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                                             ABSTRACT
Three types of sachet water samples and three types of borehole water samples all from KwaraPoly Campus, Kwara State were collected and analyzed for physicochemical parameters. A total of twenty (21) parameters including Odour, Colour, pH, Conductivity, Acidity, Alkalinity, Total Solids, Dissolved Solids, Suspended Solids, Dissolved Oxygen (D.O), Chemical Oxygen Demand (C.O.D), Calcium, Copper, Iron, Manganese, Lead, Chloride, Nitrate, Zinc, Magnesium and sulphate were analyzed. The W.H.O recommended standards shows that all the samples are odourless and colourless. Borehole water is 7.1 in pH, while sachet water has a lower value of 6.5. Acidity in sachet water has a mean value of 50mg/l while borehole water has 54mg/l. Total solids of borehole water is higher with a mean value of 15.6mg/l, while sachet water has 5.7mg/l. Alkalinity is higher in borehole water with a mean value of 165, while sachet water has a lower value of 113. Dissolved oxygen in borehole water has a higher value of 1.19mg/l than sachet water with a value of 0.83mg/l. C.O.D is trace in all the samples. Suspended solids in borehole water is 1.02mg/l which is higher than sachet water which has 0.62mg/l. Calcium is higher in borehole water with a value of 3.1mg/l, while sachet water has 1.92mg/l. Copper content is higher in borehole with a value of 1.42mg/l in borehole water, while sachet water has 0.49mg/l. Chloride is higher in sachet water with a value of 64.1mg/l and lower in borehole water
56.2mg/l. Manganese and Lead values of borehole water are 0.54mg/l and 0.77mg/l respectively, which are higher than W.H.O standard, while sachet water has values of 0.28mg/l and 1.01mg/l. Iron value of borehole water is 1.20mg/l, while sachet water is lower with a value of 1.12mg/l. Nitrate is 0.39mg/l in borehole water which is lower than sachet water which has 0.41mg/l. Borehole water is lower in Zinc with a value of 0.41mg/l while sachet water has a higher value of 0.44mg/l. Borehole water has a phosphate value of 5.21mg/l while sachet water has a lower value of 4.02mg/l. Magnesium is higher in borehole water with a value 1.47mg/l, while sachet water has 0.93mg/l. The parameters analyzed most generally conform to the W.H.O standards for drinking water.























                                                          CHAPTER ONE
1. INTRODUCTION
Water is a universal solvent, which consists of hydrogen and oxygen atoms. Chemically, it could be defined as a chemical substance with two atoms of hydrogen and one atom of oxygen in each of its molecules; hence the molecular formula is H2O. It is formed by the direct reaction of hydrogen with oxygen;
2H2 + O2 [image: ]	2H2O

Water is colourless, odourless and tasteless liquid in its pure form. It is an inorganic substance that occurs in three states; liquid gaseous and solid states1. Water covers 71% of the earth's surface. On earth , it is found mostly in oceans and other large water bodies with 1.6% of water below ground in aquifers and 0.001% in the air as vapor 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%. A very small amount of the Earth's water is contained within biological bodies and manufactured products. Water on earth moves continually through a cycle of evaporation, transpiration, precipitation and runoff, usually reaching the sea. Overland, evaporation and transpiration contributes to the precipitation. Clean and fresh drinking water is essential for human and other life forms. Access to safe drinking water has improved steadily and substantially over the last decades in almost every part of the world3, 4. There is a correlation between access to safe water and GDP, per capita5. However, some observers have estimated that by 2025 more than half of the world population will be facing water-based vulnerability6.
As water is heated from OOC, it contracts until 4oC is reached and then begins the expansion which is normally associated with increasing temperature. The viscosity of water decreases ten folds as the temperature is raised from OOC to 100 OC, and this also is associated with the decrease of ice like character in the water as the hydrogen bonds are disrupted by increasing thermal agitation. The electrical conductivity of water is at 1,000,000 times larger than that of most other non-metallic liquids at room

temperature. The current in this case is carried by ions produced by the dissociation of water according to the reaction;
H2O	H+  +	OH-

These products recombine completely to form water vapour, also undergoes most of the chemical reactions of liquid water and at very high concentration even shows some of the unusual solvents properties of liquid water. Above 3740C, water vapour may be compressed to any density without liquefying, and at a density as high as 0.4glcm3, it can dissolve appreciable quantities of salt7
 1.2 Statement of problem
       As much as availability of water in nature , yet many living organisms especially  human beings are always  in want of water. Where it is very much available the problem of pollution  hinders it usefulness hence availability of valuable water  remains scarcely in the society.
  1.3 Justification of research
   The need for portable water can not be over emphasised. The pollution level  varies from one environment to the other as a result of different activities  that take place in different environments. Hence the need to determine the   of sachet water available in the kwara state polytechnic environment.
1.4 Aim
       The aim of the project work is to determine and compare the physicochemical  properties of sachet and borehole waters in kwara state polytechnic environment
 1.5 Objectives
  i collection of water sachet and borehole  sample available at kwara 
     state polytechnic environment
  ii    determination of physicochemical properties of sachet and borehole water












                                                      CHAPTER TWO
      LITERATURE REVIEW
    2.1 SOURCES OF WATER
Water naturally exists in three main sources; rain water, ground water and surface water.
Rain water is naturally the purest source of water but as it gets down it absorbs compounds from the atmosphere. Its main components are chlorides, nitrates, sulphates, sodium, potassium and ammonia. The concentration can vary from 0.1 to 10uglml. The rain can be collected from roofs and prepared water sheds which could assist in polluting and making it one of the most unfit sources of water for drinking8Ground water are said to have emanated from the melting of meteoric water (rain, snow, and hailstone), into the ground, they have served as source of domestic water supply. It offers cheaper and purer supply. The main ionic components are chloride, nitrate, sulphates, potassium, sodium and calcium. This includes natural springs, wells and boreholes9. As it percolates into the earth it is subjected to some purification actions by the numerous chains of pervious and impervious rock strata or layers. Because of the disintegrating and dissolving power of water, it dissolves some of the rocks which make up the earth layers making it to have impurities like oxides, nitrate, sulphates, calcium, iron, magnesium9. Some level of purity is achieved on turbidity, colour, odour and taste. It reaches surface through wells, shafts, springs, borehole.
    The oceans hold about 97% of earth’s water. More than 2% is locked up in    ice in the polar caps, and over 75% of the fresh water of the world is ice of the 1% of the liquid fresh water. Some is ground water at depths of over 1000 feet and impractical to obtain, and only the very small difference, possibly 0.6% of the total water of this planet is ever available to man as it cycles sea to atmosphere to land to sea.

Surface water includes streams, ponds and lakes, its main ionic compounds include chlorides, nitrates, sulphates, magnesium and calcium. The concentration of components here are more than those in rain water and ground water. Sea water could be considered as surface water. The salt content in it is so much that it cannot be used as drinking water because it would take the body a lot of work to flush out excess salt before usage for metabolism, it is also inadequate in the machinery use as it rust machines, it kills most crops frequently carry suspended solids10.
Water can dissolve many different substances giving it different taste and odour. In fact, humans and other animals have developed senses to be able to evaluate the portability of the putrid swamps; and favour the pure water of the mountain, spring, and aquifer. Humans also tend to prefer cold water rather than lukewarm, as cold water is likely to contain fewer microbes. The pleasant taste associated with spring water or mineral water is derived from the minerals dissolved in it, as pure water is tasteless.

2.2  IMPORTANCE OF WATER
Water is an indispensable rain material for a multitude of domestic and industrial  purpose.  Water  is the  most  abundant  material,  its cheap production with less than 500ppm impurities will be more important to the world than atomic energy, as we all know it today. Water plays an important role in the world economy as it functions as a solvent for a wide variety of chemical substances and facilities industrial cooling and transportation. Approximately 70% of fresh water is consumed by agriculture11.
Domestic uses of water includes; cooking, washing of clothes, cars, dishes, to shower, flushing away of wastes and drinking. The human body contains 55% to 78% water depending on body size12. To function properly, the body requires between one and seven litres of water to avoid dehydration;	the	precise	amount	depends	on	the	level	of	activity, temperature, humidity and other factors. Most of these are injected through foods or beverages other than drinking water directly. It is not clear how much water intake healthy people need, though most advocates agree that 6-7 of glasses of water daily is the minimum to maintain proper hydration13. Water is used for fighting wildfires. Water has a high heat of vaporization and is relatively inert, which makes it a good fire extinguishing fluid. The evaporation of water carries heat away from the fire. However, water cannot be used to fight fires of electric equipments because impure water is electrically conductive or of oils and organic solvents, because they

float on water and the explosive boiling of water tends to spread the burning liquid. Use of water in fire fighting should also take account the hazards of a stream explosion, which may occur when water is used on very hot fires in confined spaces, and of a hydrogen explosion, which may react with water, such as certain metals or hot graphite, decomposed the water producing hydrogen gas.
Water is used in biochemical processes, it is central to photo synthesis and respiration. Photosynthetic cells use the sun’s energy to split off water molecule (photolysis of water) to form hydrogen and oxygen.
2H2O  [image: ]   4H + + 4e- + O2
Hydrogen is combined with CO2 (absorbed from air or water) to form glucose and released oxygen. All living cells use such fuels and oxidized the hydrogen and carbon to capture the sun’s energy and reform water and CO2 in the process (cellular respiration). Water is also central to acid-base neutrality and enzyme function. An acid, a hydrogen ion (H+, that is a proton) donor can be neutralized by a base, a proton acceptor, such as hydroxide ion (OH-) to form water. Water is considered to be neutral, with a pH (the negative log of the hydrogen ion concentration) of 7. Acids have pH values less than 7 while bases have values greater than 7.

In agriculture, the most important use of water is for irrigation, which is a key component to produce enough food. Irrigation takes up to 90% water withdrawn in some developing countries14 and significant proportions in developed countries, (United State 30% of fresh water usage is for irrigation15).
Water is widely used in chemical reactions as a solvent, dissolving many ionic compounds. In organic reactions it does not dissolve the reactants well and is amphoteric (acidic and basic) and nucleophilic.
In recreation, water can be used for many purposes as well as for exercising and for sports. Some of these include swimming, boating, surfing and diving. In addition, some sports like ice hockey and ice-skating are played on ice. Lake sides, beaches and water paths are popular place for people to go, relax and enjoy recreation. Humans also use water for snow sports like sledding, snowboarding, which requires the water to be frozen.
Industrial uses of water includes; cooling of machinery in power plants, condenser cooling, sanitary services and for boilers. Many industrial processes rely on reactions using chemicals dissolved in water, suspensions of solids in water slurries or using water to dissolve and extract substances.
Water is used in power generation. Hydro-electricity is electricity obtained from hydropower. Hydroelectric power comes from water driving and water turbine connected to a generator. Hydroelectricity is low-cost, non-polluting, renewable energy source. The sun supplies the energy. Heat from the sun evaporates water, which condenses as rain at higher altitudes from where it flows down. Pressurized water is used in blasting and water jet cutters. Also very high-pressure water guns are used for precise cuttings. It works very well; it is relatively safe and not harmful to the environment. It is also used in the cooling of machinery to prevent overheating as in vehicle radiators.

2.3  WATER POLLUTION
Water pollution is the contamination of water bodies such as lakes, rivers, oceans and groundwater. All water pollution affects organisms and plants that live in these water bodies and in almost all cases the effect is damaging either to individuals, species or population or also to the natural biological communities. It occurs when pollutants are discharged directly or indirectly into water bodies without adequate treatment to remove harmful constituents.
The point sources of water pollution include waste generated by human settlements, domestic, commercial and industrial activities and the precipitation of atmosphere pollutants. Water pollutants types can be categorized into the following;
i. Physical pollutants: They include; silts, clay, discarded objects, weeds, decaying organic matter, which generally affect the aesthetic quality of surface waters.
i. Chemical pollutants: They are non-biodegradable toxic heavy metals such as lead, cadmium and mercury, as well as persistent and hazardous organic pollutants such as pesticides, phenols and polynuclear aromatic hydrocarbons.
i. Microbial pollutants: These pollutants arise from the discharge of effluents from domestic sources and manufacturing industries into surface water. Faecal contaminants can also lead to microbial pollutants.
i. Radioactive pollutants: These include substances or effluents carrying such substances containing radioisotopes such as radium 226, strondium 90 and caesium 13716.

Other sources of pollution include petroleum hydrocarbons (fuels like gasoline, diesel fuel, jet fuels and fuel oil) and lubricants (motor oil) and fuel combustion by-products from storm, water runoff. Inorganic water pollutants include acidity caused by industrial discharges especially sulphur dioxide from power plants, heavy metal from motor vehicles. Also Fertilizers containing nutrients (nitrates and phosphates), which are found in storm, water runoff from agriculture, as well as commercial and residential use.

2.4 CONTROL OF WATER POLLUTION

Forms with large livestock and poultry operations such as factory farms are called concentrated animals feeding in the U.S and are being subjected to increasing government regulation. Animal slurries are usually treated by containment in lagoons before disposal by spray or trickle application to grass land. Constructed wetlands are sometimes used to facilitate treatment of animal wastes, as anaerobic lagoons. Some animal’s slurries are treated by mixing with straw and composted at high temperature to produce bacteriological sterile and friable manure for soil improvement.
Nutrients (nitrogen and phosphorous) are typically applied to farmland as commercial fertilizer; animal manure; or spraying of municipal or

industrial wastewater effluent. Management plans to reduce excess application of nutrients, to minimize pesticides impacts, farmers may use integrated pest management (IPM) techniques (which can include biological pest control) to maintain control over pests, reduce reliance on chemical pesticides and protect water quality. Thermal pollution from run-off can be controlled by storm water management facilities that absorb the run-off or direct it into ground water, such as bio retention systems and infiltration basins.
Pollution prevention practices include low impact development techniques; installation of green roofs and improved chemical handling (e.g. management of motor fuels and oil fertilizers and pesticides).

2.5 WATER QUALITY
The importance of high quality water cannot be over-emphasized as it sustains human life and maintains health. Most waters, before they reach the consumer, have been exposed to greater or lesser amount of contamination, but in the majority of case, they have also undergone a more or less complete purification by natural agencies17.

The impurities liable to be found in water vary considerably in quantity and type. The kind of impurity to be expected in a water supply depend on the type of supply whether or not the water has been for long in the ground in contact with soluble minerals, whether or not it has been exposed on surface to organic pollution18.
Water in its natural state may not be pure because it is a universal solvent with the ability to dissolve numerous chemicals and to carry a lot of impurities that may predominantly come from man’s socio-economic and technological activities may be injurious, pathogenic or toxic with deleterious health consequence to humans if tolerable limits are exceeded19.
Domestic water is the water used for household and sanitary needs as well as urban, industrial and municipal requirements. The water should be harmless to the health of man, have proper organopelptic properties and be suitable for domestic uses. The standard of water in Nigeria should be in line with the World Health Organization (WHO) standard.
Water delivered to the consumer should be clear, odourless, tasteless and colourless. It should contain no pathogenic organisms and be free from biological forms, which may be harmful to human health. Waters are considered of doubtful quality unless proven otherwise. It is therefore

important that drinking water be monitored to ascertain the level and nature of pollution. Any information derived would subsequently quid in determining the type and degree of treatment required to make the water potable and to guarantee health and safety20.

2.6 PORTABLE WATER
Water to be used for human consumption must be meet certain requirements. It must be free of all disease causing microorganisms, low in concentration of compounds that are acutely toxic or that have serious long term effect on heath. Ideally water for drinking should be clear, free of odour and compound that can cause colour or taste. Drinking water from the ground is obtained by drilling boreholes and shallow wells through the existing water table to form a well point. In certain regions of southern Africa, as the water percolates through the soil, harmful physical, biological and chemical constituents (e.g. fine suspended matter, faecal coliform and fluoride) become contained in the water making it unsuitable for human consumption.
The quality of drinking water has attracted great attention worldwide because of implied public health impacts. Sachet packaged drinking water 

very common in Nigeria. It is often found as a major source of water at food canteens and sold by many food vendors in the country. The majority of the population consume it, hence the need to ascertain the qualities of sachet and borehole water in order to safeguard the health of consumers. Many common and widespread health risks have been found to be associated with drinking water in developing countries, a large percentage of which are of biological origin21. Unsafe water, poor sanitation and good hygiene have been reported to rank third among the 20 leading risk factors for health burden in developing countries including Nigeria22.
The guidelines for drinking water quality (W.H.O) are intended for use by countries as a basis for the development of national standards which if properly implemented will ensure the safety of drinking water supplies

Water to be used for human consumption must meet certain requirements, the quality of water required for specific application is as important as the availability of sufficient quantity of water. Thus, water treatment projects were indicated to improve its quality using various means including physical and chemical methods of disinfections involving the addition of chlorine compounds such as hypo-chlorides, chlorine dioxide and inorganic chloro amines. Surface waters are usually contaminated and require treatment before being used as drinking water. Ground water supplies free of surface drainage are better sources of drinking water. Well waters have the advantage that they are clearer and have a more uniform mineral content than surface water. Ground water usually contains more hardness than surface water because it has the capability of dissolving some of the rocks which make up the earth layers.
Chemicals applied for plant protection, the most common among them being pesticides, chlorinated hydrocarbons, organophosphates. As reported by Weismann (1975) of the total amount of pesticides applied in the plant protection 45% are herbicides, 36% insecticides, 17% are fungicides and about 1% rodenticides at least ten percent of this amount appears in the

water sources infections caused by contaminated water amount worldwide to some 5million cases yearly24.
In industrially developed countries, there is in the environment an elevated level of metal ions. Different inorganic substances and ions have various positive and negative effects on the metabolism or organism. For instance, magnesium in many cellular functions like glycolsis respiration and stability of ribosome, manganese ions are important for the activation of enzymes involved with adenine nucleotides. Heavy metals are harmful even in their lowest concentrations. They have an inhibitory influence on respiratory activities of organisms. In a more complicated state, mutation could be suspected as was proved by Zelibor et al (1987)25. Metals are not degradable; consequently they accumulate in biological systems resulting in chronic damage. Yermelor et al (1975) believes that even in the case of complete ban on production in all mercury plants, water would be polluted by this agent for a prolong period of time25. Indicator bacteria are damaged by false result of bacteriological determinations of the presence and number of indictor bacteria in drinking water. Some bacteria like saprophytic show resistance to certain heavy metals. PH is affected by bicarbonates, sulphates and chlorides. In surface water the p H is usually kept between 6 and 9 but

if there is an excess of some substance affecting the hydrogen ion concentration then extreme oscillations between acidic and alkaline conditions take place26.
The influence of pH of the environment on microorganisms is complicated. The membrane of the cells is only slightly permeable to ions and this result in some stabilization of the pH value in the cytoplasm, even in the case of its eventual fluctuation in the surroundings. Microorganisms are able to control such oscillations by their regulatory mechanism, of course there are again limited ranges in which the cells could make proper use of their metabolic processes and so secure the survival and growth of the population. Water is known to be the source of life, a universal solvent, an internal and external cleanser. Water serves as a communication medium for all the cells within the body, acts as a universal coolant, creates a climatic equilibrium between the sun and the earth to make life possible. It forms about 65% of our body; out of the average of 46 litres of water in the body about 7% or 3 litres circulate as part of blood and lymph, 30% or 14 litres acts as reserve which regulates the body and 63% or 29 litres form tissue constitution water. Every day the body loses about 2.5 litres through urine, respiration, perspiration, sweating and stool. To maintain the body’s hydria

balance, the water must be replaced by drinking at least 1.5 litres while the remaining 1 litre is provided by food. Other kidney and other urinary tract infections will arise. Without water in the body organs especially heart and kidneys cannot function27.
Water spawned life on this planet and has since sustained it. It possesses the power of life and death; it is a constant auxiliary to our daily life, our social organisations, our economic ambitions and our future28. There is a dire need for water to fulfill basic human self sufficiency demands. In most cases the problem is not availability of water but inability to obtain quality water. All life is dependent on water and it exists in nature in many forms; cloud, ice, rain snow, fog, however strictly speaking, chemically pure water does not exist for any appreciable length of time in nature. Even while falling as rain water it picks up small amount of gases, ion, dust and particulate matter from the atmosphere, then it flows over the surface layer of the earth dissolving and carrying some of the things it touches. These added substances may be biological, chemical, physical and radiological impurities29.
Pure water means different thing to different people, home owners are concerned with water problems related to colour, odour, taste and safety

family health. Chemists and engineers working for industries are concerned with the purity of water as it relates to scale deposition and pipe corrosion; regulatory agencies are concerned with setting standards to protect public health. Famers are interested in the effects of irrigation waters on the chemical, physical and osmotic properties of soil, particularly as they influence crop production, content of ion or sodium toxic to plant growth30.Environmental pollution, mainly of water source has become of public interest31, 32. Not only the developed countries have been affected by environmental problems but also the developing countries have been affected by such problems. However, the developing nations suffer the impact of pollution, due to disordered economic growth associated with the exploration of virgin natural resources33. Investigating water quality in the Sao Sepe River, Rio Grande do sul state, Brazil concluded that the water treatment	process	for	the	supply	water	is	efficient,	thus	providing guaranteed drinking water34. Big rivers (for example the Rio-Negro, in Amazon Basin) may also suffer from problems like this. However protecting the public from the toxic effort of environmental chemicals primarily involves considering the mechanisms of low-level toxicity and likely biological effects. In the Botucatu region, Sao Paulo state, Brazil, the Pardo River is the

economically viable source of fresh water35. The city is located on the geographic transition zone western plateau of Sao Paulo (800m) and peripheral depression (500m) on the watershed between two hydrographic basins, Tiete and Paranapanema systems. In future, a possible need of water coming from a drainage basin other than the Pardo River would result in a very expensive water collection system to supply Botucatu city, therefore, it is essential to diagnose the quality of the water for the systems preservation. The water quality of the Pardo River (Paranapanema Basin, Brazil) has been investigated to assess the degree of degradation and the influence that pollution has on the quality of river water and to discriminate the individual effects of climatic and human activities on the river hydrochemistry. Contamination of water, either directly or indirectly by human or animal excreta and the microorganisms contained in faeces is known to contribute to acquisition of disease by consumers. If the contamination is recent and those contributing include carriers of communicable enteric diseases may be present in the water, thereby questioning its safety. Drinking such contaminated water or using t in food preparation may lead to new cases of infection. Various opportunistic pathogens that occur naturally in the environment may cause diseases in humans. Those of greatest risk of

infection are infant and hose of greatest risk of infection are infant and young children, people whose immune system is suppressed, the sick and the elderly. In such individuals, drinking water containing large numbers of opportunistic pathogens can occasionally produce infections. Examples of such opportunistic agents are pseudomonas aeruginosa, klebsiella species, Aeromonas species and certain slow growing mycobabacterium36. Microbiological quality is the most important aspect of drinking water in relation to water borne disease. Detection of bacterial indicators in drinking water implies the presence of pathogenic organisms that are source of water borne diseases, which could be fatal37. These enteropathogenic bacteria are responsible for a variety of diseases such as cholera, typhoid, dysentery and bacillary dysentery in humans and livestock. They belong to Enterobacteriaceae family of organisms, which comprises members of genera Eschecicha, Enterobacter, Salmonella and Klebsiella among others38. Generally, their occurance in water is due to faecal contamination. The faecal indicator bacterium (`Eschericha coli) excreted in the feaces of warm blood animals and some reptiles39, has been considered as bio-indicator of faecal contamination of drinking water. The major pathogenic bacteria responsible for water borne diseases are spread by the female-oral route, in which water

may play an intermediate role. In Nigeria, the National Agency for Food Administration and Control (NAFDAC) has responsibility for regulating the standards of drinking water. The agency has published guidelines for the production of sachet-packaged drinking water. Unfortunately most producers do not adhere to these guidelines40. Nigeria is one of the developing nations in the world where water has contributed to infections and disease outbreaks mainly due to lack of good manufacturing and hygienic practices by the water handlers41.
Supply of potable water is important to the development of any country`. Clean water sustains a healthy population and it contributes to the quality of households through the provision of basic needs of water and sanitation. It is reported that 50% of all illness is developing countries is related to water and sanitation42. Potable water supports public health and ensures economic growth. Water of poor quality can cause social and economic damage through water-related epidemics such as cholera, which in turn increases medical treatment costs. According to the Ministry of Health, about 80% of school going children in Malawi lack clean and safe drinking water, leaving many of them infected with or dying or diarrhea in 2005; and 1000 of them died. Again, it has been reported that 43% of the population obtain water

from wells, streams and other unreliable water sources leaving them prone to water related diseases including cholera. In Malawi, nearly 50% of all illness is related to water borne disease43. Ii is estimated that only 65% of the country’s population (about 12 million) has access to safe water (85% urban and 45% rural). However, recent studies on the district water supplies indicate that 40% have fallen into disrepair.
The visions of Malawi’s new water policy is water and sanitation for all always and seek to provide every Malawian with “equitable” access to water and sanitation services for sustainable socio-economic development of the country44. The overall national water policy goal is sustainable management and utilization of water resources in order to provide water of acceptable quality and of sufficient quantities. The policy ensures availability of efficient and effective water and sanitation services that satisfy the basic requirements of every Malawian and for the enhancement of the country’s natural ecosystem45. This is in line with the United Nations Millennium Development Goals (MDGs) adopted and sighed by 147 Heads of states and governments during the united Nations Millennium summit in September 2000. The goals, which are to be achieved by 2015, related to the eradication of extreme poverty/hungers; obtaining universal primary education;

reducing child mortality; improving material health, combating HIV/AIDS; and ensuring environmental sustainability. These goals are all linked to ater resources. The policy is also in line with the world summit on sustainability development (WSSD) targets of 2002 to strive half the population of people without access to water and sanitation by 2015. This is a big challenge for Malawi due to the country’s economic problems where over 40% of the people are categorized as suffering from “extreme poverty” and that nearly two third of the population has an income of less than US$40 per annum46. The main source of water for rural communities in Malawi are boreholes, covered/protected and open/unprotected shallow wells, gravity fed piped systems, springs, lakes and rivers. Boreholes are small diameter, (approximately 0.1-2m) mechanically drilled holes, which are either hand dug or drilled with depths not normally exceeding 15 metres. 2.6 million (37%) of Malawians have access to boreholes as main source of drinking water, 2-5 million (26%) draw their water from shallow well, 2.1 million (21%) use either piped water or communal stand pipes and the remaining
1.6 million (16%) use other water sources such as rivers and lakes.






















                                                  CHAPTER THREE
                                         MATERIALS AND METHODS
3.1 SAMPLE LOCATION
Sample A ,B AND C– Borehole water sample collected from 
Kwara Poly Campus, Ilorin.
Sample D, E and F – Sachet water sample collected from         Kwara Poly Campus, Ilorin.
APPARATUS
Lovibon vessel
Colour disc (Hazen disc) Conductivity meter Glass electrode
pH meter (electrometric) Measuring cylinder Beakers
Hot plate Filter paper Conical flask Burette Pipette
Volumetric flask
Atomic Absorption Spectrophotometer (AAS)
REAGENTS
Starch indicator 
Potassium dichromate 
Phenothroline, Sodium thiosulphate 
Brucine sulphate 
EDTA
Sodium acetate buffer 
Sodium Acetate
Etiochrome black T indicator
Phosphoric acid
Stannous chloride
Potassium peroxide potassium cyanide 
Ammonium solution
Sulphuric acid
Ferrous sulphate indicator 
Potassium chromate indicator 
Patton and reders reagent 
Sodium hydroxides 
Phenolphthalein
3.2 METHOD OF ANALYSIS
Analysis of the water samples were carried out in two different categories namely:
1.0 Physical analysis
2.0 Chemical analysis
The physical analysis was done by using physical analytical equipment. Some chemical analysis was done by titrimetric method, while metal analysis was done with the aid of Spectron 20 machine.


3.3 PHYSICAL ANALYSIS
3.3.1 Determination of Colour
Procedure: Distilled water and the sample were poured into the test tube. The hazen disc which was numbered was inserted in the lovibond. The hazen disc being positioned on the distilled water was then watched to know the particular disc number that have the same colour with the sample. When rotated, the disc number that has the colour with the distilled water was checked and the value was recorded.
3.3.2 Odour
Procedure: This is done with the nose.

3.3.3 Electrical Conductivity
Procedure: The electrode was wetted thoroughly and then plugged into the conductivity meter before it was inserted in to a 250ml beaker containing distilled water. The conductivity meter was then switched on, and zero error was corrected. The distilled water was replaced with raw water samples and the electrode was inserted in each case. The system was allowed to stabilize and the reading was recorded.
3.3.4 Determination of pH value
Procedure: The glass electrode was thoroughly wetted with distilled water. The Ph meter was switched on and was standardized. This was done by connecting glass electrode to the pH meter and inserting the electrode into the buffer solution. This was allowed to stabilize and pH meter reading indicated 4.0, which is equal to its known value. The same thing was repeated using buffer solution with pH of 9.0. The beaker containing buffer solution was then replaced consecutively with the ones containing raw water samples and the electrode was inserted into it. This was then allowed to stabilize and the readings were recorded.




3.4 CHEMICAL ANALYSIS
3.4.1 Determination of Total Solid (T.S)
Procedure: Empty beaker was initially weighed, 50 mls of the water sample was measured and poured into the weighed beaker and heated gently to dryness at about 70oc,then it was cooled and reweighed. The process was repeated until a constant mass was obtained and the value noted.
3.4.2 Determination of Dissolved Solids
Procedure: empty beaker was weighed; 50mls of the water sample was measured and filtered into the beaker. The filtrate was heated to dryness, cooled and reweighed with the beaker, until a constant mass was obtained and the value was recorded.
3.4.3 Determination of Suspended Solids (S.S)
Procedure: The water sample was filter with a filter paper and the residue on the filter paper was calculated as S.S = (T.S- D.S) mg/1.
3.4.4 Determination of Acidity
Procedure: 10ml of water sample was pipette into a conical flask. Three drops of phenolphthalein solution was added to each sample and titrated with 0.1M NaOH solution to give a pink colour.
3.4.5 Determination of Alkalinity
Procedure: 10ml of water sample was pipette into a conical flask. Three drops of methyl orange indicator was added and titrated with 0.1M NaOH to give an orange colour.
3.4.6 Determination of Chemical Oxygen Demand (C.O.D) 
Procedure: 1oml of water sample was pipette; 5ml of 0.025M potassium dichromate was measured with a measuring cylinder. 15ml of concentrated sulphuric acid was added and diluted with 40ml of distilled water to get 70ml solution. 7 drops of phenothroline ferrous sulphate indicator was added. This was allowed to cool.
Observation: The colour changes from greenish blue to orange colour, and then titration was done on the blank sample.
N.B The titre value for the blank sample is higher than the titre value of the sample.
3.4.7 Determination of Dissolved Oxygen (D.O)
Procedure: 20ml of water was pipette. 1ml of potassium fluoride was also pipette. 2ml of 0.1M manganese sulphate was also added together with 2ml of alkaline iodine solution. Then 2ml of concentrated H2SO4 and 5ml of freshly prepared starch indicator were added and the colour changes to blue black. This was titrated using sodium thiosulphate solution (0.05M) to a colourless and point.
3.4.8 Determination of Calcium
Procedure: 10ml of water sample was measured into a beaker; a pinch of potassium cyanide was added together with a pinch of hydroxylamine hydrochloride. 5ml of 8 molar potassium hydroxides was added then a pinch of indicator (Patton and readers reagent) was added and titrated with 0.01M EDTA using a burette.
Observation: Colour changes from brown to green.
3.4.9 Determination of Magnesium
Procedure: 10ml of the sample was measured, a pinch of hydroxylamine hydrochloride was added and 5ml of mono-ethanol buffer or (buffer 10) was added, then 2 drops of Eriochrome black T indicator was added. This was titrated with 0.01M EDTA.
Observation: The colour changes from purple to blue black.

3.4.10 Determination of Chloride
Procedure: 10ml of water sample was pipette, 3 drops of 0.1M potassium indicator was added and titrated with 0.1M silver nitrate.
Observation: The colour changes from yellow to light orange.

3.4.11 Determination of Iron
Procedure: 5ml of water sample was pipette into a test tube. 5ml of sodium acetate buffer was added. 0.5ml of 105 of hydroxylamine hydrochloride was also added and 5ml of 0.02% phenothroline. This was made up to 50ml in the volumetric flask with distilled water and was allowed to develop from 50mins and the absorbance was read with the aid of spectronic 20 machine.
N.B wavelength of iron = 510nm.
3.4.12 Determination of Zinc
Procedure: 20ml of water sample was measured, 2ml of buffer pH was added with 2 drops of Eriochrome black T indicator and titrated with 0.01M EDTA until colour changes from wine red to blue.
3.4.13 Determination of Lead
Procedure: 10ml of water sample was measured. 5 to 6 drops of 10% potassium cyanide was added together with 25ml of 1.2M ammonium solution and 0.5ml of 10% Na2S (sodium sulphide). This was made up to 50ml with distilled water.
N.B: Wavelength of lead is 430nm.
This was taken to spectronic 20 machine for its absorbance.
3.4.14 Determination of Manganese
Procedure: 20ml of water sample was added to the 50cm3 volumetric flask. 5ml of phosphoric acid was added and 0.3g of potassium perioxide was added and shaken well. This was boiled for 15mins and allowed to cool, then made up to 50ml with distilled water. This was read in spectronic 20 machine.
N.B: Manganese wavelength is 520nm.
3.4.15 Determination of Copper
Procedure: 10ml of the digested water sample was measured into a 50ml of volumetric flask; 10ml of 0.01M NH4OH was added. This was made up to the mark with distilled water. The absorbance was read with a spectrometer at wavelength of 620nm.
3.4.16 Determination of Nitrates
Procedure: 50ml of each water sample was measured. 1ml of sodium arsenate was added and shaken thoroughly. 5ml was measured from the mixture in a separate test tube. 1ml of Brucine Sulphate/ phenothroline ferrous sulphate indicator was added with 10mls of concentrated H2SO4 . The remaining 45ml solution was mixed and allowed to develop for about
30mins to 1hr. The absorbance was read with the aid of spectronic 20 machine.
3.4.17 Determination of Phosphate
Procedure: 10ml of the neutralized sample was pipette into 50ml volumetric flask. 4ml of sulphuric acid was added and shaken on each addition, 6 drops of stannous chloride was added then shaken and distilled water was added to make it up to 30ml. The absorbance in the spectronic meter was read and at a wavelength of 650nm using red.


                   















                                                           CHAPTER FOUR
                      RESULTS, DISCUSSION AND CONCLUSION

4.0 RESULTS
The comparative analytical results of the six samples are shown in Table 1 below based on the chemical and physical analysis carried out on the samples.
4.1 TABLES
TABLE 1: Results of the analysis carried out on the samples

	PARAMETERS
	UNITS
	SAMPLES

	PHYSICAL

ANALYSIS
	
	A
	B
	C
	D
	E
	F

	Odour
	
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve

	Colour
	Hazen
	5
	5
	5
	5
	5
	5

	pH
	
	6.78
	7.5
	7.0
	6.5
	6.62
	6.5

	Conductivity
	µs/cm
	4.5x102
	4.0x102
	3.7x103
	2.8x103
	3.4x102
	3.4x102

	CHEMICAL ANALYSIS
	
	
	
	
	
	
	

	Acidity
	mg/l
	52
	55
	55
	50
	50
	50

	Alkalinity
	mg/l
	150
	175
	170
	85
	135
	120

	Total solids
	mg/l
	11.45
	20.25
	15.00
	4.15
	5.25
	7.60

	Suspended solids
	mg/l
	0.98
	1.02
	1.05
	0.20
	0.72
	0.95

	Dissolved solids
	mg/l
	10.47
	19.23
	13.95
	3.95
	4.53
	6.65

	Dissolved oxygen
	mg/l
	1.25
	1.10
	1.22
	0.65
	0.72
	1.13

	C.O.D
	mg/l
	Trace
	Trace
	Trace
	Trace
	Trace
	Trace

	Calcium
	mg/l
	3.45
	2.90
	3.05
	1.84
	2.02
	1.90

	Copper
	mg/l
	1.21
	1.8
	1.25
	0.41
	0.55
	0.50





	Iron
	mg/l
	125
	1.25
	1.09
	1.06
	1.20
	1.10

	Manganese
	mg/l
	0.46
	0.73
	0.44
	0.12
	0.35
	0.38

	Lead
	mg/l
	1.01
	1.05
	0.25
	1.01
	1.10
	0.95

	Phosphate
	mg/l
	4.55
	5.53
	5.55
	4.34
	3.42
	4.39

	Chloride
	mg/l
	52.2
	60.4
	56.0
	56.52
	65.2
	70.5

	Nitrate
	mg/l
	0.44
	0.43
	0.30
	0.35
	0.40
	0.47

	Zinc
	mg/l
	0.45
	0.51
	0.26
	0.34
	0.66
	0.32

	Magnesium
	mg/l
	1.40
	1.43
	1.57
	0.85
	1.25
	0.70






TABLE 2:	Mean of the results
	PARAMETERS
	UNITS
	BOREHOLE WATER
	SACHET WATER

	PHYSICAL

ANALYSIS
	
	
	

	Odour
	
	-ve
	-ve

	Colour
	Hazen
	5
	5

	pH
	
	7.1
	6.5

	Conductivity
	µs/cm
	5.4x103
	4.6x103





	CHEMICAL ANALYSIS
	
	
	

	Acidity
	mg/l
	54
	50

	Alkalinity
	mg/l
	165
	113

	Total solids
	mg/l
	15.6
	5.7

	Suspended solids
	mg/l
	1.02
	0.62

	Dissolved solids
	mg/l
	14.55
	5.04

	Dissolved oxygen
	mg/l
	1.19
	1.83

	C.O.D
	mg/l
	Trace
	Trace

	Calcium
	mg/l
	3.1
	1.92

	Copper
	mg/l
	1.42
	0.49

	Iron
	mg/l
	1.20
	1.12

	Manganese
	mg/l
	0.54
	0.28

	Lead
	mg/l
	0.77
	1.01

	Phosphate
	mg/l
	5.21
	4.05

	Chloride
	mg/l
	56.2
	64.1

	Nitrate
	mg/l
	0.39
	0.41

	Zinc
	mg/l
	0.41
	0.44

	Magnesium
	mg/l
	1.47
	0.93



TABLE 3: W.H.O standard specification for drinking water
	PARAMETERS
	UNITS
	WHO

	PHYSICAL ANALYSIS
	
	

	Odour
	
	-

	Colour
	Hazen
	5

	Ph
	
	6.5-8.5

	Conductivity
	µs/cm
	1000

	CHEMICAL ANALYSIS
	
	

	Acidity
	mg/l
	-

	Alkalinity
	mg/l
	-

	Total solids
	mg/l
	500

	Suspended solids
	mg/l
	-

	Dissolved solids
	mg/l
	500

	Calcium
	mg/l
	75

	Sodium
	mg/l
	Not ≥ 5

	Copper
	mg/l
	1.3

	Iron
	mg/l
	0.3

	Manganese
	mg/l
	0.1-0.5





	Lead
	mg/l
	0.01

	Chloride
	mg/l
	250

	Nitrate
	mg/l
	0.5

	Zinc
	mg/l
	-

	Magnesium
	mg/l
	Not>30

	Dissolved oxygen
	mg/l
	-

	C.O.D
	mg/l
	-












4.0 DISCUSSIONS
According to the mean results in table 2 above, the sachet water samples and borehole water samples are odourless and colourless, that is in conformity with W.H.O standard.
The pH of borehole water is 7.1 which is higher than the sachet water which has a mean value of 6.54. This indicates that they are slightly acidic.
An acceptable pH range for drinking water is 6.5-8.5; therefore the water samples are fit for drinking. Hence the pH values of the different water samples analysis are in accordance with the W.H.O standard.
The conductivity is higher in borehole water with a mean value of 5.4x103µs/cm, while sachet water is lower in conductivity with a mean value of 4.6x103µs/cm. Though all conform to the W.H.O standards for drinking water.
The acidity of borehole water is 54 which is higher when compared to sachet water which has a mean value of 50, though the values conform to the W.H.O specification.
In alkalinity, borehole water has a higher value of 165 mg/l when compared to sachet water which has the value of 113mg/l.
The concentration of total solids is higher in borehole water with a value of 15.6mg/l, while sachet water has the value of 5.7mg/l. This is due to the filtration process which sachet water undergoes during production. All the samples analyzed are fit for drinking and in accordance to W.H.O specification.
The concentration of suspended solids is higher in borehole water with a value of 1.02mg/l, while it is lower in sachet water with a mean value of 0.62mg/l. However all the samples analyzed are fit for drinking and in accordance to W.H.O standard.
Dissolved solids is higher in borehole water with a mean value of 14,55mg/l, while that of sachet water is lower in concentration with a value of 5.04mg/l. Tough all are in conformity to the W.H.O standard for drinking water. Calcium content in borehole water sample is higher with a mean value of 3.1mg/l when compared to sachet water which has a mean value of 1.92mg/l. This shows that the entire samples are soft, hence little or no probability of causing hardness. They will produce ladder easily with soap. However, all the values conform to the W.H.O standards. Copper content in drinking water has a normal range of 1.3mg/l, borehole water is higher than the W.H.O standard with a value of 1.42mg/l while sachet water conform to the W.H.O standard with a value of 0.49mg/l. The iron concentration is higher in borehole water with a value of 1.20mg/l when compared with sachet water which has a lower value of 1.12mg/l. All the samples fall within the range stipulated by the W.H.O specification for drinking water.
Manganese value is higher in borehole water with a value of 0.54mg/l which is higher than the W.H.O standard of 0.5mg/l, while sachet water has a lower value of 0.28mg/l which is in conformity with the W.H.O specifications. Lead content of the borehole and the sachet water samples are higher than the W.H.O specification of 0.01mg/l. For sachet water it is due to the lead pipe through which the water flows during production, hence the water must have dissolved part of the pipe. Nitrate content of the water samples as shown in table 2, conform to W.H.O standard and are portable for drinking. Borehole water is lower than the sachet water with a value of 0.39mg/l while it is o.41mg/l in sachet water. Chloride values in sachet water are higher than the borehole water with a value of 64.1mg/l while borehole water has a mean value of 56.2mg/l. This may be due to the addition of chlorine in water in the water production. However, all the values conform to W.H.O specification of 250mg/l for drinking water.
Phosphate content of borehole water is higher with a mean value of 5.21mg/l when compared to sachet water which has a mean value of 4.05mg/l. All are within the range of W.H.O standard for drinking water. Zinc concentration of sachet water is a little higher than the borehole water with a value of 0.44mg/l, while borehole water has 0.41mg/l. All the samples are within the range of W.H.O specification for drinking water. Magnesium content of all the samples are within the W.H.O standard for drinking water, but the borehole water has a higher value of 1.47mg/l, while the sachet water has a lower value of 0.93mg/l. Dissolved oxygen is higher in borehole water with a mean value of 1.19mg/l when compared to sachet water which has a mean value of 0.83mg/l. However, all are in conformity to the W.H.O specification for drinking water. 
4.3 CONCLUSION 
Regular monitoring to ensure conformity to World Health Organization standards and to assure the public of the portability of their water is necessary. In fact simple tests carried out regularly at short intervals are of more valued than detailed test mode occasionally. From the test carried out, there is no much difference in quality between the borehole water and sachet water analyzed. Water delivered to consumers/ sold to consumers should contain no pathogenic organisms, should not contain concentration of chemicals which may be physically harmful to health. Finally, results from the study indicate that all three sachet water and the three borehole water are quite safe for human consumption 
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[bookmark: _74xr3b6oy6on]APPENDIX ONE
Heavy metals were analyzed using AAS and their results were taken directly from the machine.
PHYSICAL ANALYSIS -	The	results	were	obtained	by taking the readings directly from the machine
CHEMICAL ANALYSIS 
CALCULATION ON ACIDITY    
Formula: TV x 50,000 x N
                Vol. of the sample

	Where	Tv
	=
	Titre value of the sample

	N
	=
	Normality of the base (NaOH) used for

	
	
	Titration which is 0.1

	V
	=
	Volume of water sample used for the

	
	
	analysis which is 10



	Sample
	A
	B
	C
	D
	E
	F

	TV
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Result
	52
	55
	55
	50
	50
	50




[bookmark: _s67a7woeaw5j]CALCULATIONS FOR ALKALINITY
Formula: TV x 50,000 x N
                  Vol of the sample

	Sample
	A
	B
	C
	D
	E
	F

	TV
	0.2
	0.4
	0.2
	0.1
	0.2
	0.1

	Result
	150
	175
	170
	85
	135
	120




[bookmark: _n63ot4u6f44w]CALCULATIONS ON TOTAL SOLIDS (T.S)
Formula: Wt x 1000 
                Vol. of sample

Where 1000		=	Conversion factor of g to mg/l Wt	=	Weight of residue after drying
50	=	Volume of the sample

	Sample
	A
	B
	C
	D
	E
	F

	Wt
	0.545
	0.845
	0.785
	0.305
	0.2.25
	0.45

	Result
	11.45
	20.25
	15.00
	4.15
	2.25
	7.60


CALCULATION SUSPENDED SOLIDS
Formula:

S.S.: T.S – D.S

	Sample
	A
	B
	C
	D
	E
	F

	Result
	0.98
	1.02
	1.05
	0.20
	0.072
	0.95



[bookmark: _oz68007rqw5i]CALCULATION ON DISSOLVED SOLIDS

Formula:
Wt x 1000
50

	Sample
	A
	B
	C
	D
	E
	F

	TV
	0.583
	0.655
	0.703
	0.257
	0.404
	0.565

	Result
	10.80
	12.55
	15.50
	4.25
	6.05
	10.25



[bookmark: _xsnt4ufxc3yz]CALCULATION ON DISSOLVED OXYGEN (D.O)
Formula:
TV x 0.025 x 800
203.39

	Where TV
	=
	Tire value of the sample

	0.025
	=
	Concentration of the sodium thiosulphate

	
	
	used for the titration

	800
	=
	Conversion factor

	203.39
	=
	Constant



	Sample
	A
	B
	C
	D
	E
	F

	TV
	14.80
	12.50
	14.50
	6.70
	7.3
	14.02

	Result
	125
	1.10
	1.22
	0.65
	0.72
	1.13



[bookmark: _6btbaqgbe14k]APPENDIX TWO
MATERIALS USED AND THEIR USES IN THE ANALYSIS

(1) Conical flask: Used for Titration

(2) Beaker: Used for the determination of T.S, D.S and S.S of the samples.
(3) Hot Plate:	It was used for heating of the samples and other materials used for the analysis.
(4) Retort stand: It was used for standing of the burette during titration
(5) Burette: It was used for titration of the sample
(6) Measuring Cylinder: It was used for measurement of the liquid samples.
(7) Volumetric Flask:	It was used for preparation of the standard solution used for the analysis.
(8) Colorimeter: It was used for determination of colour.
(9) Conductivity Meter: It was used for determination of conductivity of the samples.
(10) Thermometer: It was used for monitoring the temperature of the samples during analysis.
(11) Oven:	It was used for drying of apparatus.
(12) pH Meter: It was used for the determination of the pH	value of the sample.

[bookmark: _m8zunwx4rnke]CHEMICALS USED AND THEIR USED IN THE ANALYSIS
(1) Distilled Water: It was used for dilution of acid and for preparation of standard solution.
(2) Sodium Hydroxide Solution: For titration
(3) HCL Solution:	For titration
(4) Mono Ethanol Amine: Used in determination of calcium and magnesium.
(5) Potassium Chromate: Served as an indicator
(6) EDTA: Used in titration of calcium and magnesium
(7) Eriochrome Black T: Indicatorused in zinc and magnesium analysis.
(8) Patton and Reder: Indicator used in determination of calcium.
(9) Sulphate: Used for titration.
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