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ABSTRACT
Access to safe and clean drinking water remains a critical public health concern in many urban areas of developing countries. While groundwater from wells and boreholes is widely used as a primary water source, its safety is often compromised by increasing urbanization, poor waste disposal, and inadequate sanitation infrastructure. Compounding the issue, water that is stored in households for later consumption is frequently subjected to secondary contamination due to unhygienic handling and storage practices.This study investigates and compares the quality and contamination risks of groundwater (from wells and boreholes) and household-stored drinking water in an urban setting. Using a one-time sampling approach, both physicochemical and microbial parameters were analyzed for five source points and their corresponding stored water samples.Groundwater quality values from wells and boreholes in urban areas often show elevated concentrations of, total dissolved solids (TDS) and total hardness (TH) in groundwater samples  surpass recommended limits in 100% of cases, with TDS values  above 500 mg/L and TH above 300 mg/L, reflecting both geogenic and anthropogenic contamination (Ravindra et al., 2022). In contrast, stored water in households typically exhibits even higher values for TDS, electrical conductivity, and microbial indicators such as coliforms and E. coli, due to secondary contamination during storage, stored water TDS may rise from 400–600 mg/L at the source to 700–900 mg/L after storage, and coliform counts  increase from 10–50 CFU/100 mL in raw water to over 100 CFU/100 mL in stored samples, far exceeding the WHO standard of zero . with stored water consistently showing worse scores due to increased contamination risk These findings highlight the urgent need for interventions to improve both source water quality and household storage practices to ensure safe drinking water.
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CHAPTER ONE
INTRODUCTION
1.1	Background of the Study
Water is a vital resources needed for the sustenance of life (Anake et al., 2013). Water in its pure form should be colourless, odourless, tasteless and sparkling in nature (Egereonu, 2006). Like other developing countries, the issue of access to healthy water is very significant in Nigeria, where 48% (about 67 million Nigerians) depend on surface water source for domestic use, 57% (79 million) use hand dug wells, 20% (27.8 million) harvested rain, 14% (19.5 million) have access to pipe borne water, and 14% have access to borehole water sources (FGN, 2007). 
An estimate of over 2 billion people live in water-stressed countries, which is expected to be exacerbated in some regions as a result of climate change and population growth. At least 2 billion people use a drinking water source contaminated with faeces. Also, some 829 000 people are estimated to die each year from diarrhoea as a result of unsafe drinking water, sanitation and hand hygiene (WHO, 2022). This situation is worse in developing countries, where 60% of their population do not have access to healthy drinking water (Karanis, 2006;). 
In the context of international regulations, the contamination of water bodies by organic micro-pollutants is the subject of constant interest and is always under investigation. Studies have shown the enormous roles played by water in the transmission of enteric and other waterborne diseases from one point to another (Nnadozie and Abu, 2015). 
Basically, microorganisms play a major role in determining water quality. Some of the microorganisms that are concerned with waterborne diseases include: Salmonella spp, Shigella spp, Escherichia coli, Klebsella and Vibrio cholera (Adetunde and Glover, 2010).All these cause diseases like typhoid fever, diarrhoea, dysentery, gastroenteritis and cholera. Similarly, the consumption of water containing parasites has been attributed to be a major source of Giardia lamblia, Crysptosporidium parvum, Entamoeba histolytica, Isospora beli and Microsporidium spp infections in various outbreaks or epidemics (Odikamnoro et al., 2014). Common water-related diseases caused by parasites include schistosomiasis, amoebiasis, cryptosporidiosis and giardiasis. People become infected with these diseases when they drink or have contact with water that has been contaminated with the causative parasites. For example, individuals drinking water contaminated with fecal matter containing the amoeba, Entamoeba histolytica can get amoebic dysentery (amebiasis). An individual can get Guinea worm disease when they drink water that contains the parasite Dracunculus medinensis. Globally, about 80% of all diseases and death in third world are water-related due to pollution of water sources (Aderibigbe et al., 2008; Ayeni et al., 2011). 
The numbers of outbreaks of water-related diseases that have been reported in Nigeria indicate that transmission of pathogens by drinking water constitutes a major cause of illnesses (Nwidu et al., 2008). A number of studies pointed out that the lack of awareness as regards the significance of maintaining clean and hygienic stored water contributes to increasing waterborne diseases (Bello et al., 2017; Andersson et al., 2018; Mark et al., 2019; Rubino et al., 2019).
Water is considered as the essence of life and access to safe drinking water is a basic human right essential to all. Although water is necessary for the welfare of humankind and for sustainable development, a large proportion of the world’s population do not have access to microbiologically safe sources of water for drinking and other essential purposes (WHO/UNICEF, 2000). Safe drinking water should not represent any significant risk to health over a lifetime of consumption, including different sensitivities that may occur between life stages (WHO, 2006). 
Sources of drinking water include piped water, rivers, reservoirs, springs, streams, wells, ponds and rain. Studies have shown that the way water is collected, handled after collection and stored at home cause quality deterioration to such an extent that the water poses potential risks of infection to consumers (Ampofo and Karikari, 2006). Microbial guidelines seek to ensure that drinking water is free of microorganisms that can cause disease. Microbial hazards are said to represent an overall greater threat than chemical hazards, and in developing countries account for 5.7% of the total global burden of disease (Larmie and Paintsil, 1996). 	
The lack of microbiologically safe drinking water and adequate sanitation measures leads to a number of diseases including cholera, dysentery, salmonellosis, typhoid, and every year millions of lives are lost in developing countries. For the 1.1 billion people who lack access to improved water supplies, and many more with contaminated water, diarrhoeal disease is highly endemic (Clasen et al., 2007). Diarrhoea is a major cause for the death of more than 2 million people per year worldwide, mostly children under the age of five. It is the symptom of infection or the result of a combination of a variety of enteric pathogens (Zamxaka et al., 2004). 
Improving access to safe drinking water and sanitation are the ways of achieving the objectives of the United Nations Millennium Development Goals (MDGs). The MDGs target for water is to ‘half by 2015 the proportion of people without sustainable access to safe drinking water and basic sanitation’ (WHO/UNICEF, 2004).


1.2 Aims and Objectives
The aim of the project is to evaluate and compare the physical, chemical and microbial quality of ground water and stored drinking water in Eleko While;
Specific Objective
The specific objective of the project are to
i. collect and analyze groundwater and stored drinking water samples using standard method
ii. determine the physical, chemical, and microbial parameters of the water samples
iii. compare contamination levels between the groundwater sources and the stored water
1.3	 Scope of the Study
This study focuses on assessing and comparing the quality of groundwater sources (wells and boreholes) and household-stored drinking water in an urban setting. The assessment is based on one-time sampling of five source points — three wells and two boreholes — and their corresponding stored water samples collected from households after one week of storage.
The study covers both physicochemical parameters (such as pH, turbidity, total dissolved solids, electrical conductivity, and selected chemical constituents) and microbial contamination indicators (such as Escherichia coli and total coliforms). Laboratory analysis is conducted to evaluate these parameters against established water quality standards.
Additionally, the study investigates possible changes in water quality during household storage and identifies storage-related factors that may contribute to contamination.
1.4 	Problem Statement of the Study
Access to safe and clean drinking water remains a critical public health concern in many urban areas of developing countries. While groundwater from wells and boreholes is widely used as a primary water source, its safety is often compromised by increasing urbanization, poor waste disposal, and inadequate sanitation infrastructure. Compounding the issue, water that is stored in households for later consumption is frequently subjected to secondary contamination due to unhygienic handling and storage practices.
Despite the recognized importance of water quality, limited studies have simultaneously assessed both source and stored drinking water in urban households. This gap in knowledge makes it difficult to fully understand the extent of water quality deterioration that occurs between collection and consumption. Additionally, there is a lack of localized data on the physical, chemical, and microbial quality of water in such settings, especially using a practical one-time sampling approach. Without this information, communities vulnerable to waterborne diseases, and interventions cannot be effectively targeted.
1.5	 Justification of the Study
This study is necessary to provide a comprehensive understanding of the quality of drinking water from source to point-of-use in urban households. By comparing groundwater (from wells and boreholes) with household-stored water, the research aims to identify the extent and nature of contamination introduced during storage. The findings will help uncover critical gaps in household water safety practices and inform public health strategies aimed at reducing the risk of waterborne diseases.
Moreover, the one-time sampling approach is both cost-effective and reflective of real-life conditions where routine monitoring is often unfeasible. The use of standardized laboratory analysis for microbial and physicochemical parameters will ensure that the results are reliable and comparable with national and international water quality standards.
This study will provide evidence-based insights that can support policymakers, water authorities, and health agencies in designing targeted interventions for improving water quality and safeguarding urban public health.








CHAPTER TWO
LITERATURE REVIEW
2.1 	Preamble 
Drinking water contains bacterial toxins that can harm the health of a person and the community in general. Such toxins may originate from untreated sewage and even from treatment and distribution of water. The above contaminants can be fatal in our water supply that can lead to numerous health conditions of various degrees of severity, including lifethreatening ones Karri, et al., (2021). Types of Bacterial Toxins Bacterial toxins in drinking water can be divided into two main categories: endotoxins and exotoxins.
 Endotoxins are products known as lipopolysaccharides situated on the outer membrane of bacteria cells but are primarily on gram negative bacteria. These toxins are produced to environment when bacteria die or are killed. If ingested, they can lead to various diseases and conditions, for instance, respiratory conditions, Gastro illness and septicemia to mention but a few. While exotoxins are protein substances usually secreted by some bacteria to counteract other microorganisms in the environment. To humans, they are also dangerous and can lead to food poisoning, toxic shock syndrome or meningitis Wang., and Quinn,  (2010). 
However, having said this it is important to stress again that not all bacteria are pathogenic; some of the bacteria produce toxins which are potent, and which can be fatal to humans. Indeed, some are useful, as they contribute to the regulation of the correct ratio of microflora in the human body Morrissey Donohue, and Orme‐Zavaleta. (2003). 
Sustaining the quality of drinking water is the paramount role in the agenda of health for public good since the contamination of chemicals and microbes present dangers to the well-being of the people. One of the most concerning problems among all noted is the waterborne bacterial toxins as their influence can be dreadful for the person Decharat,  and Pan-In, (2020).. One of the critical professions is toxicologists who help in determining the risks resulting from chemical contaminants in water and providing measures that can guarantee the safety of the source of water Van Leeuwen,. (2009). 
Drinking water naturally contains chemicals; it is polluted and treated with various substances, all of which can cause the water to contain toxic 
elements Tracy, (2020). Decayed and neglected population groups or communities register highest rates of chemical infiltration in their drinking water, owing to compromised exposures, limited access to chemical analysis and water purification, and inherently inferior standard health Amrose,  et al., (2020). 
It is projected that chemical pollution in drinking water shall continue to increase in the next few decades due to factors like climate change, industrialization, and an enhanced ability to determine the concentration effects of some of these chemicals on human health McIntyre, J. K. To address this challenge, there is a need for proper water treatment, the strengthening of water monitoring and regulation as well as various targeted strategies to support vulnerable groups of the population
2.2	Sources of Water Contamination
The main causes of water contamination are due to human activities which result in pollution, but natural events also play a role(WHO, 2017). The risk and type of contamination often depend on the quality and management of the water source. Some significant sources of water contamination include:
2.2.1	Agricultural Activities
		Pesticides, fertilizers, and poorly managed animal waste contaminate water through runoff and leaching. Rain washes chemicals from fields into streams, rivers, and groundwater(EPA, 2023a).. Animal waste from farms can introduce bacteria, viruses, and parasites into water if not properly contained.(FAO, 2020).
2.2.2	Industrial Waste
		Industries release chemicals and heavy metals as byproducts. Improper disposal or storage allows these pollutants to seep into nearby water sources. (Saha etal., 2011)Underground tanks storing gasoline or oil can also leak, polluting groundwater.(EPA, 2023b).
2.2.3	Sewage
		Human and industrial waste can enter water systems through discharges from sewage plants or septic systems. When not properly treated, sewage introduces harmful bacteria, viruses, and chemicals into the environment.(WHO, 2019).
2.2.4	Natural Events
		Storms, earthquakes, and volcanic eruptions can disrupt water systems, causing sediment and pollutants to enter water sources. Climate change and poor land use often worsen these events. They may also damage water treatment infrastructure, hampering safe water supply.(IPCC, 2021)
2.2.5	Mining
		Mining uses large volumes of water and releases toxic byproducts. During extraction, heavy metals and contaminants can leak into nearby water, posing environmental and health risks.(Younger, 2001)
2.2.6	Public Water Regulation
Public water systems in the United States are subject to strict regulation under the Safe Drinking Water Act (SDWA), which empowers the Environmental Protection Agency (EPA) to set and enforce national drinking water standards. These standards are designed to protect public health by limiting the levels of specific contaminants in tap water provided by public water systems. The EPA regularly reviews and updates the Contaminant Candidate List, which identifies new and emerging substances that may pose health risks and require regulation.(EPA, 2022).
2.3	Effects of The Most Common Drinking Water Contaminants
All water contaminants negatively affect human activity, as well as the rest of the biosphere. Health risks are a particularly high concern, as some contaminants can pose serious health risks, including illness, disease, and even death. Contaminants like bacteria and viruses can cause disease outbreaks, while chemicals and heavy chemicals can cause long-term declines in human health and birth defects that are only noticed when it is too late. Keeping water safe requires regular monitoring and treatment to ensure it is free from harmful contaminants and safe to consume.(WHO, 2017).
Contaminants can also have negative impacts on the health of ecosystems, such as killing aquatic life and harming wildlife. For example, microplastics found in both freshwater and seawater have been observed to affect the development and behavior of both plankton and fish. Algal blooms caused by agricultural runoff can decimate entire lakes, and these algae can then produce toxins which then threaten humans.(WHO, 2017).Contaminated water can affect the taste, odor, and appearance of water, making it unpleasant for drinking, cooking, and bathing, leading to decreased quality of life. It puts a higher burden on medical systems, requires more expensive treatment, and can affect economic activities, such as agriculture and water tourism. 
This can lead to a vicious cycle, where people who afford to decide to leave affected communities, resulting in further economic and social damage, which means the community has even less chances to deal with contamination. Regular monitoring is essential to identify and address these contaminants. Tests mandated by regulatory agencies like the EPA play a crucial role in detecting contaminants and ensuring compliance with safety standards, helping to keep water safe for public consumption.(WHO, 2017).
2.4	Types of Microorganisms in Water
Water contains a diverse range of microorganisms, each with unique characteristics and implications for water quality. The most common types include:
1. Bacteria: These are single-celled organisms that can either be beneficial or harmful. Pathogenic bacteria, such as E. coli and Salmonella, can cause serious diseases if present in high concentrations. However, many bacteria play beneficial roles, such as breaking down organic matter and aiding in nutrient cycling.
2. Viruses: Viruses are much smaller than bacteria and can only reproduce inside a host cell. Waterborne viruses like noroviruses and hepatitis A can cause gastrointestinal illnesses and other health issues. Due to their small size and resistance to many conventional water treatments, they can be challenging to detect and remove.
3. Protozoa: These are single-celled organisms that can be free-living or parasitic. Some protozoa, like Giardia and Cryptosporidium, can cause gastrointestinal diseases and are resistant to chlorine disinfection, making them a concern for water safety.
4. Fungi: Fungi in water include yeasts and molds, which can contribute to biofilm formation and may cause taste and odor issues. While not typically pathogenic, certain fungi can produce mycotoxins that might pose health risks under specific conditions.WHO, 2017).


2.5	Types of Pathogens Found  in Water
Table 2.1: Pathogens  in Water
	Type of Pathogen
	Examples
	Description
	Common Diseases or Symptoms

	Bacteria
	Escherichia coli (E. coli), Salmonella, Vibrio cholerae
	Single-celled microorganisms that can cause various infections when ingested through contaminated water.
	Diarrhea, cholera, typhoid fever, gastroenteritis


	Viruses
	Norovirus, Hepatitis A, Rotavirus
	Submicroscopic infectious agents that require a host cell to replicate, causing a range of diseases.
	Gastroenteritis, hepatitis, viral gastroenteritis

	Protozoa
	Giardia lamblia, Cryptosporidium, Entamoeba histolytica
	Single-celled eukaryotes that can cause infections, often through cysts that survive in water.
	Giardiasis, cryptosporidiosis, amoebic dysentery

	Parasites
	Schistosoma, Dracunculus medinensis (Guinea worm)
	Multicellular organisms that can live in or on a host, causing various diseases.
	Schistosomiasis, dracunculiasis (Guinea worm disease)


(WHO, 2017).
2.6	Roleof Microorganismsin Water
Microorganisms play crucial roles in water ecosystems by contributing to nutrient cycling and maintaining ecological balance. Beneficial bacteria decompose organic matter, recycle nutrients, and help purify water by breaking down pollutants. Protozoa and fungi also play significant roles in the decomposition of organic materials and the breakdown of complex compounds. Algae, including cyanobacteria, contribute to oxygen production through photosynthesis, supporting aquatic life. However, some microorganisms, especially pathogenic ones, can pose health risks if present in high concentrations. (Madigan, et al., 2018)
2.7	Health Effects of Bacterial Toxins in Drinking 
Water Bacterial toxins present in drinking water can have a wide range of health effects, depending on the type of toxin and the individual's susceptibility. Some common attacks such toxins can cause include: Mustafa Ali Muhammad, (2017)  
2.7.1	Gastrointestinal Disorders
The presence of bacterial toxins in the water causes numerous diseases that may relay with vomiting, diarrhea, and abdominal pain. These symptoms are normally not very serious, however there are instances where they may become very serious causing the patients to suffer from severe dehydration and electrolyte imbalance.
2.7.2	Hepatitis
 It is seen that some of the bacterial toxins like hepatitis A virus if consumed through contaminated water can lead to liver disorder such as hepatitis. This can result in fever, fatigue and jaundice and in severe manifestation liver failure can occur.  
2.7.3	Acute Kidney Injury
There are some bacterial toxins, which exist in drinking water that has been associated with acute kidney injury which is a condition whereby kidneys perform their functions abnormally at a given period of time. Some of the manifestations of the condition are a reduced amount of urine passed, accumulation of fluid, difficulty in breathing and discomfort in the chest. Chronic exposure to these toxins poses a threat to the kidney where some may cause renal damage and or kidney failure. 
2.7.4	Respiratory Conditions
Intake of water with bacterial toxins can at times be inhaled and thus leads to irritation and inflammation of the bronchial tubes. This might cause such signs as coughing, wheezing, and shortness of breath. It could also cause allergic reactions where individuals who could have been sensitive to sand would begin experiencing allergic reactions or worsen their asthma or COPD accustomed to developing during the dusty season. 
2.7.5	Neuro logical Disorders
There is progressive indication that bacterial toxins in drinking water cause diseases affecting the nervous system including meningitis and encephalitis. These toxins have been discovered to lead to swelling in the brain and spinal cord, and some of the symptoms include headaches, fever, seizures, and in worse cases, comas. Investigations on this connection are still being conducted, and more work is being done towards gaining more insight on the neurological effects of bacterial toxins in the national supply of drinking water. 
2.7.6	Gastrointestinal Disorders
Ingestion of drinking water that contains bacterial toxins affects the uncomfortable of the gastrointestinal. Such toxins cause manifestations like abdominal pain, nausea and vomiting, diarrhea and resulting dehydration. At worse, they can lead to more severe diseases such as cholera and salmonellosis.Mustafa Ali Muhammad,. (2017) 


2.8	Drinking Water Quality Standards
Drinking water quality standards describes the quality parameters set for drinking water. Water may contain many harmful constituents, yet there are no universally recognized and accepted international standards for drinking water. Even where standards do exist, the permitted concentration of individual constituents may vary by up to ten times from one set of standards to another. Many countries specify standards to be applied in their own country. In Europe, this includes the (European Drinking Water Directive 2025) and in the United States, the United States Environmental Protection Agency (EPA) establishes standards as required by the Safe Drinking Water Act. China adopted its own drinking water standard GB3838-2002 (Type II) enacted by Ministry of Environmental Protection in (2002). For countries without a legislative or administrative framework for such standards, the World Health Organization (WHO) publishes guidelines on the standards that should be achieved. (2022)
Where drinking water quality standards do exist, most are expressed as guidelines or targets rather than requirements, and very few water standards have any legal basis or, are subject to enforcement. Two exceptions are the European Drinking Water Directive and the Safe Drinking Water Act in the United States, (2022) which require legal compliance with specific standards. In Europe, this includes a requirement for member states to enact appropriate local legislation to mandate the directive in each country. Routine inspection and, where required, enforcement is enacted by means of penalties imposed by the European Commission on non-compliant nations.

2.9	Methods of Detecting Bacteria in Water
The most reliable methods are direct plate count method and membrane filtration method. mEndo Agar is used in the membrane filtration while VRBA Agar is used in the direct plate count method. VRBA stands for violet red bile agar. A media that contains bile salts which promotes the growth of gram negative and has inhibitory characteristic to gram positive although not complete inhibitory.
These media contain lactose which is usually fermented by lactose fermenting bacteria producing colonies that can be identified and characterised. Lactose fermenting produce colored colonies while non lactose fermenting produce colorless ones. Because the analysis is always based on a very small sample taken from a very large volume of water, all methods rely on statistical principles.(EPA}. (2004)
2.9.1	Multiple tube Method
One of the oldest methods is the multiple tube method.(EPA.  2002). In this method a measured sub-sample (perhaps 10 ml) is diluted with 100 ml of sterile growth medium and an aliquot of 10 ml is then decanted into each of ten tubes. The remaining 10 ml is then diluted again and the process repeated. At the end of 5 dilutions this produces 50 tubes covering the dilution range of 1:10 through to 1:10000.
The tubes are then incubated at a pre-set temperature for a specified time and at the end of the process the number of tubes with growth in is counted for each dilution. Statistical tables are then used to derive the concentration of organisms in the original sample. This method can be enhanced by using indicator medium which changes colour when acid forming species are present and by including a tiny inverted tube called a Durham tube in each sample tube. The Durham inverted tube catches any gas produced. The production of gas at 37 degrees Celsius is a strong indication of the presence of Escherichia coli.
2.9.2	ATP Testing
An ATP test is the process of rapidly measuring active microorganisms in water through detection adenosine triphosphate (ATP). ATP is a molecule found only in and around living cells, and as such it gives a direct measure of biological concentration and health. ATP is quantified by measuring the light produced through its reaction with the naturally occurring enzyme firefly luciferase using a luminometer. The amount of light produced is directly proportional to the amount of biological energy present in the sample.
Second generation ATP tests are specifically designed for water, wastewater and industrial applications where, for the most part, samples contain a variety of components that can interfere with the ATP assay.
2.9.3	Plate Count
The plate count method relies on bacteria growing a colony on a nutrient medium so that the colony becomes visible to the naked eye and the number of colonies on a plate can be counted. To be effective, the dilution of the original sample must be arranged so that on average between 30 and 300 colonies of the target bacterium are grown. Fewer than 30 colonies makes the interpretation statistically unsound whilst greater than 300 colonies often results in overlapping colonies and imprecision in the count. To ensure that an appropriate number of colonies will be generated several dilutions are normally cultured. This approach is widely utilised for the evaluation of the effectiveness of water treatment by the inactivation of representative microbial contaminants such as E. coli following ASTM D5465.Hanaor et al., (2014)
The laboratory procedure involves making serial dilutions of the sample (1:10, 1:100, 1:1000, etc.) in sterile water and cultivating these on nutrient agar in a dish that is sealed and incubated. Typical media include plate count agar for a general count or MacConkey agar to count Gram-negative bacteria such as E. coli. Typically one set of plates is incubated at 22 °C and for 24 hours and a second set at 37 °C for 24 hours. The composition of the nutrient usually includes reagents that resist the growth of non-target organisms and make the target organism easily identified, often by a colour change in the medium. Some recent methods include a fluorescent agent so that counting of the colonies can be automated. At the end of the incubation period the colonies are counted by eye, a procedure that takes a few moments and does not require a microscope as the colonies are typically a few millimetres across.
2.9.4	Membrane Filtration
Most modern laboratories use a refinement of total plate count in which serial dilutions of the sample are vacuum filtered through purpose made membrane filters and these filters are themselves laid on nutrient medium within sealed plates. (EPA. 2002.) The methodology is otherwise similar to conventional total plate counts. Membranes have a printed millimetre grid printed on and can be reliably used to count the number of colonies under a binocular microscope.
2.9.5	Pour Plate Method
When the analysis is looking for bacterial species that grow poorly in air, the initial analysis is done by mixing serial dilutions of the sample in liquid nutrient agar which is then poured into bottles which are then sealed and laid on their sides to produce a sloping agar surface. Colonies that develop in the body of the medium can be counted by eye after incubation.
The total number of colonies is referred to as the total viable count (TVC). The unit of measurement is cfu/ml (or colony forming units per millilitre) and relates to the original sample. Calculation of this is a multiple of the counted number of colonies multiplied by the dilution used
2.10	Review of Past Related Work
Shara  and Wasan (2024) review that Contamination of drinking water is one of the major concern’s that affect the health of the community due to bacterial toxins. This research paper focuses on the impact of these toxins in human health, and the available ways of tracking and controlling their distribution in water resources. This paper will therefore consider a literature review that will help in the generation of epidemiological data from different studies done on bacterial toxins in drinking water. The figures and levels of pathogenic bacteria, viruses, and protozoa in water make their presence or absence affect the lives of people all over the world. Waterborne pathogens can affect humanity through drinking water, fresh produce and raw foods, processed foods, or water for recreation. This increased chemical exposure has led to drinking water becoming a large source of chemical exposure despite drinking water treatment research mainly concentrating on microbial contaminants because of the large burden of diseases caused and high childhood mortality among the victims. Consequently, use of water polluted with heavy metals and bacterial toxins leads to high morbidity and mortality coefficient in various regions of the world.
 Omari, and Yeboah-Manu.(2012)determining the presence, type, count and causes of bacterial contamination of water used for drinking and other domestic purposes in Mpraeso. Fifty-four (54) water samples (48 from 8 groundwater wells and 6 from a stream) were collected and analyzed for six months (both during the dry and raining seasons). The results showed that groundwater sources were as polluted as surface water. The detection of bacterial cells in the water sources means that some forms of treatment needed to be done before consumption. The mean count of total coliform and faecal coliform ranged from 299 - 2267 MPN colonies/100 ml water sample and 111 – 1235 MPN colonies/100 ml water sample, respectively. For the groundwater sources, the enterobacteriaceae species detected were Escherichia coli (8 wells), Enterococcus faecalis (8 wells), Klebsiella pneumoniae (6 wells), Enterobacter cloacae (5), Pseudomonas aeruginosa (3), and Proteus mirabilis (3). All these bacterial species were detected in the surface water samples.








CHAPTER THREE
METHODOLOGY 
3.1 Location of the Study Area 
Eleko community is located in Moro L.G.A of Kwara State, Nigeria. It lies between latitude 08o 33' 16.4" N and longitude 04 o 38' 04.2"E and latitude 08o 33' 38.4"N and 04o 38' 20.6" E of the Greenwich meridian. It lies on altitude of approximately 372m which is about 1,220 feet. Figure 1 is the satellite imagery Eleko community.
[image: C:\Users\hp\Desktop\Ara Comm 2.jpg]
Figure 1: Satellite imagery of  the study area
Source: www.goggle,com
3.2 Water Sampling Procedure 
Selection of water sources was done by random sampling procedure. A total number of five groundwater samples were collected within Ara community: Two wells and three boreholes. The samples were collected separately in a sterilized bottle for rain season and dry season respectively. Before collecting the water samples, the bottle container was washed and rinsed thoroughly with water. The water samples collected were taken to the laboratory for analysis using standard methods. The Global Position System (GPS) was used to determine the coordinates of the sampled points.
3.3 Laboratory Analysis of the Water Samples 
The Laboratory analysis of the water samples was carried out at Fisbol Geosciences and analytical service sabo oke ilorin, kwara state. The water samples were tested for selected physical, chemical and biological.
The laboratory analysis was carried out using standard analytical methods and physical procedures for water quantity analysis.
3.4 Analysis of Parameters 
3.4.1 Physical Parameters 
A number of tests were carried out to determine physically parameters and there quantities in each ground water samples
3.4.2.1 Temperature
The temperature of each sample was measured directly at the collection site from the boreholes and wells using a thermometer.
3.4.2.2 Color / Odor  
The Equipment use in determine color is colorimeter and odor is odor panel
3.4.2.3 PH
The Equipment for the PH is  pH meter.
3.4.2.4 Filterable Solids 
Determined by filtering the sample through a filter and then measuring the solids present in the filtrate.
3.4.3 Chemical Analysis 
Tests varying in equipment and reagent used were carried out to analyze samples for chemical parameters 
3.4.3.1 Total Hardness 
The total hardness, which includes both temporary and permanent hardness, was determined using the EDTA titrimetric method.
3.4.3.2 Chloride 
Chloride concentration was determined using the Mohr titration method. Silver nitrate was titrated against the water sample, with potassium chromate (K,CrO4) used as the indicator.
3.4.3.3 Sulphate 
Sulphate levels in water samples were determined using the turbidimetric method. The results were measured with a SpectroMec 20 Atomic Absorption Spectrophotometer and subsequently converted to mg/L.
3.4.3.4 Nitrate 
Sulphate levels in water samples were determined using the turbidimetric method. The results were measured with a SpectroMec 20 Atomic Absorption Spectrophotometer and subsequently converted to mg/L.
3.4.3.5 Trace Elements 
Zinc, Iron, copper, manganese, The results were directly obtained from the Atomic Absorption Spectrophotometer, Spectronic 20 model.
3.4.4 Biological Analysis 
3.4.4.1  Total Viable Counts 
Total Viable Plate Counts  (TVPC) is a microbiological technique used to estimate the number of viable microorganisms present in a sample. It provides an indication of the overall microbial population and can be used to assess the quality and safety of various products, including food and water.

3.4.4.2 Coliform Counts 
Coliform counts are used to evaluate the microbial quality of water, food, and other products by detecting the presence and concentration of coliform bacteria. Coliforms are a group of bacteria commonly found in the environment, including soil and vegetation, as well as in the feces of warmblooded animals. Their presence indicates potential contamination with fecal material.
3.4.4.3 E. Coli 
Escherichia coli (E. coli) is a type of bacterium commonly found in the intestines of warm-blooded animals, including humans. It is a versatile organism used in research, biotechnology, and medicine.
3.4.4.4 Streptococcus Feacalis 
Streptococcus faecalis (now more commonly known as Enterococcus faecalis) is a type of bacterium that is part of the normal flora of the gastrointestinal tract in humans and animals. It is also known for its role in both health and disease. 
3.5 Methods Of Data Analysis 
The data that were collected from the laboratory analysis of the water samples were further analyzed using statistical tools and the results obtained were presented in tables and graph. 
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CHAPTER FOUR
RESULT AND DISCUSSION
4.1	Result
Table 4.1: show the Comparative Study on the Quality and Contamination Risks of Groundwater and Stored Drinking Water Sources
Table 4.1: show the Comparative Study on the Quality and Contamination Risks of Groundwater
	S/N
	Parameter
	 A1
	 A2
	B1
	B2
	C1
	C2
	D1
	D2
	E1
	E2

	1.
	Temperature ˚C
	30.2
	31.6
	30.4
	30.6
	30.6
	31.2
	31.8
	30.8
	30.9
	30.9

	2.
	Colour units
	42.0
	39.8
	17.0
	15.5
	12.0
	63.4
	49
	48.6
	61
	61

	[bookmark: _Hlk203472635]3.
	Turbidity N.T.U
	25
	62
	9
	48
	8.5
	92
	21
	67
	20
	20

	4.
	Ph
	7.7
	7.7
	8.1
	7.4
	7.6
	7.3
	7.1
	6.9
	7.2
	7.2

	5.
	TDS 
	680
	65
	980
	104.1
	790
	159
	879
	78
	710.5
	110.5

	6.
	Electrical Cond.
	1176
	118.6
	1850
	246.2
	1568
	346
	1758
	150.8
	1419
	1419

	7.
	Filterable solids mg/l
	150
	28
	240
	48
	391
	68
	248
	31
	358
	358

	8.
	Total alkalinity mg/l
	48
	28.2
	61
	40.6
	71
	54.1
	82
	71.6
	68
	68

	9.
	Chloride mg/l
	22
	3.2
	38
	8.4
	64
	29.7
	45
	42.3
	30.7
	30.7

	10.
	Fluoride mg/l
	0.10
	0.31
	0.04
	0.14
	0.01
	ND
	0.21
	ND
	0.18
	0.18

	11.
	Manganese Mn2+  mg/l
	ND
	ND
	0.1
	0.7
	0.1
	0.60
	0
	ND
	0.3
	0.3

	12.
	Iron Fe3+ mg/l
	0.05
	0.01
	0.05
	0.62
	0.02
	ND
	0
	0.75
	0.36
	0.36

	13.
	Sulphate mg/l
	24
	16.7
	17
	28.3
	34
	64
	29
	34
	42
	42

	14.
	Nitrate mg/l
	ND
	ND
	ND
	18.4
	24.1
	9.57
	23.43
	3.3
	18.6
	18.6

	15.
	Calcium hardness mg/l
	19
	28
	31
	59.7
	29
	67.8
	38
	71.6
	40.1
	40.1

	16.
	Magnesium hardness
	4.2
	8.8
	10.2
	25.6
	13.3
	48.6
	15
	62.1
	20
	20

	17.
	Free Chlorine
	0.01
	0.04
	0.01
	ND
	ND
	ND
	0.01
	0.02
	0.05
	0.05

	18.
	Calcium Ca2+ mg/l
	12
	6.5
	25
	14.6
	32
	19.9
	39
	20.3
	53
	53

	19.
	Nitrite 
	0.08
	0.06
	0.14
	0.08
	0.22
	0.01
	0.41
	0.08
	0.51
	0.51

	20.
	Total hardness mg/l
	28
	10.4
	42
	18.7
	54
	35.6
	78
	49.7
	98.9
	98.9

	21.
	Potassium Hardness 
	10
	4.21
	8
	6.84
	25
	10
	31
	15
	38
	38

	22
	Copper
	ND
	0.01
	ND
	0.08
	0.05
	0.21
	0.08
	0.32
	0.04
	0.04

	23
	Zinc
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	24.
	Silica
	0.05
	0.17
	0.09
	0.08
	0.31
	0.12
	0.25
	0.08
	0.38
	0.38

	25
	Total viable plate  count cfu/ ml
	52
	28
	68
	76
	3508
	2918
	2482
	3714
	4817
	4802

	26
	Coliform counts / 100ml
	9
	4
	15
	8
	1450
	408
	598
	516
	984
	874

	27
	E.coli/ 100ml
	ND
	ND
	ND
	ND
	54
	34
	87
	120
	92
	343

	28
	Streptococcus feacalis
	ND
	ND
	ND
	ND
	71
	ND
	69
	ND
	84
	ND


      and Stored Drinking Water Sources in Eleko Community

WHO- World Health Organization 				ND- Not detected

KEY 
A1 = STORDED BOREHOLE WATER
A2= RAW BOREHOLE WATER
B1 = STORDED BOREHOLE WATER
B2= RAW BOREHOLE WATER
C1 = STORDED WELL WATER
C2 = RAW WELL WATER
D1 = STORDED WELL WATER
D2 =RAW WELL WATER
E1 = STORDED WELL WATER
E2 = RAW WELL WATER








4.2	Discussion
4.2.1 Comparative analysis of raw and stored water color
Table 4.1 and figure 4.1 , Pairs A, D, E show high color contamination both at source and in storage C2 (63.4 CU) which is the highest indicating serious quality issues and health concerns, Pair B slightly exceeds WHO thresholds, indicating borderline quality needing improvement and Pair C (12.0 CU), now within acceptable limit, shows a significant improvement in stored water color, which may indicate treatment or settling during storage, lowering risk. Raw water to should be Treated to reduce color, possibly via filtration, coagulation, or sedimentation before storage or consumption.
4.2.2Comparative analysis of raw and stored water turbidity
Both the stored and raw undergroundwater exceeds the W.H.O guidelines (5NTU), unsafe for drinking, which suggests the presence of suspended solids, sediments, organic matter, and possibly microbial contaminants as shown in table 4.1 and figure 4.2. The tested water samples demonstrate unacceptable turbidity levels according to WHO standards. Even though turbidity is lower in the stored water compared to raw water, both require treatment to reduce turbidity below 5 NTU and ideally below 1 NTU to comply with WHO guidelines and ensure safety for drinking and domestic use. Treatment steps such as sedimentation, filtration, and disinfection are essential before consumption to meet WHO turbidity standards and ensure microbiological safety. (W.H.O, 2017)
4.2.3 Comparative analysis of raw and stored water tds 
Raw groundwater sources show acceptable TDS levels according to WHO, indicating suitability as drinking water sources. Stored water shows elevated TDS across all sites, exceeding WHO guidelines, suggesting contamination during or after storage. Storage practices must be reviewed and improved to prevent leaching or contamination (use of clean, inert containers; protection from environmental contaminants).As shown in table 4.1 and figure 4.3 below.
4.2.4 Comparative analysis of raw and stored water electrical conductivity
Raw water is generally compliant with WHO Electrical Conductivity standards, except for site E (Stored (E1) 205 NTU and Raw (E2)  5.0 NTU). Figure 4.4, Stored water consistently shows increased electrical conductivity beyond guidelines, potentially from contamination or poor storage practices, risking consumer health and acceptability. (WHO 2017)
4.2.5  Comparative analysis of raw and stored water iron
	Figure 4.5 shows the pairs B, D, and E, (0.62, 0.75 and 0.36) raw water iron exceeds WHO limits (0.30). In E, both raw and stored water (0.36,0.36) are above the limit. Storage sometimes reduces iron (e.g., D2 to D1), but not always enough to meet standards.
Stored water often shows increased bacterial contamination compared to raw water, even if chemical parameters improve or remain stable. This is due to poor storage practices, container material, and biofilm formation, which can introduce or amplify pathogens like E. coli and other bacteria, raising health risks above WHO guidelines (Shields et al., 2015; Bae et al., 2019; Binibor et al., 2025). Storage in certain materials (especially plastic and aluminum) can worsen water quality by increasing chemical leaching and supporting bacterial growth (Binibor et al., 2025).
4.2.6  Comparative analysis of raw and stored water manganese
In B, C, and E (0.7, 0.60 and 0.3), raw water manganese exceeds the WHO limit (0.10). In E (0.3,0.3), both stored and raw water are above the limit.
Storage sometimes reduces manganese (e.g., B2 to B1, C2 to C1), but not always to safe levels.
Aluminum containers can significantly increase manganese contamination in stored water, sometimes far exceeding safe limits (Binibor et al., 2025).
Storing water in certain materials, especially aluminum, can lead to a dramatic increase in manganese and iron, making water unfit for consumption (Binibor et al., 2025).
Even when chemical parameters improve or remain stable, stored water is at higher risk for microbial contamination due to poor storage practices, container material, and biofilm formation (Bae et al., 2019; Binibor et al., 2025).
4.2.7  Comparative analysis of raw and stored water nitrate
All raw and stored water samples are below the WHO nitrate limit (50). Stored water C and D (24.1 and 23.43), has higher nitrate than raw water, suggesting possible contamination during storage or concentration due to evaporation. While nitrate levels are within safe limits, stored water is at higher risk for microbial contamination due to poor storage practices, container material, and biofilm formation, even if chemical parameters like nitrate remain safe (Shields et al., 2015; Bae et al., 2019; Binibor et al., 2025).
4.2.8 Comparative analysis of raw and stored water nitrite
A and B: Both raw and stored water are within WHO limits, but stored water shows slightly higher nitrite, suggesting possible contamination during storage.
C: Stored water C1 (0.22) slightly exceeds the WHO limit, while raw water C2 (0.01) is well below, indicating contamination risk during storage.
D: Stored water D1 (0.41) is more than double the WHO limit, while raw water D2 (0.08) is within limits, again pointing to storage-related contamination.
E: Both raw and stored water E1 and E2 (0.51) exceed the WHO limit, indicating source contamination. As shown in figure 4. Water quality often deteriorates during storage, with increased risk of chemical and microbial contamination, especially if containers are not regularly cleaned or if water is stored for several days (Shields et al., 2015; Bae et al., 2019; Feleke et al., 2018; Khanal et al., 2024).
Both raw and stored water exceed limits in E the underground source is already contaminated, requiring treatment before use (Khan et al., 2017; Khanal et al., 2024). Chronic exposure to nitrite above WHO limits can cause health issues, particularly in infants (methemoglobinemia) and may have synergistic effects with other contaminants (Wasana et al., 2017).
Regular cleaning of storage containers, minimizing storage time, and treating contaminated sources are essential to reduce risk (Shields et al., 2015; Bae et al., 2019; Feleke et al., 2018; Khanal et al., 2024).
4.2.9  Comparative analysis of raw and stored water total hardness
Table 4.1 and figure 4. Shows all measured values for both raw (A2–E2) and stored (A1–E1) water are below the WHO permissible limit of 100 mg/L. Stored water generally shows lower hardness than its raw counterpart in each pair, indicating some reduction during storage or treatment. The reduction in hardness from raw to stored water is consistent across all locations, with the largest drop seen in E1/E2 (98.9 mg/L to 98.9 mg/L, no change), and the smallest in A1/A2 (28 mg/L to 10.4 mg/L). Storage can sometimes introduce or concentrate contaminants, especially if containers are not regularly cleaned or are exposed to environmental sources (Bae et al., 2019; Binibor et al., 2025).
Research consistently shows that water quality often deteriorates during storage, with increased risk of microbial contamination, even if chemical parameters like hardness remain within safe limits. Stored water is more likely to exceed WHO guidelines for microbial safety, especially if storage containers are not regularly cleaned or if water is stored for more than three days (Shields et al., 2015; Bae et al., 2019; Feleke et al., 2018; Khanal et al., 2024).
The type of storage container can influence contamination risk. Plastic and clay containers can promote bacterial growth, while aluminum may introduce chemical contaminants (Binibor et al., 2025). Total hardness in water samples is within WHO limits, synergistic effects with other contaminants (e.g., heavy metals, fluoride) can still pose health risks, even at permissible levels (Wasana et al., 2017). Microbial contamination remains the primary concern for stored water, often leading to waterborne diseases (Shields et al., 2015; Khan et al., 2017; Feleke et al., 2018; Khanal et al., 2024). Regular cleaning of storage containers, minimizing storage time, and using improved water sources (e.g., piped water) reduce contamination risk (Shields et al., 2015; Bae et al., 2019; Feleke et al., 2018; Binibor et al., 2025; Khanal et al., 2024).
4.2.10 Comparative analysis of raw and stored water coliforms
Table 4.1 and figure 4. Shows all samples, both raw and stored, exceed the WHO standard of zero coliforms. Stored water consistently has higher coliform counts than its raw counterpart, indicating increased contamination during storage. The increase is especially dramatic in C, D, and E, where counts are in the hundreds to thousands, posing a severe health risk. Research shows that water quality often worsens after storage, with a higher percentage of stored water samples failing to meet microbial safety standards compared to source water (Shields et al., 2015; Bae et al., 2019; Feleke et al., 2018; Khanal et al., 2024). Poor hygiene, unclean containers, and longer storage times contribute to microbial growth and biofilm formation, further increasing health risks (Bae et al., 2019; Feleke et al., 2018; Khanal et al., 2024). High coliform counts are linked to outbreaks of waterborne diseases such as diarrhea, cholera, and typhoid, especially in children (Khan et al., 2017; Feleke et al., 2018; Khanal et al., 2024).
4.2.11 Comparative analysis of raw and stored water E. coli
E. coli is a direct indicator of fecal contamination and poses a significant health risk if present in drinking water. According to WHO standards, no E. coli should be detectable in 100 ml of water. Both stored (A1, B1) and raw (A2, B2) water for locations A and B show "ND" (not detected), indicating compliance with WHO standards and low immediate risk. However, for locations C, D, and E, both raw and stored water samples contain E. coli far above the permissible level, with stored water (C1: 54, D1: 87, E1: 92 per 100 ml) and raw water (C2: 34, D2: 120, E2: 343 per 100 ml) all indicating severe contamination. Table 4.1 shows that  stored water has higher E. coli counts than its raw counterpart, except for D and E where raw water is even more contaminated. This pattern is consistent with research showing that water quality often deteriorates during storage due to poor hygiene, unclean containers, and environmental exposure, increasing the risk of waterborne diseases (Shields et al., 2015; Khan et al., 2017; Morgan et al., 2021). The presence of E. coli at these levels is associated with outbreaks of diarrhea, cholera, and other serious illnesses, especially in children (Khan et al., 2017; Morgan et al., 2021). Even when source water is relatively clean, improper storage can introduce or amplify contamination, highlighting the need for both source protection and safe storage practices (Shields et al., 2015; Morgan et al., 2021). 


Figure 4.1 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Colour Units)


Figure 4.2 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Turbidity N.T.U)


Figure 4.3 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (TDS)


Figure 4.4 Contamination risk of ground water and stored drinking water  
                   Sources in Eleko (Electrical Conductivity)

Figure 4.5 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Iron mg/l)


Figure 4.6 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Manganese mg/l)



Figure 4.7 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Nitrate mg/l)


Figure 4.8 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Nitrite )

Figure 4.9 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Total Hardness )

Figure 4.10 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Coliform counts/ 100ml)

Figure 4.11 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (Total via plate count du/ml)

Figure 4.12 Contamination risk of groundwater and stored drinking water  
                   Sources in Eleko (E.coli /100ml)




CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 	Conclusion
In conclusion, the water quality assessment reveals that while some chemical parameters (such as total hardness and nitrite in certain locations) are within WHO permissible limits, there is widespread and severe microbial contamination, particularly with coliforms and E. coli, in both raw and stored water samples. Stored water often shows higher contamination than raw water, indicating that poor storage practices significantly increase health risks. This level of contamination poses a serious threat of waterborne diseases and highlights the urgent need for intervention. 
5.1Recommendations
To maintain and improve the groundwater (wells and boreholes) with household-stored water, the following recommendations were made to implementing these measures will help reduce contamination risks, improve water safety, and protect public health in affected communities.
1. Prioritize the consistent supply of treated, safe water to communities, minimizing reliance on untreated underground sources.
2. Educate residents on proper water collection, transportation, and storage hygiene, including regular cleaning of storage containers.
3. Implement point-of-use water treatment methods (e.g., boiling, chlorination, filtration) at the household level, especially where microbial contamination is detected.  
4. Regularly monitor both source and stored water for microbial and chemical contaminants to ensure ongoing safety.  
5. Address infrastructure gaps to reduce water supply interruptions, which often force communities to store water for longer periods, increasing contamination risk.  
6. Encourage the use of improved water sources and discourage the use of highly contaminated sources unless adequately treated.  
7. Foster community engagement and cross-sector collaboration to sustain water quality improvements and public health outcomes.
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Colour units	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	42	39.800000000000011	17	15.5	12	63.4	49	48.6	61	61	15	Samples

Value



Turbidity N.T.U	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	25	62	9	48	8.5	92	21	67	20	20	5	Samples

Values



TDS 	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	680	65	980	104.1	790	159	879	78	710.5	710.5	500	Sample

Value



Electrical Cond.	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	1176	118.6	1850	246.2	1568	346	1758	150.80000000000001	1419	1419	1000	Sample

Value



Iron Fe3+ mg/l	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	0.05	1.0000000000000004E-2	0.05	0.62000000000000022	2.0000000000000007E-2	0	0	0.75000000000000022	0.3600000000000001	0.3600000000000001	0.3000000000000001	Sample

Value



Manganese Mn2+  mg/l ND ND	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	0.1	0.70000000000000018	0.1	0.6000000000000002	0	0	0.3000000000000001	0.3000000000000001	0.1	Sample

Value



Nitrate mg/l ND ND ND	B2	C1	C2	D1	D2	E1	E2	W.H.O	18.399999999999999	24.1	9.57	23.43	3.3	18.600000000000001	18.600000000000001	50	Sample

Value



Nitrite 	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	8.0000000000000029E-2	6.0000000000000019E-2	0.14000000000000001	8.0000000000000029E-2	0.22	1.0000000000000004E-2	0.41000000000000009	8.0000000000000029E-2	0.51	0.51	0.2	Sample

Value



Total hardness mg/l	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	28	10.4	42	18.7	54	35.6	78	49.7	98.9	98.9	100	Sample

Value



Coliform counts / 100ml	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	9	4	15	8	1450	408	598	516	984	874	0	Sample

Value



Total viable plate  count cfu/ ml	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	52	28	68	76	3508	2918	2482	3714	4817	4802	100	Sample

Value



E.coli/ 100ml ND ND ND ND	C1	C2	D1	D2	E1	E2	W.H.O	54	34	87	120	92	343	0	Sample

Value
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