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ABSTRACT 
           The study was conducted to assess the parameters for both physical and  chemical properties of water in Akuo Town. Five samples were analyzed,three from well water and two from boreholes in June 2025. The findings show that most parameters—such as pH (7.1–8.1), Total Dissolved Solids (680–980 mg/L), chloride (22–64 mg/L), nitrate (18.6–24.1 mg/L), hardness, and manganese fall within  World Health Organization (WHO) acceptable limits, indicating the water is generally safe for consumption.
            However, certain parameters including temperature (mean: 30.78°C), colour (in Samples A, B, D, and E), turbidity, electrical conductivity (in Samples B, C, and D), and iron (Sample E: 0.36 mg/L) exceeded recommended values. While these do not pose immediate health risks, they may affect taste, appearance, and consumer confidence. Regular monitoring, appropriate treatment, and consumer education are recommended to ensure continued water safety and quality.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Study
Water is known to contain a large numbers of chemical elements [Huthlin Edward,2013].
Physical parameters such as temperature, turbidity and current are also known to operate  in lake (ECOSYSTEM).Water quality is influenced by several factors, including physical,
chemical and biological properties. Among these physical increases pollution from  industrial discharge, agricultural runoff and domestic waste.
Poor water quality can pose serious risks to human health, aquatic life and industrial
processes.For instance,high turbidity in drinking water sources can reduce light
penetration,affect aquatic ecosystems and indicate the presence of suspended particles, someof them may harbour harmful microorganisms. Similarly, deviations in water temperature canimpact biological processes, including the survival of aquatic species and the rate of chemicalreactions in water.(John  2019)
Assessing the physical properties of water is essential for environmental monitoring and public health safety.The WORLD HEALTH ORGANIZATION (WHO) 2011,and National Regulatory Agencies have established water quality standards and preventing waterborne diseases.(Williams 2020). The proper balance of physical, chemical & biological properties of water in ponds, lakes, rivers and reservoirs is an essential ingredients for successful production of fish and other aquatic resources. In many developing regions, inadequate water quality assessment leads to the consumption of unsafe water, resulting in health challenges such as cholera, typhoid and other waterborne illness.
Chemical properties of water refer to the composition, reactions, and the substances dissolved in it that can affect its quality and usability. These properties are essential in determining whether water is safe for drinking, irrigation, or industrial use.
Additionally, industrial and agricultural users require water of specific quality standards to ensure efficiency and prevent equipment damage. Studies have shown that water rich in Silica,will contain a high population of diatoms (Pasclic 2011) while high species diversity of snail could be explained by high concentration of calcium (Williams, 2014). Also high concentration nitrogen and phosphate is indicative of entroplication that may lead to Algae bloom and consequently deoxygenation.
      Physical properties such as light penetration, temperature and watermovements have
been shown to play important roles in plankton's distribution and water stratification. The
physical and chemical innology of a lake is characterized by hydrologic impact autogenic
nutrient dynamics and biological aspects. These factors combine with each other determine  the water quality and consequently community of the water (Sidnat et al 1992). 
Though,some works have been done on the accessment of physical properties of water in some areas in Nigeria these include the works of Adeniyi(2010) on Jakara reservoir (Adeniyi et al) on Kanjilake.
In many developing regions in adequate water quality assessment leads to the consumotion of unsafe water, resulting in health challenges such as cholera, typhoid and other waterborne illness. Additional industrial and agricultural users require water if specific quality standards.
The purpose of this research is to do gain a better understanding on how an adequate and well-implemented design of water supply structure in Akuo Town  Kwara State will contribute to excellent operations of water supply in the town as the main source of water born industrial and domestic users access to adequate water supply is not only a fundamental need and human right; it also has considerable health and economic benefits to householde and individuals.
Aim of the project
The aim of this project is to assess the physico-chemical properties of underground water
in AKUO for domestic purpose.
1.2 Objective of the project
Specific objective of this project are to;
i. collect the water sample
ii. determine the physico-hemical properties of the water and compare with WHO standard.

1.3 Justification
The project work will lead to the following advantages;
i. It encourages student & villagers to test the water for drinking purpose in order to reduce the spread of diseases and virus infections.
ii. It will enable villagers in AKUO to know the possible problems that may occur when drinking contaminated water.
iii. The results will make provision of surface and underground water for drinking purpose.

1.4 Scope of the study
The scope of this project is limited to investigate about the physico-hemical properties of
drinking water in AKUO i.e taking of water sample, carry out laboratory analysis on the water to determine the qualities of water sample for domestic purpose and compare with World Health Organization Standard.


CHAPTER TWO
LITERATURE REVIEW
2.1 Background of the study
Water quality assessment is crucial for determining the suitability of water for various uses such as domestic, agricultural, industrial and ecological purposes.The quality of water is often evaluated based on its physical and chemical characteristics which may be influenced by both natural processes and anthropogenic activities. However, the quality of water is of great concern, especially when it comes to human consumption. This chapter reviews existing literature on the physical and chemical parameters commonly used in water quality assessment and their significance in environment and public health content (John et al 2011).
         In developing areas such as Akuo town, water sources like wells and boiled water are commonly used. Without proper analysis, such sources may be unsafe due to the presence of harmful substances or unsuitable conditions. Therefore, assessing the physico-chemical properties of water is necessary to ensure safety and compliance with standards such as those  provided by the World Health Organization (WHO).
         WHO Guidelines for Drinking Water; The World Health Organization provides standards to ensure that water meant for consumption is safe and free from contaminants. Some of the key guidelines include:
pH: 6.5–8.5
Temperature: Below 30°C
Electrical Conductivity: Less than 250 µS/cm (ideal)
TDS: Less than 500 mg/L
Based on the parameters assessed in Aguatown, both Sample A (well water) and Sample B (boiled water) meet these criteria. This suggests that the water is suitable for domestic and drinking purposes.
2.2 Properties of water                                                                                                                                          
2.3 Physical properties                                                                                                                        
2.3.1 Temperature                                                                                                                                                                                                                                                                                                
       Temperature is a critical physical parameter influencing chemical reactions and biological processes in water bodies. It affects dissolved oxygen levels, metabolic rates of aquatic organisms and the solubility of gases and salts.
         Sources of thermal pollution such as industrial discharge can alter natural temperature regines, impacting aquatic ecosystems (Salton 2014)
           Temperature affects the solubility of gases and the rate of chemical reactions in water. High temperatures may decrease the oxygen-carrying capacity of water. In the present study, both Sample A (well water) and Sample B (boiled water) had a temperature of 26.4°C, which is within the acceptable limit for drinking water.
2.3.2 Turbidity 
      Turbidity measures the cloudness or haziness of water, often caused by suspended particles such as salt, clay, micro-organisms and organic matter. High turbidity can reduce light penetration, impair photosynthesis and indicate potential contamination. High turbidity can shelter harmful microorganisms and interfere with disinfection. (Williams et al 2010)
2.3.3 Colour and Odour
        Colour and Odour are key physical indicators of water quality. Although, they do not directly pose health risks their presence often signals underlying contamination or the presence of undersirable substances. These parameters are particularly important in the assessment of domestic water supplies (Benson et al 2011) where clarity and freshness are essential for ever acceptance.
             In the Akuo town study, both samples were observed to be clear and odorless, indicating no obvious contamination.


2.4 Chemical properties 
           Chemical parameters reveal the concentration of substances dissolved in water, which may include minerals, salts, metals, and gases.
           Chemical properties of water refer to the composition reactions and the substances dissolved in it that can affect its quality and usability. These properties are essential in determining whether water is safe for drinking.(AAWSA 2012) irrigation or industrial use. The major chemical properties of water include;
2.4.1 pH
i. The pH level indicates whether water is acidic, neutral or basic.
ii. Pure water has a pH or 7(neutral)
iii. Safe drinking water usually has a pH range of 6.5 to 8.5.
iv. Low pH (acidic) can corrodepipes and leach metals; High pH (alkaline) can cause bitter taste 
and scale formation (Herbert 2017) et al
2.4.2  Dissolved  oxygen (DO)
i. Refers to the amount of oxygen dissolved in water.
ii. Essential for the survival of aquatic organisms.
iii. Low DO levels can indicate pollution or excessive biological activity.(MMSDC 2011) et al.
2.4.3  BIOCHEMICAL OXYGEN DEMAND (BOD)
            Measures the amount of oxygen consumed by microorganisms while decomposing organic matter. High BOD indicates high level of organic pollution, often from sewage or waste discharge.
2.4.4  Chemical oxygen Demand (COD)
           Indicate the total quantity of oxygen required to oxidize both organic and inorganic matter. Higher COD values suggest more pollutants are present.
 2.4.5 Total dissolved solids (TDS)
             Refers to all dissolved substances in water, minerals, salts, metals it is in. High TDS can affect this and may indicate contamination. WHO recommends TDS below 500 mg per litre for drinking H2O. 
2.4.6 Nitrates, NO3- 
             Common in agricultural runoff due to fertilizer use, high levels can cause health problems, especially in infants, (e.g."blue Baby Syndrome") 

2.4.7 Phosphate, PO4³–
            Also comes from fertilizers and detergents, excessive phosphate in water bodies, can cause algal blooms and eartrophication.(Smith 2014 et al)
2.4.8 Heavy Metals
[image: ]            Include lead(Pb), Calcuim(CD), Mercury,(Hg), and Arsenic, (As).High toxic even in low concentrations and can cause serious health issues.





2.5. Types of water source
                The types of water source are;
i. Ground water.
ii. Surface water.

2.5.1.  Surface water
            Surface water is water that collects on the ground or in a stream, river, lake, reservoir, or ocean. Surface water is constantly replenished through evaporation and seepage into groundwater supplies. According to the EPA, 68% of community water system users received their water from a source water sources such as lake or stream.(USGS Research on Surface Water)EPA 2007/8
2.5.2 Groundwater
           Which is obtained by drilling wells, is water located below the ground surface in pores and spaces in the rock and is used by approximately 78% of community water systems in the United States, supplying drinking water to 45% of community water systems users. EPA also estimates that approximately 20% of the U.S. population relies on private groundwater,(UGSS, resources on groundwater) (EPA 2007/8) 

2.6.  Biological properties     
      Biological properties of water refer to the presence and activity of living organisms, especially microorganisms, within a water body. These include bacteria, viruses, protozoa, algae, and fungi. 
The biological quality of water is crucial in determining its safety, especially for drinking and domestic use, as the presence of harmful microorganisms can lead to waterborne diseases.
Water can appear clear and clean but still be biologically unsafe due to microscopic organisms that are not visible to the naked eye. Therefore, biological assessment focuses on detecting and quantifying these organisms to determine potential health risks.
           Biological parameters refer to the presence and concentration of microorganisms in water, such as bacteria, viruses, algae, and protozoa. These organisms can pose serious health risks if water is consumed without proper treatment.
2.6.1 Universal solvent.                                                                                                                                                                                   
Water dissolves many substances, making it vital for biological reactions.                                         
2.6.2 Cohesion and adhesion                                                                                                                         
Helps water move through plant vessels.                                                                                                     
2.6.3 High-specific heat                                                                                                                            
Regulates temperature in living organisms.                                                                                                 
2.6.4 Neutral pH (around 7)                                                                                                                             
close it Suitable for most biochemical processes.                                                                                     
2.6.5 Participates in metabolism.                                                                                                                
Involved in hydrolysis and photosynthesis.                                                                                                                    
2.6.6 Metabolic functions.                                                                                                                              
Water plays a direct role in many biological reactions.                                                                                    
i. Photosynthesis: 6-Coaii+6Haii 0aii Caii Haiiaii 0aii+6oaii                                                                                                
ii. Hydrogen and hydrolysis: Water breaks down complex molecules.(e.g. during digestion) Michael et al. 2014                                                                                                                                                                           
iii. Respiration:  Produces water as a by-product.                                                                                              
2.6.7 Transport medium                                                                                                                                           
i. In plants, water transports minerals, Silane, and nutrients, Vita-vir-filum.                                                                
ii. In animals Water is the main component of blood, lymph, and cytoplasm, aiding movement of 
substances.                                                                                                                                                                    
2.6.8 Provide structure and support                                                                                                                             
In plant cells, water inside vacuoles creates turger pressure, keeping the plant upright.( EPA 2007-
2008). In animals, water forms part of cerebrospinal fluid, amniotic fluid, and synovial fluid for 
protection and cautioning. (Smith 2009.)                                                                                                                  
2.6.9 Lubricant and cautioning agent                                                                                                                         
Water reduces friction;                                                                                                                                                   
i.  In joints (synovial fluid)                                                                                                                                                                                             
ii. In eyes (tears)                                                                                                                                                                                    
iii. In the digestive tract (mucus)                                                                                                                                                                                                                                                         
iv. During childbirth (amniotic fluid)
 2.7 Importance of testing water
                  Water testing is carried out to meet the regulatory requirements and adhere to the safety procedures that are needed for pollutants-free water, this is a based concept that involves several procedures to analyze and evaluate the quality of water (Williams 2022).
           Everyone who is affected by the water industry must test water sources. This could be government organizations trying to regulate the quality of water to protect us from the health risks involved with using chlorinated water,or it could be homeowners trying to ensure that the water is suitable for consumption. (WHO et al 2008/9).
            Water, whether it is meant for business purposes, agricultural domestic purposes, or it is used by public municipalities and private homeowners, must be tested regularly in order to keep the sources of water safe and free from environmental risks and potential health disorders. (Schierl 2007).                                                                                                                                                                                      
i. Use of test strips,these strips change color to show the concentration of the chemical present in the water.                                                                                                                                                                                
ii. Colorist kits can test even a wide range of chemicals that are present in the water.                                                             
iii. Hand-held digital meters are possible and are used to test different chemicals present in the water

 2.7.1 Why it is important to test water 
         In the world, majority of people rely on private water supply. This includes lakes, ponds, dugouts, and wells. A superior quality of water is crucial to the economic, health, and social well-being of the people and monitoring the quality of water sources and eliminate the potential health risks related to water contamination. (Adeniyi 2002).
             When the water is tested, it offers the knowledge required to address the problem that is currently involved with the water quality,it also ensures that the water quality is protected from every potential cause of contamination and an appropriate approach is involved with the treatment system. (USGS Resources on water)(EPA 2006/7)
         Water major pollutant includes, microbes nutrients,heavy metals ,organic chemicals oil, and sediments. Heats, which raises the temperature of the receiving water, can also be a pollutant. Pollutants are typically the cause of major water quality degradation around the world. (AAWSA2012).


CHAPTER THREE 

METHODOLOGY 


3.1 Study Area 

Akuo community is located in Moro L.G.A of Kwara State, Nigeria. It 

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

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

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

imagery Akuo community.

[image: ]
Figure 1: Satellite imagery of  the study area
Source: www.goggle,com
 

[bookmark: _Hlk204600111]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. 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. 

[bookmark: _Hlk204600141]3.3 Laboratory Analysis of the Water Samples 
The Laboratory analysis of the water samples was carried out at Fisbol Geosciences and analytical service Sabo Oke Ilorin, Kwara state. The water samples were tested for selected physical and chemical properties.
The laboratory analysis was carried out using standard analytical methods and physical procedures for water quantity analysis.



[bookmark: _Hlk204600161]

3.4 Analysis of parameters 
[bookmark: _Hlk204600177]3.4.1 Physical parameters 
A number of tests were carried out to determine physically parameters and there quantities in each ground water samples
[bookmark: _Hlk204600191]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.
[bookmark: _Hlk204600205]3.4.2.2 Color / Odor  
The Equipment use in determine color is colorimeter and odor is odor panel
[bookmark: _Hlk204600218]3.4.2.3 PH
The Equipment for the PH is  pH meter.
[bookmark: _Hlk204600238]3.4.2.4 Filterable solids 
Determined by filtering the sample through a filter and then measuring the solids 
present in the filtrate.
[bookmark: _Hlk204600254]3.4.3 Chemical Analysis 
Tests varying in equipment and reagent used were carried out to analyze samples for chemical parameters 
[bookmark: _Hlk204600270]3.4.3.1 Total hardness 
The total hardness, which includes both temporary and permanent hardness, was determined using the EDTA titrimetric method.
[bookmark: _Hlk204600286]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.
[bookmark: _Hlk204600303]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.
[bookmark: _Hlk204600338]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.
[bookmark: _Hlk204600351]3.4.3.5 Trace Elements 
Zinc, Iron, copper, manganese, The results were directly obtained from the Atomic Absorption Spectrophotometer, Spectronic 20 model.

[bookmark: _Hlk204600452]3.5 METHODS OF DATA ANALYSIS 
The data that were collected from the laboratory analysis were further analyzed using statistical tools and the results obtained were presented in tables .





CHAPTER FOUR
RESULTS AND DISCUSSION
4.1     Results 
Table 4.1 shows the result of the physical and chemical properties of the Underground water in Akuo
	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 = Borehole, 	B = Borehore,	C = Wellwater, 	D = Wellwater, E = Wellwate.

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 range from  680–980 mg/L, mean is 807.9 mg/L are 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 water sample  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.


CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
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 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 Recommendation
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.
6. Educate consumers on the importance of safe water practices and the implications of various water quality parameters.
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