
PHYSICOCHEMICAL ANALYSIS OF SELECTED BOREHOLE WATER 

IN OSUKURU SUB-COUNTY, TORORO DISTRICT  

 

 

PEKE JOEL 

BU/UP/2018/3541 

 

                                 SUPERVISOR: Mr. EGOR MOSES 

 

A PROJECT REPORT SUBMITTED TO THE DEPARTMENT OF 

CHEMISTRY IN PARTIAL FULFILMENT OF THE REQUIREMENT 

FOR THE AWARD OF THE DEGREE OF BACHELOR OF SCIENCE 

EDUCATION OF BUSITEMA UNIVERSITY 

 

APRIL 2022



 

 

  

i 

 

DECLARATION 

I, Peke Joel, declare that this work has been out of my own reading/research except the citations 

made from different references, and has not been submitted before to any university for any award. 

 

Signed…………………….                                                  Date……/………/……



 

 

  

ii 

 

APPROVAL 

This research report by Peke Joel was done under my supervision and is now ready for examination. 

 

Signed………………………..                                                  Date……/………/……… 

Supervisor: Mr. Egor Moses 

 

 

 

 

 

 

 

  



 

 

  

iii 

 

DEDICATION 

I dedicate this book to my beloved brother, Wandela Geofrey because of his continued support, unity 

and love he showed me throughout my time of studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

iv 

 

ACKNOWLEDGEMENT 

I want to thank my supervisor, Mr. Egor Moses for the tireless effort he put into my work. I am 

greatly indebted to my parents, Mr. Masolo Paul Simiyu (late) and Mrs. Wasilwa Lofisa, my 

brother, Mr. Wandela Aggrey, my sister in law Mrs. Mutuwa Caro for the endless support they 

accorded me throughout the period of my studies. I also owe my appreciation to my cousin brother, 

Mr. Wakwale Simon for his constant encouragement and support that gave me strength to carry 

out my studies. I greatly thank Higher Education Students’ Financing Board (HESFB) for paying 

my tuition at university. May the Lord God Almighty richly reward you all. I want to thank the 

chemistry and physics laboratory technicians for helping me in many areas. God bless the works 

of your hands. I will always remain grateful to my classmates; Nabwana Esther, Aremu Tom and 

Ojambo Julius for keeping the spirit of unity throughout the study period. May God see you 

through in all spheres of life. 

I would also like to express my gratitude to my former chemistry teachers, Mr. Omara James and 

Mr. Omagal Charles, whose encouragement, guidance and support enabled me to develop an 

understanding of chemistry. May the almighty God bless you. I also extend my appreciation to 

the entire community of Busitema University for the favorable academic environment they have 

rendered to me. Finally, I thank God for giving me a healthy body and mind to complete this 

study.  

  



 

 

  

v 

 

TABLE OF CONTENTS 

DECLARATION ............................................................................................................................. i 

APPROVAL ................................................................................................................................... ii 

DEDICATION ............................................................................................................................... iii 

ACKNOWLEDGEMENT ............................................................................................................. iv 

TABLE OF CONTENTS ................................................................................................................ v 

LIST OF TABLES ........................................................................................................................ vii 

LIST OF FIGURES ..................................................................................................................... viii 

ABSTRACT ................................................................................................................................... ix 

CHAPTER ONE: INTRODUCTION ............................................................................................. 1 

1.1 Background ...................................................................................................................... 1 

1.2 Problem Statement ........................................................................................................... 5 

1.3 Justification ...................................................................................................................... 6 

1.4 Objectives of the Study .................................................................................................... 6 

1.4.1 General Objective ..................................................................................................... 6 

1.4.2 Specific Objectives ................................................................................................... 7 

CHAPTER TWO:LITERATURE REVIEW .................................................................................. 8 

2.1 Water Quality Control ...................................................................................................... 8 

2.2 Physical Properties of Domestic Borehole water ............................................................. 8 

2.2.1 Temperature .............................................................................................................. 8 

2.2.2 pH .............................................................................................................................. 9 

2.2.3 Electrical Conductivity (EC)..................................................................................... 9 

2.2.4 Total Dissolved Solids (TDS) ................................................................................. 10 

2.2.5 Taste and odor ......................................................................................................... 11 

2.2.6 Color ....................................................................................................................... 11 

2.3 Chemical Properties ....................................................................................................... 12 

2.3.1 Total Hardness ........................................................................................................ 12 

CHAPTER THREE: METHODOLOGY ..................................................................................... 14 

3.1 Materials and methods ....................................................................................................... 14 

3.1.1 Background of Study area ....................................................................................... 14 

3.1.2 Sample Collection and Laboratory Determination of Water Quality Parameters .. 16 



 

 

  

vi 

 

3.2 Physical Tests ................................................................................................................. 17 

3.3 Chemical Tests ............................................................................................................... 17 

3.3.1 pH Test .................................................................................................................... 18 

3.3.2 Total Dissolved Solids ............................................................................................ 19 

3.3.3 Procedure for Electrical Conductivity Test ............................................................. 20 

3.3.4 Procedure for Salinity Test ..................................................................................... 20 

3.4 Test for Hardness ........................................................................................................... 20 

3.4.1 Preparation of 0.1M EDTA..................................................................................... 20 

3.4.2 Preparation of Buffer Solution (pH = 10) ............................................................... 21 

3.4.3 Preparation of 0.1 M NaOH .................................................................................... 21 

3.4.4 Procedure ................................................................................................................ 21 

CHAPTER FOUR:ANALYSIS AND DISCUSSION OF RESULTS ......................................... 22 

4.1 Results obtained from determination of Physicochemical Parameters. ......................... 22 

4.2 Discussion of results....................................................................................................... 24 

4.2.1 Temperature ............................................................................................................ 24 

4.2.2 pH ............................................................................................................................ 24 

4.2.3 Electrical Conductivity (EC)................................................................................... 25 

4.2.4 Total Dissolved Solids ............................................................................................ 25 

4.2.5 Total Hardness (TH) ............................................................................................... 26 

4.3 Treatment Methods and Equipment ............................................................................... 26 

4.3.1 pH Correction Unit (pH Adjustment) ..................................................................... 27 

4.3.2 Chlorinator .............................................................................................................. 27 

4.4 Conclusion ...................................................................................................................... 28 

4.5 Recommendations .......................................................................................................... 28 

REFERENCES ............................................................................................................................. 30 

 

  



 

 

  

vii 

 

LIST OF TABLES 

Table 1:  Physical Properties of Pure Water (Ezugwu et al., n.d.)................................................ 11 

Table 2: Classification of water hardness CaCO3 mg/L ............................................................... 13 

Table 3: Physicochemical parameters and instrument/method for their determination ............... 13 

Table 4: Locations of eight Boreholes Water Samples selected in Osukuru Sub-County and their 

GPS Locations .............................................................................................................................. 15 

Table 5: pH values for eight borehole water samples ................................................................... 18 

Table 6: Results............................................................................................................................. 22 

  



 

 

  

viii 

 

LIST OF FIGURES 

Figure 1: Poorly sited domestic borehole ....................................................................................... 4 

Figure 2: Map of Uganda showing the locations of sampled boreholes Osukuru Sub-County .... 16 

Figure 3: A bar graph showing the pH values for eight borehole water samples ......................... 19 

Figure 4: A bar graph showing the variation of physico-chemical properties with borehole water 

samples and WHO recommended values in Osukuru Sub-County. ............................................. 23 

Figure 5: A bar graph showing the variation of electrical conductivity with salinity for selected 

borehole samples ........................................................................................................................... 24 

Figure 6: A, B and C above show cylinder head fibre vessel, calcium carbonate, and 

backwashing knob fitted on the cylinder respectively used in pH adjustment ............................. 27 

Figure 7: Figures 6A and B show chlorine tablets and chlorinator respectively .......................... 28 

 

  

file:///C:/Users/Joel/Desktop/RESEARCH%20REPORT%20CHEMISTRY%20sample.docx%23_Toc102072829
file:///C:/Users/Joel/Desktop/RESEARCH%20REPORT%20CHEMISTRY%20sample.docx%23_Toc102072829
file:///C:/Users/Joel/Desktop/RESEARCH%20REPORT%20CHEMISTRY%20sample.docx%23_Toc102072830


 

 

  

ix 

 

ABSTRACT 

Groundwater is the major source of drinking water in many areas which is abstracted through 

domestic boreholes for domestic and industrial use. Effective water quality monitoring assists in 

checking the quality of water available for consumption. This study was carried out to evaluate the 

physicochemical quality of borehole water parameters from domestic boreholes in Osukuru Sub-

County, a phosphate mining area in Tororo District, Eastern Uganda where ground water is the 

main source of drinking water and provide treatment methods for water contaminants prevention. 

Eight water samples were collected randomly from eight selected boreholes in this community. 

The physicochemical parameters analyzed include pH, temperature, color, odor, taste, total 

dissolved solids, electrical conductivity, salinity and total hardness, using standard methods of 

analysis. Obtained results were compared with the World Health Organization standards (WHO), 

for drinking water. Treatment methods for domestic boreholes include; strictly observe proper 

sanitation (hygiene) around the vicinity of the boreholes and appropriate treatment should be done 

with respect to the important physicochemical parameters. For example pH adjustment to raise the 

pH level using calcium carbonate filters; chlorinator is used to kill bacteria, viruses and other 

pathogenic microorganisms that causes water borne diseases. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background 

Water is one of the most important and valuable natural resource. It is essential in the life of all 

living organisms from the simplest plants and microorganisms to the most complex living system 

known as human body (Onifade, 2008).  

Water constitutes about 70% of the body weight of almost all living organism. Life is not possible 

on this planet without water (Jameel et al., 2006). Water is a universal solvent, which consists of 

hydrogen and oxygen atoms. Chemically, it can be defined as a chemical substance with two atoms 

of hydrogen and one atom of oxygen connected by covalent bonds in each of its molecules; hence 

the molecular formula is H2O. It is formed by the direct reaction of hydrogen with oxygen as shown 

below (Olubanjo et al., 2019).                                                           

2 H2 (g) + O2 (g)    2 H2O (l)  (1) 

 Water is significant due to its unique chemical and physical properties. It is an inorganic substance 

that occurs in three states; liquid, gaseous and solid states and is known to be the most abundant 

compound (70%) on earth (Obi et al., 2007). Water in its pure form has a pH value of 7.0, freezing 

point of 0°C and boiling point of 100°C at 760 mmHg. It is also a colorless, transparent, odorless 

and tasteless liquid (Adogo et al., 2016). 

Water originate from various sources which include rain water, surface water and groundwater. 

But the most important one is the groundwater which originate as a result of rainfall infiltration 

into the ground through the pores of rock and soil thus meeting the water table. It is normally 

abstracted through domestic boreholes and essential used for human consumption ( Oguntuase et 
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al., n.d.).  On earth, it is found mostly in oceans and other large water bodies such as lakes, with 

1.6% of water below ground in aquifers and 0.001% in the air as vapour clouds (formed from the 

solid and liquid water particles suspended in air), and precipitation.  Oceans hold 97% of surface 

water, glacier and polar ice cap 2.4% and other land surface water such as rivers, lakes and ponds 

0.6% (Olubanjo et al., 2019). A very small amount of the earth’s water is contained within 

biological bodies and manufactured products.  

The characteristics of ground water are influenced by geological processes such as weathering of 

minerals, precipitation, dissolution, ion exchange, oxidation, reduction and residence time (flow 

rate) of ground water (Egor & Birungi, 2020). 

Water on earth moves continually through a cycle of evaporation, transpiration, precipitation and 

runoff usually reaching the sea. Overland, evaporation and transpiration contribute to the 

precipitation. Small amount of gases like nitrogen, oxygen and carbon dioxide in the atmosphere 

are contained in all-natural water. Water in its pure state is acclaimed key to health and the general 

contention is that water is more basic than all other essential things to life (Olubanjo et al., 2019). 

Man can go without food for twenty-eight days, but only three days without water, and two third 

of a person water consumption per day is through food while one third is obtained through drinking 

(Bhat, 2014).  Water is the most common solvent for many substances and it rarely occurs in its 

pure nature (Bhat, 2014). Water can be obtained from a number of sources, among which are 

streams, lakes, rivers, ponds, rain, springs and wells (Okonko et al., 2008). 

 Clean and fresh drinking water is essential for human and other forms of life. . There is abundance 

of water on the earth surface but the quality as well as the quantity to serve its intended purpose is 

where the problem lies. Drinking water has always been a major issue in many countries like 
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Uganda (Rajini et al., 2010)  and majority of the rural population in Uganda do not have access to 

potable water. Only few people can afford and rely on purified and treated bottled water 

particularly for consumption therefore, borehole water serve as the major source of both drinking 

and domestic  water used in the local population of Uganda .  

Access to safe drinking water has improved steadily and substantially over the last decades in 

almost every part of the world (Adesogan, 2014; Mohammed, 2011), especially Uganda, but 

approximately 1.1 billion people still lack access to safe water and over 2.6 billion worldwide lack 

access to adequate sanitation which causes water borne illnesses such as cholera, diarrhoea, 

botulism, e. coli infection, dysentery, legionellosis, leptospirosis, salmonellosis, typhoid fever, and 

vibrio illness (Fadaei et al., 2014a).  

The presence of nitrate compounds, heavy metals, pesticides etc. in our drinking water can also 

constitute undesirable pollutant when they are not within World Health Organization (WHO) 

guidelines for drinking water (Fadaei et al., 2014a).  There is a correlation between access to safe 

water and GDP, per capita. However, some observers have estimated that by 2025 more than half 

of the world population will be facing water based vulnerability (Taiwo et al., 2015).  

Pollution as the deliberate or accidental contamination of the environment with man’s waste. 

Agricultural processes involving the use of fertilizers, herbicides and pesticides produce toxic 

substances that are transported as effluents into water sources and these pollute water bodies (Obi 

et al., 2007). Similarly, textile industries emit wastewater that contains organic dyes which 

introduce different ions into water that can alter its composition  (Bisschops & Spanjers, 2003).  

Fig. 1 is a poorly sited domestic borehole located near the septic tank. This particular borehole will 

be highly contaminated through infiltration especially during rainy season. 
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Figure 1: Poorly sited domestic borehole 

 

A number of scientific procedures and tools have been developed to assess the water contaminants. 

These procedures include the analysis of different parameters such as pH, turbidity, conductivity, 

total suspended solids (TSS), total dissolved solids (TDS) and heavy metals. These parameters can 

affect the drinking water quality, if their values are in higher concentrations than the safe limits set 

by the World Health Organization (WHO) and other regulatory bodies (World Health Organization 

(WHO), 2011).  Therefore, the investigation of the drinking water quality by researchers and 

governmental departments has been performed regularly throughout the world (World Health 

Organization (WHO), 2004).  

There is a gap in knowledge of anthropogenic, geological and hydrological factors impacting on 

borehole water quality and the patterns of borehole water consumption to identify areas with water 

stress and understand consumption patterns, like the effects of distance from the borehole, 
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household size and changing seasons on daily per capita borehole water consumption. Although 

some of these pollutants are essential, others are toxic to animals, man and plants. When these 

pollutants accumulate beyond the recognized and recommended limits, they become toxic to living 

organisms (man, animals and plants) (Borne et al., 1978; Taiwo et al., 2015).  

The consumption or use of water from polluted water sources is capable of causing water or 

chemical related diseases. Disease contacted through drinking water kill about 5 million children 

annually and make 1/6th of the world population sick (Taiwo et al., 2015; World Health 

Organization(WHO), 2004). Also water demand has increased due to population increase, 

urbanization, industrial as well as agricultural activities, etc. Thus, the quest for alternative sources 

to satisfy water demand has led to the indiscriminate construction of boreholes by individuals as 

coping strategy without any concern on the quality of water abstracted (Ngozi et al., 2018). 

1.2 Problem Statement  

Water quality has a direct impact on public health. More than 80% of deaths is caused due to water 

borne diseases (Khan et al., 2003). The water supply system in Osukuru Sub-County is insufficient 

as per demand of consumers both the locals and cement industry. Mostly driven by the unreliable 

and quality compromised borehole water supply and in part due to the perception and expectation 

of pure and safe drinking water. With the increasing demand and insufficient supply, it seems that 

in the near future, the urban dwellers would not have an option other than using bottled water for 

drinking. Thus it’s high time to check the quality and monitor the borehole water. However, very 

few studies have been carried out to assess their quality and there are no agencies that regularly 

monitor their quality (Budhathoki, 2014).  
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1.3 Justification 

Safe drinking water is a fundamental right of every human being. However, is the water that we 

drink safe? The answer is obviously “NO” as shown by the death statistics from water borne 

diseases which accounts to 80% (World Health Organization (WHO), 2011). This is due to 

pollution of the water sources.  

Although some of these pollutants are essential, others are toxic to animals, man and plants. When 

these pollutants accumulate beyond the recognized and recommended limits, they become toxic to 

living organisms (man, animals and plants) (Ikeme et al., 2014) . The consumption or use of water 

from polluted water sources is capable of causing water or chemical related diseases. Driven by 

the perception of purity, people switch to buy bottled water. It is on these basis that an attempt is 

being made to determine the extent of underground pollution of ground water sources basing on 

their physicochemical properties such as pH, temperature, electrical conductivity, colour, odour, 

total dissolved solids an-d total hardness in Osukuru sub-county.   

1.4.1 Objectives of the Study  

1.4.2 General Objective 

 This study is aimed at determining and assessing the extent of underground water pollution from 

a phosphate mining site and cement factory to nearby ground water sources (boreholes) based on 

certain physicochemical parameters of interest such as; total dissolved solids, temperature, 

electrical conductivity, pH, salinity and total hardness in Osukuru sub-county, a phosphate mining 

area in Tororo District, Eastern Uganda where ground water is the main source of drinking water.              
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1.4.2 Specific Objectives 

To analyze the Physicochemical parameters of borehole water used in Osukuru Sub-County.   

To comparing the values obtained from analysis with that of World Health Organization (WHO) 

standards with a view to improve the quality of borehole water.  
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