal coliform is Escherichia coli (E. coli), which serves as a key marker for assessing water pollution from sewage or animal waste (Ibrahim & Bello, 2018).
Fecal coliform contamination poses serious public health concerns, especially in areas where untreated sachet water is consumed frequently. Consumption of fecally contaminated water can lead to severe diarrheal diseases, particularly among children and the elderly. The WHO classifies the presence of fecal coliforms in drinking water as unacceptable under any circumstances (WHO, 2017).
2.4.3 Escherichia coli (E. coli)
Escherichia coli (E. coli) is the most specific indicator of fecal contamination in drinking water. While most strains of E. coli are harmless and exist naturally in the human gut, certain strains such as E. coli O157:H7 are highly pathogenic and can cause serious illnesses, including hemolytic uremic syndrome (Adewumi & Oladimeji, 2018). The presence of E. coli in sachet water signifies a direct contamination by human or animal waste, and it violates national and international safety standards.
In a study by Ojo et al. (2022), over 25% of sachet water samples collected from tertiary institutions in Nigeria tested positive for E. coli, suggesting serious lapses in water treatment, packaging hygiene, and regulatory enforcement. The situation is further worsened by inadequate monitoring by local authorities and the low level of awareness among consumers.
2.4.4 Salmonella and Other Pathogens
Although Salmonella spp., Shigella, and Vibrio cholerae are not routinely tested in basic water quality assessments due to their complex detection procedures, they are significant pathogens associated with fecal contamination. Salmonella, in particular, causes typhoid fever, a disease still prevalent in many Nigerian communities due to the consumption of unsafe water (Ogunyemi & Dauda, 2023).
Advanced microbial analysis may also include tests for enteric viruses and protozoa, such as Giardia and Cryptosporidium, although such tests are rarely performed in sachet water testing due to resource constraints.
2.5	PHYSICOCHEMICAL PARAMETERS OF WATER
Physicochemical parameters are essential indicators of the physical and chemical characteristics of water that determine its quality, safety, palatability, and suitability for human consumption. These parameters include factors such as pH, temperature, turbidity, total dissolved solids (TDS), electrical conductivity, nitrates, and chlorides, among others. Evaluating these variables is critical in understanding the safety of drinking water, as deviations from acceptable limits may pose risks to public health or indicate pollution (WHO, 2017).
Sachet water, like other drinking water sources, must comply with specific physicochemical standards established by both national and international agencies such as the World Health Organization (WHO), National Agency for Food and Drug Administration and Control (NAFDAC), and the Standards Organisation of Nigeria (SON). Below are some of the most relevant parameters examined in water quality assessments.
2.5.1 pH
The pH of water measures its acidity or alkalinity on a scale of 0 to 14, with 7 being neutral. The WHO recommends a pH range of 6.5 to 8.5 for safe drinking water (WHO, 2017). A pH below 6.5 may cause the water to be corrosive, potentially leading to the leaching of harmful metals like lead and copper from pipes. On the other hand, a pH above 8.5 can affect the taste of water and reduce the effectiveness of disinfection processes, such as chlorination (Adewumi & Oladimeji, 2018).
Studies on sachet water in Nigeria have reported instances of both acidic and alkaline values outside the acceptable range, indicating possible contamination or poor treatment processes (Ojo, Adebayo & Lawal, 2022). Maintaining pH within the optimal range is essential for ensuring both safety and consumer acceptability.

2.5.2 Turbidity
Turbidity refers to the cloudiness or haziness of water caused by suspended particles such as clay, silt, microorganisms, or organic matter. High turbidity may harbor pathogens, interfere with disinfection, and affect the taste and appearance of drinking water (Ibrahim & Bello, 2018). The WHO guideline for turbidity in drinking water is less than 5 NTU (Nephelometric Turbidity Units).
Elevated turbidity levels in sachet water suggest inadequate filtration or contamination during production or packaging. Some studies in Nigeria have reported turbidity values exceeding the WHO limits, especially in sachet water sourced from untreated boreholes (Chukwu et al., 2021).
2.5.3 Total Dissolved Solids (TDS)
TDS refers to the total concentration of inorganic salts and small amounts of organic matter dissolved in water. These include calcium, magnesium, sodium, potassium, chlorides, and sulfates. While TDS itself is not harmful at moderate levels, very high or very low concentrations can affect taste, corrosiveness, and water usability (Oluwafemi & Adewoye, 2019). The WHO recommends a TDS limit of 500 mg/L, although water with TDS up to 1000 mg/L may still be acceptable in some settings.
TDS is often higher in sachet water derived from deep boreholes or untreated sources. Excessive TDS can also result from poor packaging materials that leach substances into the water (Ogunlade & Ajiboye, 2023).
2.5.4 Electrical Conductivity (EC)
Electrical conductivity is a measure of water’s ability to conduct electric current, which correlates with the concentration of dissolved ions. Higher conductivity values typically indicate higher mineral or salt content. Although EC does not directly affect health, it serves as a useful indicator of water salinity and potential contamination (Adeniran et al., 2020). WHO recommends an EC of not more than 1000 µS/cm for drinking water.
Some sachet water samples from poorly regulated producers have been reported to exceed this limit, especially in areas with naturally saline groundwater sources (Ojo et al., 2022).
2.5.5 Nitrates
Nitrate (NO₃⁻) contamination is a significant health concern, particularly in areas with agricultural runoff or sewage leakage. High levels of nitrates in drinking water can lead to methemoglobinemia, also known as “blue baby syndrome,” especially in infants (Ogunyemi & Dauda, 2023). The WHO has set a maximum allowable limit of 50 mg/L for nitrates in drinking water.
Elevated nitrate levels in sachet water are often associated with boreholes located near latrines, septic tanks, or agricultural zones. Regular monitoring is necessary to prevent long-term health effects.
2.5.6 Chloride
Chloride is a naturally occurring ion in water that contributes to taste but may be harmful in excessive concentrations. While low levels of chloride are generally harmless, concentrations above 250 mg/L may cause a salty taste and increase corrosion in pipes (WHO, 2017). Excess chloride levels may also indicate contamination from wastewater or industrial discharges.
Research by Chukwu et al. (2021) showed that some sachet water brands exceeded the recommended chloride limits, possibly due to poor water treatment or source pollution.
2.6	HEALTH IMPLICATIONS OF CONTAMINATED WATER
Access to clean and safe drinking water is a fundamental human right and a cornerstone of public health. However, when water becomes contaminated—either biologically, chemically, or physically—it poses serious health risks to the population. Contaminated water is a primary vector for the transmission of a wide range of diseases and has been responsible for countless outbreaks globally, particularly in developing countries like Nigeria, where access to safe water remains inconsistent (WHO, 2017). This section explores the major health risks associated with consuming contaminated water, especially within the context of sachet water commonly used by students and low-income communities.
2.6.1 Waterborne Diseases
One of the most direct and immediate consequences of drinking contaminated water is the onset of waterborne diseases. These diseases are typically caused by pathogenic microorganisms such as bacteria, viruses, and protozoa. Common examples include cholera, typhoid fever, dysentery, hepatitis A, and gastroenteritis (Chukwu et al., 2021). The presence of Escherichia coli, fecal coliforms, Salmonella, and Vibrio cholerae in drinking water is a clear indication of fecal contamination and poor sanitation practices.
According to Ogunyemi and Dauda (2023), outbreaks of cholera and typhoid are prevalent in parts of Nigeria where sachet water is consumed widely without adequate regulation. In institutions like Kwara State Polytechnic, students who rely heavily on sachet water may unknowingly expose themselves to these infections, particularly when such water is sourced from untreated boreholes or improperly maintained production facilities.
2.6.2 Diarrheal Illnesses and Child Mortality
Diarrhea is one of the leading causes of death among children under five years of age, and it is largely linked to the ingestion of unsafe drinking water. Diarrheal illnesses often result from ingestion of bacteria, viruses, or protozoa that cause severe dehydration and electrolyte imbalance (Ojo, Adebayo & Lawal, 2022). These conditions are especially dangerous in children, whose immune systems are less developed.
According to WHO (2017), over 485,000 deaths occur annually due to diarrhea caused by unsafe water, poor sanitation, and inadequate hygiene. In low-income and academic communities where sachet water is prevalent, the risk is further amplified by poor personal hygiene and the lack of consumer awareness regarding water safety.
2.6.3 Long-Term Exposure to Chemical Contaminants
Beyond microbial contamination, water can also contain harmful chemical substances such as nitrates, heavy metals (e.g., lead, arsenic, mercury), and pesticides. Long-term exposure to these substances can result in chronic health problems such as neurological disorders, kidney damage, reproductive issues, and certain types of cancer (Ibrahim & Bello, 2018). For example, high levels of nitrate in drinking water can cause methemoglobinemia, also known as “blue baby syndrome,” a potentially fatal condition in infants (Oluwafemi & Adewoye, 2019).
Furthermore, the presence of heavy metals in sachet water—either from the source or leached from packaging materials—has been documented in several regions. Chronic ingestion of such contaminants may not show immediate symptoms but can cause irreversible health damage over time (Ogunlade & Ajiboye, 2023).
2.6.4 Impact on Immune-Compromised Individuals
Individuals with weakened immune systems—such as those with HIV/AIDS, undergoing chemotherapy, or the elderly are at greater risk when consuming contaminated water. Even low concentrations of pathogens can trigger severe infections in such populations (Adeniran et al., 2020). For students and staff in polytechnic campuses, where individuals live in shared hostels and consume sachet water regularly, an outbreak can spread rapidly if water safety is compromised.
2.6.5 Socioeconomic Burden of Unsafe Water
The consequences of consuming contaminated water extend beyond health. Households and institutions incur financial burdens from medical bills, lost workdays, and reduced academic productivity due to illness. According to Taylor and Williams (2024), the economic cost of treating waterborne diseases and the loss in human capital in developing countries is enormous and largely preventable. In environments like Kwara State Polytechnic, repeated outbreaks of water-related illnesses could reduce student attendance, increase absenteeism among staff, and disrupt academic activities.
2.7	WATER QUALITY STANDARDS (WHO, NAFDAC, SON)
Water quality standards are regulatory benchmarks established by health and safety authorities to ensure that water intended for human consumption is free from harmful biological, chemical, and physical contaminants. These standards are crucial for public health protection and serve as guidelines for water producers, regulators, and consumers. The three most influential bodies responsible for water quality regulation in Nigeria are the World Health Organization (WHO), the National Agency for Food and Drug Administration and Control (NAFDAC), and the Standards Organisation of Nigeria (SON).
2.7.1 World Health Organization (WHO) Standards
The WHO provides international guidelines for drinking-water quality that serve as the foundation for national regulations worldwide. These guidelines are based on scientific evidence and health risk assessments and are reviewed periodically to reflect emerging concerns and research findings (WHO, 2017). According to WHO standards:
· Microbial contamination: No detectable E. coli or fecal coliform bacteria in any 100 mL of drinking water.
· Turbidity: Should not exceed 5 NTU to ensure effective disinfection.
· pH: Recommended range is 6.5 to 8.5.
· Total Dissolved Solids (TDS): Should be below 500 mg/L for palatability, though up to 1000 mg/L is acceptable in some cases.
· Nitrate: Must not exceed 50 mg/L.
· Chloride: Acceptable up to 250 mg/L.
These standards are applied globally and are particularly important in developing countries where waterborne diseases are prevalent. WHO emphasizes the importance of risk-based approaches to water safety, including source protection, treatment, and regular monitoring (WHO, 2017).
2.7.2 National Agency for Food and Drug Administration and Control (NAFDAC)
In Nigeria, NAFDAC is the primary body responsible for regulating and approving the production, packaging, and distribution of sachet and bottled water. All water-producing companies are required to register with NAFDAC and are expected to comply with stringent guidelines that reflect WHO recommendations.
NAFDAC mandates that producers of sachet water must:
· Conduct bacteriological and physicochemical tests on their products regularly.
· Display NAFDAC registration numbers and production/expiry dates on sachet packaging.
· Maintain hygienic environments and equipment for water processing and packaging.
· Use approved filtration and disinfection methods, such as UV or reverse osmosis (Adewoye & Oluwafemi, 2019).
However, the effectiveness of NAFDAC has been challenged by issues such as corruption, inadequate field monitoring, and a proliferation of unregistered water brands, especially in rural and semi-urban areas (Ogunlade & Ajiboye, 2023). Studies have found sachet water products on the market bearing fake or expired NAFDAC numbers, highlighting the need for stricter enforcement.
2.7.3 Standards Organisation of Nigeria (SON)
The Standards Organisation of Nigeria (SON) sets national standards for various products, including drinking water, and works in collaboration with NAFDAC. SON’s role is to:
· Establish minimum quality standards for water production in Nigeria.
· Monitor and certify water production facilities through inspections and laboratory testing.
· Promote the use of standardized testing methods and proper labeling practices (Ojo, Adebayo & Lawal, 2022).
SON adopts many of the limits and parameters from WHO but tailors them to local conditions. For example:
· Coliform count must be zero in 100 mL.
· TDS limit: 500 mg/L.
· pH range: 6.5 – 8.5.
· Conductivity limit: 1000 µS/cm.
· Temperature: Between 25°C and 30°C.
SON also publishes the Nigerian Industrial Standard (NIS 554:2005) for drinking water quality, which guides water producers in Nigeria. However, like NAFDAC, SON faces challenges in enforcement, especially with the rise of informal sachet water producers operating without licenses.
Importance of Adherence to Standards
Adhering to established water quality standards is essential for:
· Preventing waterborne diseases and chemical poisoning.
· Building public trust in packaged water products.
· Ensuring compliance with national laws and international trade requirements.
· Protecting vulnerable populations, such as children and the elderly, who are most at risk from unsafe water (Ogunyemi & Dauda, 2023).
Educational institutions like Kwara State Polytechnic, where sachet water is widely consumed, should regularly assess water quality and demand compliance from suppliers to protect students and staff.


CHAPTER THREE
MATERIALS AND METHODS
3.1	STUDY AREA
The study was conducted at Kwara State Polytechnic, located in Ilorin, the capital city of Kwara State, in the North Central geopolitical zone of Nigeria. Established in 1973, the institution is one of Nigeria’s foremost polytechnics, providing both technical and academic education to students across various disciplines, including science, engineering, environmental studies, and management.
Kwara State Polytechnic is situated in a semi-urban area within Ilorin South Local Government Area. The geographical coordinates of the polytechnic are approximately 8°28′N latitude and 4°34′E longitude. The institution covers a broad expanse that includes administrative buildings, lecture halls, laboratories, student hostels, and commercial areas where food and water—including sachet water—are commonly sold to staff and students.
The choice of Kwara State Polytechnic as the study area was informed by the high consumption rate of sachet water among students, staff, and visitors. The campus hosts several vendors and retailers of sachet water, making it an ideal environment to assess the bacteriological and physicochemical quality of the water consumed. Additionally, the study area presents a microcosm of similar institutions across Nigeria where sachet water is a primary drinking source, thus making the results of this study applicable to a broader context.
This study aims to contribute valuable information on water safety within an educational institution setting, and to identify potential public health risks associated with the consumption of sachet water within the Kwara State Polytechnic environment.


3.2	SAMPLE COLLECTION
This study focused exclusively on sachet water branded and distributed as “Kwara Poly Sachet Water”, which is the primary and officially recognized drinking water consumed within the Kwara State Polytechnic campus. The decision to focus solely on this brand was based on its widespread consumption among students, staff, and visitors, and its availability across various points within the institution.
A total of ten (10) samples of Kwara Poly Sachet Water were collected from different key locations within the campus to ensure a representative assessment. The sampling sites included:
· Administrative blocks
· Academic departments
· Lecture halls
· Student hostels
· Cafeterias and kiosks
Each sample was collected in its original factory-sealed form, directly from sales points to prevent any form of tampering or contamination. Care was taken to select samples from different production batches, as indicated by varying production and expiry dates, to provide a broader representation of the water quality over time.
Immediately after collection, the sachets were placed in sterile zip-lock bags and transported in a cooler box containing ice packs to maintain their physical and chemical integrity. Samples were conveyed to the Science Laboratory Technology Department Laboratory for analysis within six (6) hours of collection to avoid bacterial proliferation or physicochemical changes.
All handling and transportation followed the standard water sampling procedures recommended by the American Public Health Association (APHA, 2017) and the World Health Organization (WHO, 2017). The focus on Kwara Poly Sachet Water ensures that the results obtained are directly relevant to the campus population and can serve as a valid basis for recommending safety measures or improvements if necessary.
3.3	SAMPLE PRESERVATION
Proper sample preservation is critical to maintaining the integrity and reliability of water quality test results, particularly when analyzing for both bacteriological and physicochemical parameters. To prevent changes in microbial population, chemical composition, or physical characteristics, each sachet water sample collected in this study was subjected to standard preservation techniques in line with guidelines from the American Public Health Association (APHA, 2017) and the World Health Organization (WHO, 2017).
Immediately after collection, the sealed sachet water samples were placed in sterile, labeled polythene bags and kept in an insulated cooler box containing ice packs. The temperature inside the cooler was maintained between 4°C and 10°C, which is optimal for slowing down microbial activity and preventing degradation of sensitive chemical constituents.
The samples were transported from the collection points within Kwara State Polytechnic to the Science Laboratory Technology Department Laboratory within six (6) hours of collection. This short holding time ensured that there was minimal alteration in water composition, especially in microbial content which can increase rapidly at ambient temperature if not properly stored.
For samples not immediately analyzed upon arrival at the laboratory:
· Bacteriological samples were stored in a refrigerator at 4°C and analyzed within 24 hours of collection.
· Physicochemical samples were also refrigerated but were preserved according to their individual sensitivity. For example, samples intended for nitrate or pH analysis were kept in tightly sealed containers to prevent evaporation or gas exchange.
Throughout the storage period, sachets were not opened or tampered with until the time of analysis to avoid external contamination. All preservation methods adhered to international best practices for water quality analysis, ensuring that the laboratory results obtained are accurate reflections of the sachet water quality as consumed on campus.
3.4	BACTERIOLOGICAL ANALYSIS TECHNIQUES
The bacteriological quality of the sachet water samples collected was determined using standard microbiological procedures, specifically aimed at detecting the presence of indicator organisms such as total coliforms and Escherichia coli (E. coli). These bacteria serve as indicators of fecal contamination and general microbial water quality. The analysis was carried out in the Microbiology Laboratory of the Science Laboratory Technology Department, Kwara State Polytechnic, following guidelines by the American Public Health Association (APHA, 2017) and the World Health Organization (WHO, 2017).
3.4.1 Preparation of Culture Media
The culture media used for the bacteriological analysis included:
· MacConkey Agar – for isolation of coliform bacteria
· Eosin Methylene Blue (EMB) Agar – for selective identification of E. coli
· Nutrient Agar – for total heterotrophic bacterial count
All media were prepared according to manufacturer’s specifications and sterilized by autoclaving at 121°C for 15 minutes. Sterility of the media was confirmed by incubating a sample plate without inoculation.
3.4.2 Sample Inoculation and Plating
For each sachet water sample:
· A sterile pipette was used to transfer 1 mL of the sample onto the surface of solidified agar plates using the pour plate technique and spread plate method.
· For the multiple tube fermentation (MTF) technique, water samples were inoculated into MacConkey broth tubes in three sets: 10 mL, 1 mL, and 0.1 mL volumes to determine the Most Probable Number (MPN) of coliforms.
All inoculated plates and tubes were incubated under appropriate conditions:
· Coliforms and E. coli: Incubated at 37°C for 24–48 hours
· Total bacterial count: Incubated at 30°C for 48 hours
3.4.3 Identification of Bacterial Colonies
After incubation:
· Coliform colonies appeared as pink or red colonies on MacConkey agar.
· E. coli colonies appeared as greenish metallic sheen colonies on EMB agar.
· Total heterotrophic bacteria formed various colonies on nutrient agar and were counted manually using a colony counter.
Confirmatory tests such as Gram staining, indole test, and oxidase test were also performed to confirm the identity of suspected E. coli colonies.
3.4.4 Enumeration and Interpretation
The number of colony-forming units (CFUs) per milliliter (mL) of sachet water was calculated and compared with the World Health Organization (WHO) standard, which stipulates that drinking water should contain 0 CFU/100 mL of coliforms and E. coli. Any detection of E. coli or total coliforms in 100 mL of water indicates microbial contamination and unfitness for human consumption.
The MPN method was used to estimate coliform density and interpreted using MPN tables to determine compliance or deviation from permissible limits.


3.5	PHYSICOCHEMICAL ANALYSIS METHODS
The physicochemical analysis of sachet water samples was conducted to evaluate key water quality parameters that determine the water’s safety, palatability, and compliance with international and national drinking water standards. Parameters analyzed include pH, temperature, turbidity, electrical conductivity, total dissolved solids (TDS), nitrate, and chloride. These tests were performed at the Science Laboratory Technology Department, Kwara State Polytechnic, using standard methods as outlined by the American Public Health Association (APHA, 2017) and the World Health Organization (WHO, 2017).
3.5.1 pH Determination
Instrument used: Digital pH meter; The pH of each water sample was measured using a calibrated digital pH meter. The meter was first standardized with buffer solutions of pH 4.0, 7.0, and 10.0. The probe was then immersed in each water sample, and the readings were recorded after stabilization. Acceptable WHO range: 6.5 – 8.5
3.5.2 Temperature
Instrument used: Laboratory thermometer or in-built pH meter sensor; Temperature was measured at the time of sampling using a digital thermometer. It is an important parameter as it influences the rate of chemical reactions and microbial growth.
WHO guideline for drinking water temperature: Below 30°C is considered desirable.
3.5.3 Turbidity
Instrument used: Turbidimeter (Nephelometer); Turbidity was measured in Nephelometric Turbidity Units (NTU). The turbidimeter was calibrated using standard solutions before use. Each sachet sample was poured into a cuvette, placed in the instrument, and the reading was taken. Acceptable WHO limit: ≤5 NTU


3.5.4 Electrical Conductivity (EC)
Instrument used: Digital conductivity meter; Electrical conductivity was measured to estimate the ability of water to conduct electricity, which is influenced by dissolved ions. The probe was dipped into the sample, and the value was recorded in µS/cm.
Acceptable WHO range: ≤1000 µS/cm
3.5.5 Total Dissolved Solids (TDS)
Instrument used: TDS meter or gravimetric method; TDS was measured directly using a digital TDS meter. In some cases, it can be estimated from EC by multiplying the conductivity value by a conversion factor (usually 0.65). Acceptable WHO range: ≤500 mg/L (ideal); up to 1000 mg/L permissible
3.5.6 Nitrate (NO₃⁻) Determination
Method used: UV Spectrophotometric Method; Nitrate concentration was determined using a spectrophotometer at a wavelength of 220 nm. A color reagent was added to the water sample, and absorbance was measured and compared with a standard calibration curve. WHO permissible limit: ≤50 mg/L
3.5.7 Chloride (Cl⁻) Determination
Method used: Mohr’s Method (Silver Nitrate Titration); In this method, a known volume of water sample was titrated with standard silver nitrate solution using potassium chromate as an indicator. The end point was indicated by a brick-red color formation.
WHO guideline value: ≤250 mg/L
3.6	QUALITY CONTROL PROCEDURES
To ensure the reliability, accuracy, and validity of the laboratory results obtained during the analysis of the sachet water samples, stringent quality control (QC) procedures were adopted throughout the experimental process. These procedures were guided by standards set by the American Public Health Association (APHA, 2017), the World Health Organization (WHO, 2017), and best practices in water quality testing.
3.6.1 Use of Sterile Materials
All equipment and glassware used for bacteriological analysis (e.g., Petri dishes, pipettes, test tubes, beakers) were thoroughly washed, dried, and sterilized using an autoclave at 121°C for 15 minutes before use. Disposable gloves, sterile pipette tips, and sampling containers were used where necessary to prevent cross-contamination.
3.6.2 Calibration of Instruments
Before each set of measurements, all digital instruments (such as the pH meter, conductivity meter, TDS meter, and turbidimeter) were calibrated using appropriate standard solutions:
· pH meter was calibrated using buffer solutions of pH 4.0, 7.0, and 10.0.
· Conductivity and TDS meters were calibrated using standard potassium chloride (KCl) solutions.
· The spectrophotometer used for nitrate analysis was zeroed with a blank solution before taking readings.
Calibration ensured that instrument readings were accurate and consistent throughout the analysis period.
3.7	STATISTICAL ANALYSIS
Statistical analysis was employed to objectively interpret and summarize the bacteriological and physicochemical data obtained from the laboratory analysis of sachet water samples. The aim was to determine the mean values, variations, and significance of observed differences among the tested parameters, and to evaluate the compliance of the water samples with established standards by the World Health Organization (WHO, 2017) and the Standards Organisation of Nigeria (SON, 2020).
CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	BACTERIOLOGICAL RESULTS
The bacteriological analysis of the sachet water samples branded as Kwara Poly Sachet Water revealed key findings regarding their microbial quality. Specifically, the tests focused on the presence or absence of total coliforms and Escherichia coli (E. coli)—two major microbial indicators of water safety. These were assessed using the multiple tube fermentation technique and confirmed with selective media such as MacConkey agar and Eosin Methylene Blue (EMB) agar.
Out of the ten (10) sachet water samples analyzed:
· Total coliforms were detected in 3 out of 10 samples, with counts ranging from 1 to 4 colony-forming units (CFU) per 100 mL.
· Escherichia coli (E. coli) was detected in 1 sample, with a count of 1 CFU/100 mL.
· The remaining 6 samples showed no growth, indicating acceptable bacteriological quality.
These results are summarized in Table 4.1 below:


Table 4.1: Bacteriological Quality of Sachet Water Samples (CFU/100 mL)
	Sample ID
	Total Coliforms (CFU/100 mL)
	E. coli (CFU/100 mL)
	WHO Standard
	Status

	SW1
	0
	0
	0
	Satisfactory

	SW2
	1
	0
	0
	Unsatisfactory

	SW3
	0
	0
	0
	Satisfactory

	SW4
	2
	0
	0
	Unsatisfactory

	SW5
	0
	0
	0
	Satisfactory

	SW6
	0
	0
	0
	Satisfactory

	SW7
	0
	0
	0
	Satisfactory

	SW8
	4
	1
	0
	Unsatisfactory

	SW9
	0
	0
	0
	Satisfactory

	SW10
	0
	0
	0
	Satisfactory


Source: Field Survey, 2025
According to the World Health Organization (WHO, 2017) and Standards Organisation of Nigeria (SON, 2020), potable water must contain zero detectable coliforms and E. coli in 100 mL of sample. Any detection is considered a sign of microbial contamination and renders the water unfit for human consumption.
· The detection of coliform bacteria in 30% of the samples suggests that there may be issues with post-treatment contamination, likely during packaging, storage, or handling.
· The presence of E. coli in one sample is a serious health concern, as it indicates fecal contamination and the potential presence of pathogenic organisms such as Salmonella, Shigella, or Vibrio cholerae.
· 70% of the sachet water samples met WHO bacteriological standards, implying that the sachet water is generally safe, but quality control lapses exist in some production batches.
Comparison with Other Studies
These findings are consistent with studies by Adeniran et al. (2020) and Chukwu et al. (2021), who reported similar levels of contamination in sachet water brands across Nigerian campuses. Their research highlighted inadequate disinfection, lack of quality monitoring, and hygiene issues at the packaging level as the main causes of contamination.
Similarly, Ogunlade & Ajiboye (2023) noted that while some sachet water brands are compliant, intermittent contamination remains a common issue due to poor regulatory enforcement and negligence by small-scale producers.
Public Health Implications
The presence of even low levels of E. coli or coliform bacteria in drinking water can pose a risk of gastrointestinal infections, especially for students, children, and immunocompromised individuals. Prolonged consumption of contaminated water could lead to outbreaks of waterborne diseases such as cholera, typhoid fever, and dysentery.
The findings call for:
· Regular microbiological testing of sachet water sold on campus.
· Improved sanitation and disinfection practices by the water producers.
· Stricter monitoring and enforcement by internal school authorities and external regulatory bodies like NAFDAC and SON.
4.2	PHYSICOCHEMICAL RESULTS
The physicochemical analysis of the Kwara Poly Sachet Water samples was conducted to assess their compliance with established drinking water standards, particularly those of the World Health Organization (WHO, 2017) and the Standards Organisation of Nigeria (SON, 2020). Parameters measured include pH, temperature, turbidity, electrical conductivity (EC), total dissolved solids (TDS), nitrate (NO₃⁻), and chloride (Cl⁻). The results are summarized in Table 4.2 below:
Table 4.2: Physicochemical Properties of Sachet Water Samples
	Sample ID
	pH
	Temp (°C)
	Turbidity (NTU)
	EC (µS/cm)
	TDS (mg/L)
	Nitrate (mg/L)
	Chloride (mg/L)
	WHO/SON Standard

	SW1
	6.9
	27.5
	1.2
	148
	95
	8.3
	17.6
	pH: 6.5–8.5, TDS: ≤500, NO₃⁻: ≤50, Cl⁻: ≤250

	SW2
	7.1
	28.1
	1.5
	170
	110
	9.5
	19.1
	✓

	SW3
	6.7
	27.0
	1.8
	160
	98
	7.9
	20.3
	✓

	SW4
	6.5
	26.8
	2.0
	190
	120
	10.2
	25.0
	✓

	SW5
	7.0
	27.3
	1.4
	152
	105
	9.0
	18.4
	✓

	SW6
	6.8
	26.5
	2.5
	180
	115
	11.5
	22.0
	✓

	SW7
	6.6
	27.4
	1.1
	140
	90
	6.7
	16.8
	✓

	SW8
	6.4
	28.2
	3.0
	210
	130
	14.0
	28.5
	✓

	SW9
	7.2
	27.6
	1.3
	175
	112
	8.5
	19.9
	✓

	SW10
	6.9
	27.0
	1.0
	160
	101
	9.8
	21.5
	✓


Source: Field Survey, 2025
The physicochemical properties of all sachet water samples were within the recommended WHO and SON limits, indicating that the sachet water is safe for consumption based on chemical and physical quality indicators.
pH
· All samples had pH values ranging from 6.4 to 7.2, within the WHO permissible range of 6.5–8.5.
· Slight acidity observed in SW8 (6.4) may result from CO₂ absorption or mineral presence, though still marginally acceptable.
Temperature
· Sample temperatures ranged from 26.5°C to 28.2°C, typical of ambient storage conditions in Nigeria.
· Although WHO does not specify an exact temperature limit, water below 30°C is considered palatable and microbiologically safer than warmer water.
Turbidity
· Turbidity levels ranged from 1.0 to 3.0 NTU, well below the WHO maximum limit of 5 NTU.
· Low turbidity indicates effective filtration and sedimentation processes during water treatment.
Electrical Conductivity and TDS
· Conductivity values ranged from 140 to 210 µS/cm, while TDS levels were between 90 and 130 mg/L.
· Both parameters are significantly below the acceptable TDS limit of 500 mg/L, reflecting low salt and mineral content, which is typical of properly treated groundwater.
Nitrate (NO₃⁻)
· Nitrate concentrations varied between 6.7 mg/L and 14.0 mg/L, all well within the WHO limit of 50 mg/L.
· Low nitrate levels suggest minimal agricultural or sewage contamination, supporting the microbial findings in most samples.
Chloride (Cl⁻)
· Chloride concentrations ranged from 16.8 mg/L to 28.5 mg/L, far below the maximum permissible limit of 250 mg/L.
· Acceptable chloride levels indicate no significant risk of corrosiveness, saltiness, or contamination from industrial or human waste.


Comparison with Other Studies
The physicochemical quality of Kwara Poly Sachet Water aligns with findings from Ibrahim and Bello (2018) and Ojo et al. (2022), who reported similar values for pH, TDS, and nitrate in sachet water produced in North Central Nigeria. These researchers emphasized that low turbidity and nitrate values are characteristic of well-processed groundwater.
Also, Taylor and Williams (2024) stressed that excessive TDS, nitrate, and chloride are common in sachet water brands located near urban runoff zones or industrial areas—a condition not present at the Kwara State Polytechnic production site, as reflected in this study.
4.3	COMPARISON WITH WHO AND NAFDAC STANDARDS
To assess the overall quality and safety of Kwara Poly Sachet Water, the results obtained from both bacteriological and physicochemical analyses were compared with the recommended standards provided by the World Health Organization (WHO, 2017) and the National Agency for Food and Drug Administration and Control (NAFDAC, 2020).
These regulatory bodies provide guidelines and permissible limits for various water quality parameters to ensure that water intended for human consumption is safe, palatable, and free from health hazards.
4.3.1 Bacteriological Parameters
	Parameter
	WHO Standard
	NAFDAC Standard
	Study Result Summary
	Compliance Status

	Total Coliforms
	0 CFU/100 mL
	0 CFU/100 mL
	Present in 3 of 10 samples
	Partially Non-compliant

	E. coli
	0 CFU/100 mL
	0 CFU/100 mL
	Present in 1 sample
	Non-compliant


Source: Field Survey, 2025
Both WHO and NAFDAC require the complete absence of coliforms and E. coli in 100 mL of drinking water. The detection of E. coli and coliforms in some samples indicates possible fecal contamination, suggesting a breach in hygiene, packaging, or post-treatment handling processes. This represents a significant health concern, as these bacteria are indicators of potential pathogenic contamination and the presence of disease-causing organisms.
4.3.2 Physicochemical Parameters
	Parameter
	WHO/NAFDAC Standard
	Study Range
	Compliance

	pH
	6.5 – 8.5
	6.4 – 7.2
	✓

	Temperature (°C)
	Below 30°C
	26.5 – 28.2
	✓

	Turbidity (NTU)
	≤ 5
	1.0 – 3.0
	✓

	Electrical Conductivity (µS/cm)
	≤ 1000
	140 – 210
	✓

	Total Dissolved Solids (mg/L)
	≤ 500
	90 – 130
	✓

	Nitrate (mg/L)
	≤ 50
	6.7 – 14.0
	✓

	Chloride (mg/L)
	≤ 250
	16.8 – 28.5
	✓


Source: Field Survey, 2025
All physicochemical parameters measured in this study fall within the permissible limits set by WHO and NAFDAC. This indicates that the sachet water is chemically and physically safe for human consumption. Parameters like pH, TDS, nitrate, and turbidity were well below critical thresholds, suggesting proper water treatment and source quality.


4.4	DISCUSSION OF FINDINGS
This study examined the bacteriological and physicochemical quality of sachet water sold and consumed within Kwara State Polytechnic, Ilorin, with the objective of determining its safety for human consumption. The findings are discussed under two broad categories: microbiological safety and physicochemical acceptability, and are interpreted in relation to global and national water quality standards provided by the World Health Organization (WHO, 2017) and the National Agency for Food and Drug Administration and Control (NAFDAC, 2020).
Bacteriological Quality
The detection of total coliforms in 3 out of 10 samples and E. coli in 1 sample indicates that 30% of the sachet water samples were bacteriologically unfit for consumption. These bacteria are classic indicators of fecal contamination, suggesting that the water may have been exposed to unsanitary handling, inadequate disinfection, or post-treatment contamination.
The presence of E. coli, in particular, is a serious concern as it is strongly associated with waterborne diseases such as typhoid, diarrhea, dysentery, and cholera, especially among students with poor immunity. According to WHO standards, drinking water should contain 0 CFU/100 mL of both total coliforms and E. coli, making any positive detection unacceptable.
These results align with the findings of Adeniran et al. (2020) and Olatunde & Bello (2019), who reported microbial contamination in sachet water brands in similar tertiary institutions, citing lapses in quality control, storage hygiene, and equipment sanitation as key causes.
Physicochemical Quality
Conversely, all samples met WHO and NAFDAC limits for physicochemical parameters. The pH values (6.4–7.2) were within the acceptable range (6.5–8.5), indicating balanced acidity and alkalinity. This range supports palatability, corrosion control, and disinfection effectiveness.
Turbidity levels (1.0–3.0 NTU) were well below the maximum permissible limit (5 NTU), reflecting clear and well-filtered water. Low turbidity also correlates with reduced microbial risk since suspended solids can protect microorganisms from disinfection.
Total Dissolved Solids (90–130 mg/L) and electrical conductivity (140–210 µS/cm) were also within safe limits, indicating low salinity and mineral content, which enhances taste and reduces long-term health risks such as kidney stones.
Nitrate levels (6.7–14.0 mg/L) were far below the threshold of 50 mg/L, suggesting no significant contamination from agricultural runoff or sewage seepage—a good indication of clean source water. Likewise, chloride concentrations (16.8–28.5 mg/L) were within the acceptable range and posed no aesthetic or corrosive risk.
These findings are consistent with studies by Ibrahim & Sadiq (2018) and Ojo et al. (2022), who reported similar physicochemical profiles in sachet water produced under standard treatment conditions.
Public Health and Policy Implications
The detection of E. coli, even in one sample, signifies a potential outbreak risk if left unchecked, especially in a densely populated campus environment. Students and staff consuming contaminated water may face acute gastroenteric infections, lost academic productivity, and additional health burdens.
From a policy standpoint, these findings highlight the need for:
· Stricter enforcement of internal and external regulatory monitoring
· Periodic water testing by certified laboratories
· Training of water plant staff in hygiene and quality control
· Public awareness campaigns on water safety and reporting of suspected unsafe sachet water
CHAPTER FIVE
5.1	CONCLUSION
This study set out to evaluate the bacteriological and physicochemical quality of sachet water sold and consumed within Kwara State Polytechnic, Ilorin, with the ultimate goal of determining its safety and compliance with global and national water quality standards. Based on the findings from the laboratory analyses and data interpretation, it can be concluded that while the sachet water samples analyzed met all the required physicochemical standards set by the World Health Organization (WHO) and the National Agency for Food and Drug Administration and Control (NAFDAC), a proportion of the samples failed to meet bacteriological safety standards.
Specifically, parameters such as pH, turbidity, total dissolved solids (TDS), nitrate, and chloride levels were all within permissible limits, indicating that the sachet water is chemically balanced and physically acceptable for consumption. However, the detection of total coliforms in 30% of the samples and Escherichia coli in one sample raises serious concerns about microbial contamination and the possibility of exposure to waterborne diseases such as diarrhea, cholera, and typhoid fever. This suggests that although the treatment processes may be effective, lapses in packaging hygiene, handling, or post-treatment storage could be responsible for the observed microbial presence.
The presence of E. coli—a direct indicator of fecal contamination—implies that some sachet water brands sold within the campus environment pose a potential public health risk, especially to students and staff who rely on them daily. These findings reinforce the need for continuous monitoring, regulatory enforcement, and awareness campaigns to ensure that all sachet water consumed in the institution is microbiologically safe. Therefore, it is concluded that sachet water sold in Kwara State Polytechnic is chemically safe but not consistently microbiologically safe, underscoring the urgent need for improvements in hygiene practices and quality assurance during water processing and distribution.
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