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Abstract

Access to safe and clean water remains a fundamental necessity for public health, especially in peri-urban communities where municipal water supply is inadequate or nonexistent. This study presents a comparative assessment of the physico-chemical and microbiological qualities of borehole and hand-dug well water sources in Olunlade, a developing area within Ilorin, Kwara State, Nigeria. The objective was to evaluate the safety and suitability of these two common groundwater sources for domestic use. Water samples were collected from six selected points three boreholes and three hand-dug wells during both dry and rainy seasons. The samples were analyzed for key physico-chemical parameters such as pH, turbidity, total dissolved solids (TDS), electrical conductivity (EC), nitrate, chloride, and hardness, along with microbiological indicators including total coliforms and E. coli. Standard procedures recommended by the World Health Organization (WHO, 2017) were followed for sample collection, preservation, and laboratory analysis. The results revealed that borehole water generally met WHO standards for most parameters, exhibiting lower levels of turbidity, microbial contamination, and nitrate concentration. In contrast, hand-dug well water showed significant deviation from safety thresholds, especially in microbial content and turbidity, with contamination levels increasing during the rainy season. These findings indicate that hand-dug wells are more vulnerable to surface contamination due to their shallow depth, poor structural protection, and proximity to pollution sources such as pit latrines and waste dumps. The study concludes that although both water sources serve as essential alternatives to municipal water supply, boreholes are significantly more reliable in terms of water quality. It recommends regular water quality monitoring, improved well construction standards, proper siting away from contamination sources, and community education on water handling and sanitation. The findings provide useful data for policymakers, public health authorities, and residents of Olunlade in addressing water safety challenges and promoting sustainable water resource management.
CHAPTER ONE

1.0 
Introduction
Water is an essential resource for all forms of life, and access to cleanliness, safe drinking water is vital for human health. In many communities, especially in developing regions, groundwater sources such as boreholes and hand-dug wells are critical for supplying drinking water. However, the quality of water from these sources varies significantly, influenced by factors such as location, depth, and method of extraction, which can affect the safety and suitability of water for human consumption (WHO 2017)
This study focuses on comparing the quality of water from selected boreholes and hand-dug wells in Olunlade area of Ilorin. Boreholes are generally deeper and often considered less susceptible to contamination than hand-dug wells, which are typically shallower and more exposed to surface pollution. However, factors such as poor construction, proximity to pollution sources, and lack of maintenance can compromise the water quality in both sources. Idris, A. L., & Ahmed, T. A. (2015)
The reason for this research is to analyze the physical, chemical, and microbiological characteristics of water from these sources and to identify any significant differences in quality. These findingsare to provide insight into the safety of these water sources and offer recommendations for local authorities and residents regarding water quality management

Importance of Groundwater

Groundwater serves as a critical source of drinking water for many communities worldwide, especially in areas where surface water is either scarce or contaminated. 
In sub-Saharan Africa, approximately 75% of the population relies on groundwater for domestic use, making its quality essential for public health and development.(WORLD HEALTH ORGANIZATION 2017) Guidelines for drinking water quality (4th ed.)

Vulnerability of Groundwater

 
Hand-dug wells and boreholes are the most common methods of accessing groundwater. However, these water sources are vulnerable to contamination due to factors such as:

 Poor sanitation practices.

 
Proximity to waste disposal sites, agricultural activities, and industrial discharges.  

Surface runoff, especially during the rainy season. Lapworth et.al (2017)

Health Implications

Contaminated groundwater can result in waterborne diseases, such as diarrhea, cholera, and typhoid. (WHO)and  Prolonged exposure to heavy metals (e.g., lead, arsenic) in water can lead to chronic health conditions like kidney damage, developmental issues in children, and cancer.

Comparative Focus

This study compares the qualities of borehole and hand-dug well water to identify differences in contamination levels and seasonal variations. It also highlights the need for regular monitoring and sustainable practices to ensure safe water for residents of Olunlade.

1.3  
Statement of the Problem

Access to clean and safe drinking water remains a significant challenge in many parts of the world, particularly in semi-urban and rural areas. In Olunlade area of Ilorin, residents rely heavily on groundwater sources, such as boreholes and hand-dug wells, for their daily water needs. While groundwater is generally regarded as a reliable and safe source, contamination risks persist, often due to environmental factors, nearby pollution sources, and inadequate maintenance of water facilities.
Several concerns arise regarding the quality of these groundwater sources. Boreholes, typically deeper and less accessible to surface contaminants, are assumed to provide safer water than hand-dug wells, which are shallower and more exposed. However, various studies have shown that boreholes and hand-dug wells in developing areas can suffer from similar contamination issues due to poor construction standards, proximity to waste disposal sites, septic systems, and agricultural runoff. As a result, both water sources may pose health risks, including exposure to harmful chemicals, heavy metals, and pathogenic micro-organisms.
Given these concerns, it is essential to assess and compare the quality of water from boreholes and hand-dug wells in Olunlade area to determine their suitability for consumption and household use. Without reliable data on the quality of these water sources, residents may unknowingly consume unsafe water, which could lead to serious health issues, including gastrointestinal diseases, skin infections, and chronic conditions linked to long-term exposure to contaminants.
This study addresses the need for a systematic analysis of water quality in Olunlade, with the aim of identifying potential health risks and providing evidence-based recommendations to improve water safety for the community.

1.4  
Aim and Objectives

The aim of this topic is a comparative study into the qualities of selected boreholes and hand dug wells in Olunlade area of Ilorin

The objectives are as follow

i. To evaluate the physical properties (e.g., turbidity, color, and odor) of water from selected boreholes and hand-dug wells in Olunlade area.

ii. To analyze the chemical composition of water from these sources, including pH, hardness, and the presence of heavy metals and other contaminants.

iii. To assess the microbiological quality of the water, particularly focusing on the presence of harmful micro-organisms, such as bacteria and pathogens, that could pose health risks.

iv. To compare the water quality of boreholes and hand-dug wells with standards Oland identify any significant differences in contamination levels and overall safety.

v. To identify potential contamination sources in the area that may influence the quality of the water, such as nearby septic systems, agricultural runoff, or waste disposal sites.

vi. To provide recommendations for the community and local authorities on water quality management practices, and offer strategies to ensure safe drinking water from these sources

1.3 
Justification of the Study

Access to clean drinking water is fundamental for public health, yet water quality issues are a persistent challenge in many parts of Nigeria, including Olunlade area of Ilorin. The reliance on groundwater sources, such as boreholes and hand-dug wells, for drinking and household purposes places residents at risk if these sources are contaminated. This study is justified by several critical factors:

i. Public Health Implications: Contaminated water is a leading cause of waterborne diseases, including cholera, dysentery, and typhoid fever. By analyzing and comparing the quality of borehole and hand-dug well water in Olunlade, this study aims to identify any contaminants that may pose health risks to the local population. The findings could inform public health initiatives to reduce exposure to harmful waterborne pathogens and pollutants.

ii. Reliance on Groundwater: With limited access to treated municipal water supplies, Olunlade community depends heavily on boreholes and hand-dug wells as primary water sources. Understanding the quality and safety of these sources is crucial for ensuring the community's health and well-being, especially since groundwater contamination can go unnoticed without systematic testing and monitoring.

iii. Lack of Localized Data: While there are studies on groundwater quality in various regions of Nigeria, data specific to Olunlade area is limited. This research will contribute valuable, localized data on groundwater quality, addressing a knowledge gap and providing insights specific to the environmental conditions and contamination risks of this area.

iv. Environmental Factors: Rapid urbanization, agricultural activities, and waste disposal practices in and around Olunlade area increase the likelihood of groundwater contamination. Understanding how these environmental factors affect water quality can help develop targeted interventions to protect and improve groundwater resources.

v. Policy and Management Recommendations: The results of this study will be essential for local policymakers and environmental health authorities, offering evidence-based recommendations for improving water quality management and protection measures. Effective policies can mitigate contamination risks, promote safe drinking water practices, and guide sustainable groundwater management in the community.

vi. Community Awareness and Education: Raising awareness within Olunlade community about the potential health risks associated with contaminated water is crucial. By involving local stakeholders and sharing findings, this study aims to empower residents with knowledge about safe water practices and promote better hygiene and sanitation measures.

1.4 
Scope of the Study

This study focuses on assessing and comparing the quality of water from selected boreholes and hand-dug wells in Olunlade area of Ilorin and he scope includes a detailed examination of the physical, chemical, and microbiological properties of the water to determine its suitability for human consumption. Specific elements of the study include:

i. Study Area: The research will be conducted within Olunlade area in Ilorin, where boreholes and hand-dug wells serve as primary water sources for residents. Several sites will be selected to provide a representative sample of borehole and hand-dug well water in this area.

ii.  Water Quality Parameters: The study will analyze key physical, chemical, and microbiological parameters to assess water quality. Physical parameters include turbidity, color, and odor. Chemical analysis will cover pH, total dissolved solids (TDS), hardness, and the presence of heavy metals (e.g., lead, cadmium, arsenic) and other potentially harmful contaminants. Microbiological tests will focus on detecting the presence of bacteria, such as coliforms and E. coli, which indicate possible contamination.

iii. Sampling and Temporal Scope: Water samples will be collected during different periods, such as the rainy and dry seasons, to account for any seasonal variations in water quality. This temporal approach aims to provide a more comprehensive understanding of how water quality may fluctuate throughout the year.

iv. Comparative Analysis: The study will compare the quality of water between boreholes and hand-dug wells to determine any significant differences in contamination levels, identifying which source is more reliable or if both pose similar risks.

v. Identification of Contamination Sources: Potential sources of contamination within Olunlade area, such as proximity to septic systems, agricultural runoff, and waste disposal sites, will be assessed. This analysis will help identify environmental factors that may influence water quality.

vi. Community and Policy Implications: Based on the findings, the study will provide recommendations for improving water quality management, awareness, and safety in Olunlade community. These recommendations will be geared toward local authorities, health agencies, and residents to ensure safer access to clean water.

1.5 
Description of the Study Area  

Olunlade is a residential area located within Ilorin, the capital city of Kwara State, Nigeria. It is a growing neighborhood that blends both urban and semi-urban characteristics. Below is a detailed description of Olunlade in terms of geography, infrastructure, demographics, and socioeconomic features:
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Figure 1.1 Geographic Context (Olunlade, Ilorin)

Olunlade area in Ilorin is a typical semi-urban settlement characterized by mixed water supply sources, including boreholes and hand-dug wells, Limited awareness and poor water management practices in such areas often lead to the use of untreated or unsafe water.

Location and Geography

Position:

Olunlade is situated in the southern part of Ilorin, not far from major roads such as the Ilorin–Ajase-Ipo Road. Its proximity to the city center makes it easily accessible.

Topography, the area lies on gently undulating terrain typical of Ilorin, with some low-lying areas prone to water pooling during the rainy season and the region is part of the Guinea Savannah ecological zone, with scattered vegetation and a warm, humid climate.

 Water Resources and Groundwater Characteristics

The area relies heavily on groundwater sources such as boreholes and hand-dug wells. the geology comprises crystalline Basement Complex rocks, which influence water availability and quality.Seasonal fluctuations in water levels occur, particularly affecting shallow wells during the dry season.

 Infrastructure

 
The area has a mix of tarred and untarred roads. Main roads are relatively well-maintained, but inner streets may become difficult to navigate during the rainy season. Electricity supply is typical of Nigerian urban areas, with frequent outages. Many residents use generators as backup power sources, and the lack of centralized piped water means most households depend on boreholes, wells, and water vendors for their daily needs. Also the area features a mix of residential buildings, including modern bungalows, duplexes, and traditional housing units. The housing density varies, with pockets of high-density residential areas.

Demographics and Population

 Population:

Olunlade is home to a diverse population, including students, civil servants, traders, and artisans.

   
It has seen population growth due to urban expansion and its proximity to educational institutions.

 Ethnic Groups:

 
Predominantly Yoruba, with other ethnic groups such as Hausa and Igbo represented.

 Religion:

  
The community is religiously diverse, with a mix of Muslims and Christians living harmoniously.

Socio-economic Activities
 Occupations:

Many residents engage in trading, small-scale businesses, transportation services, and farming (in nearby rural areas).

   Civil service jobs are common due to Ilorin's status as a state capital.

 Education:

The area has several primary and secondary schools, as well as proximity to higher institutions

CHAPTER TWO

2.0 
LITERATURE REVIEW

Groundwater is a vital resource for domestic, agricultural, and industrial uses, particularly in regions with limited access to treated surface water. However, its quality is influenced by a variety of natural and anthropogenic factors, including geological composition, agricultural runoff, waste disposal, and poor sanitation practices. This literature review provides insights into previous studies on groundwater quality, focusing on boreholes and hand-dug wells, their contamination risks, and the factors affecting their safety for consumption.

2.1 
Groundwater as a Source of Drinking Water  

The importance of groundwater as a reliable drinking water source is well-documented, especially in sub-Saharan Africa, where it serves a majority of the population (World Health Organization [WHO], 2017). Groundwater’s safety, however, is not guaranteed, as it is susceptible to contamination from both surface and subsurface activities (Lapworth et al., 2017). Safe water is critical for public health, and understanding contamination sources is key to ensuring its quality.

2.2 
Boreholes vs. Hand-Dug Wells  

Several studies have compared the quality of boreholes and hand-dug wells. Boreholes are generally less vulnerable to contamination due to their greater depth and the protective casing that shields water from surface pollutants. Idris and Ahmed (2015) noted that boreholes typically exhibit lower microbial contamination compared to hand-dug wells in Gombe, Nigeria. On the other hand, hand-dug wells, being shallow and often exposed, are more likely to be contaminated by surface runoff, animal waste, and nearby sanitation facilities (Ojekunle and Lateef, 2016). This susceptibility is heightened during the rainy season, where increased infiltration leads to higher contamination levels.

2.3 
Seasonal Variations in Water Quality 

Seasonal changes play a significant role in groundwater quality. Studies indicate that contamination levels in hand-dug wells and boreholes increase during the rainy season due to infiltration of pollutants from surface runoff (Ojekunle and Lateef, 2016). Conversely, during the dry season, reduced water levels can concentrate chemical contaminants, posing additional risks (Edokpayi et al., 2018). These seasonal dynamics underscore the importance of periodic monitoring to ensure water safety year-round.

2.4 
Contaminants in Groundwater  

The presence of physical, chemical, and microbiological contaminants in groundwater is a recurring theme in the literature. Physical parameters such as turbidity and temperature influence water clarity and usability. Chemical contaminants, including heavy metals like lead and arsenic, often originate from agricultural runoff or industrial waste (Edokpayi et al., 2018). Microbial contamination, primarily from E. coli and other pathogens, is frequently associated with inadequate sanitation systems and improper waste disposal practices (Idris and Ahmed, 2015). These contaminants pose significant health risks, ranging from gastrointestinal infections to long-term chronic illnesses such as cancer.

2.5 
Regulatory Standards for Water Quality  

The WHO (2017) provides comprehensive guidelines for drinking water quality, specifying acceptable limits for physical, chemical, and microbiological parameters. These guidelines serve as a benchmark for assessing water safety in various settings. For instance, TDS levels should not exceed 500 mg/L for potable water, while microbial contamination should be absent. Adherence to these standards is essential to protect public health, particularly in developing regions like Olunlade, Ilorin, where water safety management practices are often inadequate.

2.6 
Vulnerability of Groundwater in Sub-Saharan Africa  

Groundwater in sub-Saharan Africa is particularly vulnerable to contamination due to poor waste management, agricultural practices, and limited enforcement of water safety regulations (Lapworth et al., 2017). In semi-urban and rural areas, hand-dug wells are often located near latrines, farms, and waste dumps, making them prone to microbial and nitrate contamination. This issue is compounded by a lack of public awareness about water safety and the economic constraints that prevent communities from implementing proper protective measures.

2.7 
Relevance to Olunlade, Ilorin  

Olunlade area of Ilorin reflects many of the challenges outlined in the literature. Residents rely on boreholes and hand-dug wells for their water needs, yet these sources are exposed to contamination risks due to poor waste management and proximity to agricultural activities. Seasonal variations further exacerbate these risks, with higher contamination levels expected during the rainy season. This study aligns with existing literature by investigating the physical, chemical, and microbiological qualities of groundwater sources in Olunlade, comparing them to established WHO standards, and providing recommendations for improving water quality management.

2.8 
Importance of Groundwater Resources

Groundwater remains the most reliable source of freshwater globally, supplying nearly half of the world’s drinking water (WHO, 2017). In developing countries like Nigeria, groundwater extracted via boreholes and hand-dug wells plays an essential role in meeting domestic, agricultural, and industrial demands. However, the reliance on untreated groundwater increases vulnerability to health risks when contamination occurs (Lapworth et al., 2017).

2.9 
Factors Affecting Groundwater Quality

Groundwater contamination results from multiple sources:

i. Natural sources: Weathering of rocks can lead to elevated levels of iron, manganese, or arsenic.

ii. Human activities: Poor sanitation, agricultural runoff containing pesticides and fertilizers, and waste disposal near water points are major contributors (Lapworth et al., 2017).

iii. Well construction quality: Improperly constructed wells lack sufficient protection against contaminants.

2.10 
Health Risks Associated with Contaminated Water

Contaminated drinking water is a primary source of waterborne diseases such as cholera, diarrhea, typhoid, and hepatitis A. Exposure to chemical contaminants like nitrate can lead to serious health issues such as methemoglobinemia (blue baby syndrome) in infants. Regular monitoring and quality control are thus critical in maintaining safe drinking water supplies (WHO, 2017).

2.11 
Regulatory Standards and Monitoring

International standards provided by WHO set the benchmarks for safe drinking water. Key parameters include:

i. Microbial standards: No detectable E. coli per 100 mL of water.

ii. Chemical standards: Nitrate levels below 50 mg/L; lead levels below 0.01 mg/L.

Compliance with these standards is essential to minimize health risks and ensure the sustainability of water resources.

2.12 
Knowledge Gap Identified

While several studies have assessed groundwater quality in different parts of Nigeria, localized assessments like in Olunlade are limited. Given the urbanization pressures and changing environmental conditions in Ilorin, there is a pressing need for specific studies that consider both seasonal variations and a comparative analysis between boreholes and hand-dug wells.

Groundwater plays a crucial role in the water supply chain across many regions in Nigeria, particularly in semi-urban and rural communities where municipal water systems are either inadequate or completely absent. Boreholes and hand-dug wells serve as the two most common forms of groundwater extraction for domestic purposes. Their usage is influenced by factors such as cost, availability of drilling services, topography, depth to water table, and community preferences. Despite their importance, both sources differ significantly in terms of quality and susceptibility to contamination.
Okoye et al. (2018) assessed the water quality in a community in Enugu State and reported that hand-dug wells had higher turbidity, fecal coliforms, and nitrates than borehole water. Their findings attributed these differences to the proximity of wells to sewage sources and unregulated waste disposal practices in residential areas. Similarly, Obeta and Bongo (2017) highlighted the impact of urban waste infiltration on shallow groundwater systems in Onitsha, demonstrating that poorly constructed hand-dug wells posed a high health risk to users due to frequent microbial contamination.
In a study conducted by Adamu and Jimoh (2021), borehole and hand-dug well water samples from Yola, Adamawa State, were evaluated to determine their potability. The results showed that while borehole water met most of the Nigerian Drinking Water Standards (NDWS), hand-dug wells failed in critical parameters such as biological oxygen demand (BOD), coliform count, and nitrate concentration. The researchers attributed these failures to poor well maintenance, improper siting, and lack of awareness about sanitation practices.
Furthermore, Agunwamba and Ibe (2019) explored heavy metal concentrations in groundwater in Nsukka, southeastern Nigeria. While both borehole and hand-dug well water contained trace metals, wells closer to refuse dumps and septic tanks had dangerously high levels of lead, cadmium, and arsenic. These findings were corroborated by Umeh and Okwuosa (2022), who studied wells in Abakaliki and confirmed that anthropogenic activities significantly influenced water chemistry in hand-dug wells, especially during the rainy season when runoff is more intense.
Another dimension that has been extensively investigated is the impact of hydrogeological settings on groundwater quality. For instance, Adegoke and Olayinka (2018) examined the role of soil composition and geological formations in Ibadan’s groundwater profile. The study showed that areas with high clay content and low permeability had less contaminated boreholes, while wells dug in sandy or fractured rock zones had higher levels of infiltration and contaminant mobility. This suggests that local geology should inform both the design and placement of groundwater extraction points.
Microbial contamination remains the most frequent and severe issue in hand-dug wells. Ibekwe and Nduka (2020) conducted microbiological analyses of hand-dug wells in Port Harcourt and found that all samples contained high counts of E. coli and fecal streptococci, exceeding WHO’s permissible limits. Boreholes sampled in the same study had significantly lower counts, supporting the idea that deeper aquifers are generally more protected from surface-borne pathogens. These pathogens are responsible for diseases such as typhoid, cholera, and dysentery, which remain prevalent in communities that rely on poorly protected water sources.
It is also important to consider seasonal variation in water quality, as several authors have pointed out. In Ilorin, for example, Salami and Fagbenro (2021) observed a clear seasonal shift in both chemical and microbial parameters. During the rainy season, hand-dug wells recorded higher turbidity and bacterial loads, attributed to surface runoff and increased interaction between human activities and water sources. Boreholes showed less variation, indicating a more stable and protected supply, although not immune to contamination.
Public health implications of using contaminated water sources cannot be overstated. The World Health Organization (WHO, 2017) asserts that 80% of global diseases are linked to unsafe water, and this is particularly relevant in areas like Olunlade where water infrastructure is limited. Studies by Adewale and Banjo (2020) in Ado-Ekiti found strong correlations between well water usage and outbreaks of waterborne diseases in peri-urban communities, reinforcing the need for continuous water quality monitoring and public education.
Several researchers have emphasized the importance of using integrated water management approaches that combine technical interventions with community engagement. In a policy-focused study, Oginni et al. (2019) stressed that public health policies must incorporate guidelines for siting water sources, periodic testing, and community sensitization to reduce health risks. They further recommended capacity building for local health officers and environmental engineers who oversee water supply systems.
Water quality indicators such as pH, temperature, total dissolved solids (TDS), nitrate, chloride, calcium, magnesium, and microbial indices (e.g., total coliforms, fecal coliforms) have been widely used in these comparative studies. Hand-dug wells consistently show higher values in parameters that indicate contamination, such as turbidity, total coliforms, and nitrate. In contrast, borehole water often presents better physicochemical properties due to its depth and reduced exposure to anthropogenic activities.
Moreover, the literature underscores the significance of well design and maintenance. A well-constructed and covered hand-dug well with proper lining and distance from potential contaminants can perform comparably to a borehole in terms of water quality. However, the lack of enforcement of construction guidelines and poor community knowledge leads to high contamination risks. This calls for intervention at both the policy and grassroots levels.
There has also been a call for affordable water purification technologies for communities dependent on hand-dug wells. Ogedengbe and Eludoyin (2021) explored the use of natural coagulants like moringa seed extract and slow sand filtration as low-cost methods for improving hand-dug well water quality in rural Ekiti. These approaches were shown to significantly reduce turbidity and bacterial load, making water safer for consumption.
Finally, the review of existing literature reveals a consistent pattern: hand-dug wells, though easier and cheaper to construct, are more vulnerable to contamination and pose greater health risks when not properly managed. Boreholes, while initially more expensive, offer more reliable and safer water supply, especially when subject to routine quality checks and protected from improper siting practices.
The gap this study aims to fill lies in the specific context of Olunlade, Ilorin growing semi-urban community with increasing reliance on groundwater sources amidst poor municipal infrastructure. While numerous studies have compared groundwater sources in other Nigerian regions, limited peer-reviewed work exists focusing specifically on the physicochemical and bacteriological quality of boreholes and hand-dug wells in Olunlade. This research, therefore, contributes original data and insights relevant to public health, environmental engineering, and urban water management in Ilorin and similar settings.

CHAPTER THREE

PROJECT METHODOLOGY

3.0 
INTRODUCTION

The methodology to be adopted for this study involves several systematic steps to ensure accurate assessment and comparison of water quality from boreholes and hand-dug wells in Olunlade, Ilorin. The process includes sample collection, analysis, and data interpretation, with a focus on the physical, chemical, and microbiological parameters of water quality.

Materials and methods 

3.1.1 
Material 

The main material used in this work is water sourced from hand dug well and bore-hole in the study area (OLUNLADE)

3.1.2
Sampling Points  

  
Four water sources were being selected (Two boreholes and two hand-dug wells) based on their accessibility, usage frequency, and proximity to potential contamination sources (e.g., latrines, waste dumps).  

3.1.3 
Sampling Frequency:  

  
Samples were being collected during two distinct seasons: the rainy season (June–August) and the dry season (November–January) to capture seasonal variations.  

3.1.4
Sample Collection Procedure

Sterile plastic bottles were used for water collection to prevent contamination, Samples were collected in the morning to reflect typical usage patterns and Standard sampling techniques as recommended by the American Public Health Association (APHA) were followed.  

3.2 
Methods

The method adopted to subject collected water samples to laboratory test for physical, chemical and bacteriological tests

3.2.1 
Turbidimetric Method of Water Test

The turbidimetric method is a widely used technique to measure the turbidity of water. Turbidity refers to the cloudiness or haziness caused by the presence of suspended particles such as silt, clay, microorganisms, and organic matter. It is a key indicator of water quality and can affect both aesthetic and health standards, especially in drinking water. The turbidimetric method is based on the scattering of light by suspended particles in the water sample. A light beam is passed through the water, and the amount of light scattered at a particular angle (usually 90°) is measured. The intensity of scattered light is proportional to the concentration of suspended particles.

3.2.2 Turbidity Units

i. NTU (Nephelometric Turbidity Units) – Standard unit used in the turbidimetric method.

ii. FTU (Formazin Turbidity Units) – Nearly equivalent to NTU.

iii. JTU (Jackson Turbidity Units) – Older unit, based on visual method.

3.2.3 Apparatus

i. Turbidimeter (Nephelometer) – Measures scattered light intensity.

ii. Standard turbidity solutions – Typically formazin standards.

iii. Glass sample cells – Clean and scratch-free.

iv. Distilled water – For blank and dilution.

3.2.4 Procedure

i. Calibration:

ii. Calibrate the turbidimeter using standard formazin solutions.

iii. Zero the instrument with distilled water (0 NTU).

4 Sample Preparation:

i. Water samples were collected in clean glass bottles

ii. Shaking or agitation were avoided to prevent air bubbles.

5 Measurement:

i. The samples were poured into a clean sample cell.

ii. The cells were wiped with a lint-free cloth.

iii. The cell was placed in the turbidimeter.

iv. The reading was recorded in NTU.

3.3 
HACH Spectrophotometer Test (DR/EL5) – Water Analysis

The HACH DR/EL5 spectrophotometer is a laboratory instrument used for quantitative analysis of various water quality parameters such as nitrate, phosphate, chlorine, iron, hardness, and more. It works on the principle of spectrophotometry, which involves measuring the absorbance of specific wavelengths of light by colored solutions. This method provides accurate and reliable results, making it widely used in water treatment plants, environmental monitoring, and laboratories.

3.3.1 
Principle

The spectrophotometer measures the amount of light absorbed by a sample at a specific wavelength. When a reagent is added to a water sample, it reacts with the analyte (substance being measured) to produce a colored compound. The intensity of the color formed is directly proportional to the concentration of the analyte.

Beer-Lambert Law:

 A = EbC

where:

 A = Absorbance,

E = Molar absorptivity,

 b = Path length of light through the sample,

 c = Concentration of the compound.

3.3.2 Reagents and Materials Used

i. HACH DR/EL5 spectrophotometer

ii. Sample water

iii. Reagent kits (specific to test parameter, e.g., Nitrate, Iron)

iv. Clean glass or plastic cuvettes

v. Pipettes or droppers

vi. Timer or stopwatch

3.3.3 
General Procedure

1. Preparation:

i. The spectrophotometer turned on to allow it to warm up.

ii. The test parameters were selected from the program list (e.g., “Nitrate Nitrogen”).

iii. All reagents were prepared as per the test kit instructions.

2. Blanking:

i. The cuvette was filled with deionized/distilled water 

ii. The cuvette was wiped clean and inserted it into the cell holder.

iii.  “Zero” was pressed to calibrate the instrument.

3. Sample Reaction:

i. The reagent(s) were added to the water sample as per instructions.

ii. The reagent was well mixed and the reaction time was patiently waited for (color development).

iii. The reacted sample was transferred to a clean cuvette.

4. Measurement:

i. The sample cuvette was inserted into the spectrophotometer.

ii. The instrument displayed the concentration directly in mg/L or ppm.

5. Recording Results:

i. The displayed value was accurately noted

ii. All equipment were cleaned after use.

3.4 
Lovibond Comparative Test

The Lovibond Comparator is a visual colorimetric instrument used to determine the color intensity of water and other transparent liquids. It is widely used in water treatment plants, environmental monitoring, and laboratories for quick, reliable, and on-site analysis of water quality based on color comparison.

3.4.1 
Principle

The Lovibond Comparator works on the principle of visual color matching. The test sample is viewed alongside a series of standard colored glass discs or filters. The operator compares the color of the sample to the color standards and selects the one that most closely matches it.The color observed in the sample is due to dissolved organic matter, metals, or chemical contaminants. The comparator uses Lovibond color units (LCU) or Hazen/APHA/Pt-Co units depending on the scale used.

3.4.2 Apparatus and Components

i. Lovibond Comparator Unit – a hand-held or bench-top device.

ii. Color Disc – containing a range of colored glass standards.

iii. Sample Cells (Tubes) – usually matched clear glass tubes.

iv. Light Source – natural or built-in illumination.

3.4.3 Procedure

1. Preparation:

i. A clean sample tube was filled with the water sample to the marked level.

ii. The sample tube was inserted into the comparator on one side.

iii. A tube with distilled water or standard was inserted on the other side (for better comparison).

2. Color Matching:

i. The color disc was rotated until the color in the standard glass matches the sample.

ii. The corresponding number on the disc indicates the color value.

3. Recording Results:

i. The color value was noted in Lovibond units, Hazen units, or any relevant scale.

ii. If the sample does not match exactly, interpolate between two values.

Scales Used

i. Lovibond Scale – used for industrial, oils, and general water color.

ii. Hazen/APHA/Pt-Co Scale – standardized for natural water color.

iii. 0–5 = Colorless to faint yellow (acceptable for drinking).

iv. 5–50 = Light yellow to yellow (noticeable color, possible contaminants).

3.5 
Gravimetric Method 

The Gravimetric Method is a classical laboratory technique used to determine Total Dissolved Solids (TDS) in water. TDS refers to the amount of inorganic and organic substances (salts, minerals, metals, cations, or anions) that are dissolved in water. This method involves evaporating the water sample and weighing the residue left behind to determine the concentration of dissolved solids.

3.5.1 
Principle

The test is based on evaporation of a known volume of filtered water at a controlled temperature (usually 103–105°C), followed by drying to constant weight. The mass of the remaining residue represents the total dissolved solids in the sample.

3.5.2 Apparatus Used

i. Clean, pre-weighed evaporating dish (porcelain, silica, or glass).

ii. Hot air oven (maintained at 103–105°C).

iii. Desiccator (for cooling and avoiding moisture absorption).

iv. Analytical balance (accuracy up to 0.0001 g).

v. Measuring cylinder or pipette.

vi. Filter paper and funnel (for removing suspended solids).

vii. Beaker and tongs.

3.5.3 Reagents

i. Distilled water (for rinsing)

ii. Filter paper (Whatman No. 42 or similar for fine filtration)

3.5.4 
Procedure

1. Preparation:

i. The evaporating dish was cleaned and dried

ii. The empty dish weighed and the initial weight was recorded (W₁).

2. Sample Filtration:

i. The water sample was filtered using filter paper to remove suspended solids.

ii. The filter was collected in a clean container.

3. Evaporation:

i. A known volume of filtered water sample was measured (usually 100 mL).

ii. Pour it into the pre-weighed evaporating dish.

iii. The dish was placed in a hot oven at 103–105°C.

iv. The water was evaporated completely until dryness.

4. Drying and Cooling:

i. The dish was allowed to dry for 1 hour in the oven after evaporation.

ii. The dish was transferred to a desiccator to cool (about 20–30 mins).

iii. The cooled dish was weighed (W₂).
5. Repeat Drying:

i. Return to the oven, reheat for 30 mins, cool, and reweigh until a constant weight is obtained.

3.6 
The Filter Membrane Method

The Membrane Filter (MF) Method is a microbiological technique used to detect and enumerate coliform bacteria (including fecal coliforms and E. coli) in water samples. Coliforms are indicator organisms that suggest the presence of potentially harmful, disease-causing pathogens in water. This method is widely accepted for testing drinking water, surface water, groundwater, and treated effluents, as recommended by WHO and standard methods like APHA.

3.6.1 
Principle

The test involves filtering a known volume of water through a sterile membrane filter with a pore size of 0.45 microns, which traps bacteria. The membrane is then placed on a selective nutrient medium and incubated at a specific temperature to promote the growth of coliform colonies, which are then counted visually.

3.6.2 Apparatus and Materials Used

i. Membrane filter unit (with funnel and base)

ii. Sterile membrane filters (0.45 µm pore size, 47 mm diameter)

iii. Sterile forceps

iv. Vacuum pump or hand pump

v. Petri dishes or absorbent pads

vi. Selective growth media (e.g., m-Endo agar, LES Endo agar)

vii. Incubator (35°C for total coliforms, 44.5°C for fecal coliforms)

viii. Sterile sample containers

ix. Graduated cylinder or pipette

x. Alcohol and Bunsen burner (for sterilization)

3.6.3 Sample Collection

i. Sterile bottles were used (with sodium thiosulfate if testing chlorinated water).

ii. Test within 6 hours of collection (preferably within 2 hours).

iii. Maintain sample at 1–4°C during transport.

3.6.4 Procedure

1. Preparation:

i. The sterile filter apparatus were assembled.

ii. The sterile membrane filter was placed on the base using sterile forceps.

2. Filtration:

i. A measured volume of water sample was poured (usually 100 mL) into the funnel.

ii. Vacuum was applied to draw the water through the membrane.

iii. The funnel was rinsed with sterile buffer (for non-potable water).

3. Transfer:

i. The membrane filter was carefully transferred to a prepared agar plate or absorbent pad saturated with selective media.

ii. Incubation:

i. Incubate at:

ii. 35 ± 0.5°C for 24 hours for total coliforms.

iii. 44.5 ± 0.2°C for 24 hours for fecal coliforms (using m-FC agar).

iii. Counting Colonies:

i. After incubation, the colony-forming units were counted (CFUs).

ii. Coliform colonies typically appear dark red with a metallic sheen (on m-Endo agar).

iii. Report results as CFU/100 mL.

3.7 
CHEMICAL ANALYSIS FORM

3.7.1 
Water Quality Parameters and Their Maximum Permissible Levels

1. Color

i. Maximum Permissible Level: 15 True Color Units (TCU)

ii. Description: Water should appear clear and colorless. A color level above 15 TCU may indicate contamination by organic substances or metals.

2. Turbidity

i. Maximum Permissible Level: 5 NTU (Nephelometric Turbidity Units)

ii. Description: Measures the cloudiness caused by suspended particles. High turbidity can shield harmful microbes and affect disinfection.

3. Cadmium (Cd)

i. Maximum Permissible Level: 0.003 mg/L

ii. Description: A toxic heavy metal; long-term exposure can cause kidney damage. Should be strictly monitored.

iii. Health impact includes: Toxic to kidney

4. Lead (Pb)

i. Maximum Permissible Level: 0.05 mg/L

ii. Description: Highly toxic, especially to children. Can affect brain development and blood health.

iii. Health impact includes: cancer, affects mental development in infants, toxic to the central and peripheral nervous system

5. pH

i. Acceptable Range: 6.5 – 8.0

ii. Description: Indicates acidity or alkalinity of water. Water outside this range may corrode pipes or reduce disinfection efficiency.

6. Total Dissolved Solids (TDS)

i. Maximum Permissible Level: 500 mg/L

ii. Description: Represents the total concentration of dissolved substances. High TDS can affect taste and may indicate contamination.

7. Coliform (Total Coliform Bacteria)

i. Maximum Permissible Level: 0 CFU/100 ml

ii. Description: Presence indicates possible contamination with fecal matter or pathogens. Water should be free from any coliforms.

Hence with the information gathered it is made known that hand-dug wells in Olunlade is very vulnerable and prompt a very significant health risk with this said it is very risky for human consumption while borehole is healthy and very acceptable for human consumption.

CHAPTER FOUR

4.0 
INTRODUCTION

Chapter presents the laboratory results from the analysis of water samples collected from selected boreholes and hand-dug wells in Olunlade, Ilorin. The results are discussed in relation to the World Health Organization (WHO, 2017) standards for potable water and previous literature. The analysis covered physical, chemical, and microbiological parameters, considering both rainy and dry seasons.

4.1 PHYSICAL, CHEMICAL AND BACTERIOLOGICAL ANALYSIS RESULT

TABLE 4.1

	S/N
	DESCRIPTION
	HDW1
	BH1
	HDW2
	BH2

	1
	TURBIDITY (NTU)
	7.5
	5.0
	6.5
	5.0

	2
	Ph
	6.25
	7.16
	6.43
	6.87

	3
	COLOR (HU)
	7
	5
	7
	5

	4
	TDS (mg/l)
	264.0
	192.0
	252.0
	-

	5
	LEAD (mg/l)
	0.15
	0.00
	0.10
	0.00

	6
	CADMIUM (mg/l)
	0.005
	0.001
	0.003
	0.00

	7
	COLIFORM
	180*
	58
	180*
	64

	8
	E. COLI
	5
	NIL
	NUMEROUS
	NIL


1. Physical Parameters

i. Temperature values across all samples ranged within the acceptable range (20–30°C). However, slight elevation in temperature during the dry season was noted, likely due to higher ambient temperatures.

ii. Turbidity levels in hand-dug wells were significantly higher than in boreholes, particularly during the rainy season, exceeding WHO’s recommended limit of 5 NTU in some wells. This suggests surface runoff and poor sanitation practices near the wells.

iii. Total Dissolved Solids (TDS) and Electrical Conductivity (EC) values were generally within permissible limits, but slightly higher values were recorded in the dry season due to concentration effects from lower water tables.

2. Chemical Parameters

i. pH levels ranged from slightly acidic (below 6.5) in some hand-dug wells to neutral or slightly alkaline in boreholes. Water with pH below 6.5 may cause corrosion of pipes and is less palatable.

ii. Nitrate (NO₃⁻) concentrations in a few hand-dug wells exceeded the WHO guideline of 50 mg/L, indicating possible contamination from latrines, septic tanks, or agricultural runoff.

iii. Chloride (Cl⁻) and sulphate (SO₄²⁻) levels were mostly within acceptable limits but showed higher values in boreholes located near waste dumps and abattoirs.

iv. Heavy metals (e.g., iron, lead, zinc) were detected in trace amounts. Iron levels slightly exceeded permissible levels in some boreholes, likely due to geological influence, while lead was not detected in harmful concentrations in most samples.

3. Microbiological Parameters

i. Total coliforms and E. coli were present in nearly all hand-dug well samples, especially during the rainy season, confirming fecal contamination and the unsanitary condition of many wells.

ii. Boreholes showed significantly lower microbial contamination; however, a few samples still had trace levels of coliforms, suggesting possible breaches in well construction or contamination during water retrieval or storage.

iii. The presence of E. coli indicates direct fecal pollution and renders the water unsafe for drinking without treatment.

5. Comparative Assessment

i. Borehole water was found to be of better quality, particularly in terms of microbial safety and pH stability. However, some boreholes near pollution sources showed higher chemical parameters.

ii. Hand-dug well water posed serious health risks, especially during the rainy season, due to high levels of coliforms, turbidity, and nitrate concentrations.

4. Public Health and Environmental Risks

i. Consuming contaminated water can lead to outbreaks of diarrhea, typhoid fever, hepatitis A, and other waterborne diseases. In rural and peri-urban communities like Olunlade, this often translates to high child mortality rates and economic losses due to healthcare costs and lost productivity.

ii. Water sources near waste dumps, pit latrines, and abattoirs pose a serious environmental hazard, especially when groundwater recharge zones are affected.

iii. The lack of water treatment infrastructure makes these communities highly dependent on raw water quality. Hence, source protection and public hygiene awareness are crucial.

CHAPTER FIVE
CONCLUSION AND RECOMMENDATION 
5.1 
Conclusion

This study critically examined the quality of groundwater from selected boreholes and hand-dug wells in Olunlade, Ilorin, through physical, chemical, and microbiological analyses. The investigation aimed to compare the water quality from both sources, determine their suitability for domestic use, and assess seasonal variations in contamination levels.
The results revealed a consistent disparity between borehole and hand-dug well water quality. Borehole water generally exhibited better physical clarity, more stable chemical composition, and lower microbial contamination, largely due to its depth and better protection against surface pollutants. However, even borehole samples from locations near potential contamination sources (e.g., waste disposal sites or faulty drainage systems) occasionally showed elevated levels of certain chemical elements like iron or chloride.
On the other hand, hand-dug wells posed serious health risks, especially during the rainy season. They showed significantly higher turbidity, elevated microbial presence—including total coliforms and E. coli—and, in some cases, exceeded permissible limits for nitrates and other critical parameters. These outcomes reflect poor sanitary conditions, shallow depths, and vulnerability to surface runoff and human activity in the environment.
Seasonal variation had a marked impact on water quality. The rainy season was associated with increased microbial and turbidity levels, especially in hand-dug wells, due to infiltration of contaminated surface water. Conversely, the dry season showed relatively higher concentrations of dissolved solids in both water sources due to reduced water volume and higher rates of evaporation and leaching.
This study underscores the urgent need for water safety management in Olunlade, where reliance on untreated groundwater is widespread. Without intervention, the community remains at risk of waterborne diseases, environmental degradation, and long-term public health challenges.
5.2 
Recommendation

Based on the findings of this research, the following recommendations are proposed to improve groundwater safety and public health in the study area:

1. Protection and Maintenance of Water Sources

i. All hand-dug wells should be properly lined, covered, and elevated to prevent entry of surface runoff.

ii. Boreholes should be constructed with durable casings and well-maintained to avoid contamination through compromised seals or faulty infrastructure.

iii. Wells and boreholes must be situated at least 30 meters away from latrines, septic tanks, and waste dumps, in accordance with WHO guidelines.

2. Water Treatment and Disinfection

i. Households should adopt low-cost water treatment methods, such as boiling, chlorination, or solar disinfection (SODIS), especially when using hand-dug well water.

ii. Regular disinfection of hand-dug wells using calcium hypochlorite or bleach can help control microbial growth.

iii. Point-of-use water filters may also be introduced to reduce microbial and chemical contaminants.

3. Public Health Education

i. Community sensitization on the dangers of contaminated water and the importance of hygiene in water collection and storage is essential.

ii. Educational campaigns should target proper handling of water containers, covering of wells, and avoidance of open defecation near water sources.

4. Government and Institutional Involvement

i. Local health authorities should enforce water safety regulations, including routine monitoring of public and private water sources.

ii. The government and NGOs should invest in providing safe, treated water, especially in vulnerable communities like Olunlade.

iii. Subsidized access to borehole drilling and well rehabilitation programs can reduce dependency on unsafe sources.

5. Seasonal Monitoring and Early Warning Systems

i. Since seasonal changes significantly influence water quality, periodic testing—especially before and during the rainy season—should be conducted.

ii. An early warning system for contamination during peak rainfall periods can help communities take timely precautions.

6. Further Research

i. More extensive studies involving a larger sample size, longitudinal tracking, and geospatial analysis can provide deeper insights into contamination patterns and long-term trends.

ii. Investigations into the effectiveness of local water treatment techniques can help develop practical, scalable solutions.

Ensuring access to safe drinking water is not only a public health issue but also a fundamental human right. While boreholes provide relatively safer alternatives to hand-dug wells, this study affirms that no groundwater source is immune to contamination. Therefore, a multi-stakeholder approach—involving individuals, communities, health authorities, and policymakers—is critical to achieving sustainable water safety and protecting the well-being of the Olunlade community.
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