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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	 Preamble
However, drinking water is also the most important source of gastro enteric diseases worldwide, mainly due to the fecal contamination of raw water, failure in the water treatment process or recontamination of drinking water at source and point of use (WHO, 2003; Pironcheva, 2004; Wright et al., 2004; Clasen et al., 2006, 2007;Miner et al., 2016). About two thirds of drinkng water consumed worldwide is derived from various surface water sources like: lakes, rivers and open wells. Hence, it can easily be contaminated microbiologically by sewage discharges or fecal loading by domestic or wild animals (WHO, 2003). As a result, water related diseases continue to be one of the major health problems globally (JMP, 2008). It is estimated that globally 80% of all illnesses are linked to use of unsafe and microbiologically poor water quality (WHO, 2002; Mpenyana-Monyatsi et al., 2012). 
Hence, lack of safe drinking water supply, basic sanitation and hygienic practices associated with high morbidity and mortality from fecoorally transmitted diseases. Abou 1.1 billion people have no access to safe drinking water and diarrheal disease is highly endemic in these societies. This underlines the need for safe drinking water. However, the effectiveness of interventions aimed at improving the quality of drinking water alone may not solve the problem because people can become infected with organisms that cause diarrhea through multiple pathways. Even in developed countries with improved water supplies, diarrhea is often endemic (Wright, 2004; Colford et al., 2006; Roy et al., 2006; Clasen et al., 2007; Johnson et al., 2016). For example, it has been reported that environmental interventions have shown 15 to 17% median reduction in diarrhea from water quality Interventions (Clasen et al., 2007). This indicates that not only water improvements at the source or collection point (protected wells, boreholes, and tap stands) but also improvement at household level and other sources are equally important to minimize the risk of water born diarrhea (Zvidzai et al., 2007).  
	In Ethiopia, with a population of 75 million, more than half of the population no access to safe water. It is estimated that about 35 million people do not have access to sanitation services and half of the population of the country are suffering from water related diseases (UNICEF, 2008). 
	Ethiopia is one of the developing countries with a population of 75 million where only 52 and 28% of its population has access to safe water and sanitation coverage, respectively (MoWR,  2007).  For  this  reason,  Negera et al, 255 . Over 60 to 80% of the population suffers from water-borne and water-related diseases (MoH, 2007). This burdens the country with enormous financial and social costs to take care of such a huge number of people suffering from these debilitating infections. It was also estimated that over half a million children under the age of five die every year from diarrhea related diseases. In other words, for every five children born, one will die from diarrhea before they reach their 5th birthday (UNICEF, 2008; Clasen et al., 2007).  
	In developing countries such as Ethiopia, most of the rural communities are poverty-stricken, lack access to potable water supplies and rely mainly on river, stream, well and pond water sources for their daily water need. Water from these sources is used directly by the inhabitants and the water sources are fecal contaminated and devoid of treatment (WHO, 1993). Consequently, a significant proportion of residents in rural communities of Ethiopia are exposed to water-borne disease and their complications. These pathogenic contaminants are derived from home other including human beings and resulted in contamination of drinking water sources in areas with poor standards of hygiene and sanitation. The sanitation crisis heightens when it is accompanied by poor health protection system associated with poor life standard (Nath, 2003).  
	Microbiological water quality can also be deteriorated in the course of collection, transport, and home storage. Thus, access to a safe source alone does not ensure the quality of water that is consumed. Furthermore, a better water source does not lead to full health benefits in the absence of improved water storage and sanitation (Clasen et al., 2007). Hence, the objective of this study was to assess the bacteriological quality of drinking water from sources and households in the study area and to highlight the possible associated risk factors.   
1.2	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 remain vulnerable to waterborne diseases, and interventions cannot be effectively targeted.
1.3	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.
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
1.4 	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.	
1.5 	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.	 Introduction
Access to safe and clean drinking water is essential for human health and well-being (WHO, 2019). However, in many parts of the world, including Nigeria, drinking water sources are often contaminated with bacteria, viruses, and other pathogens (CDC, 2020). This contamination can lead to a range of waterborne diseases, including diarrhea, cholera, and typhoid fever (EPA, 2020).
In Nigeria, the burden of waterborne diseases is significant, with an estimated 60% of the population lacking access to safe drinking water (Federal Ministry of Water Resources, 2019). Kwara State, where Ilorin East is located, is not exempt from this challenge. A study conducted in Ilorin, Kwara State, found that 75% of water samples from wells and boreholes were contaminated with bacteria (Adeyemi et al., 2017). Ilorin East Local Government Area of Kwara State, Nigeria, is a rapidly growing urban area with a high population density, inadequate waste management, and poor sanitation practices (Kwara State Government, 2020). These factors can contribute to contamination of drinking water sources, making it essential to assess the bacterial contamination of drinking water sources in Ilorin East.
According to the World Health Organization (WHO), approximately 844 million people worldwide lack access to safe drinking water, and 2.3 billion people lack access to basic sanitation facilities (WHO, 2019). In Nigeria, it is estimated that over 60 million people lack access to safe drinking water, and over 120 million people lack access to basic sanitation facilities (UNICEF, 2020). Ilorin East Local Government Area of Kwara State, Nigeria, is not exempt from this challenge. The area is characterized by a high population density, inadequate waste management, and poor sanitation practices, which can lead to contamination of drinking water sources (Afolayan et al., 2019).

2.2 	Water Quality and Bacterial Contamination in Drinking Water
Access to safe and clean drinking water is essential for human health and wellbeing. Water quality is determined by a range of chemical, physical, and microbiological parameters. Among the most critical threats to drinking water safety is bacterial contamination, which can lead to serious public health issues, particularly in areas lacking adequate sanitation and water treatment infrastructure.
2.2.1. 	Sources and Causes of Bacterial Contamination in Water Supplies
Bacterial contamination typically originates from the introduction of pathogens into water systems through direct or indirect contact with fecal matter or organic waste. Major sources include:
Agricultural runoff: Animal waste and fertilizers from farms can wash into nearby water bodies during rainfall or irrigation.
Sewage discharge: Leakage from poorly maintained sewage systems or illegal dumping of untreated wastewater can contaminate surface and groundwater.
Improper sanitation practices: Open defecation, poorly constructed latrines, and lack of waste management contribute to contamination.
Flooding and natural disasters: These events often disrupt water systems and introduce contaminants from various sources.
Old or damaged infrastructure: Corroded pipes, broken water mains, and cross-contamination between sewage and drinking water lines can introduce bacteria into otherwise clean water.
2.2.2. 	Common Bacterial Pathogens Found in Contaminated Drinking Water
Pathogenic bacteria can cause a wide range of diseases, many of which affect the gastrointestinal system. The most common bacterial contaminants include:

Escherichia coli (E. coli): Often used as an indicator of fecal contamination; certain strains can cause severe illness.
Salmonella spp.: Responsible for typhoid fever and salmonellosis; symptoms include fever, diarrhea, and abdominal cramps.
Vibrio cholerae: Causes cholera, a waterborne disease leading to severe dehydration and potentially death if untreated.
Campylobacter spp.: One of the leading causes of bacterial diarrhea worldwide.
Shigella spp.: Transmitted through contaminated water or food, it causes dysentery, characterized by bloody diarrhea and fever
2.2.3. 	Public Health Implications of Bacterial Contamination
The health effects of bacterial contamination can be both acute and chronic, depending on the pathogen, exposure level, and the individual's immune status.
Acute gastroenteritis: Symptoms include nausea, vomiting, diarrhea, and abdominal pain.
Dehydration and electrolyte imbalance: Especially dangerous for children, the elderly, and people with compromised immune systems.
Outbreaks of waterborne diseases: Contaminated water can cause widespread illness in communities, particularly in refugee camps or disaster zones.
Long-term effects: Repeated exposure to contaminated water may contribute to malnutrition, growth stunting in children, and other chronic conditions.
2.2.4. 	Key Indicators for Assessing Microbial Water Quality
To evaluate the safety of drinking water, scientists and public health agencies use several microbiological and chemical indicators:

Total Coliforms and E. coli counts: Presence of coliform bacteria suggests possible contamination by pathogens.
Turbidity: Measures how clear the water is; high turbidity may harbor microorganisms and reduce the effectiveness of disinfection.
Biological Oxygen Demand (BOD): Indicates the amount of organic matter in water, which can support bacterial growth.
pH levels: Extreme pH levels can promote bacterial survival or indicate chemical imbalance.
Nitrate and Nitrite levels: High concentrations are harmful, especially for infants, and suggest agricultural runoff or sewage contamination.
2.2.5. 	Methods for Detecting Bacterial Contamination in Water
Routine water quality monitoring is essential for detecting contamination and ensuring water safety. Common testing methods include:
Membrane filtration: Detects bacterial colonies by filtering water and incubating the filter.
Multiple-tube fermentation (MTF): Estimates the most probable number (MPN) of bacteria in a water sample.
Enzyme substrate tests: Rapid color-change tests using substrates like Colilert® to detect coliforms and E. coli.
Portable test kits: Useful for field testing in remote or emergency areas.
Molecular techniques (PCR): Detect specific bacterial DNA sequences for precise identification.


2.2.6. 	Techniques for Treating and Disinfecting Contaminated Water
A variety of physical and chemical treatment methods are available to eliminate bacteria from drinking water:
i. Boiling: Effective in killing most pathogens, though energy-intensive and not scalable for large communities.
ii. Chlorination: Widely used in municipal water systems; chlorine is effective against most bacteria and viruses.
iii. Ultraviolet (UV) disinfection: Destroys bacteria without altering the water’s taste or adding chemicals.
iv. Filtration: Sand, ceramic, and activated carbon filters can physically remove bacteria and impurities.
v. Reverse osmosis: A high-efficiency system that removes bacteria along with heavy metals and dissolved solids.
2.2.7. 	Strategies for Preventing Bacterial Contamination
Long-term prevention of bacterial contamination requires integrated water management practices:
i. Protecting water sources: Establish buffer zones, prevent deforestation, and limit agricultural runoff near water bodies.
ii. Improving sanitation: Ensure access to hygienic toilets and waste treatment facilities to reduce fecal contamination.
iii. Regular inspection and maintenance: Monitor and repair distribution systems to prevent leaks and backflow.
iv. Community awareness programs: Educate the public on hygiene practices, safe water storage, and household-level treatment.
v. Policy and regulation: Implement national drinking water quality standards and enforce regulations for pollution control.

2.3	Significance of Protecting Source Water
i. Safeguarding Public Health: Protecting water sources helps prevent the spread of waterborne illnesses by ensuring the availability of clean and safe drinking water.
ii. Environmental Conservation: It supports the preservation of aquatic life and natural ecosystems by reducing pollution and ecological damage.
iii. Economic Advantages: Effective protection reduces the costs associated with water treatment and healthcare resulting from water-related diseases.
2.4     Key Approaches to Source Water Protection
i. Watershed Management: Carefully managing land use and human activities within the watershed to minimize the risk of contamination.
ii. Adopting Best Practices: Utilizing environmentally friendly practices like buffer zones and conservation tillage to prevent runoff and pollutants from entering water bodies.
iii. Monitoring and Evaluation: Continuously assessing water quality and the performance of protective measures to ensure long-term effectiveness.
2.5   	Water Treatment and Disinfection
Water treatment and disinfection are essential processes for ensuring safe drinking water. Their primary purpose is to eliminate or neutralize harmful microorganisms such as bacteria, viruses, and parasites that can cause diseases. These steps are vital for maintaining public health and preventing the outbreak of waterborne illnesses
2.6	Water Treatment Techniques
i. Coagulation and Flocculation: This involves adding special chemicals to the water to gather and bind small particles together so they can be removed more easily.
ii. Sedimentation: The clumped particles are allowed to settle naturally at the bottom of a tank.
iii. Filtration: Water is passed through filters like sand or membranes to remove impurities and solid particles.
iv. Disinfection: Harmful microorganisms are destroyed or neutralized using disinfectants such as chlorine or ozone.
2.7     Methods of Disinfection
i. Chlorination: Chlorine is added to water to kill or deactivate disease-causing microorganisms.
ii. Ozonation: Ozone gas is used as a powerful disinfectant to eliminate harmful pathogens.
iii. Ultraviolet.
2.8.	Key Elements of a Water Distribution System
i. Pipeline Network: A system of interconnected pipes that delivers treated water to end users.
ii. Pumping Systems: Devices used to increase water pressure and ensure even distribution throughout the network.
iii. Water Storage Units: Structures like reservoirs and elevated tanks that store water and balance supply with demand fluctuations.
iv. Control Valves and Connectors: Components that manage water flow and connect various sections of the piping system.
2.8.1   Significance of a Water Distribution System
i. Health Protection: Guarantees the supply of clean, safe drinking water and reduces the risk of waterborne illnesses.
ii. Emergency Response: Supplies water for firefighting and emergency situations.
iii. Economic Support: Facilitates industrial, commercial, and economic activities by ensuring reliable water access.

2.8.2   System Maintenance and Operational Management
i. Leak and Break Prevention: Routine checks and maintenance help avoid pipe failures and water losses.
ii. Water Quality Assurance: Continuous testing ensures the delivered water meets health and safety standards.
iii. Efficiency Optimization: Proper system management lowers energy usage and boosts overall performance.















CHAPTER THREE
METHODOLOGY
3.1.	Location of the Study Area
		Eleko community is located in Asa L.G.A of Kwara State, Nigeria. It lies between latitude 08o 20’ 0” N and longitude 04 o 29’ 0”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 yangan community 
[image: ]
	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 Eleko 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  includes both temporary and permanent hardness,it 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 SpectroMec20 Atomic Absorption Spectrophotometer and subsequently converted to mg/L.
3.4.3.4 Nitrate 
		Nitrate 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, Spectronic20 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.
0. 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	THE METHODS USED FOR THE 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.





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
	S/N
	Parameter
	 A1
	 A2
	B1
	B2
	C1
	C2
	D1
	D2
	E1
	E2
	W.H.O. Permissible level

	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
	15.0

	3.
	Turbidity N.T.U
	25
	62
	9
	48
	8.5
	92
	21
	67
	20
	20
	5.0

	4.
	Ph
	7.7
	7.7
	8.1
	7.4
	7.6
	7.3
	7.1
	6.9
	7.2
	7.2
	6.5-8.5

	5.
	TDS 
	680
	65
	980
	104.1
	790
	159
	879
	78
	710.5
	110.5
	500

	6.
	Electrical Cond.
	1176
	118.6
	1850
	246.2
	1568
	346
	1758
	150.8
	1419
	1419
	1000

	7.
	Filterable solids mg/l
	150
	28
	240
	48
	391
	68
	248
	31
	358
	358
	500

	8.
	Total alkalinity mg/l
	48
	28.2
	61
	40.6
	71
	54.1
	82
	71.6
	68
	68
	200

	9.
	Chloride mg/l
	22
	3.2
	38
	8.4
	64
	29.7
	45
	42.3
	30.7
	30.7
	250

	10.
	Fluoride mg/l
	0.10
	0.31
	0.04
	0.14
	0.01
	ND
	0.21
	ND
	0.18
	0.18
	1.5

	11.
	Manganese Mn2+  mg/l
	ND
	ND
	0.1
	0.7
	0.1
	0.60
	0
	ND
	0.3
	0.3
	0.10

	12.
	Iron Fe3+ mg/l
	0.05
	0.01
	0.05
	0.62
	0.02
	ND
	0
	0.75
	0.36
	0.36
	0.30

	13.
	Sulphate mg/l
	24
	16.7
	17
	28.3
	34
	64
	29
	34
	42
	42
	100

	14.
	Nitrate mg/l
	ND
	ND
	ND
	18.4
	24.1
	9.57
	23.43
	3.3
	18.6
	18.6
	50

	15.
	Calcium hardness mg/l
	19
	28
	31
	59.7
	29
	67.8
	38
	71.6
	40.1
	40.1
	150

	16.
	Magnesium hardness
	4.2
	8.8
	10.2
	25.6
	13.3
	48.6
	15
	62.1
	20
	20
	150

	17.
	Free Chlorine
	0.01
	0.04
	0.01
	ND
	ND
	ND
	0.01
	0.02
	0.05
	0.05
		0.10	

	18.
	Calcium Ca2+ mg/l
	12
	6.5
	25
	14.6
	32
	19.9
	39
	20.3
	53
	53
	150

	19.
	Nitrite 
	0.08
	0.06
	0.14
	0.08
	0.22
	0.01
	0.41
	0.08
	0.51
	0.51
	0.2

	20.
	Total hardness mg/l
	28
	10.4
	42
	18.7
	54
	35.6
	78
	49.7
	98.9
	98.9
	100

	21.
	Potassium Hardness 
	10
	4.21
	8
	6.84
	25
	10
	31
	15
	38
	38
	100

	22
	Copper
	ND
	0.01
	ND
	0.08
	0.05
	0.21
	0.08
	0.32
	0.04
	0.04
	1.0

	23
	Zinc
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	3.0

	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
	100

	26
	Coliform counts / 100ml
	9
	4
	15
	8
	1450
	408
	598
	516
	984
	874
	0

	27
	E.coli/ 100ml
	ND
	ND
	ND
	ND
	54
	34
	87
	120
	92
	343
	0

	28
	Streptococcus feacalis
	ND
	ND
	ND
	ND
	71
	ND
	69
	ND
	84
	ND
	0


      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.
4.2.2  	Comparative 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)






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. 
5.2 	Recommendations
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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Manganese Mn2+  mg/l	ND	ND	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	0.1	0.700000000000001	0.1	0.600000000000001	0.0	0.0	0.3	0.3	0.1	Sample

Value



Nitrate mg/l	ND	ND	ND	B2	C1	C2	D1	D2	E1	E2	W.H.O	18.4	24.1	9.57	23.43	3.3	18.6	18.6	50.0	Sample

Value



Nitrite 	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	0.08	0.06	0.14	0.08	0.22	0.01	0.41	0.08	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	28.0	10.4	42.0	18.7	54.0	35.6	78.0	49.7	98.9	98.9	100.0	Sample

Value



Coliform counts / 100ml	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	9.0	4.0	15.0	8.0	1450.0	408.0	598.0	516.0	984.0	874.0	0.0	Sample

Value



Total viable plate  count cfu/ ml	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	52.0	28.0	68.0	76.0	3508.0	2918.0	2482.0	3714.0	4817.0	4802.0	100.0	Sample

Value



E.coli/ 100ml	ND	ND	ND	ND	C1	C2	D1	D2	E1	E2	W.H.O	54.0	34.0	87.0	120.0	92.0	343.0	0.0	Sample

Value



Colour units	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	42.0	39.8	17.0	15.5	12.0	63.4	49.0	48.6	61.0	61.0	15.0	Samples

Value



Turbidity N.T.U	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	25.0	62.0	9.0	48.0	8.5	92.0	21.0	67.0	20.0	20.0	5.0	Samples

Values



TDS 	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	680.0	65.0	980.0	104.1	790.0	159.0	879.0	78.0	710.5	710.5	500.0	Sample

Value



Electrical Cond.	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	1176.0	118.6	1850.0	246.2	1568.0	346.0	1758.0	150.8	1419.0	1419.0	1000.0	Sample

Value



Iron Fe3+ mg/l	 A1	 A2	B1	B2	C1	C2	D1	D2	E1	E2	W.H.O	0.05	0.01	0.05	0.620000000000002	0.02	0.0	0.0	0.750000000000002	0.36	0.36	0.3	Sample

Value
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