CHAPTER ONE
1.1 BACKGROUND
Water is one of the most important and most precious natural resources. It is essential in the life of all living organisms from the simplest plant and micro organisms to the most complex living system known as human body. Water is a combination of hydrogen and oxygen atoms, with a chemical formula, H 2O and known to be the most abundant compound (70%) on earth surface. It is significant due to its unique chemical and physical properties.Access to safe drinking water is key to sustainable development and essential to food production, quality health and poverty reduction. Safe drinking water is essential to life and a satisfactory safe supply must be made available to consumers. Water is thus becoming a crucial factor for development and the quality of life in many countries. In individual arid areas it has become a survival factor. Therefore, water intended for human consumption must not contain pathogen,germs or harmful chemicals; because water contaminated with microorganisms is the cause of epidemics. That is good drinking water is not a luxury but one of the most essential requirements of life itself. However, developing countries, like Nigeria, have suffered from a lack of access to safe drinking water from improved sources and to adequatesanitation services. The WHOrevealed that seventy five percent of all diseases in developing countries arise from polluted drinking water. Therefore; water quality concerns are often the most important component for measuring access to improved water sources. Acceptable quality shows the safety of drinking water in terms of its physical, chemical and bacteriological parameters. International and local agencies have established parameters to determine biological and physicochemical quality of drinking water. The problems associated with chemical constituents of drinking water arise primarily from their ability to cause adverse health effects after prolonged periods of exposure, of particular concern are contaminants that have cumulative toxic properties, such as heavy metals and substances that are carcinogenic. Mahmoud etal 2003.also stated that the most common problems in household water supplies may be attributed to hardness, iron, sulfides, sodium chloride, alkalinity, acidity, and disease-producing pathogens, such as bacteria and viruses. In addition to this International Agency for Research on cancer reported that the use of chemical disinfectants in water treatment or construction materials used in water supply system usually results in the formation of the chemical by-products, some of which are potentially hazardous. This means drinking water is a vehicle for disease transmission. Therefore, it is desirable to control the intake of these potentially toxic chemicals from drinking water because the intake from other sources which are food or air may be difficult to avoid. About 97% water exists in oceans that is not suitable for drinking and only 3% is fresh water wherein 2.97% is comprised by glaciers and ice caps and remaining little portion of 0.3% is available as a surface and ground water for human use (Miller et al,.1997). Fresh water is already a limiting resource in many parts of the world. In the next century, it will become even more limiting due to increased population, urbanization and climate change (Jackson et al., 2001). 
Over 50% of the Nigerian population depends on Ground water for drinking water. Ground water is also one of our most important source of water, it comes from rain, sleet and hail that soak into the ground.The water moves down into the ground because of gravity, passing between particles of soil, sand, gravel, or rock, until it reaches a depth where the ground is filled or saturated with water.  The source of most tanker distributed water in Enugu metropolis water source is ground water (bore holes). Unfortunately groundwater is susceptible to pollutants which affect their physiochemical characteristics and microbiological quality. Groundwater contamination occurs when man made products such as gasoline, oil and chemicals get into the groundwater and cause it to become unsafe and unfit for human use. Materials from the lands surface can move through the soil and end up in the groundwater. For example, pesticides and fertilizers can find their way into groundwater supplies overtime.  Toxic substances from mining sites, and used motor oil also may seep into ground. In addition, it is possible for untreated faecal materials open defecate from septic tanks and toxic chemicals from ground storage tanks and leaky landfills to contaminate groundwater.
Prevention of groundwater pollution requires effective monitoring of physiochemical and microbiological parameters. In most countries, the principal risks to human health associated with consumption of polluted water are microbiological in nature. The bacteriological examination of water has a special significance in pollution studies, as it is a direct measurement of deleterious effect of pollution on human health. Coliform are the major microbial indicator of monitoring water quality. The detection of Escherichia coli provides definite evidence of faecal pollution; in practice, the detection of thermotolerant (faecal) Coliform bacteria is an acceptable alternative.
1.2 Statement of problem 
 In developing countries (e.g.Nigeria) the drinking quality of water is continuously being contaminated and hazardous for human use due to high growth of population, expansion in industries, discharging of waste water and chemical effluents into canals and other water sources. According to recent estimates, the quantity of available water in developing regions of South Asia, Middle East and Africa is decreasing sharply while quality of water is deteriorating rapidly due to fast urbanization, industrialization, land degradation etc. 
In addition, the physical condition of water (colour, taste and odour) might render it undrinkable as it can be rejected by end-users. For this reason, water quality assessment and continuous monitoring are of utmost importance.  
Enugu metropolis has witnessed remarkable expansion, growth and development activities such as buildings, road, constructions and many other anthropogenic activities that may affect their quality of water
1.3 AIMS AND OBJECTIVES OF STUDY 
 Theaim of this study is to determining the parameters present in the tanker supplied water &its quality through physiochemical and biochemical analysis.
Other objectives are:
I) To identify the presence or absence of toxic chemicals
II) To identify the presence or absence of microbial contaminants
III) To assess if the water qualityare in order of the Nigerian drinking water standards.
1.4 Significance of study
In Enugu metropolis, most people rely on private water supplies such as wells, tanker supplied water and streams. Quality water is vital to the social, health and economic well being of the people. Monitoring your water quality by having it tested regularly is an important part of maintaining a safe and reliable source. Testing the water allows a knowledgeable approach to address the specific problems of a water supply. This helps ensure that the water source is being properly protected from potential contamination. It is important to test the suitability of your water quality for its intended purpose, whether it is livestock watering, irrigation, spraying, or drinking water. This will assist you in making informed decisions about your water and how you use it. This study is to help provide water quality testing information that will assist residents using a private water supply. It provides information on the importance of water quality monitoring and how you can get it tested.
The quality of a water source may change over time, sometimes suddenly. Many changescan go unnoticed as the water may look, smell and taste the same as it always did.Monitoring your water quality is necessary to ensure your treatment system is workingeffectively, providing the best quality water for your intended use.The water you are using may or may not have problems with it. Many people are aware ofsome of their water quality problems. For example, some people may be plagued withhigh concentrations of iron, which causes aesthetically unpleasing coloring and staining.Unfortunately, not all water quality problems can be easily detected without propertesting. The water may look good but may actually be unsuitable for the specificapplication you are using it for.Proper sampling, testing and interpretation of the results are required to determine thesuitability of your water supply and identify any problems it may have.







CHAPTER TWO
LITERATURE REVIEW
2.0 Introduction
Water is a transparent tasteless, odorless, and nearly colorless chemical substance that is the main constituent of Earth's streams, lakes, and oceans, and the fluids of most living organisms. Its chemical formula is H2O, meaning that each of its molecules contains one oxygen and two hydrogen atoms that are connected by covalent bonds. Strictly speaking, water refers to the liquid state of a substance that prevails at standard ambient temperature and pressure; but it often refers also to its solid state (ice) or its gaseous state (steam or water vapor). Safe drinking water is essential to humans and other life forms even though it provides no calories or organic nutrients. Access to safe drinking water has improved over the last decades in almost every part of the world, but approximately one billion people still lack access to safe water and over 2.5 billion lack accesses to adequate sanitation. However, some observers have estimatedthat by 2025 more than half ofthe world population will befacing water-basedvulnerability.A report, issuedin November 2009 by Ajewole G (2005), suggeststhat by 2030, in somedeveloping regions of the world, water demand will exceedsupply by 50%.Water plays an important role inthe world economy.
Declining water quality has become a global issue of concern as human populations grow, industrial and agricultural activities expand, and climate change threatens to cause major alterations to the hydrological cycle. Water quality issues are complex and diverse, and are deserving of urgent global attention and action. Approximately 70% of thefreshwater used by humansgoes to agriculture.Fishing insalt and fresh water bodies is amajor source of food for manyparts of the world. Much oflong-distance trade ofcommodities (such as oil andnatural gas) and manufacturedproducts is transported byboats through seas, rivers,lakes, and canals. Largequantities of water, ice, andsteam are used for cooling andheating, in industry and homes.Water is an excellent solvent fora wide variety of chemicalsubstances; as such it is widelyused in industrial processes,and in cooking and washing.Water is also central to manysports and other forms ofentertainment, such asswimming, pleasure boating,boat racing, surfing, sportfishing, and diving.
2.1Water Quality 
This refers to the chemical, physical, biological and radiological characteristics of water. It is a measure of the condition of water relative to the requirements of one or more biotic species and or to any human need or purpose. It is most frequently used by reference to a set of standards against which compliance, generally achieved through treatment of the water, can be assessed. The most common standards used to assess water quality relate to health of ecosystems, safety of human. Both natural processes and human activities influence the quality of surface waters and groundwater, water naturally contains dissolved substances, non-dissolved particulate matter and living organisms; indeed, such materials and organisms are necessary components of good-quality water, as they help maintain vital biogeochemical cycles. There are few exceptions where naturally occurring substances trigger water quality challenges detrimental to human health. For example in the use of groundwater as its primary source of freshwater, up to 77 million people have been at risk of exposure to arsenic in recent decades. Chemical and physicalpropertiesWater (H2O) is a polar inorganiccompound that is at roomtemperature a tasteless andodorless liquid, nearly colorlesswith a hint of blue. This simplesthydrogen chalcogenide is by farthe most studied chemicalcompound and is described asthe "universal solvent" for itsability to dissolve manysubstances.This allows it to be the "solvent of life". It isthe only common substance toexist as a solid, liquid, and gasin normal terrestrialconditions.

2.2 Sources of Tanker Water
Since tanker water is obtained from boreholes, groundwater is the main source of tanker water. Groundwater is a fresh water pore space of soil and rocks. It is also water that is flowing within aquifers below the water table. It originates as rainfall, and then moves through the soil and rock into the groundwater system. Groundwater makes up about 1% of the water on earth but groundwater makes up to 35 times the amount of water in lakes and streams. Groundwater occurs everywhere beneath the earth surfaces, but is usually restricted to entire surface of the earth
2.3Origin of Groundwater
Groundwater derived from rainfall and infiltration within the normal hydrological cycle. This kind of water is called meteoric water. The name implies recent contact with the atmosphere. Groundwater encountered at great depths in sedimentary rocks as a result of water having been trapped in marine sediments at the times of their deposition. This type of groundwater is referred to as connate waters. These waters are normally saline. It is accepted that connate water is derived mainly or entirely from entrapped sea water as original sea water has moved from its original place. Some trapped water may be brackish.
2.4 Groundwater Characteristics
The chemical, physical and bacterial characteristics ofgroundwater determine its usefulness for variouspurposes. Chemical analysis of groundwater includes thedetermination of the concentrations of inorganicconstituent. The analysis also includes measurement ofpH and specific electrical conductance.Temperature, colour, turbidity, odour and taste areevaluated in a physical analysis. Bacteriaanalysis generally consists of tests to detect the presenceof coli form organisms.Tebbute (1992) noted that pathogenic organisms arerarely found in groundwater, since poor well constructionor being associated with bedrock aquifers in which largeopenings afford direct connection between the surfaceand groundwater causes most well pathogenic contamination.Lloyd and Helmer (1991) observed that the waterquality problem may be associated with and traceable to,any or all of the following:
1. Poor quality source of water,
2. Poor site selection or protection such as apron andlining
3. Construction difficulties and
4. Structural deterioration with age

2.5 FACTORS AFFECTING GROUNDWATER QUALITY
· Influence of geological factors:
Soil’s filtration capacity depends onits mechanical characteristics (includingthe degree of fracturing, particle size, andporosity) and on its chemical and physicalcomposition (including the presence of clay, soluble organic substances, cations,and pH). Contamination is more frequentlydetected in sedimentary rock than inigneous or metamorphic rock. Several microorganisms may be adsorbed and remain in the soil for a long time; these are affected by sunlight, temperature, moisture, and organic matter. For example, clay soils, which contain hematite and magnetite, promote the adsorption of viruses. The degree of groundwater contamination is also affected by soil porosity. Sandy soils (defined as porous) may hinder the spread of microorganisms, while karst soils (nonporous) are known to be more vulnerable and most influenced by agricultural activities and wastewater emissions. Porous soil therefore may better improve water quality compared to non-porous soils, because itcauses real purification depending on several factors, including thickness, grain size, thechemical composition of soil, the type andquantity of pollutants, the rate of waterpercolation, and the degree of environmentsaturation. Groundwater quality also variesas a function of its chemical composition,influenced by the solubility of the soil itpasses through and by aquifer depth. In particular, water will be low in salts if itpasses through poorly soluble soils, followsshort distances, and flows only for a shorttime. In contrast, water will be rich in salts ifit passes through soluble soils (e.g. carbonate rocks) or remains in the subsoil for a longtime. (O. De Giglioet al.)
· Climate effects
Seasonal variation and climatic factorsaffect the quality and quantity of groundwater. Changes in groundwater recharge ratecaused by seasonal variation also affect theconcentration of water parameters.Under normal environmental conditions(for example, in the absence of heavy rain)microorganisms are retained efficiently by thesoil and are only detectable in trace amountsin groundwater. Serious weather events,including high-intensity rain or drought,can greatly influence the water quality, contributing to the dissemination ofpathogenic microorganisms to geographicareas in which they were previously absent.In certain regions, recent climate changeshave led to a “tropicalizat ion” of rainconsisting of uneven rainfall distributionthroughout the year and large and intenserains. As a result, gastrointestinal diseasesare increasing, depending on temperatureand soil overflow, causing the contaminationof coastal waters and inland surfaces water. Global climate change also influences theavailability of water: poor rain and an alteredrainfall distribution during the year cause asignificant reduction in the flow of water foraquifer recharge and for irrigation. Inparticular, in some coastal areas, decreasedgroundwater resources and their depletionby humans have caused marine intrusion.This increases the risk of microbiologicalcontamination and of salinization of water.Some authors report that high salinity is associated with a remarkable increase inbicarbonate content during the crop-growingseason because of more intense biologicalactivity in irrigated soils.
· Anthropogenic influences 
Human activities can cause contaminationof aquifers, resulting both from industrialactivities (including uncontrolled dischargesof potentially toxic chemical substances, processing residues, and waste) and agricultural activities (including the use of herbicides, antiparasitics, and pesticides). In particular, intensive agriculture is often inadequate for the characteristics of the area and the chosen produce, creating a substantial increase of nitrates, which are usually present in low quantities in groundwater. Although nitrogen is a vital nutritive element for the growth of plants, it can be harmful to humans and to the environment in high concentrations. In Europe, Directive 91/676/CEE regulating the use of nitrates aims to prevent pollution of groundwater and surface water caused by agricultural nitrates and to facilitate the use of correct practices. Furthermore, herbicides and pesticides, which are mainly used in agriculture to kill fungi, weeds, parasites and insects, arecombined with the fertilization procedureand are often overused. These substancesare harmful and dangerous when used in excessive amounts because they overflow the soil and reach surface water and groundwater. The presence of these contaminants in groundwater is affected not only by theirphysicochemical properties (includingbiodegradability, potential for absorption, andsolubility) but also by climatic, hydrologicaland agricultural conditions.The intensive raising of livestock inconfined areas can also contribute togroundwater contamination through animalmanure discharged on areas overlyingaquifers. In some regions, it is still customaryto spread manure on the ground to fertilize itand make it more productive. Regrettably, thisturns the nitrogen contained in the manureinto nitrate, contaminating the underlyingaquifers, especially when the soil temperatureexceeds 5°. Additionally, the amount ofnitrogen in groundwater from livestockwaste or chemical fertilizers increases whenoverlain by permeable soil.
Another consequence of human activity is deforestation in favor of agricultural crops, Groundwater quality overgrazing, and, more recently, photovoltaic systems. This causes soil to become more easily erodible, as it is not protected from the washing action of surface water, increasing the frequency of natural disasters, such as floods, and causing drastic variations of hydrological characteristics.

2.6 WATER POLLUTION & THEIR SOURCES
Water is said to be polluted when its quality is degraded as a result of man’s activities to an extent that it becomes less suitable for its intended use (Chapman, 1992). The foreign substances that impair or degrade the water quality are referred to as pollutants and may be of organic, inorganic, biological or physical origin. The deleterious effect of pollutions include harm to human health, hindrance to aquatic activities and the inability of the water to support agriculture, industrial and other related economic activities. A noted source of pollution in groundwater supplies is the latrine/septic tank, causing an increase in biochemical oxygen demand BOD, chemical oxygen demandCOD, nitrate, inorganic chemicals and pathogens thus leading to outbreak of diseases common in developing nations like Africa, Asia and South America (Chapman, 1992). Sangodoyin (1993) observed that the unsanitary mode of disposal of wastes, such as defecation in streams and the dumping of refuse in pits, rivers and drainage channels as seen in most Nigerian urban settlements, could be expected to affect surface and groundwater quality. The degree of pollution (contamination) will depend on the efficiency of the waste disposal methods, safety of land use patterns, density of disposal systems in an area, composition of waste and soil and a number of other site-specific information. Well liming eliminates contamination and hence improves water quality (Sangodoyin, 1993).
Industrial waste disposal method of discharging effluents unto land, stream and sanitation sewers also have potential of polluting ground water. Other sources of groundwater pollution include tank and pipeline leakage and mining activities. Oil and gas production is often accompanied by substantial discharges of wastewater called brine, which is disposed of using methods such as abandoned pits, evaporation ponds and streams. These methods have the potential of polluting aquifers with brine, leading to an increase in sodium, calcium, ammonia, boron, chlorides, sulfates, trace metals and substantial amounts of total solids (Chapman, 1992). Agricultural sources of pollution include irrigation with a lot of return flow back into the ground (Ogedengbe, 1980). The possible effect on the ground water include an increase in ground water salinity, due to inadequate drainage and direct evapotranspiration of irrigation return flow from soils whose salinity has been increased by salts from fertilizers (Todd, 1980; Chapman, 1992). Others include animal waste from animal pens and slaughter houses where they are confined for purposes of meat and milk production and may carry through storm run-offs, significant amounts of nitrates, salts, organic loads and bacteria to surface and sub-surface water (Sangodoyin and Agbawhe, 1991). Agrochemicals such as fertilizer, pesticides and insecticides also pollute ground water. Nitrate based fertilizers are a significant contribution to groundwater pollution. This is because nitrogen in solution is neither fully utilized by plants nor absorbed by the soils. Stock piles of solid materials from construction sites, individual’s plants residue are potential groundwater pollutants when precipitation falls on these piles, causing a leaching of heavy metals, salts and other organic and inorganic constituents. Sangodoyin (1987) gave the following considerations as a way of reducing groundwater contamination or pollution:
1. A well should be sited uphill of a polluting source. This is with a view to diverting to drain from the well into a polluting source rather than converse.
2. The distance between a well and a polluting source should not less than 30 m (100 feet).
3. Well construction should start towards the end of the dry season.

2.7 WATER & HUMAN HEALTH
Water is essential to sustain life, and a satisfactory supply must be made available to consumers. Every effort should be made to achieve a drinking water quality as high as practicable. But today one of the major problems of drinking water is that water is not safe. The health problem associated with unclean water enormous of the 3.4 million people killed each year by water-related diseases, 2.1 millions mostly children are die from diarrhea disease stemming from lack of access to safe water, inadequate sanitation and poor hygienic. Water borne diseases are any illness caused by drinking water contaminated by human or animal faces, which contain pathogenic microorganisms. The full picture of water associated diseases is complex for a number of reasons. Over the past decades, the picture of water related human health issues has become increasingly comprehensive, with the emergence of new water related infection diseases and the reemergence of one’s already known. The burden of several diseases group can be only attributed to water determinants. Everywhere, water plays an important role in the ecology of diseases. In developing countries four-fifth of all the illnesses are caused by water. Diarrhea is being the leading cause of childhood death. Safe water in sufficient qualities is required for the fundamental to human health. Safe water and sanitation shape health through potable water supply, safe food, preparation, hygiene, better nutrition and relaxation. The global picture of water highlights that health has a strong dimension with some 1.1billions people still lacking access to improved drinking water sources and some 2.4 billion to adequate sanitation. Today, we have strong evidence that water sanitation and hygiene related diseases amount for some 22, 13,000 deaths, annually and loss of 82,196,000 disability adjusted life years. Poor environmental sanitation and water quality play a significant role in spreading infectious diseases. According to UNICEF 2005 about 4 billion cases of diarrhea per year cause 2.2 million Deaths, with majority of the victims being below five years of age indicating that there is a significant relationship between drinking water quality and child mortality rate. This has been the cause of many dramatic outbreaks of fecal-oral diseases such as cholera and typhoid. However, there are many other ways in which fecal material can reach the mouth, for instance on the hands or on contaminated food. In general contaminated food is the single most common way in which people become infected. 
Safe drinking water is one of the most important indicators of food absorption. Many Water-borne infections spread due to use of unsafe drinking water. Worldwide, about 2.3 billion people suffer from diseases that are linked to water problems. Water related diseases kill millions of people each year, prevent millions more from leading healthy lives and undermine development efforts. Nearly half of the urban residents in Africa, Asia and Latin America suffer from one or more of the main diseases associated with the inadequate provision of water and sanitation. Thus, it needs to be remembered that the augmentation of water supply alone does not ensure good health, proper handling of water and prevention of contaminations are equally important. 




2.8WATER QUALITY INDICATORS
Water quality indicators are laboratory test methodologies to assess suitability of water for use. Tests selected and desire test results vary with the intended use or discharge location. Test measure physical, chemical and biological characteristics of water.
2.9 MICROBIAL QUALITY:
Safe guarding the microbial quality of drinking water is said by the experts to be the most important objective, even ahead of its physical and chemical quality, since water represents an obvious mode of transmission of enteric diseases (Bland, 1980; Skinner and Shecon, 1997). According to the WHO (1971), the greatest danger associated with drinking water is contamination by sewage, human and animal excreta. Microbial qualify is determined using various methods of bacterialexamination. The indication organism’s method as invented by Percy Frankland in London in 1981 isbasically the concept of using organisms usually abundant in human and animal excrement, as evidence of contamination and possible presence of other potentially dangerous microorganisms (WHO, 1984).
The use of indicator organisms for determination of the microbial quality of water saves the time, labor and expenses involved in attempting to test for all pathogens that a water sample might possible contain. For an organism to be ideal for use as an indicator, it must meet the following criteria:
1. The method of isolation, identification and enumerationshould be simple and unambiguous.
2. It should be resistant to chlorine and have a highersurvival rate in water than pathogens.
3. It should be more neutral than all pathogens in theenvironment.
The significant that can be attached to the presence orabsence of a particular fecal indicator varies with eachbe specifically associated with faeces (WHO, 1984). The WHO (1984) recommended standards for testing contamination during transportation o3r storage is an MPN count of less than 10 per 100 ml for total  coli forms and2.5 per 100 ml for E. coli.The body also recommends that the widespread offaecal contamination in developing countries, the nation surveillance agency should set medium term targets for the progressive improvement of water supplies.
2.10 PHYSIOCHEMICAL QUALITY: 
The term physicochemical quality is used in reference tothe characteristics of water which may affect itsacceptability due to aesthetic considerations such ascolour and taste; produce toxicity reactions, unexpectedphysiological responses of laxative effect, andobjectionable effects during normal use such as curdyprecipitates (WHO, 1995).
· Taste and odour: 
Taste and odour depend on thestimulation of the human receptor cells, which are locatedin the taste-buds for taste and nasal cavity for odour(WHO, 1984). Taste and odour are complimentary, forexample when tasting water; both the olfactory andgustatory nerves are active. In all taste it is actuallyflavor that is being measured flavor refers to the combination of taste, odour, temperature and feel. Theclose association between taste and odour may beillustrated by the lack of flavour of many food substances,when the sense of smell is lost during a head cold(Emslie-smith, 1988).Taste and odour problems account for the largestsingle class of consumer complaints in drinking watersupplies, due to the water source, the treatment method,distribution system or a combination of all three (WHO,1984). Taste in drinking water is measured by taste testssuch as the threshold test or taste rating tests. The odourtests are carried out for odour in drinking water.The sense of smell is more sensitive than the best analytical method, for example the guideline for cyanidein drinking water would be 1/100th of the present limit ifbased on the odour threshold of 0.001 mg/l (WHO, 1984).Factors affecting taste and odour include:
· Temperature
The growth rate of microorganisms, someof which produce bad tasting metabolites is positivelyassociated with temperature. The odour of substance isalso temperature influenced because of relationshipbetween Water temperature varies with season, elevation, geographic location, and climatic conditions and is influenced by stream flow, streamside vegetation, groundwater inputs, and water effluent from industrial activities. Water temperatures rise when streamside vegetation is removed. When entire forest canopies were removed, temperatures in Pacific Northwest streams increased up to 80°C above the previous highest temperature. Water temperature also increases when warm water is discharged into streams from industries.eenodour and vapor pressure, therefore odour measurement usually specify temperature.
· pH
pH is a measure used to indicate degree of acidity of a water solution. The pH scale ranges from 0 to 14. A pH of 7 is considered neutral, with values less than 7 being acidic, and values greater than 7 being basic. Low pH values are found in natural waters rich in dissolved organic matter. The tannic acid released from the decomposition of vegetation causes the tea coloration of the water and low pH. High pH values in lakes during warmer months are associated with high plant densities. The relationship between photosynthesis and daily pH cycles is well established.
Photosynthesis consumes carbon dioxide during the day, which results in a rise in pH.In the dark, phytoplankton respiration releases carbon dioxide which forms a weak acid in the water. In productive lakes, carbon dioxide decreases to very low levels, causing the pH to rise to 9-10 SU. Continuous flushing in streams prevents the development of significant phytoplankton populations and the resultant chemical changes in water quality. A range of potential water quality problems such as mining and farming runoff can cause changes to pH. Extremes of pH (less than 6.5 or greater than 9) can be toxic to aquatic organisms.pH influences the taste and odour of a substancesignificantly, especially when it controls the equilibriumconcentration of the neutral and ionized forms of asubstance in solution. The average threshold increases from 0.075 to 0.450 mg/l as the pH increases from 5.0 to9.0 (WHO, 1984).
· Residual chlorine
A balance is sought such that thelevel of residual chlorine is high enough for microbialsafety without leaving an objectionable taste in drinkingwater.
· Total dissolved solids (TDS)
All natural waters contain some dissolved solids due to the dissolution and weathering of rock and soil. Dissolved solids are determined by evaporating a known volume of water and weighing the residue. Some but not the entire dissolved solids act as conductors and contribute to conductance. Waters with high total dissolved solids (TDS) are unpalatable and potentially unhealthy. Water treatment plants use flocculants to aggregate suspended and dissolved solids into particles large enough to settle out of the water column in settling tanks. A flocculent is a chemical that uses double-layer kinetics to attract charged particles. Total Dissolved solidscomprise of organic matter and inorganic salts, whichmay originate from sources such as sewage, effluentdischarge, and urban run-off or from natural bicarbonates,chlorides, sulphate, nitrate, sodium, potassium, calciumand magnesium. The major determinant of the TDS levelin water is the geochemical characteristics of the groundit comes in contact with, for example granite and siliconsands, and well leached soils have TDS less than 360mg/l, the WHO (1984) gave the palatability of drinkingwater according to its TDS level with rating given byBruvoldas less than 500 mg/l s excellent level andgreater than 1700 mg/l as unacceptable. TDS isrelated to other water quality parameters like hardness, which may occur if the high TDS content is due to the presence of carbonates.
· Turbidity
Turbidity is an expression of certain lightscattering and light absorbing properties of the watersample caused by the presence of clay, silt, suspendedmatter, colloidal particles, plankton and other microorganisms (WHO, 1984). Turbidity can be measured byturbidity and nephelometry. Turbidity of water affectsother water quality parameters such as colour, when it isimparted by colloidal particles. It also promotes themicrobial proliferation, thus affecting negatively themicrobiological quality of water. It also affects the chemical quality of drinking water through the formation of complexes between the turbidity causing humic matterand heavy metals (WHO, 1984).
· Colour
Colour in drinking water is caused by thepresences of coloured organic substances, usuallyhumic, which originate from the decay of vegetation inorganism and with the degree to which that organism can surface water. Iron and manganese also give water a redand blue colour respectively by the action of bacteria,which oxidize them to their ferric and manganic oxidesrespectively. Colour is measured by visual comparison ofthe sample with platinum cabalt standards where one unitof colour is that produce by 1 mg/l platinum ofchloraplatinate ion.


· Dissolve oxygen
Fish and other aquatic animals depend on dissolved oxygen (the oxygen present in water) to live. The amount of dissolved oxygen in streams is dependent on the water temperature, the quantity of sediment in the stream, the amount of oxygen taken out of the system by respiring and decaying organisms, and the amount of oxygen put back into the system by photosynthesizing plants, stream flow, and aeration. Dissolved oxygen is measured in milligrams per liter (mg/l) or parts per million (ppm). The temperature of stream water influences the amount of dissolved oxygen present; less oxygen dissolves in warm water than cold water. For this reason, there is cause for concern for streams withwarm water. Trout need DO levels in excess of 8 mg/liter, striped bass prefer DO levelsabove 5 mg/l, and most warm water fish need DO in excess of 2 mg/l.The level of dissolved oxygen in wateris used as an indication of pollution and its potability. Thisthus forms a key test in water pollution control activitiesand waste treatment process control activities and wastetreatment process control. The recommended guidelinevalue for drinking water is a level not below 8 mg/l (WHO, 1984). Lower levels indicate microbial contamination orcorrosion.

· Biochemical Oxygen Demand (BOD)/Chemical Oxygen Demand (COD)
Natural organic detritus and organic waste from waste water treatment plants, failing septic systems, and agricultural and urban runoff, acts as a food source for water-borne bacteria. Bacteria decompose these organic materials using dissolved oxygen, thus reducing the DO present for fish. Biochemical oxygen demand (BOD) is a measure of the amount of oxygen that bacteria will consume while decomposing organic matter under aerobic conditions. Biochemical oxygen demand is determined by incubating a sealed sample of water for five days and measuring the loss of oxygen from the beginning to the end of the test. Samples often must be diluted prior to incubation or the bacteria will deplete all of the oxygen in the bottle before the test is complete. The main focus of wastewater treatment plants is to reduce the BOD in the effluent discharged to natural waters. Wastewater treatment plants are designed to function as bacteria farms, where bacteria are fed oxygen and organic waste. The excess bacteria grown in the system are removed as sludge, and this “solid” waste is then disposed of on land.
Chemical oxygen demand (COD) does not differentiate between biologically available and inert organic matter, and it is a measure of the total quantity of oxygen required to oxidize all organic material into carbon dioxide and water. COD values are always greater than BOD values, but COD measurements can be made in a few hours while BOD measurements take five days.
If effluent with high BOD levels is discharged into a stream or river, it will accelerate bacterial growth in the river and consume the oxygen levels in the river. The oxygen may diminish to levels that are lethal for most fish and many aquatic insects. As the river re-aerates due to atmospheric mixing and as algal photosynthesis adds oxygen to the water, the oxygen levels will slowly increase downstream. The drop and rise in DO levels downstream from a source of BOD is called the DO sag curve.
· Hardness
This is simply the resistance of water informing lather with soap. Hard water thus requires aconsiderable amount of soap to produce lather. Theprincipal ions causing hardness are calcium andmagnesium. When the anion is carbonate, it is referred toas temperature, since it can be removed by boiling, unlikewhen the anions are sulfates, chlorides and nitrates.Groundwater is often harder than surface water and mayhave levels up to several thousand mg/L because of ithigh solubilizing potentials, particularly for rockscontaining gypsum, calcite and dolomite. Source ofhardness include sewage and run-off from soilsparticularly limestone formations, building materialscontaining calcium oxide and textile and paper materialscontaining magnesium.

· Alkalinity 
Alkalinity is an index of the buffering capacityof water produced anions of weak acids, like hydroxides,bicarbonates and carbonates. An increase in alkalinitycauses a loss of colour, which is directly proportional tothe alkalinity of the water sample and is usually close toits hardness value.
· Chloride
Chloride occurs in groundwater as a result ofsaline infrusion, brine in oil well operations, sewagedischarge, irrigation water being drained, andcontamination from refuse leachates. The WHO (1984)recommends a guideline value of 250 mg/l any highervalue than 1000 mg/l is an indication of polluted waterwith chloride.
2.11 Toxic Chemicals (Heavy Metals)
Chemical contaminations of drinking water supplies occuralong with contaminants of other inorganic and organicconstituents.
· Nitrates and Nitrites
They are considered togetherbecause conversion from one form to the other occurs inthe environment and the health effects of nitrates aregenerally as a consequence of its ready conversion tonitrites in the body. The WHO (1984) guideline fornitrates in drinking water are typically below 50 mg ofnitrate-N per litre, levels exceeding these are indicative ofpollution. Nitrite levels can be reduced doing watertreatment by the oxidizing effects of chlorine.

· Lead
Lead is a natural constituent of the earth crust atan average concentration of about 16 mg/kg. Lead levelsin drinking water are relatively low, because convectionalwater treatment procedures remove a significant amountof lead. Low pH and softness increases lead content ofwater by promotion corrosion. The maximum intake oflead from food, air and water is 3 mg/week (0.05 mg/kg ofbody weight) for adults (WHO, 1984).
· Iron
Iron is the most abundant element by weight in thecrust, it occurs in water in its ferric and ferrous states,particularly in well-aerated conditions. Rock and mineraldissolution acid mine drainage, land fill leachates,sewage and iron related industries are causes of highiron levels in groundwater, lakes and reservoirs,particularly where reducing conditions are present (Okun,1983).
· Others
Other toxic chemicals include Ammonia in no ionizedform (NH3) and ionized form (NH4+); arsenic,asbestos, barium, boron, cadmium, chromium, copperand aluminum. Others include fluoride, mercury andorganic contaminants.
2.12WATER QUALITY STANDARD IN NIGERIA
In 2005, the National Council on Water Resources (NCWR) recognized the need to urgently Establish acceptable Nigerian Standard for Drinking Water Quality because it was observed that the “Nigerian Industrial Standard for Potable Water” developed by Standards Organisation of Nigeria and the “National Guidelines and Standards for Water Quality in Nigeria” developed by Federal Ministry of Environment did not receive a wide acceptance by all stakeholders in the country. Since water quality issues are health related issues, the Federal Ministry of Health, collaborating with the Standards Organisation of Nigeria (the only body responsible for developing National Standards in Nigeria) and working through a technical committee of key stakeholders developed this Standard. The Nigerian Standard for Drinking Water Quality covers all drinking water except mineral water and packaged water. The standard applies to:
· Drinking water supplied by State Water Agencies,
· Drinking water supplied by community managed drinking water systems 
· Drinking water supplied by water vendors and water tankers Drinking water used in public orprivately owned establishments
· Drinking water used in food processing by manufacturers.
 Drinking water from privately owned drinking water system and use solely for the family residence Mineral water and packaged water shall comply with Nigerian Industrial Standards for Natural Mineral Water (NIS 345:2003) and Potable Water (NIS 306:2004) and used for regulation and certification by the National Agency for Food and Drug administration and Control and SON respectively (It is important to mention here that the standards for mineral water and packaged water have different allowable limits for various parameters presented here).

2.13Drinking Water Quality 
In preparing the following table of parameters and maximum permitted limits, care has been taken to ensure that flexibility is carefully managed and balanced taking into consideration water system economic viability without unduly compromising the health of the consumers. The substances in Nigerian Standard for Drinking Water Quality are simply divided into physical / Organoleptic, chemical organic and inorganic constituents, and microbiological parameters. 
All drinking water shall at any time meet the minimum requirements set out in Table1, Table 2 and Table 3. All water sources intended for human consumption shall comply with Nigerian Standards for Drinking Water Quality and shall receive authorization from Ministry of Health before being supplied to the population.
2.14Parameters and Maximum Allowable Limits 
Table 1:  PHYSICAL / ORGANOLEPTIC PARAMETERS
	Parameter 

	Unit 
	Maximum permitted         levels
	Health impacts

	Colour
	TCU
	15
	None 

	Odour
	_
	Unobjectionable 
	None 

	Taste 
	_
	Unobjectionable 
	None 

	Temperature 
	Celsius
	Ambient
	None 

	Turbidity 
	NTU
	5
	None 


Key word: NTU- Nephelometric Turbidity
TCU- Transmission control unit




2.15Chemical Parameters
Table 2: INORGANIC CONSTITUENTS 
	Parameters 
	Unit 
	Maximum permitted level
	Health impact

	Aluminum (A)
	Mg/L
	0.2
	Potential Neuro-degenerative disorders 


	Arsenic (As)
	Mg/L
	0.01
	Cancer 

	Barium 
	Mg/L
	0.7
	Hypertension 

	Cadmium(Cd)
	Mg/L
	0.003
	Toxic to the kidney

	Chloride (Cl)
	Mg/L
	250
	None 

	Chromium(Cr6+)
	Mg/L
	0.05
	Cancer 

	Conductivity 
	UL/cm
	1000
	None 

	Copper(Cu+2)
	Mg/L
	1
	Gastrointestinal disorder, 

	Cyanide(CN-)
	Mg/L
	0.01
	Very toxic to the thyroid and the nervous system 

	Fluoride(F-)
	Mg/L
	1.5
	Fluorosis, Skeletal tissue (bones and teeth) morbidity 

	Hardness as (CaCO3)
	Mg/L
	150
	None 

	Hydrogen sulphide (H2s)
	Mg/L
	150
	None 

	Iron(fe+2)
	Mg/L
	0.3
	None

	Lead(pb)
	Mg/L
	0.01
	Cancer, interference with Vitamin D metabolism, affect mental development in infants, toxic to the central and peripheral nervous systems 

	Magnesium (mg+2)
	Mg/L
	0.20
	Consumer acceptability 

	Maganese (mn+2)
	Mg/L
	0.2
	Neurological disorder 

	Mercury(Hg)
	Mg/L
	0.001
	Affects the kidney and central nervous system 

	Nickel(Ni)
	Mg/L
	0.02
	Possible carcinogenic 

	Nitrate(No2)
	Mg/L
	0.2
	Cyanosis, and asphyxia („blue-baby syndrome”) in infants under 3 months syndrome”) in infants under 3 months 

	Ph
	_
	6.5-8.5
	None 

	Sodium(Na) 
	Mg/L
	200
	None 

	Sulphate(so4)
	Mg/L
	100
	None 

	Total dissolved solids
	Mg/L
	500
	None 

	Zinc(zn)
	Mg/L
	3
	None 



2.16WATER ANALYSES
Water analyses are carried out to identify and quantify the physiochemical, biochemical and microbiological components and properties of water samples. The type of analyses depends on the purpose of the analysis and the anticipated use of water. For the purpose of using water for human consumption the following analysis are carried out.
2.16.0PHYSIOCHEMICAL ANALYSIS
· Chlorine residual
The disinfection of drinking-water supplies constitutes an important barrieragainst waterborne diseases. Although various disinfectants may be used, chlorinein one form or another is the principal disinfecting agent employed in smallcommunities in most countries.Chlorine has a number of advantages as a disinfectant, including its relativecheapness, efficacy, and ease of measurement, both in laboratories and in thefield. An important additional advantage over some other disinfectants is thatchlorine leaves a disinfectant residual that assists in preventing recontaminationduring distribution, transport, and household storage of water. The absence of achlorine residual in the distribution system may, in certain circumstances, indicatethe possibility of post-treatment contamination.Three types of chlorine residual may be measured: free chlorine (the mostreactive species, i.e. hypochlorous acid and the hypochlorite ion); combined chlorine (less reactive but more persistent species formed by the reaction of freechlorine species with organic material and ammonia); and total chlorine(the sumof the free and combined chlorine residuals). Free chlorine is unstable in aqueoussolution, and the chlorine content of water samples may decrease rapidly, particularly at warm temperatures. Exposure to strong light or agitation will acceleratethe rate of loss of free chlorine. Water samples should therefore be analyzed forfree chlorine immediately on sampling and not stored for later testing. The method recommended for the analysis of chlorine residual in drinkingwateremploys N,N-diethyl-p-phenylenediamine, more commonly referred to as DPD. Methods in which o-tolidine is employed were formerly recommended,but this substance is a recognized carcinogen, and the method is inaccurate andshould not be used. Analysis using starch–potassium iodide is not specific for freechlorine, but measures directly the total of free and combined chlorine; themethod is not recommended except in countries where it is impossible to obtainor prepare DPD.
· pH
It is important to measure pH at the same time as chlorine residual since theefficacy of disinfection with chlorine is highly pH-dependent: where the pHexceeds 8.0, disinfection is less effective. To check that the pH is in the optimalrange for disinfection with chlorine (less than 8.0), simple tests may be conductedin the field using comparators such as that used for chlorine residual. With somechlorine comparators, it is possible to measure pH and chlorine residual simultaneously.Alternatively, portable pH electrodes and meters are available. If theseare used in the laboratory, they must be calibrated against fresh pH standards atleast daily; for field use, they should be calibrated immediately before each test.Results may be inaccurate if the water has a low buffering capacity.

· Turbidity
Turbidity is important because it affects both the acceptability of water toconsumers, and the selection and efficiency of treatment processes, particularlythe efficiency of disinfection with chlorine since it exerts a chlorine demand andprotects microorganisms and may also stimulate the growth of bacteria. In all processes in which disinfection is used, the turbidity must always below—preferably below 1 NTU or JTU (these units are interchangeable in practice).It is recommended that, for water to be disinfected, the turbidity should beconsistently less than 5 NTU or JTU and ideally have a median value of less than1 NTU.
Turbidity may change during sample transit and storage, and should thereforebe measured on site at the time of sampling. This can be done by means ofelectronic meters (which are essential for the measurement of turbidities below5 NTU). For the monitoring of small-community water supplies, however,high sensitivity is not essential, and visual methods that employ extinction andare capable of measuring turbidities of 5 NTU and above are adequate. These relyon robust, low-cost equipment that does not require batteries and is readilytransportable in the field, and are therefore generally preferred.
· Aesthetic parameters
Aesthetic parameters are those detectable by the senses, namely turbidity, colour,taste, and odour. They are important in monitoring community water suppliesbecause they may cause the water supply to be rejected and alternative (possiblypoorer-quality) sources to be adopted, and they are simple and inexpensive tomonitor qualitatively in the field.




· Colour
Colour in drinking-water may be due to the presence of coloured organic matter,e.g. humic substances, metals such as iron and manganese, or highly colouredindustrial wastes. Drinking-water should be colourless. For the purposes of surveillance of community water supplies, it is useful simply to note the presenceor absence of observable colour at the time of sampling. Changes in the colour ofwater and the appearance of new colors serve as indicators that further investigationis needed.
· Taste and odour
Odors in water are caused mainly by the presence of organic substances. Someodors are indicative of increased biological activity, others may result fromindustrial pollution. Sanitary inspections should always include the investigationof possible or existing sources of odour, and attempts should always be made tocorrect an odour problem. Taste problems (which are sometimes grouped withodour problems) usually account for the largest single category of consumercomplaints.
Generally, the taste buds in the oral cavity detect the inorganic compoundsof metals such as magnesium, calcium, sodium, copper, iron, and zinc. As watershould be free of objectionable taste and odour, it should not be offensive to themajority of the consumers. If the sampling officer has reason to suspect thepresence of harmful contaminants in the supply, it is advisable to avoid directtasting and swallowing of the water.





2.17 OTHER ANALYSIS OF RELEVANCE TO HEALTH
Although the great majority of quality problems with community drinking-waterare related to faecal contamination, a significant number of serious problemsmay occur as a result of chemical contamination from a variety of natural andman-made sources. In order to establish whether such problems exist, chemicalanalyses must be undertaken. However, it would be extremely costly to undertakethe determination of a wide range of parameters on a regular basis, particularly inthe case of supplies that serve small numbers of people. Fortunately, such parameterstend be less variable in source waters than faecal contamination, so thatalternative strategies can be employed.
The range of health-related parameters may include:
· fluoride (where it is known to occur naturally)
· nitrate (where intensification of farming has led to elevated levels ingroundwater)
· lead (in areas where it has been used in plumbing)
· chromium (e.g. in areas where it is mined)
· arsenic (in areas where it is known to occur naturally)
· Pesticides (where local practices and use indicate that high levels arelikely).
If these or any other chemicals of health significance are thought tobe present, they should be monitored and the results examined in the light ofthe Nigeria water quality guideline values and any relevant national standards.Some health-related parameters may be measured in community supplies bymeans of portable test kits based on conventional titrations, comparators, orphotometers. If this is done, the reagents must be of high quality and carefullystandardized. Other parameters require conventional laboratory analysis byspectrophotometry, atomic absorption spectroscopy, or chromatography, using standard methods





















CHAPTER THREE
MATERIALS & METHODS
3.1 SAMPLE LOCATIONS 
The researcher went to the location of target to observe, take notes and collect the water samples. Water samples were collected using sterilized 1.5liter of plastic bottles. The water samples were collected directly from the tankers and transferred to the laboratory at about270C within 30 minutes.
4.0 Sample information
Table 3: sample information
	Samples
	Sample collection locations
	Tanker water sources

	1
	Abakpa
	9th mile borehole

	2
	Abakpa
	9th mile borehole

	3
	Abakpa
	9th mile borehole

	4
	Abakpa
	9th mile borehole

	5
	Abakpa
	9th mile borehole

	6
	Trans ekulu
	9th mile borehole

	7
	Trans ekulu
	9th mile borehole

	8
	Trans ekeulu
	9th mile borehole

	9
	Trans ekulu
	9th mile borehole

	10
	T-junction
	MYC water borehole

	11
	T- junction
	MYC water borehole

	12
	T-junction
	MYC water borehole

	13
	T-junction
	MYC water borehole

	14
	T-junction
	MYC water borehole

	15
	Old Artisan
	Ninth mile borehole

	16
	Old Artisan
	9th mile borehole

	17
	Atizan
	9th mile borehole

	18
	Atizan
	9th mile borehole

	19
	New haven
	9th mile borehole

	20
	Independence layout
	9th mile borehole



APPARATUS
Lovibon vessel
Colour disc (Hazen disc)
Conductivity meter
Glass electrode
pH meter (electrometric)
Measuring cylinder
Beakers
Hot plate
Filter paper
Petri-dishes
Hand gloves 
Pipette
Atomic Absorption Spectrophotometer (AAS)

REAGENTS
O-Tulidine
Potassium chloride
3.2 METHODS OF ANALYSIS
Analysis of the water samples were carried out in three different categories namely;
1) Physiochemical analysis
2) Biochemical analysis
The physical analysis was done by using physical analytical equipment.
Some biochemical analysis was done by analytical equipment, while metal analysis was done with the aid of spectron 20 machine.

\


3.3 PHYSIO-CHEMICAL ANALYSIS FOR WATER
3.3.0 Determination of pH
Procedure:
 pH was measured by removing the electrode from storage solution, rinsed and  blot dry with soft tissues, the electrode was placed in the initial potassium chloride and the pH was standardized according to manufacturer’s instructions. The pH of the sample was determined after establishing the =1. Stir the sample gently while measuring pH to insure homogeneity.
3.3.1 Determination of Taste
Procedure:
The taste of the water samples were determined using the taste buds in mouth.

3.3.2 Determination of odour
Procedure:
The odour of the water samples was determined using one of the sense organ which is the nose.

3.3.3 Determination of colour
Procedures:
The colour of the water samples was determined using a Hanzen disc comparator

3.3.4Determination of Electrical Conductivity (EC)
Procedure:
The electrical conductivity of the samples was determined using the conductivity meter (DDS-307A Conductivity meter). (APHA1998).
Conductivity is measured with a probe and a meter. A voltage is applied between the two electrodes in the probe immersed in the sample of water. The drop in the voltage caused by the resistance of the water is used to calculate the productivity per centimeter.
Conductivity (G), resistivity(R) is determined from the voltage and current values according to ohm’s law.
That is R= V/I 
               G=I/R   =I/V
Where G= Conductivity
             I= Current
            V= Voltage
The meter converts the probe measurement to micro mhos per centimeter and displays the result for the user. 

3.3.5Determination of Temperature
Procedure:
The temperature of the samples was determined using the conductivity meter (DDS-307A Conductivity meter). (APHA1998).
The temperature was determined using the conductivity meter by switching the conductivity to temperature using the switch button on the meter. Temperature is measured with a probe and a meter. 


3.3.6Determination of Turbidity
Procedure:
The nephelometer was calibrated according to operating instructions. The samples were agitated until air bubbles disappeared and was poured into the cell. The results was display directly on the turbidity meter.
3.3.7Determinationof Fluoride	
Fluoride was determined using Nice water testing commercial kit.
Procedure:
5ml of water sample was measured in the test tube, 5 drops of Fluoride reagent –1  (F-1) was added and well mixed with continuous shaking, thecolourthat forms is compared with the Fluoride colour chart and record for Fluoride value.
3.3.8Determination of Total Hardness	
Total Hardness was determined using Nice water testing commercial kit.
 Procedures:
25ml of water sample was measured in the test bottle, 10m drops of Total Hardness reagent – 2 (TH-2) was added and thoroughly mixfollowed by fewspecs of Total Hardness reagent- 1(TH-1) with continuous shaking until distinct pink colour develops.
For soft water, Total Hardness reagent – 4 (TH-4), was added drop by drop until the colour changes from pink to blue.
Count the number of drops of TH-4 required for colour change.
Total Hardness = no. of drops x 2
3.3.9 Determinationof Chlorine and Residual Chlorine	
Chlorine and Residual Chlorine was determined using Nice water testing commercial kit.

Procedure:
25ml of water sample was measured in the test bottle, 5 drops of Chloride reagent –1 (Cl-1) was added and well mixed with continuous shaking until distinct yellowcolour develops. Chloride reagent – 2 (Cl-2), was added drop by drop until the colour changes from yellow to red.
Count the number of drops of Cl-2 required for colour change.
Chloride (as Cl), mg/l = no. of drops x 10
3.4HEAVY METAL ANALYSIS
Heavy metal analysis was conducted using Varian AA240 Atomic Absorption Spectrophometer according to the method of APHA 1995 (American Public Health Association)
· Working principle: Atomic absorption spectrometer's working principle is based on the sample being aspirated into the flame and atomized when the AAS's light beam is directed through the flame into the monochromator, and onto the detector that measures the amount of light absorbed by the atomized element in the flame. Since metals have their own characteristic absorption wavelength, a source lamp composed of that element is used, making the method relatively free from spectral or radiational interferences. The amount of energy ofthe characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample.


CHAPTER FOUR
	
	General appearance
	Taste
	Odour
	pH
	Temperature
	Residual Chlorine
(mg/l)
	Total Dissolved Solid
(mg/l)
	Turbidity
(NTU)
	Conductivity
µs/cm
	Colour
(Hz)
	Total Hardness
(mg/l)
	Chlorine
(mg/l)
	Fluoride
(mg/l)

	1
	clear
	ok
	odour free
	3.09
	27.1
	0.00
	0.81
	16
	0.41
	1
	60
	40
	1

	2
	clear
	ok
	odour free
	2.60
	27.5
	0.00
	8.92
	67
	4.45
	1
	30
	70
	1

	3
	clear
	ok
	odour free
	3.41
	27.4
	0.00
	8.77
	59
	4.38
	1
	50
	60
	1

	4
	clear
	ok
	odour free
	4.06
	27.7
	0.00
	6.40
	17
	0.82
	1
	40
	60
	1.5

	5
	clear
	ok
	odour free
	4.00
	27.4
	0.00
	8.84
	55
	4.42
	1
	42
	60
	1.5

	6
	clear
	ok
	Odour
	4.74
	27.4
	0.00
	9.06
	44
	4.52
	1
	20
	40
	2

	7
	clear
	ok
	odour free
	4.57
	27.5
	0.00
	1.43
	10
	0.72
	1
	60
	60
	2

	8
	clear
	ok
	odour free
	2.75
	27.5
	0.00
	8.76
	59
	4.39
	1
	30
	60
	0.0

	9
	clear
	ok
	odour free
	4.51
	27.4
	0.00
	1.81
	22
	0.90
	1
	50
	30
	1.5

	10
	clear
	ok
	odour free
	2.98
	27.6
	0.00
	9.19
	32
	4.59
	1
	40
	60
	0.0

	11
	clear
	ok
	odour free
	4.00
	27.5
	0.00
	9.20
	50
	0.80
	1
	50
	40
	1.5

	12
	clear
	ok
	Odour
	4.00
	27.4
	0.00
	1.41
	17
	0.92
	1
	30
	60
	1

	13
	clear
	ok
	odour free
	3.07
	27.7
	0.00
	6.47
	30
	4.30
	1
	40
	60
	1

	14
	clear
	ok
	odour free
	3.51
	27.7
	0.00
	0.82
	15
	0.62
	1
	42
	70
	1

	15
	clear
	ok
	odour free
	4.84
	27.7
	0.00
	6.46
	68
	0.41
	1
	30
	40
	1

	16
	clear
	ok
	odour free
	2.92
	27.1
	0.00
	1.86
	56
	5.52
	1
	40
	60
	2

	17
	clear
	ok
	odour free
	3.09
	27.6
	0.00
	8.92
	16
	0.50
	1
	50
	30
	2

	18
	clear
	ok
	odour free
	4.51
	27.5
	0.00
	8.70
	34
	6.02
	1
	60
	60
	1.5

	19
	clear
	ok
	odour free
	2.65
	27.6
	0.00
	0.62
	45
	5.60
	1
	20
	60
	1.5

	20
	clear
	ok
	odour free
	2.68
	27.5
	0.00
	8.70
	10
	4.30
	1
	60
	60
	2

	WHO
	clear
	-
	Unobjectionable
	6.5-8.5
	Ambient
	-
	500
	10
	1000
	5-25
	100
	250
	-

	NAFDAC
	clear
	-
	Unobjectionable
	6.5-8.5
	Ambient
	-
	500
	-
	1000
	-
	150
	-
	1.5


RESULTS
4.1 Physiochemical Analysis
 (
Table 4
: Comparing samples physiochemical analysis result with WHO and NAFDAC standard
)








4.2 Heavy metal results
Table 5: Heavy Metals
	
	Lead PPM (mg/l)
	Nickel (mg/l)
	Cadium (mg/l)
	Mercury (mg/l)

	1
	0.25
	0.055
	0.079
	0.00

	2
	0.01
	0.32
	0.041
	0.00

	3
	0.00
	0.00
	0.04
	0.37

	4
	0.00
	0.025
	0.035
	0.188

	5
	0.042
	0.0031
	0.042
	0.417

	6
	0.245
	0.041
	0.052
	0.00

	7
	0.245
	0.00
	0.029
	0.00

	8
	0.245
	0.00
	0.036
	0.00

	9
	0.245
	0.009
	0.048
	0.00

	10
	0.245
	0.033
	0.047
	0.00

	11
	0.1
	0.060
	0.03
	0.30

	12
	0.24
	0.029
	0.042
	0.168

	13
	0.00
	0.038
	0.030
	0.00

	14
	0.245
	0.040
	0.048
	0.00

	15
	0.245
	0.00
	0.003
	0.00

	16
	0.01
	0.040
	0.60
	0.00

	17
	0.245
	0.00
	0.050
	0.318

	18
	0.01
	0.034
	0.032
	0.28

	19
	0.00
	0.00
	0.038
	0.00

	20
	0.245
	0.043
	0.642
	0.00

	WHO
	0.01
	0.003
	0.02
	0.001
	

	NAFDAC
	0.01
	0.003
	0.02
	0.001
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CHAPTER FIVE
5.0 DISCUSSION
In this study water samples were collected from different tankers. Thesamples  were collected in  sterile 1.5 liter bottles. The samples were transferred to the laboratory at about 30 minutes after sample collections. The water samples were immediately analysed to determine the temperature, Ph and electro conductivity. This was done immediately because factors can affect the Ph and temperature of the water samples. A pH meter was used to determine the pH of the water samples, pH was measured by removing the electrode from storage solution, the electrode was then rinsed and blot dried with soft tissues, after which the electrode was placed in the initial potassium chloride and the pH was standardized according to manufacturer’s instructions. The electrode was placed in the sample water and results were obtained. All the water samples had a pH range of (2.60-4.84) as shown in table 4. After the pH was determined the researcher tasted the water samples to determine if the samples had an odd taste. After which the water samples were recorded to taste ok.The odour of the water samples was also determined by using one of the sense organ which is the nose to perceive if the water samples had odour.The colour of the water samples were then determined using a Hanzen disc comparator, the samples were pour into a small beaker using a comparator disc to determine the range of sample colour.The electrical conductivity of the samples was determined using the conductivity meter (DDS-307A Conductivity meter). (APHA1998).The Conductivity was measured with a probe and meter. The water samples were pour into a beaker and the electrode was placed inside the beaker to determine the electro conductivity of the water samplesThe temperature of the samples was determined using the conductivity meter (DDS-307A Conductivity meter). (APHA1998).
The temperature was also determined using the conductivity meter by switching the conductivity to temperature using the switch button on the meter. The water samples were poured into a beaker and the probe was placed inside the beaker, the temperature of the water samples were then recorded. In order to determine the turbidity content of the water samples the nephelometer was calibrated according to operating instructions. The samples were then agitated until air bubbles disappeared and was poured into the cell, the results were displayed directly on the turbidity meter.The Fluoride content of the water samples was determined using the Nice water testing commercial kit.5ml of the water samples was measured in the test tube, 5 drops of Fluoride reagent –1 (F-1) was added and well mixed with continuous shaking, thecolourthat forms isthen compared with the Fluoride colour chart and results for Fluoride value was taken, according to table 3 samples 6,7,16, 17 and 20 were above the WHO and NAFDAC standard for fluoride. For Total Hardness was determined using Nice water testing commercial kit.25ml of water sample was measured into the test bottle, 10m drops of For soft water, Total Hardness reagent – 4 (TH-4), was added drop by drop in a test bottle containing the water samples  until the colour changes from pink to blue. The number of drops of TH-4 required for colour change was counted.Total Hardness = no. of drops x 2. Chlorine and Residual Chlorine was also determined using Nice water testing commercial kit.25ml of water sample was measured in the test bottle, 5 drops of Chloride reagent –1 (Cl-1) was added and well mixed with continuous shaking until distinct yellowcolour develops. For the determination of  heavy metals; the Heavy metal analysis was conducted using Varian AA240 Atomic Absorption Spectrophometer according to the method of APHA 1995 (American Public Health Association).
Also according to the results obtained from various water samples for heavy metal analysis; for Cadium all water samples were above the WHO and NAFDAC control standard,for Lead, samples 1,5,6,7,8,9,10,14,15,17and 20 were above the WHO and NAFDAC control standard and also for Mercury, samples 3,4,5,11,12,17 and 18 were also above the WHO and NAFDAC control standard. 
5.2 RECOMMENDATION
1) It is therefore recommended to the state government that they should create public awareness to educate their citizens on the adverse effects of drinking tanker supplied water could cause on human health.
2) Public water supply by the government should be invested, improved and made available to the citizens, to help eradicate the use of tanker supplied water for crucial domestic use.
3) The government should enforce laws on all tankers to ensure that obtain water from purified sources.
4) More research should be carried out to investigate the possibility of presence microbial contaminant in tanker supplied water.
CONCLUSION
Clean safe and adequate drinking water is vital for the survival of all living organisms and the smooth functioning of ecosystems, communities and economies. Factors affect the quality of water making it unfit for human consumption, purification process can be applied to make this water fit again for consumption.
From the results above, it is observed that the level of some physiochemical and biochemicalparameters was above the WHO and NAFDAC standard for drinking water.
Since the main source of tanker supplied water is borehole, due to some anthropogenic activities that affect the quality of groundwater, tanker water cannot be considered safe for human consumption.
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Physiochemical test: pH and Turbidity for sample 1 - 10
pH	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	 Sample 9	Sample 10	WHO	NAFDAC	3.09	2.6	3.4099999999999997	4.0599999999999996	4	4.74	4.57	2.75	4.51	2.98	8.5	8.5	Turbidity (NTU)	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	 Sample 9	Sample 10	WHO	NAFDAC	16	67	59	17	55	44	10	59	22	32	10	     	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	 Sample 9	Sample 10	WHO	NAFDAC	



Physiochemical test: pH and Turbidity for sample 11 - 20
pH	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	 Sample 19	Sample 20	WHO	NAFDAC	3.09	2.6	3.4099999999999997	4.0599999999999996	4	4.74	4.57	2.75	4.51	2.98	8.5	8.5	Turbidity (NTU)	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	 Sample 19	Sample 20	WHO	NAFDAC	16	67	59	17	55	44	10	59	22	32	10	     	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	 Sample 19	Sample 20	WHO	NAFDAC	



Chart for Heavy metals content of sample 1 - 10
Lead PPM (mg/l)	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	Sample 9	Sample 10	WHO	NAFDAC	0.25	1.0000000000000002E-2	0	0	4.200000000000001E-2	0.24500000000000002	0.24500000000000002	0.24500000000000002	0.24500000000000002	0.24500000000000002	1.0000000000000002E-2	1.0000000000000002E-2	Nickel (mg/l)	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	Sample 9	Sample 10	WHO	NAFDAC	5.5E-2	0.32000000000000006	0	2.5000000000000005E-2	3.1000000000000003E-3	4.1000000000000009E-2	0	0	9.0000000000000011E-3	3.3000000000000002E-2	3.0000000000000005E-3	3.0000000000000005E-3	Cadium (mg/l)	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	Sample 9	Sample 10	WHO	NAFDAC	7.9000000000000015E-2	4.1000000000000009E-2	4.0000000000000008E-2	3.5000000000000003E-2	4.200000000000001E-2	5.2000000000000005E-2	2.9000000000000005E-2	3.6000000000000004E-2	4.8000000000000008E-2	4.7000000000000007E-2	2.0000000000000004E-2	2.0000000000000004E-2	Mercury (mg/l)	Sample 1	Sample 2	Sample 3	Sample 4	Sample 5	Sample 6	Sample 7	Sample 8	Sample 9	Sample 10	WHO	NAFDAC	0	0	0.37000000000000005	0.18800000000000003	0.41700000000000004	0	0	0	0	0	1.0000000000000002E-3	1.0000000000000002E-3	



Chart for Heavy metals content of sample 11 - 20
Lead PPM (mg/l)	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	Sample 19	Sample 20	WHO	NAFDAC	0.1	0.24000000000000002	0	0.24500000000000002	0.24500000000000002	1.0000000000000002E-2	0.24500000000000002	1.0000000000000002E-2	0	0.24500000000000002	1.0000000000000002E-2	1.0000000000000002E-2	Nickel (mg/l)	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	Sample 19	Sample 20	WHO	NAFDAC	6.0000000000000005E-2	2.9000000000000005E-2	3.8000000000000006E-2	4.0000000000000008E-2	0	4.0000000000000008E-2	0	3.4000000000000002E-2	0	4.300000000000001E-2	3.0000000000000005E-3	3.0000000000000005E-3	Cadium (mg/l)	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	Sample 19	Sample 20	WHO	NAFDAC	3.0000000000000002E-2	4.200000000000001E-2	3.0000000000000002E-2	4.8000000000000008E-2	3.0000000000000005E-3	0.60000000000000009	0.05	3.2000000000000001E-2	3.8000000000000006E-2	0.64200000000000013	2.0000000000000004E-2	2.0000000000000004E-2	Mercury (mg/l)	Sample 11	Sample 12	Sample 13	Sample 14	Sample 15	Sample 16	Sample 17	Sample 18	Sample 19	Sample 20	WHO	NAFDAC	0.30000000000000004	0.16800000000000001	0	0	0	0	0.31800000000000006	0.28000000000000003	0	0	1.0000000000000002E-3	1.0000000000000002E-3	



45

