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ABSTRACT
This study evaluated the physical and chemical properties of underground water at Kwara State Polytechnic, Ilorin, to assess its quality for domestic and industrial use. Groundwater samples were collected from selected boreholes within the campus environment and analyzed using standard laboratory procedures. Parameters examined included physical indicators such as temperature, colour, odour, turbidity, and total dissolved solids (TDS), as well as chemical parameters like pH, electrical conductivity, chloride, nitrate, sulphate, calcium, magnesium, and iron content. The results were compared with the World Health Organization (WHO) and Nigerian Standard for Drinking Water Quality (NSDWQ) guidelines to determine the safety and suitability of the water. The findings revealed that while most parameters were within acceptable limits, certain samples showed elevated levels of TDS and nitrate, indicating possible contamination from surrounding anthropogenic activities such as waste disposal and industrial runoff. The study concluded that while the underground water in Kwara State Polytechnic is generally safe for use, continuous monitoring and proper sanitation measures are essential to ensure long-term water safety. Recommendations were made for periodic water testing, improved borehole construction practices, and awareness campaigns on environmental protection. 
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CHPATER ONE
1.1 	INTRODUCTION
	Water is one of the most essential natural resources for sustaining life, economic development, and environmental sustainability. Groundwater, which lies beneath the earth's surface in soil pore spaces and fractures of rock formations, serves as a major source of potable water in many parts of the world, especially where surface water is scarce or polluted (Foster & Chilton, 2003). In Nigeria, groundwater has become a crucial source of drinking water for urban and rural communities due to the inadequacy of treated municipal water supply (Akpoveta et al.,, 2011). Underground water in institutions like Kwara State Polytechnic is often tapped through boreholes and wells to support domestic, academic, and commercial activities. However, the quality of this water is increasingly threatened by contamination arising from anthropogenic activities such as improper waste disposal, leachate from septic systems, fuel spills, and runoff from agricultural lands (Adekunle et al.,, 2007; Ololade et al.,, 2008). Physical properties like temperature, turbidity, and total dissolved solids (TDS), along with chemical constituents such as pH, nitrates, chlorides, and heavy metals, are critical indicators of groundwater quality (WHO, 2017).
	Routine evaluation of these parameters is important to ensure that underground water meets safety standards for human consumption and other uses. In Kwara State Polytechnic, located in Ilorin—the capital of Kwara State—there is increasing concern about the potability and long-term usability of borehole water as the institution continues to grow in population and infrastructural expansion. Urban development, poor sanitation infrastructure, and unregulated land use may contribute to the degradation of underground water resources (Obiefuna & Sheriff, 2011).
	This study, therefore, aims to assess the physical and chemical properties of underground water in Kwara State Polytechnic, with a view to comparing the results with national and international water quality standards such as those set by the World Health Organization (WHO) and Standard Organization of Nigeria (SON). The outcome of this evaluation is expected to guide water resource management, policy intervention, and health risk mitigation for the Polytechnic community. Water is indispensable for life and plays a critical role in maintaining public health, supporting economic development, and preserving ecological balance. Among various sources of freshwater, groundwater constitutes a significant proportion—accounting for about 30% of the world’s freshwater (UNESCO, 2018). In many parts of Nigeria, including Kwara State, underground water extracted through boreholes and hand-dug wells remains a primary source of water for drinking, cooking, sanitation, and industrial uses, especially in institutions and semi-urban areas where piped water supply is either insufficient or unavailable (Akpoveta et al.,, 2011; Efe et al.,, 2005). However, groundwater is not immune to contamination. The assumption that water from underground sources is inherently safe has been challenged by growing evidence of pollution due to both natural and anthropogenic factors. Leachates from waste dumps, infiltration from faulty septic tanks, excessive use of fertilizers, and industrial discharges can introduce harmful substances into the groundwater system (Adekunle et al.,, 2007; Olalekan et al.,, 2012). Even in institutional environments like Kwara State Polytechnic, activities such as poorly managed waste disposal, use of chemicals in workshops and laboratories, as well as proximity to nearby residential septic systems may pose risks to groundwater quality.
	Water is the world’s most abundant natural substance and it is in constant circulation. About 1460 petcitones (pt) (10 kg) of water covers 71% of the earth’s surface, mostly in oceans and other large water bodies, with 1.6% of water below ground in aquifers and 0.001% in the air as vapour, clouds and precipitation. It comprises about 70 to 90% of the weight of living organism. It is a dispersion medium for all biochemical reactions which constitutes the living process and takes part in many of these reactions. Without water, life cannot survive. It is absolutely essential to life, not only human but all life, plant and animal. Therefore, the quality of water is of vital concern for mankind since it is directly linked with human welfare. 
	Over 97% of the total water supply is contained in the oceans and other saline bodies of water and is not readily usable for most purposes. Of the remaining 3%, a little over 2% is tied up in ice caps and glaciers (about 12.4%), 0.62% was found in groundwater supplies, the surface water like lakes and rivers cover about 0.019% and finally, the water vapour constitute 0.00%. 
	Groundwater is believed to be comparatively much clean and free from pollution than surface water. However, indiscriminate discharge of industrial effluents, domestic sewage and solid waste dump cause groundwater to become polluted and creates health problems (Patil and Patil, 2010). There are various ways 
in which groundwater is contaminated, amongst which  are; the use of fertilizer in farming (Altman and Parizek, 1995), seepage from effluent bearing water body 
(Adekunle, 2009). Most of the industries discharge their effluent mostly without proper treatment into nearby open pits or pass them through unlinked channels, resulting in the contamination of groundwater (Jinwal and Dixit, 2008). 
	The vast growth in urbanisation has further affected groundwater quality due to overexploitation of resources and improper waste disposal practises. Large volumes of waste are concentrated and discharged into a relatively small area (Rao and Mamatha, 2004). Hydro-geochemical conditions are also reported to be responsible for causing variations in water quality (Manhata et al.,, 2004). 
	Groundwater has usually higher total dissolved solid (TDS) concentration than the surface water because of mineral pick up from soils and rocks. Groundwater in some area is noted for high concentration of particular ions or elements such as magnesium, boron etc. Groundwater contains various types of pollutants and 
several other substances are dissolved in it. These substances may be useful for human body but in a specific limit (Ranjana, 2009). Groundwater is a preferred 
source of water because of its high quality with respect to portability and the minimum treatment requirement. For individual homes, they find surface water in remote mountains is as attractive because of their more desirable chemical characteristics and reliability. 
	In general, the importance of groundwater for existence of human society cannot be overemphasised. Hence, there is always a need for the protection and management of groundwater quality. With respect to the above mentioned groundwater quality, this study aims at carrying out qualitative analysis of physicochemical parameters of selected groundwater in industrial and non-industrial areas in Ilorin. 
	The physical properties of water—such as temperature, colour, turbidity, electrical conductivity (EC), and total dissolved solids (TDS)—can significantly affect its aesthetic appeal, usability, and interaction with plumbing systems (WHO, 2017). For example, high turbidity may harbor microbial pathogens, while excessive TDS can cause taste problems and scaling in pipes. On the other hand, chemical properties—including pH, nitrates, chlorides, hardness, sulphates, and the presence of heavy metals like lead, iron, or cadmium—determine the potability and safety of water. Long-term exposure to water containing elevated concentrations of these substances can lead to health issues such as gastrointestinal diseases, methemoglobinemia, kidney damage, and neurological disorders (Ishaku et al.,, 2011; WHO, 2017).
	In Nigeria, national regulatory agencies like the Standard Organization of Nigeria (SON) and international bodies such as the World Health Organization (WHO) have established benchmark values for physical and chemical constituents in drinking water to ensure safety and public health (SON, 2007; WHO, 2017). Monitoring and evaluating these parameters in institutions are essential to ensure compliance with these standards, especially in settings where the population is dense and the risk of water-related diseases is heightened. Given the growing student and staff population in Kwara State Polytechnic, the demand for clean and safe water is rising. It is, therefore, imperative to conduct a scientific assessment of the physical and chemical characteristics of the underground water being used within the institution. Such evaluation will help determine the suitability of the water for human consumption and identify any potential health hazards that require urgent remediation or policy intervention.
	This study seeks to fill existing knowledge gaps by systematically analyzing selected physical and chemical parameters of borehole water in various locations across the Kwara State Polytechnic campus. The findings will provide a scientific basis for water resource management within the institution and guide stakeholders on strategies to ensure water safety and sustainability.
1.2	Problem Statement
	A good number of people in Nigeria rely exclusively on groundwater sources for drinking, bathing and washing purposes. It was estimated that only about 30% of Nigerians had access to portable water because of inadequate supply or non-availability of treated portable water, the general populace in Nigeria source their water for domestic and other uses from well, rivers, streams and more recently boreholes.
1.3	Aim of the Project
	The aim of the project is to determine the physical and chemical properties of Kwara State Polytechnic, Ilorin underground water.
1.4	Specific Objectives of the Project
Specific Objectives of the project are to:
i. Collect water sample. 
ii. Determine the physical and chemical properties of the water compare with WHO standard.
iii. Analysis the result using descriptive statistical.
1.5	Justification of the Study
i. This study will give an insight into the development of water quality model for pollution prediction of Kwara State Polytechnic so as to predict the pollution level at various points of water transport in the river using irrigation water quality parameters.
ii. Additionally, this research will also serve as a guide for other researchers studying the physical and chemical properties of underground water
1.6	Scope of the Study
	The scope of this study is to collect water sample, determine and analysis the physical and chemical properties of Kwara State Polytechnic underground water. And compare the result with World Health Organization (WHO) standard for drinking water quality.


CHAPTER TWO
LITERATURE REVIEW
2.1 	BACKGROUND OF THE STUDY
	Groundwater plays a vital role as an important source of potable water in both rural and urban areas of Nigeria. It remains the largest available source of fresh water, thus it forms a very important part of the water supply chain. There is a growing demand for groundwater in virtually all parts of Nigeria (Adeyemi et al., 2023). This is due to rapid growth in population and increasing industrial activities. Naturally, surface water is highly susceptible to contamination, but groundwater is less susceptible. However, once groundwater is polluted, remediation is usually very difficult and expensive to undertake. Also, its quality cannot be restored by stopping the pollutants from the source (Purandara and Varadajan, 2023). 
	Generally, water pollution not only affects water quality but threatens human health, economic development and social prosperity (Milovanovic, 2017). Groundwater quality depends on the quality of recharge water, atmospheric precipitation, in-land surface water, and on sub-surface geochemical processes. The physical and chemical parameters useful for water quality assessment are determined by the presence of both organic and inorganic compounds that are either suspended or dissolved in it. While some of the compounds are toxic to the ecosystem, some constitutes nutrients to aquatic organisms and others are responsible for aesthetics of the water body (Eletta and Adekola, 2015). Nonetheless, groundwater remains the preferred source of water because of its high quality with respect to portability and the minimum treatment requirement in most cases (Okoro, 2022).
	Water is very essential for life support. Quality, quantity and availability of potable water is a very important environmental issue and, this makes monitoring of water quality and decision –making a challenge for the environmental engineer. Several methods are discussed in literature on drinking water quality criteria and decision-making. The fuzzy synthetic evaluation model gives the certainty levels for the acceptability of water based on the prescribed limit of various regulatory bodies (Changet al.,, 2004; Dahiyaet al.,, 2007). The Oregon water quality index is used to express water quality by integrating measurements of eight water quality variables, temperature, dissolved oxygen, BOD, pH, ammonia + nitrate nitrogen, total phosphorous, total solids and fecal coliform (Cude, 2001), Factor analysis: a multivariate statistical method(Liuet al.,, 2003), A generalized water quality index for Taiwan (Liouet al.,, 2004), the application of Canadian Council of Ministers of the Environment Water Quality Index (CCMEWQI) (Lumbet al.,, 2006)etc., have been employed over time in groundwater assessment with each having its drawbacks. 
	Groundwater is one of the indispensable, most natural resources for drinking water in developing countries especially where the public water supply is inadequate. The composition of groundwater is influenced by many processes; wet and dry depositions of atmospheric salts, evapotranspiration, water –soil and water-rock interactions (Liuet al.,, 2003; Umezawa et al.,, 2009; Frische et al.,, 2010; Jain et al.,, 2010). It is used for diverse purposes ranging from domestic to, industrial, agricultural etc., and, these activities generate wastes which are discharged to land and,ultimately find their ways into groundwater by leaching(Srinivaset al.,, 2015).
	Over the years, the effect of groundwater pollution has been on the increase as a result of man’s activities. These activities have been known to add to the environment, pollutants such as, trace metals, nutrients, hydrocarbons to mention a few that have ended up negatively changing water quality as a result of increased loading of pollutants in response to changes in land use (Buck et al.,, 2006).The measurement of groundwater quality parameters is very important at regular intervals as there is a need to monitor the quantity and availability for different purposes and the quality which had over time acted as precursors to various waterborne home epidemics (Srinivas et al.,, 2015). Trace elements and especially heavy metals are toxic, (when present above certain concentrations) persistent and they possess and cause bioaccumulation problems. They could be from natural and anthropogenic sources (Pekey et al.,, 2004).
	Determination of metals in natural waters provides a foundation for informed action by environmental interest groups and regulators and a starting point for further study. Trace metals are important, with some serving as micro –nutrients (Zn, Fe) while some can be toxic at high concentrations (Pb, Cu, Cr, Cd) (Chase et al.,, 2011). Trace metal concentrations can be determined using the Atomic Absorption Spectrophotometer (AAS), Inductively Coupled Plasma-Mass Spectrophotometer (ICPMS) amongst other techniques. Nutrients can occur naturally in water however, elevated concentrations would usually originate from the activities of man and animals (directly related) such as, artificial fertilizers, manure (animal waste) and septic –system leakages. Nutrients could be present as, nitrate, nitrite, ammonia, total nitrogen, orthophosphate and total phosphorous. Phosphorous is most commonly found as phosphate and it plays a key role in biochemical processes and eutrophication of surface water (Galhardo and Masini, 2000; Umezawa et al.,, 2009; Robinson, 2015). 
	Nitrate has been identified as a common, surface and groundwater contaminant that could result in health hazard in the infant and eutrophication of a water body. Abandoned landfill, or industrial sites (e.g military facilities involved in the production and demolition of explosives, propellants and pyrotechnics) have been known to contribute significantly to levels of nitrogen in groundwater. In the past, nitrates in groundwater was linked to agricultural processes however, recent studies have illustrated other non –agricultural sources of nitrates in groundwater. These sources include sewage and mains leakages, septic tanks, industrial spillages, contaminated land, fertilizers etc (Wakida and Lerner, 2005). 
	The World Health Organization (WHO) and European Union (EU) standards for nitrate in drinking water has been put as 50 mg-NO3/l and 10 mg-N/ l respectively. Sulphate is widely distributed in nature and may be present in natural waters in concentration ranging from a few hundred to thousands of mg/l as it occurs naturally in numerous minerals. It is of significant concern because, it is indirectly responsible for serious problems associated with the handling and treatment of wastewater (odour and sewer corrosion). The amount of sulphate in water is used to determine the magnitude of problems that can arise from reduction of sulphates to hydrogen sulphide under anaerobic conditions. Aromatic organic compounds, such as BTEX (benzene, toluene, ethylbenzene and xylene) or PAHs (polycyclic aromatic hydrocarbons) are frequently detected in groundwater. Some are in the form of solvents frequently encountered in many industrial operations while, some are ubiquitous contaminants resulting from burning of fossil fuels and other organic compounds. They includethe possibility of transport across phases by volatilization, sorption and dissolution phenomena. However, under specific conditions, slow biodegradation phenomena might occur, both inaerobicand anaerobic conditions, which can lead to the transformation of these compounds into simpler and less hazardous molecules(Canzanoet al.,, 2014).
	pH is very important because certain chemical processes can only take place when reaction proceeds at a certain pH and, it is a measure of the acidity or basicity of a substance and serves as an indicator that compares some of the most water-soluble ions. In aqueous solutions, pH is controlled primarily by the hydrolysis of salts of strong bases and weak acids or vice versa. In May 2015, somewhere along the petroleum products pipeline road area of Ilorin, Nigeria, a hand dug well (TW) in a home, discharged water with a greenish blue colour which stained ceramics (with an oily feel).
	Consequently, the need for protection and continuous monitoring of groundwater quality cannot be overemphasized in Kwara State, Ilorin. This is invariably owing to the inability of the water supply capacity and infrastructure to keep pace with population growth and industrial demand. Consequently, an increasing number of households and industries are constrained to make alternative and private arrangements to meet their water supply needs.
	This study is aimed at determining the portability of selected groundwater sources within Ilorin metropolis. The sources include both boreholes and hand-dug wells. In order to achieve the above stated aim, certain chemical and physical parameters of the selected water sources were determined and the water quality data were interpreted and presented by the means of water quality index. The concept of water quality index to represent gradation in water quality was first proposed by Horten (2019). This is a simplistic and arguably the most effective way to communicate water quality information devoid of technical complexities. It is essentially defined as a rating reflecting the composite influence of a number of parameters on the overall quality of water (Bangalore and Latha, 2018). It also characteristically indicates a single number like a grade that expresses the overall water quality at a certain place and time based on selected important parameters (Rao and Nageswararao, 2023). The water quality index approach essentially seeks to turn complex water quality data into information understandable and useable by the public. Although, the concept of water quality index is not yet widely used in Nigeria, Egereonu and Ozuzu (2015) has used it to assess the level of pollution of River Niger while Ubuoh et al., also applied it to determine the susceptibility of water resources to atmospheric pollutant due to petroleum exploitation.
	Water is essential for human survival and development, but its quality directly influences its safety for consumption and other uses. Groundwater, commonly perceived as clean due to natural filtration through soil layers, is increasingly at risk of contamination from both natural and anthropogenic activities. In many parts of Nigeria, including educational institutions like Kwara State Polytechnic, groundwater is often the most accessible and affordable source of water for students and staff. Thus, understanding the physical and chemical properties of this water is critical for ensuring public health and environmental sustainability (Akpoveta et al.,, 2021; Foster & Chilton, 2023).
	Water is the world’s most abundant natural substance and it is in constant circulation. About 1460 petcitones (pt) (10 kg) of water covers 71% of the earth’s surface, mostly in oceans and other large water bodies, with 1.6% of water below ground in aquifers and 0.001% in the air as vapour, clouds and precipitation. It comprises about 70 to 90% of the weight of living organism. It is a dispersion medium for all biochemical reactions which constitutes the living process and takes part in many of these reactions. Without water, life cannot survive. It is absolutely essential to life, not only human but all life, plant and animal. Therefore, the quality of water is of vital concern for mankind since it is directly linked with human welfare. Over 97% of the total water supply is contained in the oceans and other saline bodies of water and is not readily usable for most purposes. Of the remaining 3%, a little over 2% is tied up in ice caps and glaciers (about 12.4%), 0.62% was found in groundwater supplies, the surface water like lakes and rivers cover about 0.019% and finally, the water vapour constitute 0.00%.
	Groundwater is believed to be comparatively much clean and free from pollution than surface water. However, indiscriminate discharge of industrial effluents, domestic sewage and solid waste dump cause groundwater to become polluted and creates health problems (Patil and Patil, 2020). There are various ways in which groundwater is contaminated, amongst which are; the use of fertilizer in farming (Altman and Parizek, 2019), seepage from effluent bearing water body (Adekunle, 2019). Most of the industries discharge their effluent mostly without proper treatment into nearby open pits or pass them through unlinked channels, resulting in the contamination of groundwater (Jinwal and Dixit, 2018).
	The vast growth in urbanisation has further affected groundwater quality due to overexploitation of resources and improper waste disposal practises. Large volumes of waste are concentrated and discharged into a relatively small area (Rao and Mamatha, 2024). Hydro-geochemical conditions are also reported to be responsible for causing variations in water quality (Manhata et al.,, 2024).
	Groundwater has usually higher total dissolved solid (TDS) concentration than the surface water because of mineral pick up from soils and rocks. Groundwater in some area is noted for high concentration of particular ions or elements such as magnesium, boron etc. Groundwater contains various types of pollutants and several other substances are dissolved in it. These substances may be useful for human body but in a specific limit (Ranjana, 2019). Groundwater is a preferred source of water because of its high quality with respect to portability and the minimum treatment requirement. For individual homes, they find surface water in remote mountains is as attractive because of their more desirable chemical characteristics and reliability.
In general, the importance of groundwater for existence of human society cannot be overemphasised. Hence, there is always a need for the protection and management of groundwater quality. With respect to the above mentioned groundwater quality, this study aims at carrying out qualitative analysis of physicochemical parameters of selected groundwater in industrial and non-industrial areas in Ilorin.


2.2 	Concept of Groundwater and Water Quality
	Groundwater is water stored in aquifers beneath the earth’s surface. It forms part of the hydrological cycle and supplies billions of people globally, particularly in rural and semi-urban areas (Nwankwoala, 2021). Water quality is determined by a combination of physical, chemical, and biological characteristics and is influenced by natural geological processes, climate, land use, and pollution sources (Edet & Okereke, 2021).
	Groundwater in urban settings is often subject to contamination from septic tanks, waste dumps, leaking sewage lines, and surface runoff containing fertilizers, pesticides, or heavy metals (Olalekan et al.,, 2012; Ibe & Okoye, 2015).
2.3 	Physical Properties of Groundwater
[image: C:\Users\FloppyKey\Pictures\Groundwater.png]
Fig. 2.1: Characteristics and Assessment of Groundwater

2.3.1 	Temperature
	Water temperature affects chemical solubility, microbial activity, and taste. High temperatures may indicate contamination or biological activity and can lower oxygen levels in water (WHO, 2017).
2.3.2 	Turbidity
	Turbidity is caused by suspended solids and can harbor bacteria or reduce disinfection efficiency. High turbidity levels may reflect contamination from surface water infiltration (Ololade et al.,, 2008).
2.3.3 	Colour and Odour
	Colour can result from dissolved organic matter or metals, while odour often signals pollution, particularly from decaying organic materials or industrial waste.
2.3.4 	Total Dissolved Solids (TDS) and Electrical Conductivity (EC)
	TDS and EC reflect the concentration of dissolved ions in water. High values may result from saltwater intrusion, sewage leakage, or industrial effluents (Fatoki et al.,, 2022; Amadi et al.,, 2020).


2.4 Chemical Properties of Groundwater
[image: C:\Users\FloppyKey\Pictures\Chemical Properties.png]Fig. 2.2: Chemical Properties of Groundwater
2.4.1 pH
	The pH scale determines water's acidity or alkalinity. Water with low pH may corrode pipes, while high pH affects taste and disinfection processes. World Health Organization (WHO) recommends a pH range of 6.5 to 8.5 (WHO, 2017).
2.4.2 	Nitrates
	Nitrate contamination is usually a result of fertilizer runoff or sewage. High nitrate levels can cause methemoglobinemia ("blue baby syndrome") in infants (Adekunle et al.,, 2017; Orebiyi et al.,, 2020).
2.4.3 Chloride and Sulphate
	Chloride levels may increase due to sewage or industrial discharge. High concentrations affect taste and may corrode plumbing. Sulphate levels above 250 mg/L may cause a laxative effect (SON, 2007).
2.4.4 	Hardness
Water hardness is caused by calcium and magnesium ions. While not harmful to health, it affects cleaning efficiency and pipe scaling.
2.4.5 	Heavy Metals
	Heavy metals like lead, cadmium, and iron are hazardous even in trace amounts. Lead exposure can damage the nervous system and kidneys, while iron in excess causes unpleasant taste and staining (Ishaku et al.,, 2021; Oyem & Oyem, 2014).
2.5 	Groundwater Contamination in Nigeria
	Several studies highlight that groundwater in Nigeria is frequently polluted due to poor land use practices, urbanization, and weak enforcement of environmental laws. Akpoveta et al., (2021) found iron and manganese levels above permissible limits in Warri borehole water. Olalekan et al., (2022) observed high nitrate and heavy metal concentrations in Asa River groundwater, near Ilorin. Similarly, Amadi et al., (2020) reported unsafe pH and nitrate levels in the Bosso area of north-central Nigeria.
	Ibe & Okoye (2015) found that proximity to dumpsites and septic tanks increases the risk of groundwater contamination in southeastern Nigeria. Emenike et al., (2017) noted that many communities rely on groundwater without any form of treatment or quality monitoring, leading to widespread health risks.
	Groundwater contamination refers to the degradation of groundwater quality due to the introduction of harmful substances from natural or anthropogenic sources (Freeze & Cherry, 1979). In the Nigerian context, both point sources (e.g., industrial effluents, septic tanks) and non-point sources (e.g., agricultural runoff) contribute significantly to groundwater pollution (Olobaniyi & Owoyemi, 2006).
	According to Igwe and Abia (2007), the vulnerability of groundwater to pollution in Nigeria is worsened by poor land use practices, rapid urbanization, and inadequate environmental policies. The shallow nature of most aquifers in Nigeria also increases the risk of contamination. Groundwater is a vital source of drinking water for millions of Nigerians, especially in rural and peri-urban areas where access to piped water is limited. It is generally considered a safer and more reliable source of water due to its natural filtration through soil and rocks. However, in recent decades, increasing evidence shows that groundwater in many parts of Nigeria is becoming significantly contaminated, posing serious public health and environmental risks.
2.5.1	Sources of Groundwater Contamination
1. Industrial Waste Discharge: Unregulated industrial activities, particularly in urban centers like Lagos, Port Harcourt, and Kano, have contributed immensely to groundwater pollution. Factories often discharge heavy metals and toxic chemicals into the ground or nearby water bodies without proper treatment. These contaminants seep into the aquifers, leading to long-term pollution of groundwater.
[image: C:\Users\FloppyKey\Pictures\WASTEWATER.jpg]
Fig. 2.3: Industrial Waste Discharge
2. Agricultural Runoff: The extensive use of chemical fertilizers, pesticides, and herbicides in agricultural regions like the Middle Belt and parts of the Southwest contributes to groundwater contamination. Nitrate and phosphate leaching from farmlands can infiltrate shallow wells, making the water unsafe for consumption and contributing to conditions like methemoglobinemia ("blue baby syndrome") in infants.
[image: C:\Users\FloppyKey\Pictures\Agricultural Runoff.jpg]
Fig. 2.4: Agricultural Runoff
3. Improper Waste Disposal and Open Defecation: In many rural and urban communities, solid waste and sewage are disposed of in unlined pits or open dumps. Leachate from these waste sites carries pathogens, organic matter, and heavy metals into the groundwater system. Similarly, open defecation, still practiced in many parts of Nigeria, directly contaminates the shallow aquifers with fecal coliforms and other microorganisms.
[image: C:\Users\FloppyKey\Pictures\Waste Disposal and Open Defecation.jpg]
Fig. 2.5: Waste Disposal and Open Defecation
4. Oil Spillage and Gas Flaring: In the Niger Delta region, oil exploration and exploitation have severely impacted groundwater quality. Frequent oil spills and pipeline leakages introduce hydrocarbons and heavy metals into the groundwater. Gas flaring also releases pollutants that settle on the ground and eventually leach into the water table, rendering water sources unfit for human use.
[image: C:\Users\FloppyKey\Pictures\Oil Spillage and Gas Flaring.jpg]
Fig. 2.6: Oil Spillage and Gas Flaring
5. Latrine and Septic Tank Leakage: In areas where pit latrines or septic tanks are not properly constructed or maintained, leakage can lead to contamination of nearby wells. This is common in low-income communities where sanitation infrastructure is poorly planned or non-existent.
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Fig. 2.7: Latrine and Septic Tank Leakage
2.5.2	Common Contaminants in Nigerian Groundwater
· Biological contaminants such as Escherichia coli, Salmonella spp., and other fecal coliforms.
· Chemical contaminants including nitrates, arsenic, lead, cadmium, iron, and manganese.
· Organic compounds like benzene and toluene from oil pollution.
· Heavy metals from industrial and mining activities.
2.5.3	Health and Environmental Impacts
	Groundwater contamination has a wide range of public health implications:
· Waterborne diseases such as cholera, dysentery, typhoid, and hepatitis A are prevalent in areas with fecal contamination.
· Heavy metal poisoning, especially lead and arsenic, is linked to developmental disorders, neurological damage, and cancer.
· Reproductive and endocrine disruptions from pesticide contamination.
· Long-term ecosystem damage due to accumulation of toxins in soil and water bodies.
2.5.4	Government and Policy Responses
	The Nigerian government, through agencies like the National Water Resources Institute (NWRI) and National Environmental Standards and Regulations Enforcement Agency (NESREA), has made attempts to monitor and regulate water quality. However, enforcement remains weak due to corruption, poor funding, and lack of technical capacity. There is also a growing push from NGOs and international organizations like UNICEF and World Health Organization (WHO) to promote Water, Sanitation, and Hygiene (WASH) programs, borehole disinfection, and the use of point-of-use water treatment systems in vulnerable communities.
	Groundwater contamination in Nigeria is a growing crisis that requires urgent attention. As the population continues to rise and urbanization accelerates, sustainable groundwater management and pollution control strategies must be prioritized. Only through a combination of policy, technology, and community participation can safe and clean groundwater be guaranteed for future generations.
2.6 	Regulatory Standards for Drinking Water
	Water quality must comply with national and international standards to be deemed safe. The World Health Organization (WHO, 2017) and the Standard Organization of Nigeria (SON, 2017) set permissible limits for various water quality parameters:
Table 2.1: Set Permissible Limits for various Water Quality Parameters
	Parameter
	WHO Limit
	SON Limit

	pH
	6.5–8.5
	6.5–8.5

	TDS
	500 mg/L
	500 mg/L

	Nitrate
	50 mg/L
	50 mg/L

	Iron
	0.3 mg/L
	0.3 mg/L

	Lead
	0.01 mg/L
	0.01 mg/L



	These benchmarks serve as reference points for evaluating water safety. Deviations from these standards indicate potential health and environmental hazards.
2.7 	Previous Work/Report on Kwara State Polytechnic
	Despite the rising population and infrastructural development in Kwara State Polytechnic, there is little documented scientific evaluation of its groundwater quality. With heavy reliance on boreholes and wells, especially in student hostels, department and administrative blocks, it becomes necessary to ensure the safety of these water sources. Similar studies in other institutions have revealed significant contamination (Tijani, 2023; Aremu et al.,, 2021), suggesting the need for site-specific investigations.
2.8 	Research Gaps
	Most existing studies focus on municipal or rural water supplies, while limited research is available on institutional groundwater systems like that of Kwara State Polytechnic. There is also a lack of integrated studies that simultaneously analyze physical and chemical properties alongside regulatory compliance. This study fills this gap by evaluating underground water quality within the institution based on World Health Organization (WHO) and Standard Organization of Nigeria (SON) standards, providing baseline data for health risk assessment and water management planning.
2.9 	Summary of the Literature Review
	This chapter has reviewed the essential parameters of groundwater quality, highlighting the physical and chemical indicators commonly used for assessment. It also examined findings from various Nigerian studies that point to growing concerns over groundwater pollution. Despite the availability of related literature, very few studies have addressed institutional water systems like that of Kwara State Polytechnic. This justifies the present study, which seeks to bridge that gap.
CHAPTER THREE
METHODOLOGY
3.1 	Location of the Study Area 
	The study was conducted at Kwara State Polytechnic, located in Ilorin, the capital city of Kwara State, Nigeria. The polytechnic is situated along the Old Jebba Road, in the Ilorin West Local Government Area, one of the three local government areas that make up the Ilorin metropolis.
	Geographically, Ilorin lies approximately between latitude 8°24′N and 8°36′N and longitude 4°10′E and 4°36′E. The area is within the Southern Guinea Savannah zone of Nigeria and experiences a tropical climate with two distinct seasons: the rainy season (April to October) and the dry season (November to March). The average annual rainfall ranges from 1,100 mm to 1,300 mm, and temperatures range between 22°C and 35°C.
	Kwara State Polytechnic is a government-owned tertiary institution established in 1973. The school comprises several faculties, including Engineering, Environmental Studies, Science, and Management Studies. It occupies a vast expanse of land with multiple buildings, boreholes, and other infrastructural facilities. The underground water sources, mainly hand-dug wells and boreholes, within the campus serve as the primary source of water for students, staff, and administrative purposes.
	The choice of Kwara State Polytechnic as the study area is based on its high reliance on groundwater for daily activities and the increasing population of students, which may exert pressure on the available water resources. 
	The study area provides a suitable setting to assess the physical (such as pH, turbidity, temperature, and color) and chemical (such as heavy metals, nitrates, and chlorides) properties of underground water used within the campus.
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Fig. 3.1: Satellite Imagery of the Study Area
Source: www.goggle,com
 


3.2 	Water Sampling Procedure 
Selection of water sources was done by random sampling procedure. A total number of four groundwater samples were collected within Kwara State Polytechnic, Ilorin: 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 Kwara State Polytechnic Soil and Water Laboratory, Kwarapoly, 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.
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Fig. 3.1: Borehole water Sample Collection Point
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Fig. 3.2: Well Water Sample Collection 


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.


CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results	
	This chapter presents the results discusses of the results obtained from the analysis of physical and chemical parameters of underground water samples collected from different locations within Kwara State Polytechnic, Ilorin. The results are compared against the World Health Organization (WHO, 2017) and Standards Organization of Nigeria (SON, 2015) guidelines for potable water. 
Table 4.1: Tables and Figures are used to Represent the Findings for Clarity and Better Understanding. 
	S/N
	Parameter
	A
	B
	C
	D
	E
	MIN
	MAX
	Mean
	STD

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	Temperature ˚C
	30.2
	30.4
	30.6
	31.8
	30.9
	30.2
	30.9
	30.78
	0.626099

	2
	Colour units
	42
	17
	12
	49
	61
	12
	61
	36.2
	21.01666

	3
	Turbidity N.T.U
	25
	9
	8.5
	21
	20
	9
	25
	16.7
	7.496666

	4
	pH
	7.7
	8.1
	7.6
	7.1
	7.2
	7.1
	8.1
	7.54
	0.403733

	5
	Total Dissolved Solids (TDS)
	680
	980
	790
	879
	710.5
	680
	980
	807.9
	123.328

	6
	Electrical Cond.
	1176
	1850
	1568
	1758
	1419
	1176
	1850
	1554.2
	269.5073

	7
	Chloride mg/l
	22
	38
	64
	45
	30.7
	22
	64
	39.94
	15.93324

	8
	Nitrate mg/l
	ND
	ND
	24.1
	23.43
	18.6
	18.6
	24.1
	22.04333
	3.000772

	9
	Total hardness mg/l
	28
	42
	54
	78
	98.9
	28
	98.9
	60.18
	28.37714

	10
	Manganese Mn2+  mg/l
	ND
	0.1
	0.1
	0
	0.3
	0
	0.3
	0.125
	0.125831

	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

	 E
	wellWater



4.2	Discussion
Temperature 
	Table 4.1 shows the temperature mean (30.78oc) is higher than the World Health Organization (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 World Health Organization (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 World Health Organization (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 World Health Organization (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 World Health Organization (WHO) recommended maximum of 1000 mg/L, indicating the water is within acceptable limits for drinking .The samples meet the World Health Organization (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 World Health Organization (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 World Health Organization (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 World Health Organization (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 World Health Organization (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.
CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1	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 World Health Organization (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.
5.2	Recommendations
1. [bookmark: _GoBack]Temperature exceeds World Health Organization (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 World Health Organization (WHO) guidelines and to detect any emerging contamination issues early.
6. Educate consumers on the importance of safe water practices and the implications of various water quality parameters.
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