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ABSTRACT
Access to safe and potable water is essential for sustaining health, particularly in academic institutions where population density and human activities increase the risk of groundwater contamination. This study evaluated the physical and chemical properties of underground water sources within Kwara State Polytechnic, Ilorin, with a view to assessing their suitability for domestic use. The research adopted a quantitative design using stratified random sampling to collect groundwater samples from selected boreholes across the campus. The samples were analyzed for parameters including pH, temperature, turbidity, total dissolved solids (TDS), electrical conductivity (EC), iron, nitrate, and lead using standard laboratory techniques.The study employed descriptive statistics and Chi-square tests to compare observed values against WHO and NSDWQ permissible limits. Findings revealed that while most physical parameters such as temperature and pH were within acceptable ranges, certain chemical indicators—particularly iron and lead—exceeded recommended thresholds in some locations. The results indicated spatial variation in contamination levels, largely influenced by proximity to refuse dumps, oil spill-prone zones, and old plumbing infrastructure.The theoretical underpinning combined Hydrogeological Theory, which explains the natural vulnerability of aquifers due to local geology and recharge conditions, with Human Ecology Theory, which emphasizes the role of human activity and institutional behavior in environmental degradation. 
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CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Water is universally acknowledged as one of the most essential natural resources for life and human development. Groundwater, a critical component of the hydrological cycle, serves as a primary source of drinking water for a significant portion of the global population, especially in developing countries. In Nigeria, the reliance on underground water has increased due to the inadequacies of public water supply systems, especially in semi-urban and rural areas (Adebayo, et al 2022). Institutions like Kwara State Polytechnic depend heavily on underground water sources, particularly boreholes and hand-dug wells, to meet their domestic and academic water needs.
The chemical and physical properties of groundwater are essential indicators of its suitability for various uses, including drinking, irrigation, and industrial applications. Parameters such as pH, temperature, electrical conductivity, turbidity, total dissolved solids (TDS), and presence of heavy metals play a crucial role in determining water quality (Dauda and Shuaib-Na’Allah, 2023). Deviations from established water quality standards, as defined by the World Health Organization (WHO) and Nigeria’s Standard for Drinking Water Quality, may result in adverse health and environmental outcomes (Awe and Oyinade, 2020).
Several studies have shown that anthropogenic activities significantly affect groundwater quality. Uncontrolled waste disposal, proximity to petrol stations, leaky underground storage tanks, and poorly sited soak-away pits contribute to the deterioration of underground water sources (Agboola, Sunmonu, & Suleman, 2021; Emmanuel, 2022). In the context of Kwara State Polytechnic, these concerns are pertinent. The institution, located in the heart of Ilorin metropolis, is surrounded by residential communities, commercial activities, filling stations, and waste disposal sites—all of which can potentially influence the quality of its groundwater resources (Lawal, Abayomi, & Fawale, 2023).
The geophysical characteristics of aquifers in the Ilorin region further complicate groundwater safety. According to Olatunji (2020), the region lies within the basement complex terrain of southwestern Nigeria, where the depth, lithology, and permeability of aquifer units determine groundwater vulnerability. Shallow aquifers are more susceptible to contamination from surface activities, especially when natural filtration barriers are absent or compromised. This vulnerability necessitates routine monitoring of groundwater to safeguard public health and ensure sustainability.
Physical parameters such as turbidity, color, odor, and temperature are direct indicators of contamination or poor water handling practices. High turbidity levels may suggest the presence of suspended particles, which could harbor microbial contaminants (Jimoh et al., 2025). Likewise, elevated temperatures may enhance microbial growth, while foul odor and discoloration may indicate chemical pollution or organic decomposition. Chemical characteristics, including pH, electrical conductivity, nitrate concentration, and presence of heavy metals such as lead, iron, and manganese, are equally critical. Chronic exposure to these elements can lead to health complications such as methemoglobinemia, organ toxicity, and carcinogenic effects (Ajenikoko, 2022; Awoyemi et al., 2025).
Moreover, environmental and climatic factors play a role in seasonal variability of water quality. Dauda and Shuaib-Na’Allah (2023) noted that water parameters fluctuate with seasons due to changes in surface runoff, leaching patterns, and evapotranspiration rates. Such fluctuations may render water unsafe during certain periods, even if deemed potable at other times.
Beyond environmental concerns, institutional awareness and proactive water quality management are necessary. There is evidence that many institutions lack structured monitoring systems for assessing the quality of their water supply (Eniola et al., 2022). This gap often leads to delayed response to contamination events, putting users at risk. Hence, assessing the physical and chemical properties of Kwara State Polytechnic’s underground water is timely and essential to identify potential risks and recommend sustainable management solutions.
Furthermore, the presence of fuel stations around Ilorin metropolis has raised concerns about petroleum hydrocarbon contamination of groundwater. These contaminants, which include polycyclic aromatic hydrocarbons (PAHs), are persistent and pose serious health risks even at low concentrations (Lele, Olarewaju, & Adeyemi, 2023). Such compounds often enter underground water systems through leaky tanks or improper waste disposal practices associated with vehicle maintenance activities.
Another emerging concern is the radioactive contamination of groundwater, which has been detected in some areas of Kwara State Polytechnic and its environs (Lawal et al., 2023). Although the concentrations recorded are generally within safe limits, the long-term exposure risks warrant continuous monitoring.
This study, therefore, evaluates the physical and chemical parameters of underground water sources within Kwara State Polytechnic to establish baseline data, identify potential contamination sources, and contribute to informed decision-making in water management. The findings will be vital not only for campus health and environmental safety but also for the wider Ilorin community that may share similar hydrogeological characteristics and anthropogenic pressures.
1.2 Statement Of The Problem
The quality of groundwater within the Kwara State Polytechnic environment has become a growing concern due to rapid urbanization, increasing anthropogenic activities, and insufficient water quality monitoring protocols. As the polytechnic and its surrounding areas expand, there is a heightened risk of groundwater contamination through various channels such as improper waste disposal, oil leakage from nearby petrol stations, leaky soak-away pits, and surface runoff during rainfall (Agboola et al., 2021; Adebayo et al., 2022).
Despite the critical reliance on underground water as the primary source of drinking and domestic water for students and staff, there is limited empirical data assessing its physicochemical status. Prior studies in nearby areas such as Ganmo and Ilorin metropolis have revealed alarming levels of contaminants including heavy metals, nitrates, hydrocarbons, and pathogenic microorganisms in underground water (Emmanuel, 2022; Ologun, 2024). Yet, a comprehensive investigation focusing specifically on Kwara State Polytechnic’s underground water remains scarce.
Additionally, environmental health incidents such as gastrointestinal diseases and skin irritations among residents and students have been loosely attributed to water consumption, but these claims are rarely investigated or verified with laboratory evidence (Awe & Oyinade, 2020). This lack of evidence-based assessment not only hampers public health responsiveness but also limits institutional planning in water management and sanitation services.
Given the health, environmental, and policy implications of water quality, there is a pressing need to evaluate the physical and chemical parameters of groundwater within the institution. This study seeks to address this gap and provide scientific data that can support policy, enhance water safety, and contribute to public awareness on water-related health risks.
1.4 OBJECTIVES OF THE STUDY
Aims And  Objective:
To evaluate the physical and chemical properties of underground water in Kwara State Polytechnic, Ilorin, Kwara State.
Specific Objectives:
i. To assess the physical parameters of underground water in the study area.
ii. To determine the chemical properties of the water samples.
iii. To compare the measured values with WHO and NSDWQ standards.
iv. To identify potential contamination sources and associated health risks.
v. 
1.5 Research Hypotheses
H₀₁: There is no significant deviation between the physical parameters of groundwater in the study area and WHO standard values.
H₀₂: There is no significant difference between the chemical characteristics of the water samples and standard permissible limits.
H₀₃: Underground water in Kwara State Polytechnic is free from contamination.
1.6 Significance Of The Study
This study is significant for several reasons. First, it provides essential baseline data on the physical and chemical quality of groundwater in Kwara State Polytechnic, enabling stakeholders to identify pollution trends and take preventive actions (Dauda & Shuaib-Na’Allah, 2023). Second, the findings will help policymakers, including environmental protection agencies and health departments, in formulating targeted water safety regulations. Furthermore, it will aid institutional planning in infrastructure development, particularly in areas related to water treatment and sanitation.
Additionally, the study contributes to academic literature by filling the current knowledge gap in localized groundwater quality assessments in educational institutions in Nigeria (Eniola et al., 2022; Lele et al., 2023). It also raises public awareness on the importance of regular water testing and environmental sanitation practices.











CHAPTER TWO
LITERATURE REVIEW
Preamble 
Groundwater is a critical source of drinking water globally, particularly in developing countries where surface water sources are often unreliable or contaminated. The increasing reliance on underground water in densely populated academic institutions such as Kwara State Polytechnic underscores the importance of constant evaluation of its quality. This chapter presents a comprehensive literature review focusing on the conceptual framework surrounding groundwater quality, major contaminants, physical and chemical properties, water quality standards, and the health implications of contaminated groundwater. It also evaluates the influence of local environmental factors and anthropogenic activities that affect water quality in Ilorin and similar environments.
2.1 Conceptual Review
2.1.1 Concept of Groundwater and Aquifer Systems
Groundwater is defined as water located beneath the earth's surface in soil pore spaces and in the fractures of rock formations. The movement and availability of groundwater are controlled by the permeability and porosity of the aquifer materials (Olatunji, 2020). Aquifers are geological formations that store and transmit water and are typically categorized into confined and unconfined types. In Kwara State, the dominant aquifer system is the fractured basement complex, which is known for its shallow depth and high vulnerability to contamination (Lawal, et al; 2023).
In urbanizing environments like Ilorin, groundwater serves as a primary source of potable water due to inadequate municipal supply. However, its reliability is compromised by contamination from waste dumps, petrol stations, and other anthropogenic activities (Agboola, et al  2021). Scholars have highlighted the geological composition of Ilorin and its environs as a major determinant in the vulnerability of groundwater sources to pollution, particularly in regions where the aquifer is unconfined and close to the surface (Abdulrahman, 2020).
The hydrogeological characteristics of the Kwara State Polytechnic area make it susceptible to pollution, especially in places where groundwater recharge is rapid due to fissured bedrock. Studies have indicated that aquifers in the Ilorin metropolis often lack protective clay layers that naturally prevent contaminants from infiltrating groundwater zones (Olatunji, 2020). Therefore, understanding the composition and structure of local aquifer systems is crucial for evaluating and managing groundwater quality.
2.1.2 Physical Parameters of Groundwater Quality
Physical water quality parameters are non-chemical characteristics that affect the aesthetics and usability of water. These include color, turbidity, temperature, odor, and taste. While they may not directly affect human health, they significantly influence consumer perception and the potential for microbial growth (Awe et al, 2020).
Turbidity, which refers to the cloudiness of water due to suspended solids, is particularly significant in evaluating water for domestic use. Studies conducted in Ganmo and other areas near Ilorin have shown that water sources close to waste dumps often exhibit turbidity values that exceed WHO standards, suggesting particulate infiltration due to poor waste management (Agboola et al., 2021). Elevated turbidity can also interfere with the effectiveness of disinfection processes by shielding pathogens.
Temperature plays a vital role in the biological activity within water systems. Water temperatures above 25°C, which are common in tropical environments such as Ilorin, have been associated with accelerated microbial activity and chemical reactions (Dauda et al, 2023). These reactions may increase the breakdown of organic matter and the release of dissolved substances into the water, indirectly affecting its chemical composition.
Color and odor, though more aesthetic in nature, are often early indicators of pollution. For example, a metallic taste or reddish tint may indicate the presence of dissolved iron or manganese. The WHO and NSDWQ recommend that potable water be free from any objectionable taste or odor. Field surveys by Emmanuel (2022) in Ilorin indicated that 20% of sampled boreholes exhibited slight discoloration, which was linked to rusted pipelines and nearby industrial activities.
2.1.3 Chemical Parameters and Their Health Implications
Chemical water quality parameters include substances that may be naturally occurring or introduced through human activities. These include pH, Total Dissolved Solids (TDS), Electrical Conductivity (EC), nitrates, sulphates, chlorides, heavy metals, and trace elements. The concentration of these parameters must be monitored, as several have been linked to adverse health outcomes.
pH is a measure of hydrogen ion concentration and indicates the acidity or alkalinity of water. Water with a pH lower than 6.5 is considered corrosive and may leach metals from pipes, while a pH above 8.5 may affect taste and reduce the efficiency of chlorination (Ajenikoko, 2022). Groundwater in parts of Ilorin has been found to exhibit slightly acidic pH values, possibly due to the dissolution of acidic minerals or infiltration of organic matter (Adedeji et al., 2020).
Heavy metals such as lead, iron, and manganese are of particular concern. Exposure to lead, even in small concentrations, can cause neurological and developmental disorders, especially in children. Studies by Lawal et al. (2023) found trace concentrations of radioactive and metallic elements in groundwater samples from Kwara State Polytechnic, which may be linked to surrounding vehicular and industrial activities.
Nitrates and sulphates often originate from agricultural runoff, sewage infiltration, or the improper disposal of animal waste. High nitrate levels can cause methemoglobinemia (blue baby syndrome) in infants, while sulphate ingestion in high concentrations may cause diarrhea and dehydration (Alao et al., 2025).
Therefore, the regular evaluation of these chemical parameters is essential in determining the suitability of groundwater for human consumption and other domestic uses.

2.1.4 Anthropogenic Influences on Groundwater Quality
Human activities significantly affect groundwater quality, particularly in developing regions where environmental regulations are poorly enforced. Improper waste disposal, leakages from underground storage tanks, and poor urban planning are major contributors to groundwater pollution in Kwara State (Emmanuel, 2022; Adebayo, Adesina, and  Adeniji, 2022).
Petrol stations and auto-mechanic workshops, often located near residential areas in Ilorin, are frequent culprits of hydrocarbon and heavy metal contamination. Petroleum-derived pollutants such as benzene, toluene, and lead have been detected in borehole samples near these facilities (Adedeji et al., 2020). Moreover, unlined waste pits and soak-away systems allow leachates containing pathogens, heavy metals, and nitrates to seep into aquifers.
Research by Agboola et al. (2021) shows a correlation between proximity to open dumpsites and the degradation of groundwater quality, particularly in areas with shallow aquifers. Similar observations were made by Abdulrahman (2020), who found elevated iron and sulphate levels in groundwater samples near densely populated settlements.
2.1.5 Regulatory Standards for Groundwater Quality
The regulation of drinking water quality is anchored on benchmarks set by international and national agencies such as the World Health Organization (WHO) and the Nigerian Standard for Drinking Water Quality (NSDWQ). These standards define the permissible limits for physical, chemical, and biological parameters in potable water.
According to WHO guidelines, parameters such as pH should fall within the range of 6.5–8.5, turbidity should not exceed 5 NTU, and TDS should be less than 500 mg/L. For heavy metals, lead should not exceed 0.01 mg/L, iron 0.3 mg/L, and manganese 0.4 mg/L (WHO, 2017). The NSDWQ mirrors these thresholds and provides additional recommendations relevant to local environmental conditions.
Studies in Ilorin have revealed varying degrees of compliance with these standards. For instance, Ologun (2024) found that while bottled water samples in Offa met WHO standards, hand-dug well samples often failed to meet basic chemical and microbial requirements. Similarly, Musa et al. (2020) observed that deep well water in some parts of Kaduna met regulatory standards better than shallow wells in Kwara State.
The challenge in Nigeria, however, is not the lack of standards but the lack of enforcement and routine monitoring. Most water quality assessments are project-based and do not benefit from continuous institutional oversight. This creates significant risks, especially in densely populated environments like educational institutions, where the water demand is high and contamination can spread rapidly.
2.1.6 Implications for Public Health and Water Resource Management
The implications of poor groundwater quality for public health are profound. Contaminated water can lead to acute and chronic health conditions, including gastrointestinal infections, developmental disorders, reproductive complications, and cancer (Eniola et al., 2022). In Nigeria, diseases such as typhoid, cholera, and dysentery are often linked to the consumption of unsafe water.
Hand-dug wells, in particular, are known to be more vulnerable to contamination due to their shallow depth and exposure to surface runoff. Awe and Oyinade (2020) documented bacteriological contamination in Malete environs, highlighting the risk of waterborne disease outbreaks. Furthermore, chemical contaminants like lead and nitrate are not detectable by taste or smell, making their presence especially dangerous without regular testing.
For Kwara State Polytechnic, the risks are magnified by the increasing population and the lack of centralized water treatment facilities. Water resource management must therefore prioritize source protection, periodic testing, and user education. Institutions must also collaborate with local and state regulatory bodies to implement long-term strategies for sustainable groundwater use and quality assurance.


2.2 Theoretical Review
Theoretical frameworks serve as lenses through which the dynamics of groundwater contamination and water quality assessment can be better understood. In environmental and public health studies, especially those related to water resources, theories help conceptualize the interaction between natural systems and human activities. For this study, two theories are particularly relevant: the Hydrogeological Theory and the Human Ecology Theory. These theories collectively offer insights into both the physical behavior of groundwater systems and the socio-environmental factors contributing to their contamination.
2.2.1 Hydrogeological Theory
Hydrogeological theory centers on the scientific principles that govern the movement, distribution, and quality of groundwater within the earth's subsurface. This theory postulates that groundwater systems are influenced by various physical factors including the geological structure of the subsurface, soil permeability, aquifer properties, recharge and discharge dynamics, and the physicochemical interactions between water and geological materials (Olatunji, 2020). It is grounded in the laws of fluid mechanics and geochemistry, particularly Darcy’s Law, which explains the rate of water flow through porous media.
In the context of Kwara State Polytechnic, the groundwater system lies within the Precambrian basement complex terrain characterized by fractured crystalline rocks. These fractures serve as conduits for groundwater flow but also create vulnerabilities, especially when the overburden is thin and lacks protective clay layers. The Hydrogeological Theory explains that such aquifers are easily recharged by rainfall and surface runoff, but this same feature makes them susceptible to contamination from surface pollutants (Abdulrahman, 2020; Lawal et al., 2023).
One of the key propositions of this theory is that the quality of groundwater is heavily influenced by the residence time of water in the subsurface. Water that remains in the ground for extended periods undergoes geochemical interactions that may naturally purify it. Conversely, rapid recharge through permeable soils or fractures allows for the direct transport of contaminants from the surface, especially in areas with poor waste disposal practices, such as open dumpsites and petrol stations, which are common around Ilorin (Agboola et al., 2021; Adebayo et al., 2022).
Hydrogeological theory also considers the spatial variability of groundwater quality. Factors such as topography, land use, and hydraulic gradient influence not only where water flows but also how contaminants migrate. For instance, in regions where the slope is steep, surface runoff can quickly infiltrate aquifers through cracks or faults. This theory provides a strong explanatory model for understanding the variability of water quality results from different sampling points within Kwara State Polytechnic.
Furthermore, the theory highlights the role of aquifer vulnerability assessment—a methodological application of hydrogeological principles that can be used to map areas at high risk of contamination. Tools such as the DRASTIC model and GIS-based mapping have been applied in other Nigerian cities to identify susceptible zones (Olasehinde et al., 2020), and these tools could be useful in institutional settings like Kwara State Polytechnic.
Critics of hydrogeological theory, however, argue that it does not fully account for human behavioral factors that influence water quality. While it excels at explaining the natural dynamics of water movement and contamination, it is limited in addressing socio-cultural and infrastructural dimensions such as user practices, institutional maintenance, or policy enforcement.
Nonetheless, hydrogeological theory remains indispensable in understanding the physical mechanisms and natural susceptibility of groundwater systems. It justifies the need for regular testing of parameters like pH, electrical conductivity, turbidity, TDS, heavy metals, and nitrate, which are indicators of both natural and anthropogenic influences.
2.2.2 Human Ecology Theory
Human Ecology Theory offers a broader sociological and environmental lens for interpreting the relationship between humans and their natural environment. It emphasizes that the environment and human activities are deeply interconnected, and that environmental problems, including water contamination, are not solely scientific or technical in nature but are also rooted in social behavior, policy decisions, population dynamics, and economic activities (Eniola et al., 2022).
Originating from the Chicago School of Sociology, this theory postulates that human populations adapt to and transform their environment based on cultural, technological, and institutional structures. Applied to groundwater studies, the theory suggests that contamination is not just a matter of geological vulnerability but also a function of how people interact with the environment—including how they dispose of waste, extract resources, or manage urban infrastructure.
In Ilorin, for example, improper siting of soak-away pits, oil spills from mechanic workshops, and informal waste disposal practices are rampant and often occur near institutional premises such as Kwara State Polytechnic. These practices are influenced by socio-economic realities, limited enforcement of environmental regulations, and public unawareness about safe water practices (Awe & Oyinade, 2020; Adedeji et al., 2020). Human Ecology Theory helps to explain why such practices persist and how they contribute to water pollution.
Another contribution of this theory is its systems thinking approach, which views the institution, the environment, and the community as parts of an interconnected web. For example, the growing student population at Kwara State Polytechnic increases water demand, which leads to the drilling of more boreholes and greater pressure on groundwater resources. If waste management does not keep pace with this growth, the risk of contaminating aquifers increases. Human Ecology Theory, therefore, emphasizes the importance of integrated environmental management, involving all stakeholders.
This theory also aligns with studies that identify population density, land-use practices, and infrastructure quality as key predictors of groundwater contamination (Emmanuel, 2022; Musa et al., 2021). For instance, Lele et al. (2023) noted that borehole water in Onne, Nigeria, was contaminated by polycyclic aromatic hydrocarbons due to oil-related activities. These findings illustrate the need for behavioral change and institutional policies in addressing groundwater quality issues.
While Human Ecology Theory offers a holistic framework, its main criticism is its broadness and limited predictive capacity. It does not provide specific mechanisms for water movement or contaminant transport as hydrogeological models do. Also, it often requires qualitative data—interviews, surveys, and ethnographic observations—which may not align with purely quantitative designs like this study. However, it remains valuable for interpreting the socio-environmental context of groundwater contamination.
Importantly, this theory underscores that technical solutions alone are insufficient to ensure water quality. Even where boreholes are properly constructed, contamination can still occur if there are no regulations on land use or waste disposal. This view supports the call for participatory environmental governance involving academic institutions, state agencies, and local communities.
2.2.3 THEORETICAL SYNTHESIS AND RELEVANCE TO THE STUDY
Both Hydrogeological Theory and Human Ecology Theory provide complementary perspectives for evaluating groundwater quality. The former offers ascientific and mechanistic explanation of how water behaves underground and how contaminants migrate, while the latter addresses the human dimensions—how social behavior, population growth, and environmental management affect water resources.
By integrating these theories, this study adopts a multi-dimensional frameworkfor evaluating the physical and chemical properties of Kwara State Polytechnic underground water. Hydrogeological theory justifies the sampling of physical and chemical parameters and helps interpret spatial variations in water quality. Human Ecology Theory explains how land use and institutional practices contribute to observed contamination.
For instance, the presence of heavy metals like lead and iron in certain samples may be attributable not only to natural geological formations but also to leakages from nearby infrastructure or human activities. Likewise, observed variations in turbidity and pH can be linked to both natural recharge mechanisms and human-induced pollution.
The integration of these theories also supports the formulation of evidence-based recommendations. While hydrogeological analysis can inform technical interventions such as borehole design and aquifer mapping, the human ecology perspective emphasizes the need for public education, waste management, and policy enforcement.
2.3 Empirical Review
Empirical studies play a critical role in understanding the real-world implications of theoretical postulations on groundwater quality. They offer data-driven insights into the occurrence, causes, patterns, and health implications of contaminants in underground water across Nigeria and beyond. This section reviews a variety of empirical works focused on the evaluation of physical and chemical properties of groundwater, particularly within Kwara State and other parts of Southwestern Nigeria, with a few comparative perspectives from other regions. The review is categorized based on relevance to the research objectives: water quality assessments in educational institutions, pollutant-specific studies, sources of contamination, seasonal and spatial variations, and water treatment practices.
2.3.1 Water Quality Assessments In Academic And Urban Areas
Several studies have evaluated groundwater quality within academic institutions and densely populated urban areas. These studies are particularly relevant to the current research because they mirror the demographic and infrastructural setting of Kwara State Polytechnic.
Lawal, et al (2023) conducted an assessment of radioactive elements and heavy metal concentrations in groundwater around Kwara State Polytechnic. Using field and laboratory analysis, the study found elevated levels of uranium and iron, which exceeded WHO guidelines. This research emphasized the vulnerability of groundwater sources near institutions with poor waste management infrastructure.
Similarly, Awe and Oyinade (2020) assessed boreholes in Malete, another academic community in Kwara State. Their study revealed that several water sources had turbidity and iron levels above permissible limits, and some samples also tested positive for bacterial contamination. The authors attributed these findings to the proximity of wells to refuse dumps and unlined soak-away pits, conditions similar to those found around Kwara State Polytechnic.
Abdulrahman (2020) conducted a geophysical and geochemical investigation of water sources in Ilorin, discovering that physical parameters such as turbidity and temperature, as well as chemical indicators like lead and iron, showed spatial variation depending on surrounding land use. The results of this study underscore the need for context-specific water monitoring strategies.
These findings demonstrate the broader issue of groundwater vulnerability in peri-urban and institutional environments where informal settlements, poor waste disposal systems, and lack of monitoring infrastructure expose aquifers to contamination.













CHAPTER THREE
METHODOLOGY
2.1 Location of the Study Area 

Kwara state polytechnic ilorin  is located in Kwara State, Nigeria. It 

lies between latitude 08o 33' 16.4" N and longitude 04 o 38' 04.2"E and latitude 

08o 33' 38.4"N and 04o 38' 20.6" E of the Greenwich meridian. It lies on altitude 

of approximately 372m which is about 1,220 feet. Figure 1 is the satellite 

imagery Kwara state polytechnic ilorin  

[image: C:\Users\HP\Documents\ss.jpeg]

Figure 1: Satellite imagery of  the study area
Source: www.goggle,com
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Fig 3.1: well sample collection
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Fig 3.2: Well Water Sample Collection


















2.2 Water Sampling Procedure 

Selection of water sources was done by random sampling procedure. A 

total number of five groundwater samples were collected within Akuo 

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 sabookeilorin, kwara state. The water samples were tested for selected physical, chemical and biological.
The laboratory analysis was carried out using standard analytical methods and physical procedures for water quantity analysis.
3.4 Analysis of parameters 
3.4.1 Physical parameters 
A number of tests were carried out to determine physically parameters and there quantities in each ground water samples
3.4.2.1 Temperature
The temperature of each sample was measured directly at the collection site from the boreholes and wells using a thermometer.
3.4.2.2 Color / Odor  
The Equipment use in determine color is colorimeter and odor is odor panel
3.4.2.3 PH
The Equipment for the PH is  pH meter.
3.4.2.4 Filterable solids 
Determined by filtering the sample through a filter and then measuring the solids 
present in the filtrate.
3.4.3 Chemical Analysis 
Tests varying in equipment and reagent used were carried out to analyze samples for chemical parameters 

3.4.3.1 Total hardness 
The total hardness, which includes both temporary and permanent hardness, was determined using the EDTA titrimetric method.
3.4.3.2 Chloride 
Chloride concentration was determined using the Mohr titration method. Silver nitrate was titrated against the water sample, with potassium chromate (K,CrO4) used as the indicator.
3.4.3.3 Sulphate 
Sulphate levels in water samples were determined using the turbidimetric method. The results were measured with a SpectroMec 20 Atomic Absorption Spectrophotometer and subsequently converted to mg/L.


3.4.3.4 Nitrate 
Sulphate levels in water samples were determined using the turbidimetric method. The results were measured with a SpectroMec 20 Atomic Absorption Spectrophotometer and subsequently converted to mg/L.
3.4.3.5 Trace Elements 
Zinc, Iron, copper, manganese, The results were directly obtained from the Atomic Absorption Spectrophotometer, Spectronic 20 model.
3.4.4 Biological Analysis 
3.4.4.1  Total Viable Counts 
Total Viable Plate Counts  (TVPC) is a microbiological technique used to estimate the number of viable microorganisms present in a sample. It provides an indication of the overall microbial population and can be used to assess the quality and safety of various products, including food and water.
3.4.4.2 Coliform Counts 
Coliform counts are used to evaluate the microbial quality of water, food, and other products by detecting the presence and concentration of coliform bacteria. Coliforms are a group of bacteria commonly found in the environment, including soil and vegetation, as well as in the feces of warmblooded animals. Their presence indicates potential contamination with fecal material.
3.4.4.3 E. Coli 
Escherichia coli (E. coli) is a type of bacterium commonly found in the intestines of warm-blooded animals, including humans. It is a versatile organism used in research, biotechnology, and medicine.
3.4.4.4 Streptococcus Feacalis
Streptococcus faecalis (now more commonly known as Enterococcus faecalis) is a type of bacterium that is part of the normal flora of the gastrointestinal tract in humans and animals. It is also known for its role in both health and disease. 


3.4.4.5	COPPER
Copper is a chemical element; it has symbol Cu (from Latin cuprum) and atomic number 29. It is a soft, malleable, and ductile metal with very high thermal and electrical conductivity. A freshly exposed surface of pure copper has a pinkish-orange color.
3.5 METHODS OF DATA ANALYSIS 
The data that were collected from the laboratory analysis of the water samples were further analyzed using statistical tools and the results obtained were presented in tables .
























CHAPTER FOUR
DATA PRESENTATION AND ANALYSIS
___________________________________________________________________________________S/N   Parameter    A	     B	 C   D	    E          MIN	 MAX	   Mean          STD
1       Temperature 30.2  30.4	30.6 31.8	30.9	30.2	30.9	30.78	      0.626099
		˚C
2	Colour units	42	17	12	49	61	12	61	36.2	      21.01666
3	Turbidity 	25	9	8.5	21	20	9	25	16.7	      0.403733
N.T.U
4	Ph		7.7	9	8.5	21	20	9	25	16.7	       7.496666
5	Total D	680	980	790	879	710.5	680	980	807.9	       123.328
 issolvedSolids 
(TDS)
6	Electrical	1176	1850	1568	1758	1419	1176	1850	1554.2	       269.5073
 Cond.
7	Chloride 	22	38	64	45	30.7	22	64	39.94	       15.93324
mg/l
8	Nitrate mg/l	ND	ND	24.1	23.43	18.6	18.6	24.1	22.04333    3.000772
9	Total hardness 28	42	54	78	98.9	28	98.9	60.18	       28.37714	
mg/l
10	Manganese 	ND	0.1	0.1	0	0.3	0	0.3	0.125	       0.125831
Mn2+  mg/l
11	Iron Fe3+ mg/l	0.05	0.05	0.02	0	0.36	0	0.36	0.096	        0.149097
12	Copper		ND	ND	0.05	0.08	0.04	0.04	0.08	0.056667     0.020817
13	Zinc		ND	ND	ND	ND	ND	ND	  ND	    ND	              ND
_____________________________________________________________________

	 A
	BoreHore

	 B
	BoreHore

	 C
	wellWater

	 D
	wellWater


Temperature 
Table 4.1 shows the temperature mean (30.78oc) is higher than the WHO’s recommended value (25oc) which may affect taste and could encourage microbial growth, but it does not violate any health-based standard. Regular monitoring and, if possible, cooling of water before consumption is recommended for better acceptability and safety.
colour
Table 4.1 shows the colour (A,B,D and E) exceed the WHO recommended colour limit (15units) for drinking water, except for sample C. While this does not pose a direct health risk, it suggests the presence of dissolved substances or metals and may affect taste, appearance, and consumer trust. Treatment and regular monitoring are advised to improve water quality.
Turbidity
All the parameters exceed WHO standard for drinking water, which may affect taste, appearance, and indicate possible contamination 
pH
The pH values of all the samples fall between 7.1–8.1 the mean is 7.54 as shown in table 4.1 are all within the WHO recommended range for drinking water (6.5–8.5). This suggests the water is safe regarding pH, with no risk of corrosion or taste issues related to pH. For further information on pH standards and measurement, consult research on pH sensing and standardization
Total Dissolve Solid
Table 4.1 shows TDS values rangefrom  680–980 mg/L, mean is 807.9 mg/Lare below the WHO recommended maximum of 1000 mg/L, indicating the water is within acceptable limits for drinking .The samples meet the WHO standard for TDS in drinking water, indicating they are safe and acceptable for consumption in terms of dissolved solids
Electrical Conductivity
Samples B, C, and D, as well as the mean value, exceed the commonly referenced WHO standard of 1500 µS/cm, while A and E are within the acceptable range as shown in table 4.1.Samples B, C, and D which may affect palatability and signal the need for further investigation into specific dissolved ions. While not a direct health risk, consistently high EC warrants attention to overall water quality and potential sources of contamination.
Chloride and Nitrate
Chloride: All your samples (22–64 mg/L) are well below the WHO guideline, indicating no taste or health concerns.Nitrate: All detected values (18.6–24.1 mg/L) are also below the WHO limit, suggesting no immediate health risk. “ND” (not detected) in some samples further supports safety, as shown in table 4.1. Both chloride and nitrate levels in the samples are well within WHO standards for drinking water, indicating the water is safe and acceptable for consumption regarding these parameters. Regular monitoring is still recommended to ensure ongoing safety.
Hardness and Manganese
Table 4.1 shoes all the watersample are soft, which is generally preferred for taste and household use .Manganese is levels are safe, but ongoing monitoring is wise, as high manganese can cause staining and health issues if above recommended levels, indicating the samples are safe and acceptable for drinking regarding these parameters. Regular monitoring remains important to ensure continued compliance.
 Iron (Fe³⁺) 
Table 4.1 shows samples (A–D) meet WHO standards and are  health-wise acceptable Iron is not toxic at these levels and poses no direct health risk based on WHO criteria, Sample E (0.36 mg/L) exceeds the WHO guideline of 0.3 mg/L. This could lead to metallic taste, staining, or cloudiness in the water. Mean is 0.096 mg/L well below the WHO aesthetic limit and standard deviation is 0.149 indicates some variation among samples, mainly due to Sample E. further investigation or routine monitoring is recommended.
Discussion on Water Temperature Samples Compared to WHO Standards
According to WHO, drinking water should ideally be between 15°C and 25°C. All five samples exceed this range, making them less ideal for consumption without proper treatment and storage. Among them, Sample A (30.2°C) is the most acceptable, though still slightly above the recommended standard. Measures should be taken to reduce water temperature for better safety, taste, and quality.
Discussion on Electrical Conductivity (EC) of Water Samples Compared to WHO Standards. 
While the World Health Organization (WHO) does not set a strict health-based limit for EC, it gives guidance based on aesthetic acceptability:

EC values should generally be below 1500 µS/cm.

Above 1500 µS/cm, water may taste salty, metallic, or unpleasant.
Based on WHO guidelines, water with EC below 1500 µS/cm is considered acceptable for taste and safety. Only Samples A (1176 µS/cm) and E (1419 µS/cm) meet this standard. Sample A is the most desirable, indicating the cleanest water with the lowest mineral content. Samples with higher EC (like B and D) may require treatment or alternative sources to ensure water quality and user satisfaction.
Discussion on Chloride Concentration in Water Samples Compared to WHO Standards.
The acceptable limit for chloride in drinking water is 250 mg/L.


















CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATION

Conclusion
The analysis of water quality parameters in Table 4.1 reveals that most values fall within the acceptable limits set by the World Health Organization (WHO), indicating that the water is generally safe for consumption. Parameters such as pH, Total Dissolved Solids (TDS), chloride, nitrate, hardness, and manganese comply with WHO standards, ensuring no immediate health concerns. However, elevated values were observed in temperature, colour, turbidity, electrical conductivity, and iron (in Sample E), which may not pose direct health risks but can affect water palatability, appearance, and consumer perception.
Recommendations
1. Temperature exceeds WHO's recommended value, consider cooling the water before consumption to enhance taste and limit microbial growth.
2. Filtration or chemical treatment should be employ to reduce colour and turbidity levels, which can improve clarity and restore consumer confidence.
3. For samples with high EC, further analysis should be carried out to identify specific dissolved ions and address any underlying contamination sources.
4. Investigate and treat sample E to reduce iron content and prevent staining, taste issues, and water discoloration.
5. Maintain routine water quality testing to ensure compliance with WHO guidelines and to detect any emerging contamination issues early
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