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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 one of the most essential resources required for the survival of all organisms. It plays a critical role in health, agriculture, industry, and economic development. In many parts of Nigeria, access to clean and safe surface water is limited due to various factors such as seasonal variability, pollution, and infrastructure deficit. As a result, water has become a major source of water supply for both rural and urban populations.
Underground water, also known as groundwater, is stored in aquifers beneath the Earth's surface. It is generally considered more reliable and less susceptible to pollution than surface water. In Nigeria, the exploitation of underground water has increased significantly over the years, driven by population growth, urbanization, and the need for alternative water sources. Despite its growing importance, there are concerns about the sustainability and quality of water in various parts of the country.
Problems such as over-abstraction, contamination from agricultural and industrial activities make assessing the physical properties of water essential for environmental monitoring and public health safety. The World Health Organisation (WHO, 2011) and national regulatory agencies have established water quality standards for preventing waterborne diseases (Williams, 2020).
The proper balance of physical, chemical, and biological properties of water in ponds, lakes, and reservoirs is an essential ingredient for successful production of fish and other aquatic resources.
Chemical properties of water refer to the composition, reaction, and the substances dissolved in it that affect its quality and usability. These properties are essential in determining whether water is safe for drinking, irrigation, or for 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 snails could be explained by high concentration of calcium (Williams, 2014).
Water is generally recognized as one of the most essential natural resources necessary for the survival of all organisms. It plays a critical role in environmental stability. The use of water for various purposes largely depends on its quality.
The physico-chemical properties of water such as pH, temperature, turbidity, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO), biological oxygen demand (BOD), and the presence of ions like nitrate, phosphates, and sulphate serve as critical indicators of water quality. In natural settings, these parameters are influenced by a combination of geological, hydrological, and climatic factors. However, human-induced activities such as urbanization, agricultural runoff, industrial discharges, deforestation, and poor waste management increasingly threaten water quality globally. When these contaminants infiltrate rivers, lakes, and underground water systems, they degrade the physical and chemical integrity of the water, posing serious risks to ecosystems and human populations.
Akuo, a rural locality situated in a developing region, relies heavily on natural water sources such as rivers, streams, wells, and boreholes for drinking, domestic use, irrigation, and livestock watering. Over recent years, anecdotal evidence and local observation suggest that water sources in the area may be undergoing deterioration in quality, largely due to unregulated agricultural practices, open defecation, improper waste disposal, and erosion caused by deforestation.
Assessing the physico-chemical properties of water in Akuo is therefore a critical step in understanding the nature and extent of potential water pollution. It provides a scientific basis for evaluating water safety, identifying pollution sources, and recommending policy interventions and public health responses.
1.2	Statement of The Problem 
The quality of water in Akuo is under increasing threat due to anthropogenic activities such as farming, waste disposal, and deforestation.
These activities can introduce pollutants into water bodies, leading to potential health risks and environmental problems. However, there is a lack of comprehensive and up-to-date information on the physico-chemical status of water sources in the area. Without such data, local authorities and residents cannot take informed decisions regarding water use and pollution control.
1.3. Aims and objective of the Project
i. The aim of this project is to assess the physio-chemical properties of underground water in Akuo for domestic purpose.
Specific Objectives 
Specific objectives of this project are to:
i. Collect the water sample.
ii. Determine the physio-chemical properties of the water and compare with WHO standard.
1.4. Justification
The project work will lead to the following advantages:
i. It encourages students and villagers to test the water for drinking purposes.
ii. It will enable villagers in Akuo to know the possible problems that may occur when drinking.
iii. The results will make provision of surface and underground water for drinking purposes.
iv. The result will make students in I.O.T. know the kind of water they are drinking for safety.
1.5. Scope of the Study
The scope of this project is limited to investigating the physio-chemical properties of drinking water in Akuo, i.e., taking water samples and carrying out experiments on the water to determine the qualities of water sample for domestic purposes.

CHAPTER TWO
LITERATURE REVIEW
2.1 Background of the Study
           Water is essential to all forms of life and covers about 71% of the Earth's surface. Despite its abundance, access to clean and safe water remains a global challenge, especially in developing regions (Maria, 2017). The usability of water depends on its physico-chemical and microbiological quality, which affects its suitability for domestic, agricultural, and industrial purposes (James, 2019).
Although water is a renewable resource, its quality and availability are increasingly threatened by human activities such as urbanization, industrialization, agricultural runoff, and deforestation (Fatima, 2020). Despite the vast presence of water, only a small fraction is accessible and suitable for human use. According to global estimates, less than 1% of the Earth’s freshwater is readily available for human use (David, 2018). This limited supply is further compromised by pollution, highlighting the urgent need for regular monitoring and quality assessment (Angela, 2016).
Water possesses physical, chemical, and biological characteristics that determine its quality and usability (Helen, 2018). Understanding these properties helps in assessing water safety for various uses.




[bookmark: _Hlk204603234]2.1.1 Importance of Water Quality Assessment
               Water quality assessment involves measuring and evaluating the physical, chemical, and biological properties of water. This process is essential for managing water resources and ensuring sustainability (Emeka, 2021).
1. Ensure Public Health Safety
Water is vital for drinking, cooking, cleaning, and other domestic uses. 
Contaminated water can lead to serious health problems, such as:
i.  Waterborne diseases – cholera, typhoid, hepatitis, and diarrhea (Mary, 2017)
ii.  Chemical contamination – exposure to nitrates, lead, arsenic, chloride, and 
iii.  heavy metals can cause: Cancer Kidney damage Developmental disorders in children (Adebayo, 2019)
2. Monitor Environmental Changes
Water quality reflects the health of the environment. It helps track the effects of deforestation, urbanization, industrial discharge, and agricultural runoff (Blessing, 2020). Regular assessment (monthly, seasonally, yearly) helps to ensure early detection of pollution and long-term water quality trends (Raymond, 2022). WHO guidelines for drinking water (Michael, 2020):
Based on the parameters assessed in Akuo town, both Sample A (well water)  and Sample B (boiled water) meet these criteria, suggesting the water is suitable for domestic and drinking purposes (Grace, 2023) 
2.2 Properties of Water
2.3 Physical Properties
             Physical properties are observable and measurable characteristics of water that influence its appearance, behavior, and usability (Thomas, 2017). They are essential indicators of contamination or environmental change.

2.3.1 Temperature
           Temperature affects the solubility of gases, chemical reactions, and biological activity in water. High temperature reduces dissolved oxygen and alters aquatic life (Joyce, 2016). Measured in degrees Celsius (°C), it influences aquatic metabolism and chemical behavior. Sample A (well water) and Sample B (boiled water) had a temperature of 26.4⁰C, which is within WHO’s acceptable range (Michael, 2020).
Importance:
1. Influences the metabolism and reproduction of aquatic organisms.
2. Affects the solubility of gases—especially dissolved oxygen (DO); higher 
temperatures reduce DO (Fatima, 2020).
[bookmark: _Hlk204603654]2.3.2 Colour
             Colour in water may come from decaying organic matter, metals (iron, manganese), or industrial effluents (Samuel, 2019). It is measured in Hazen Units (HU), with <15 HU considered safe (Michael, 2020).
      Colour in water may result from decaying organic matter, metals like iron and manganese, or industrial effluents.
Types: Apparent colour (visible) and true colour (measured after filtration)
Importance: Indicates pollution or natural decomposition (Linda, 2018).
[bookmark: _Hlk204603680]2.3.3 Turbidity
                   Turbidity measures cloudiness caused by suspended solids like silt and organic matter. High turbidity reduces light penetration, affecting aquatic plants (Andrew, 2017). It is measured in NTU (Nephelometric Turbidity Units).
[bookmark: _Hlk204603697]2.3.4 Taste and Odour
               Taste and odour are sensory indicators affected by organic matter, algae, or chlorine (Olivia, 2016). While subjective, they are crucial for public acceptance.
[bookmark: _Hlk204603715]2.3.5 Conductivity
                Conductivity is a physical-chemical property that indicates dissolved salt content (Emily, 2017). Higher values mean higher ion presence and potential pollution.


[bookmark: _Hlk204603733]2.3.6 Importance of Physical Properties
          Helps to detect early contamination affecting sensory appeal and usability Influence treatment processes Ensure healthy aquatic ecosystems (Thomas, 2017)

[bookmark: _Hlk204603750]2.3.7 Standard Guidelines (WHO and Local)
Parameter		Acceptable Range
Temperature		<30°C
Turbidity		≤ 5 NTU
Colour			≤ 15 TCU
TSS			25–50 mg/L
Physical parameters act as early indicators for pollution and guide further testing (Maria, 2017).

[bookmark: _Hlk204603770]2.4 Chemical Properties
                 Chemical Properties refer to the characteristics of a substance that become evident during or after a chemical reaction; they describe the substance's ability to undergo chemical changes.
In water quality assessment, chemical properties reveal the presence and concentration of substances that affect water usability.
              Chemical characteristics describe the composition of dissolved substances in water and their effects on quality (David, 2018).

[bookmark: _Hlk204603792]2.4.1 pH
            pH shows if water is acidic or alkaline (0–14 scale). Ideal pH is between 6.5–8.5 (Michael, 2020).
Importance:
1. Affects solubility and toxicity of substances
2. Aquatic life prefers 6.5–8.5 (Angela, 2016)
[image: ]

[bookmark: _Hlk204603822]2.4.2 Dissolved Oxygen (DO)
               DO is free oxygen in water, necessary for aquatic life (Raymond, 2022).Low DO (<5 mg/L) can lead to fish stress or death.
[bookmark: _Hlk204603839]2.4.3 Electrical Conductivity (EC)
              EC measures water's ability to conduct electricity, tied to ionic concentration (Linda, 2018).Sample values (e.g., 254 µS/cm) reflect salt/mineral levels.
Importance:
i.  Indicates total ion or TDS levels
ii.  High EC may suggest pollution
iii.   Helps monitor industrial/agro waste (Samuel, 2019)
[bookmark: _Hlk204603938]2.4.4 Total Dissolved Solids (TDS)
               TDS is the total amount of inorganic and organic substances dissolved in water—like calcium, sodium, potassium, and nitrates (Joy, 2019). 
High TDS affects taste, plumbing, and may indicate pollution from sewage, industrial, or agricultural sources (Thomas, 2017).
Importance:
1. Affects taste, can corrode pipes, and impact plant growth
2. May indicate pollution (Michael, 2020)
Safe Limits (WHO):
Desirable: up to 500 mg/L
Maximum: 2000 mg/L (Maria, 2017)

[bookmark: _Hlk204604014]2.4.5 Turbidity
           Turbidity is cloudiness from suspended particles like clay, algae, or microbes (Emily, 2017).            
          Importance:
1. Reduces sunlight for aquatic plants
2. May indicate pathogens
3. High turbidity lowers DO and harms aquatic life (Raymond, 2022)
[bookmark: _Hlk204604036]2.4.6 Biochemical Oxygen Demand (BOD)
              BOD measures how much oxygen microbes need to decompose organic matter. High BOD means high pollution and low oxygen for aquatic organisms (Linda, 2018). It is a key indicator of organic waste in water (David, 2018).
[bookmark: _Hlk204604056]2.4.7 Nitrates and Nitrites
                These nitrogen compounds enter water from fertilizers, sewage, or waste (James, 2019).
Importance:
1. Cause eutrophication (excess algae, oxygen loss)
2. Nitrates cause "blue baby syndrome" in infants
3. Nitrites are toxic and affect blood oxygen (Fatima, 2020)
Safe limits (WHO):
Nitrate: <10 mg/L
Nitrite: <1 mg/L (Michael, 2020)
[bookmark: _Hlk204604075]

2.4.8 Chloride (Cl⁻)
            Occurs naturally, but high levels usually come from sewage, road salt, or industries (Angela, 2016).
        Importance:
1. Can corrode pipes and affect taste
2. Impacts soil and water usability (Grace, 2023)
[image: ]

[bookmark: _Hlk204604172]2.5.5   Chlorophyll-a Concentration
      Chlorophyll-a is a green pigment found in all algae and is used as an indirect measure of algal biomass in water. High chlorophyll-a levels typically indicate nutrient enrichment (eutrophication) and potential algal bloom conditions. Monitoring this parameter helps identify the productivity and trophic state of a water body .(Clement 2024)

[bookmark: _Hlk204604186]2.5.6    Macroinvertebrates (e.g., insect larvae, snails, and worms)
             These are small aquatic animals without backbones that live at the bottom of water bodies. They are sensitive to changes in water quality and are used as bioindicators. For example, the presence of pollution-tolerant species like leeches and the absence of sensitive species like mayfly larvae can indicate poor water quality and long-term pollution.
[bookmark: _Hlk204604580]2.5.7    Pathogenic Microorganisms
              These include disease-causing bacteria (e.g., Salmonella, Shigella), viruses (e.g., hepatitis A virus), and protozoa (e.g., Giardia, Cryptosporidium). They often enter water sources through sewage discharge, runoff from animal farms, or leaching from septic systems. Their presence poses serious health risks to humans and animals using the water for drinking, swimming, or irrigation.
[bookmark: _Hlk204604593]2.6    Importance of Testing Water
                  Water testing is a critical aspect of water quality assessment aimed at ensuring that water is safe, clean, and suitable for its intended use. 
Whether for drinking, irrigation, industrial processes, or aquatic life support, regular testing helps to detect potential contaminants and maintain public health and environmental standards.
         Water testing ensures safety and suitability for drinking, agriculture, and industry (Raymond, 2022).
Reasons for testing water
1. Protects public health (detects bacteria, nitrates, pesticides)
2. Verifies compliance with WHO and national standards
3. Identifies pollution from sewage, farms, industries
4. Supports water treatment plants with accurate data 
5. Maintains aquatic life by ensuring water is not toxic 
6. Helps enforce environmental regulations and avoid legal/public backlash  (Angela, 2016)

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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