CHAPTER ONE
INTRODUCTION
1.0 INTRODUCTION

The earth is known as the “blue planet” because about 71% of the Earth’s surface is covered with water. Water also exists below land surface and also as vapour in the air. The Earth cleans and replenishes the water supplies through the hydrologic cycle. The Earth has an abundance of water but unfortunately only a small percentage of about 0.3% is usually available for humans. The other 99.7% is in the Oceans, soil, icecaps and floating in the atmosphere. Water is so important because without water there could have been no life on Earth (Mullen, 1984).

Bacterial analysis of drinking water is the battery of tests carried out to detect the presence of bacteria in the water. Bacterial contamination cannot be detected by sight, smell or taste. The only way to know if a water supply contains bacteria is to have it bacteriologically tested. The environmental protection agency (EPA) requires that all public water supply authorities regularly test for Coliform bacteria and only deliver water that meets the EPA standards. At least drinking waters should be tested for bacterial contamination;

· Once a year

· When a catchment is newly constructed

· When an abandoned existing supply is returned to service

· Any time a component of the water supply system is opened 

· Whenever bacterial contamination is suspected (outbreak of water borne disease in a community)


Bacteriological water analysis is based on the identification of Coliform Bacteria in water, which are indicators of pathogenic organisms that cause diseases. The diseases could be intestinal infections, dysentery, hepatitis, typhoid and paratyphoid, cholera, and many other illnesses. However, these illnesses are not limited to disease causing organisms in drinking water. Proper well location and construction are keys to avoiding bacterial contamination of drinking water sources (Miller, 1988).

Clinically significant genera of Enterobacterioceace that contaminate water include; Escheriachia coli, Enterobacter species, Proteus species, Klebseilla species, Shigella species, Salmonella species, Pseudomonas species Citrobacter species, Hafnia species, Serratia species, Providencia species, Edwardseilla species, all of which causes water borne infections to human and even death. The most vulnerable groups are children under 5 years and immune compromised people due to their weak immune systems.

1.1
BACKGROUND INFORMATION

According to a recent UNICEF report, about 800 million people in Asia and Africa are living without access to safe drinking water. Consequently this has caused many people to suffer from various water-borne diseases (Tanwir et al, 2003)


More than 2.2 million people, mostly in developing countries die each year from diseases associated with poor water and sanitation conditions (WHO /UNICEF/NSSCC, 2000) WHO/UNICEF, 2005 also report that 1.1 billion people or 18% of the world’s population lack access to safe drinking water. About 2.6 million or 42% of the total world’s population lack access to basic sanitation.


Every week an estimated 42,000 people die from disease related to law quality drinking water and lack of sanitation over 90% of infections occur. In under 5 years of age (WHO/UNICEF, 2005). Two of the water related diseases; diarrhea and malaria ranked 3rd and 4th places as the cause of death among children under 5 years old, accounting for 17% and 18% respectively of all deaths (WHO, 2005).


According to the report of the United Nations in Iran (OCHA, 2001), the population is exposed to higher risks of enteritis, diarrhea and contagious diseases due to non availability of good drinking water in rural areas.

1.2 STATEMENT OF THE PROBLEM


Human activities in Nkum around catchment areas such as, Habitation, farming, grazing and catchment positions can lead to water contamination which can cause water-borne diseases to the indigenes of Nkum. Equally scarcity of water, overcrowding and low level of hygiene and sanitation also lead to water contamination.


Drinking water quality has always been a major issue in many countries especially developing countries (ALS, 1977). The WHO in it guidelines for drinking water quality publication highlighted at least 17 different and major genus of bacteria that may be found in tap water which are capable of seriously infecting human health (WHO, 2006).  African’s decreasing water supply is being caused by both natural and human factors. Some of the supplies include; Rapid population growth, pollution from pesticides and fertilizers, environmental degradation, waste disposal and surface runoff, which is the case in Nkum.


A similar study was carried out from February 10th to June 12th 2010 in Kumbo and its environs. 17 water sources were analyzed and only 2 were free from bacterial contamination and 15 were contaminated by different species of bacteria yielding a percentage prevalence of 88.2% (Viban, 2010).

Also past statistic in Tatum Health Centre, which is the main health centre in Nkum shows that many patients are diagnosed with water-borne infections or diseases of bacterial origin such as diarrhea, with typhoid and paratyphoid fever giving a percentage prevalence of 56.9% in this 2011, and diseases related to water and poor sanitation like malaria. From the factors enumerated above which could probably lead to bacterial contamination of water sources, there was a need for this research to be carried out.

1.3
 PROJECT DETAILS

1.3.1 GOALS

The goal of this study is to create awareness to the population of Nkum on the dangers of water-borne infections, educate drinking water communities in Nkum on the proper use and treatment of drinking water, and sensitize the communities concerned on proper guides to use in the location and construction of their catchment and sedimentation tanks.

1.3.2 OBJECTIVES

· To identify the different bacteria pathogens present in each water source in Nkum

· Know which of the communities are greatly affected by bacteria water contamination

· To identify activities in the affected communities that might probably lead to bacteria water contamination

· Know which of the disease is commonly observed which might be due this bacteria water contamination

· Introduce local identification tests and indicators of water pollution

· Indicate common methods of local water treatment.

1.4 SIGNIFICANCE OF THE STUDY

· This study will help the communities involved to know  where to locate and how to construct their catchments

· This study will also help the population of this are to know how to locally treat the water sources in order to prevent bacterial contamination.

· The study will also help the researcher to improve on his working skills and analyzing water for the presence of bacteria and also the colonial morphologies of the various bacterial growths on various solid media.
1.5 RESEARCH QUESTION


Are the main drinking water sources in Nkum the cause of the high prevalence of bacteria water-borne diseases in indigenes of Nkum?

1.6 RESEARCH HYPOTHESES

1.6.1 NULL HYPOTHESIS (H0)

Main drinking water sources in Nkum are not the cause of the high prevalence of bacteria water-borne diseases in indigenes of Nkum.

1.6.2 ALTERNATE HYPOTHESIS (H1)


Main drinking water sources in Nkum are the cause of high prevalence of bacteria waterborne disease in indigenes if Nkum.

CHAPTER TWO

LITERATURE REVIEW

2.0 DEFINITION OF WATER


Water is a chemical compound consisting of two hydrogen atoms and one Oxygen atom. It is a transparent, tasteless and Odourless liquid with a freezing point of 00C or 320F and boiling point at 1000C or 2120F. The name water refers to the liquid state of the compound. The solid phase is known as ice and the gaseous phase is known as steam (Mills, 2011).

2.1
 PROPERTIES OF WATER

2.1.1 PHYSICAL PROPERTIES OF WATER

Water has several unique physical properties, which includes;

Cohesion


Water molecules stick to each other. This is caused by hydrogen bonds that form between the slightly positive and negative ends of neighbouring molecules. This is the reason why water is found in drops or perfect spheres.

Surface tension


Water has the ability to support small objects. The hydrogen bonds between neighbouring molecules cause a “film” to develop at the surface which allows some organism to float on the surface of water.

The ability to dissolve


Water is considered to be the universal solvent. More substances will dissolve in water than any other liquid. This includes other polar substances such as sugar and ionic compounds such as salts. This feature also enables water to carry solvent nutrients in runoff, infiltration, groundwater flow and living organism.
High Specific heat


Water has a high specific heat, which is the amount of energy required to change the temperature of a substance. Because water has a high specific heat, it can absorb large amount of heat energy before it begins to get hot and also releases heat slowly when situations cause it to cool. Water’s high specific heat allows for the moderation of the Earth’s climate and helps organisms regulate their body temperature more effectively (Pidwirmy, 2006)

Conductor


Water conducts heat more easily than any liquid except mercury. This fact causes large bodies of liquid water like lakes and oceans to have essentially a uniform vertical temperature profile.
PH


Water in a pure state has a neutral pH. As a result, pure water is neither acidic nor basic. Water changes its pH when substances are dissolved in it. Rain has a naturally acidic pH of about 5.6 because it contains natural derived carbon dioxide and sulfur dioxide.
2.1.2 CHEMICAL PROPERTIES OF WATER 


Chemically water is a compound of hydrogen and Oxygen, having a formula; H2O. It is chemically active, reacting with certain metal oxides to form bases and with oxides of nonmetals to form acids. It reacts with certain organic compounds to form a variety of products. Because water is a polar compound, it is a good solvent. The polarity of water molecules causes the formation of hydrogen bonds between the positive and negative areas of the water molecules.
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Figure 1: The polar molecule of water and Hydrogen Bonding

Although completely pure, water is a poor conductor of electricity, it is a much better conductor than most other pure liquids because of its self-ionization; that is the ability of two molecules to react to form a hydroxide ion (OH-) and a hydronium ion (H3O+). Its polarity and ionization are both due to the high dielectric constant of water (Pidwirmy, 2006)
2.2 TYPES OF WATER


According to Dr. Christopher (2008), there are 10 different types of water;

Hard Water


This is water saturated with calcium, iron, magnesium and many other inorganic materials. All water in lakes, rivers, on ground, in deep wells are classified as hard water

Boiled water


Boiling help to remove some of the germs, but concentrate inorganic materials. Other germs are carried into a fertile element for rapid and lusty propagation of germs and viruses already in the body.

Raw water


This is water that has not been boiled. Raw water may be hard or soft. It contains millions of germs and viruses. In every densely inhabited drop some of these viruses and bacteria may adversely affect the thyroid gland, the liver and other vital body organs.

Rain Water


This has been condensed from the clouds. The first drop is distilled water but when it falls as rain, it picks up germs, dust, smoke, minerals and many other atmospheric chemicals. By the time rain water reaches the Earth’s surface it is so saturated with dust and pollutants.

Snow water


This is frozen rain. Freezing does not eliminate any germ. All snow has hardened mineral deposits.
Filtered water


This is water that has passed through a fine strainer. Some calcium and other solid substances are kept in the filter. There is no filter made, which can prevent germs from passing through its fine meshes. Each pore of the finest filter is large enough for a million of viruses to seep through in a few moments.
Soft water


The water is soft in comparison with water that is harder. It may contain many trace minerals and chemicals, viruses and bacteria.

Reverse Osmosis


A system of water purification, which allows pre-filtered water to be forced through a selectively permeable membrane to separate impurities from water. However, this membrane allows only certain molecules to pass through providing the water pressure is exactly constant.

De-ionized water


This is a process of exchanging “hard” water to “soft” water. The total ions are still present with the end results same but the water has the appearance of being distilled.

Distilled water


This is water that has been turned to steam so that all of the impurities are left behind; then through condensation, it is turned back in to pure water. It is the only pure water, the only water free from contamination. Distilled water may well be considered the only pure water on Earth.
2.3 THE WATER CYCLE

 Water is constantly being cycled between the atmosphere, the ocean and land. This cycling is a very important process that helps sustain life on Earth. Through the process of evaporation and transpiration, water moves into the atmosphere. Water vapours then join with dust particles to create clouds. Eventually, water returns to Earth as precipitation in the form of rain, snow, sleet, and hail.

The hydrologic cycle begins with the evaporation of water from the surface of the ocean. As moist air is lifted, it cools and water vapour condenses to form clouds. Moisture is transported around the globe until it returns to the surface as precipitation. Once the water reaches the ground, one of two processes may occur;
 1) Some of the water may evaporate back into the atmosphere or 
2) The water may penetrate the surface and become groundwater. Groundwater either seeps its way to into the oceans, rivers, and streams, or is released back into the atmosphere through transpiration. The balance of water that remains on the earth's surface is runoff, which empties into lakes, rivers and stream. Water moves from one reservoir to another by way of processes like evaporation, condensation, precipitation, deposition, runoff, infiltration, sublimation, transpiration, melting, and groundwater flow. The oceans supply most of the evaporated water found in the atmosphere. Of this evaporated water, only 91% of it is returned to the ocean basins by way of precipitation. The remaining 9% is transported to areas over landmasses where climatological factors induce the formation of precipitation. The resulting imbalance between rates of evaporation and precipitation over land and ocean is corrected by runoff and groundwater flow and is carried back to the oceans, where the cycle begins again. 
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Figure 2: The stages of the hydrologic cycle.
2.4 TREATMENT OF WATER


There are many different ways o f treating water, some of the methods includes;

2.4.1  BOILING


In an emergency, boiling is the best way to disinfect water that is unsafe because of the presence of protozoan, parasites and bacteria. If the water is cloudy, filter before boiling. Boiling may help kill the pathogens that might be lurking in water. Boiling may be also drive out some of the volatile organic compounds (VOCs) that might also be in water (EPA, 2010)

2.4.2  DISTILLATION


Distillation is the reverse of boiling. To remove impurities from water by distillation, the water is usually boiled in a chamber causing the water to vaporize and the pure (mostly pure) steam leaves the non volatile contaminants behind. The steam moves to the different part of the unit and is cooled until it condenses back into liquid water. The resulting distillates drip into the storage tank. This method is considered [image: image7.png]To Storage Tank  Feed Water
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Figure 3: Diagrammatic representation for
               the distillation of water




2.4.3  REVERSE OSMOSIS (RO)


Water pressure is used to force water molecules through a selectively permeable membrane that has extremely tiny pores, leaving larger contaminants behind. Purified water is collected from the “clean” side of the membrane and water containing contaminants is flushed down the drain from the “contaminated” side. The average RO system is a unit consisting of a sediment/chlorine pre-filters; the reverse-Osmosis membrane, a water storage tank and an activated carbon post filter (EPA, 2010).
[image: image8.png]‘”ld“‘!' eyt

.'n !

h Evapatranspiation























Figure 4: Diagrammatical representation of Reverse osmosis

2.4.4 FILTRATION 


There are some many models of water filters available (over 2500 different models) manufactured by 500 different companies. The basic concept behind nearly all filters however is fairly simple. The contaminants are physically prevented from moving through the filter either by screening them out with very small pores and / or in the case of carbon filters, by trapping them within the filter matrix by attracting them to the surface of the carbon particles by the process of adsorption (EPA, 2010).
2.4.5 ULTRA VIOLET LIGHT (UV LIGHT)


Here water passes through a clear chamber where it is exposed to ultra violet light. Ultraviolet light effectively destroy bacteria and viruses. However, how well the UV system works depends on the energy dose that the organism absorbs. So if the energy is not enough the organism’s genetic material may only be damaged rather than disrupted (EPA, 2010).
2.4.6 WATER SOFTENERS AND DE-IONIZERS


Water softeners operate in the ion exchange process (specifically a cation exchange process where positive ions are exchanged). In this process, water passes through a media bed, usually suffocated polystyrene beads. The beads are supersaturated with sodium (positive ions). The ion exchange take place as hard water passes through the softening material.

2.4.7 CHLORINATION OF WATER


Chlorine is one of the most widely used disinfectants. It is very applicable and very effective for the deactivation of pathogenic microorganisms. Chlorine can be easily applied, measured and controlled. It is fairly persistent and relatively cheap. Chlorine kills pathogens such as bacteria and viruses by breaking the chemical bonds in their molecules. Disinfectants that are used for this purpose consist of chlorine compounds which can exchange atoms with other compounds, such as enzymes in bacteria and other cells. When enzymes come in contact with chlorine, one or more of the hydrogen atoms in the molecule are replaced by chlorine. This causes the entire molecule to change shape or fall apart. When enzymes do not function properly, a cell or bacterium will die (Lennteh, 2009).
2.5 THE IMPORTANCE OF WATER

2.5.1
IMPORTANCE OF WATER TO LIVING ORGANISMS


Water is the most abundant compound in the planet. It is a material which is essential for all living organisms. It used in one form or the other for subsistence. In human beings, water helps in transporting and replenishing nutrients. It helps with cleansing the human body. Water bodies like sea, Lakes and ponds are home to thousands of creatures.


Water is the medium used by human body to carry out various chemical reactions (metabolism). It is essential for moving Oxygen, nutrients and hormones through the blood stream. Water thus helps with the basic metabolism of the human body by facilitating the chemical reactions that take place in the humans

water is the solvent for chemical reactions in the human body. It has a unique chemical formation that helps it to dissolve a wide variety of molecules (salts). The hydrogen atoms of water (positively charged) attract the negatively charged atoms of the particles. Other compounds like sugars, proteins and amino acids, which are polar (having a positive and a negative component like salts) also dissolve in water. However compounds like oil and fats are no polar and do not dissolve in water.


Due to the high specific heat capacity of water, water helps to keep the body temperature moderate for these enzymes to act properly.

Photosynthesis is a process that is employed by plants to produce food (sugar). This process uses sunlight, green pigment chlorophyll and water. The process produces Oxygen, which forms the basis of life in this planet. Some form of bacteria also exhibit photosynthesis which utilizes water in the process (Ditchfield, 2002).

2.5.2 WATER USED AS A SOURCE OF ENERGY


Hydroelectric energy is produces through the force of falling water. The capacity to produce the energy depends on both the available flow and height from which the water fall. Building up a dam, help accumulate water’s potential energy. This is transformed into mechanical energy when the water ruches down the sluice and strike the rotatary blades of the turbine. This turbine’s rotation spins electromagnets which generate current in stationary coils of the wire. 

2.5.3 INDUSTRIAL USE OF WATER


Water is used for cooling recreation and dust control in industries. The industries that produce metals, wood and paper products, chemicals, gasoline and oils, and those invaluable grabber utensils you use to get your ring out of the garbage disposal are major users of water. Probably every manufactured product uses water during some part of the production process. Industrial water use includes water used for such purposes as fabricating, processing, washing, diluting, cooling, or transporting a product; incorporating water into a product; or for sanitation needs within the manufacturing facility. Some industries that use large amounts of water produce such commodities as food, paper, chemicals, refined petroleum, or primary metals (Mathew, 2010).
2.6 WATER POLLUTION


Water pollution is an undesirable change in the state of water, contaminated with harmful substances or any change in the physical, chemical and biological properties of water that has a harmful effect on living things. Water pollution affects all the major water bodies of the world such as Lakes, Rivers, Oceans, and ground water. Polluted water is unfit for drinking and for other consumption processes. It is also unfit for agricultural and industrial use. This effect of water pollution is harmful to human beings, plants, animals, fish and birds. Polluted water contains viruses, bacteria, intestinal parasites and other harmful microorganisms which cause waterborne diseases such as diarrhea, dysentery typhoid and cholera (Ningthoujam, 2010).
2.7 CAUSES AND TYPES OF WATER POLLUTION

2.7.1 CAUSES OF WATER POLLUTION

The major sources of water pollution are described below. Discharge of contaminated and or heated water that has been used for industrial purposes, the surface runoff that contain spilled petroleum products, surface run off from farm land and habitation sites or other impervious surfaces, the improper disposal of solid wastes like littering on a localized scale, addition of excessive nutrients by runoff containing detergents or fertilizers called eutrophication, the geology of aquifers where ground water is obstructed, maltreated sewage discharged in a wrong manner, slash and burn farming practice, radioactive substances from nuclear power plants and industries, Uranium and thorium mining and refining are some of the  causes of water pollution. Heat is the leading cause as it results in the death of several aquatic organisms. Oil pollution is very harmful for coastal wildlife. Oil spread on huge areas to form oil slicks. Also combustion of coal leads to release of mercury in the atmosphere. This enters the rivers, lakes, and ground water. This is very hazardous for pregnant women and infants. Cattle and pig rearing causes a significant amount of nutrient-filled waste. Human settlement along the bank of rivers or around water catchment causes human, animal and industrial waste to be discharged into water. In the developed world, sewage treatment plants are used to treat waste. However, in developing nations the rivers are similar to open sewers. Causes of water pollution are classified into three; municipal, industrial and agricultural (Burande, 2011).
2.7.2 TYPES OF WATER POLLUTION


Water is the most and most important component on our planet and we all depend on it. There are a lot of sources that add to water pollution. It is the gradual effect of pollution that is causing a threat to aquatic plants, animals and human beings. Types of water pollution are;

Surface water pollution


Surface water includes rivers, lakes, streams and Oceans. Water can get polluted in a number of ways. Sometimes due to heavy rainfall, rain water sweeps away the silt and soil from the surface and this spread over the stream, lakes, Rivers which forms a layer or a crust. This may get dissolved with other water bodies and becomes harmful for aquatic plants and animals.

Microbial water pollution


This is a natural form of water pollution by microorganisms. Microorganisms include bacteria, viruses and protozoa. They pollute the water which affects organisms like fish, plants, animals and humans. Since many people are not aware of treating such water, they are affected with water-borne diseases.

Oxygen depletion pollution


Microorganisms that thrive in water feed on biodegradable substances. When there is an influx of biodegradable material from such things as waste or erosion from farming, the number of these microorganisms increases and utilizes the obtainable oxygen. When these oxygen levels are depleted, harmless aerobic microorganisms die and anaerobic microorganisms thrive. Some of these organisms produces damaging toxin like sulfide and ammonia.

Nutrient pollution


Nutrients are usually found in waste water and fertilizers. This can cause excessive vegetation in the water such as algae and weeds using up the oxygen in the water and hurting the surrounding marine life.

Chemical pollution


Due to he nature of industries these days and the mass production in industrial plants and farms, we have a lot of chemical runoff that flows into the nearby rivers and water sources, polluting it.

Suspended matter pollution


This type of pollution occurs when pollutants enter the water and do not mix in with the water molecules. These suspended particles forms fine silt on waterbed, harming the marine life by taking the nutrients (Heam, 2010).
2.8 THE DIFFERENT POLLUTANTS

Hundreds of contaminants can occur in drinking water. They can be grouped into four basic categories: microbial, inorganic, organic, and radiological. Although there are over 100 contaminants that can be found in drinking water many of these contaminants are very rare. The following sections briefly discuss some of the most common contaminants in drinking water, which are as follows;
Microbial Contaminants
Microbial contaminants include bacteria, viruses, and protozoans. These are living organisms that are visible in water only with the help of a high-powered microscope. Many different kinds of bacteria, some disease causing, may be present in a water supply. The tests discussed below are specific bacteria tests used to determine whether disease-causing bacteria may be present in the water. Protozoa’s are less common in water than bacteria, but a few can be problems. Viruses will not be discussed because they are expensive and difficult to test; however, viruses such as hepatitis are carried by water and can cause serious illness. Coliform bacteria are a large group of bacteria that occur throughout the environment. They are used as an indicator organism to indicate the potential for disease-causing bacteria to be present in water. Fecal coliform bacteria are a smaller group of bacteria within the coliform bacteria group. Fecal coliform bacteria are specific to the intestinal tracts of warm-blooded animals. If the total coliform test is positive, the lab tests the water sample for fecal coliform bacteria. Fecal coliform bacteria levels are expressed as the number of colonies per 100 ml of water. No fecal coliform bacteria are permitted in public drinking water s E. coli. 
An even more specific bacteria test is the test for E. coli (short for Escherichia coli). This is a type of fecal coliform bacteria commonly found in the intestines of animals and humans. A positive E. coli result is a strong indication that human sewage or animal waste has contaminated the water. Hundreds of strains of E. coli exist. Although most are harmless and live in the intestines of healthy humans and animals, a few can produce a powerful toxin that causes severe illness and even death. Infection often causes severe bloody diarrhea and abdominal cramps (cardinal environmental, 2009).
Giardia and Cryptosporidium

Giardia lamblia and Cryptosporidium parvum are small microscopic animals known as protozoa. They both can live in the intestinal tract of mammals, including humans. While there, they multiply by producing oocysts. Infected animals and humans can excrete the oocysts, which can then contaminate water sources. Both Giardiasis and cryptosporidiosis cause severe diarrhea, nausea, fever, headache, vomiting, and loss of appetite. Both illnesses can be life-threatening to people with depressed immune systems. Most outbreaks have occurred in communities that use surface water supplies (streams, rivers, lakes) where the oocysts can commonly be found. Shallow springs or poorly constructed wells that become contaminated with surface water could also contain Giardia and Cryptosporidium oocysts. Both Giardia and Cryptosporidium are measured in water by passing large volumes of the water through a small filter and examining the filter under a microscope for oocysts. Oocysts should be totally absent for water to be safe to drink (Cardinal environmental, 2009).
Inorganic Chemicals (IOCs)

The second category of water contaminants includes inorganic chemicals. These are usually substances of mineral origin. Salt, metals, and minerals are examples of inorganic chemicals. The chemicals discussed alphabetically below are the most common inorganic contaminants in water supplies, or they are of the greatest health concern (cardinal environmental, 2009).
Arsenic (As)

Arsenic is an odourless and tasteless semi metal element. It finds itself into drinking water supplies from agricultural and industrial practices and natural deposits ion the Earth. It is associated with several health hazards such as thickening and decolorization of the skin, nausea, vomiting, stomachache, diarrhea, and even partial paralysis and blindness. In extreme cases it can even lead to cancer (Fuller, 2011).
Lead (Lb)

Lead is also a pollutant that affects drinking water. It enters the water flowing out of taps, primarily because of corrosion of the plumbing materials. Excessive Lead can leads to delay in physical and mental development, as well as learning disabilities and poor concentration spans amongst children (Fuller, 2011).
Contaminated sediments


Several contaminants affect the sediments in natural water sources. In some forms or the other they flow from virtually every human habitation, whether agricultural or urban (Fuller, 2011).
Mercury


Mercury gets into surface water through rocks, soil, industrial activities and waste water treatment facilities. Industrial emissions that are carried down to the soil by rain and are major source of the deadly and highly toxic pollutant. This metal is extremely toxic for fish and for animals that eat them. (Fuller, 2011).
Disinfectants


Disinfectants are added to water to protect it from microbial pathogens, which are also very dangerous pollutants. However when these disinfectants react with some of the compounds and minerals naturally prevalent in water, they produce by-products such as trichloromethanes and haoacetic acids
(Fuller, 2011).
Iron (Fe)

Iron is a common natural problem in groundwater and has a secondary drinking water standard of 0.3 mg/L. Iron does not cause health concerns but causes aesthetic problems such as metallic tastes and orange-brown stains.
Turbidity

Drinking water should be sparkling clear for health and aesthetic reasons. Turbidity refers to fine particles of clay, silt, sand, organic matter, or other material that might reduce the clarity of water. Turbidity makes water unappealing to drink because of its muddy appearance. Particles may also shield disease-causing bacteria from chlorine or other treatment and provide nutrients for bacteria and viruses to flourish. Turbidity usually indicates direct pollution from surface runoff often during or shortly after heavy rainfall.

2.9 WATERBORNE DISEASES


Waterborne diseases are caused by pathogenic microorganisms which are directly transmitted when contaminated fresh water is consumed. Contaminated fresh water, used in the preparation of food can be the source of food borne disease through the consumption of the same microorganisms (WHO, 2009).

Waterborne diseases can be caused by protozoa, viruses or bacteria, many of which are internal parasites. Water sources can be contaminated because of environmental pollution, industrialization and sewage disposal, improper disposal of excreta and unclean environment can give rise to waterborne diseases (Shah, 2007). Below is a list of water borne diseases which afflict masses in recent times;

Contaminated water is the means of diseases such as Hepatitis A and E, acute gastro enteritis, diarrhea, dysentery, typhoid and cholera (Shah, 2007).
2.9.1.1 CAUSES OF WATERBORNE INFECTIONS

2.9.1.2 PROTOZOAN INFECTIONS

Amoebiasis


It is disease caused by Entamoeba histolytica. Transmission is from hand to mouth, sources of infection are sewage, non treated drinking water. It causes abdominal discomfort, fatigue weight loss, diarrhea, bloating, and fever. It can e diagnosed in the laboratory using the stool sample of the patient (Graczyk et al, 1997).
Giardiasis


Giardia specie are flagellated protozoan parasites of vertebrates; their

Infectious stage, the cyst, is transmitted via the fecal–oral route and frequently via water. Sources of infection are; untreated water, poor disinfection, pipe breaks, leaks groundwater contamination, campground where humans and wildlife use same source of water. Symptoms include diarrhea, abdominal discomfort, bloating and flatulence. It can be isolated from the stool specimen of the patient by wet mount microscopy (Graczyk et al, 1997).
Malaria


 The most prevalent and debilitating disease among the protozoa type is caused by Plasmodium. About two million people die annually from Malaria.
Cryptosporidium


Parasites of the genus Cryptosporidium are cyst-forming protozoans, which have a monogenous life cycle and inhabit epithelial cells of the gastrointestinal or respiratory tracts. The oocysts are long lived and resistant to water disinfection and as such it can cause massive epidemics. Persons at greatest risk are young children and immunocompromised and immunosuppressed individuals. The pathogen significantly contributes to mortality of AIDS patients; extra-intestinal infections in the pancreas. It can be isolated from stool of infected individuals in the laboratory. (Fayer et al, 1997).

2.9.1.3 PARASITIC INFECTIONS (WORMS)


Parasite is an organism that lives on or in other organisms from which it obtains nutrients to live and causes harm in the process. Its name comes from the Greek word para that means beside, and sitos, which means food. Most parasites require some host to complete their life cycle. Animals can also serve as the host. The parasite will vary in size from one-thousandth of one micron to whale tapeworms one hundred feet long. 
There are many disease caused by parasites as a result of water pollution. Human intestinal parasites worms in water causes constipation, stomach bloating, and disease health problems when the contaminated water is ingested. Other symptoms include anemia, asthma, diarrhea, digestive disorders, fatigue, low immune system, nervousness, skin rash. Most will not face this reality or even want to think about this subject and will continue in their suffering (Fayer et al, 1997).
Nematodes 
	
	


Common roundworms Ascaris lumbricoides, hookworms, whipworms, pinworms, heart worms, Strongyloides, Stercoralis, Ancylostoma, caninum, have varying sizes from 0.2 to 35 centimeters.


Roundworms look similar to an earthworm and can produce 200,000 eggs daily. Approximately 1,008 million people are infected, making it the most common worldwide. The most frequent symptom from roundworms is upper abdominal discomfort. Other symptoms are asthma, eye pain, insomnia, and rashes due to the secretions or waste products from the worms. Large numbers can cause blockages in the intestinal tract, hemorrhage when penetrating the intestinal wall, appendicitis, peritonitis, abscesses in the liver, hemorrhagic pancreatitis, loss of appetite, and insufficient absorption of digested foods. Adults grow to 15 inches long.


Hookworm larvae penetrate the skin. When hookworms reach adulthood, they can sap the victim's strength, vitality and overall well-being. Young worms use their teeth to burrow through the intestinal wall and feed on your blood. Symptoms from hookworm are iron deficiency, abdominal pain, loss of appetite, craving to eat soil, protein deficiency, dry skin and hair, skin irritations, edema, distended abdomen, stunted growth, delayed puberty, mental dullness, cardiac failure and death. (1/2 inch long)


Pinworms can infect one in five children. Symptoms are itching and irritation of the anus or vagina, digestive disorders, insomnia, irritability or nervousness. Female worms crawl out of the anus and lay about 15,000 eggs per day. Once airborne, the eggs can survive about two days anywhere in your living environment. Worldwide, about 500 million are infected with pinworms. The worm is white and can grow to about half inch in length.
Cestodes 
(Tapeworms), bladder worms, pork tapeworms, broad fish, dog tapeworms, dwarf and rat tapeworms reside the small intestine of humans.  Broad fish tapeworms may grow to 35 feet long and live ten years inside the person’s intestines. Some tapeworms can lay as many as one million eggs per day. Their bodies are in separate segments with hooks and suction cups on their skull.

Trematodes


 (Flukes); Flatworms, bladder, blood, liver, lung, kidney and intestinal flukes reside the gull bladder and the intestine of humans. Human infections of flukes (Schistosomes) are in excess of 250 million worldwide. They can cause severe disease of the gastrointestinal tract, bladder, and liver destroys blood cells. Size varies from 1 to 2.5 centimeters in length (1/2 to 3 inches long).
2.9.1.4 BACTERIAL INFECTIONS


Most of the pathogens excreted in feces are able to initiate waterborne infections. There are bacteria pathogens including enteric and aquatic and enteric viruses which are strongly resistant to water environment and disinfectants. Some of them are as follows.

Botulism


It is caused by Clostridium botulism. The bacteria can enter an open wound from contaminated water sources. It can also enter the gastro intestinal tract through consumption of contaminated drinking water or through contaminated food. Symptoms include dry mouth, double vision, difficulty in swallowing muscle weakness, difficulty in breathing, slurred speech, vomiting. Death usually occurs by respiratory failure.
Cholera


It is spread by the bacterium Vibro cholerae. Source of contamination is through drinking contaminated water with the bacterium. In severe forms it is known to e one of the most rapidly fatal illnesses known. Symptoms includes; watery diarrhea, nausea, cramps, rapid pulse, dehydration vomiting and hypovolemic shock (in severe cases), at which point death can occur in 12-18hours.

Escherichia coli infections


The microbial agents are certain strains of Escherichia coli. It can be gotten from water contaminated with the bacterium. Symptoms include diarrhea and abdominal pains. It can cause death in immune-suppressed individuals, the very young and elderly due to dehydration from prolonged illness.

Dysentery


Dysentery is caused by a number of species of the genus Shigella and Salmonella with the most common being Shigella dysenteriae. It is gotten through water contaminated with the bacterium. Symptoms include frequent passage of feces with blood and or mucus and in some cases vomiting of blood

Salmonellosis


Caused by many species of bacteria of the genus Salmonella, sources of infection is from ingestion of water contaminated with the feces of an infected person. Symptoms include sustained fever up to 40oC, profuse sweating, diarrhea, less commonly rash may occur. The symptoms may progress to delirium, the spleen and liver enlargement if untreated.


Aeromonas species in drinking water leads to the occurrence of acute gastroenteritis which remains a debatable point and has to be evaluated in further epidemiological studies. Legionella and Mycobacterium avium complex (MAC) are environmental pathogens that have found an ecologic niche in drinking and hot water supplies. Numerous studies have reported Legionnaires' disease caused by L. pneumophila occurring in residential and hospital water supplies.


Others are leptospirosis and logionellosis caused by bacteria of the genera leptospira and ligionella also gotten through contaminated water and many other ( Leclerc, 2002).
2.9.1.5 VIRAL INFECTIONS

Gastroenteritis


Microbial agents include; Astrovirus, Calivirus, Enteric adenovirus, and parvovirus. It manifests itself in untreated water. Symptoms include diarrhea, nausea, vomiting, fever, malaise, and abdominal pains

SARSE (Severe Acute Respiratory Syndrome)


Caused by coronavirus, infection is from ingestion of untreated water. Symptoms are fever, myalgia, lethargy, gastrointestinal symptoms, cough, and sore throat.

Hepatitis A and E


Hepatitis means inflammation of the liver. Different viruses such as hepatitis A, B, C, D, and E cause the disease. Both hepatitis A and E (HAV and HEV) are waterborne. Consumption of water of food contaminated with the stool of the patient suffering from hepatitis A or E might be a source of contamination. Poor hygiene and sanitation are the risk factors to this infection. Jaundice or yellowing of the skin, eyes, and urine are characteristics of hepatitis. Both are self limiting viral infections. Vaccines are available for hepatitis A to protect the individual against the infection. There are no vaccines for hepatitis E infection (JWH, 2011)

Poliomyelitis


Caused by poliovirus, it inters water through the feces of individuals. 90-95% of patients show no symptoms. 4-8% has minor symptoms with headache, fever and occasionally seizures, spastic and paralysis.


Diseases of bacteria origin can be diagnosed in the laboratory by culturing the various samples in various culture media to observe for growth of the bacteria. Biochemical tests are also used after culture to isolates the bacteria to specie level. Serological test are also used in the laboratory to isolate some bacteria (JWH, 2011).For the isolation of viruses, culture and serological test are used.
2.9.2 PREVENTION AND CONTROL OF WATERBORNE    DISEASES

· Use safe drinking water, boiling water, filtration and distillation provide safe drinking water.

· Washing of hands often with soap and water before and after eating food goes a long way to reduce the risk of being infected

· Wash vegetables and fruits in running water before eating

· Avoid eating raw foods such as fruits, salads and chats from roadside stalls especially during monsoon

· Road side preparations, which have water added to it such as lassi, dashi, buttermilk should be avoided

· Education on the dangers of waterborne infections

· Proper disposal of feces and treatment of those individual suffering from waterborne disease

· Proper environmental sanitation and hygiene (Sheth, 2011).
2.10 DEFINITION OF TERMS
Evaporation  

Evaporation is the process where a liquid, in this case water, changes from its liquid state to a gaseous state. Liquid water becomes water vapour.

Condensation  

Condensation is the opposite of evaporation. Condensation occurs when a gas is changed into a liquid. Condensation occurs when the temperature of the vapour decreases.  

Infiltration  

Infiltration is an important process where rain water soaks into the ground, through the soil and underlying rock layers. Some of this water ultimately returns to the surface at springs or in low spots downhill. Some of the water remains underground and is called groundwater.  

Transpiration

The lost of water by plant into the atmosphere in the form of water vapour.

Precipitation


This is when small droplets of water molecules joint to form heavy once which fall back as rain at right atmospheric temperatures and pressure.

Surface runoff

 Much of the water that returns to Earth as precipitation runs off the surface of the land, and flows down hill into streams, rivers, ponds and lakes 

CHAPTER THREE

METHODOLOGY

3.0 INTRODUCTION


The study, “The bacteriological analysis of main drinking water sources in Nkum Sub division was a community and a laboratory based study”. The goal of the study was to create awareness to the population of Nkum on the dangers of water-borne infections; educate drinking water communities in Nkum on the proper use and treatment of drinking water. The research question was “Are Main drinking water sources in Nkum Sub division the cause of the high prevalence of bacteria waterborne disease in the indigenes of Nkum”?
3.1
RESEARCH TYPE AND TIME LINE


The research was a progressive community and laboratory based study, which was designed to cover a period of 6months from November 2010 to June 2011 aimed at analyzing as many water sources as possible.

3.2 STUDY AREA


The study area is Nkum Sub Division whose greater part is virtually located on a plateau. The higher parts of this plateau are among the highest points in the North West Region, the reason for extremely low temperatures recorded. The part of the municipality however lies in the Mbaw plain, a very fertile stretch of low lying level land. The stretches extend far to the parts of Donga and Mantung Division of the North West Region. The climate of Nkum Municipal area is that of the highland regions of Cameroon, and has a rainy season and a dry season. The rainy season spans from March to October while dry season runs from November to February, with slight variations. It experiences cold dry Hamattan winds in the dry season and cold wet Monsoon winds in the rainy season. Temperatures are very low with a biting cold at night (between 6pm to 8am). Annual maximum temperatures ranges between 27oC and 31oC but drop as low as 10oC during night periods. Variations of the seasons determines the type of activities that are carried out by the population, average annual  rainfall stands at around 1862mm, however, the heaviest rainfall  is in August and September. There are many streams in the area but few are of economical value. There is a latrile soil on the hillside and loamy soils on the valley along the river and some clay soil with small pockets of areas with raffia palm bushes. Most of the municipality is covered by savanna grass. The landscape gives beautiful green touristic sceneries during the rainy season. In the dry season they are almost bare, due to over exploitation by the cattle and bush fires. There are pockets of natural forest and raffia bushes.


The total population of Nkum according to the 1987 census was 35463. It was projected to 100456 in 2008. the inhabitants are spread aver an area of bout 705.63km2 giving a population density of about 70.58 person per square Kilometer (PCNWPDS, 1987)

The population of Nkum is evenly distributed. The area is densely, moderately and sparsely populated. Densely populated areas are those which are highly accessible and have some important administrative, economic, health and educational structures or important socio-cultural and traditional legacy. These areas include: Tatum, Nseh, Kuvlu, Ngondzen, Takija, and Banten


Farming is the top economic activity in Nkum municipality. Above 80% of the population are engaged in farming. Subsistence farming is carried out and mixed cropping is very common. Here farmers seek to maximize land use. Farm sizes are generally small and 41% of the population has farms that are less than 3 hectares in size.
There are many primary and secondary schools in this area with professional schools. With the advent of Christianity and Islam, traditional religion has adopted a different role and form. Christian faith is predominant while the number of animists is diminishing rapidly. Religious bodies have played a very important role in the development of the area (Education and Health area) (BEDEVCONSULT field Survey: October, 2006).


There are many important festivals in the area where people gather and socialize:

“Lii wong”: is the cultural week that comes up annually

“liy Nteh”: Celebrated by individual villages which serves as a forum for raising funds for village projects.

“Traditional week” and “Country Sunday”: traditional week in the various villages is made of 8 days. Most of the days are named after events. Prominent are market days and “Country Sunday” (traditional holiday). The people in this area have “kilovey” and “Ngoylum” that shrines and all farm work is prohibited on these days.


The main traditional dish in the area is “Kiban” made from corn flour. The flour is stirred into corn fufu and eaten with Nyo’oseji (huckle berry vegetables). Traditional drink is raffia palm wine. It is also used during ritual sacrifices, during death celebrations and traditional marriage.


The main traditional language here is Lambso a dialect of Tikari origin which has been enriched with words from other dialects.

3.3 ETHICAL CONSIDERATION


An authorization letter was gotten from the principal of Catholic School of Health Sciences Shisong and from the Mayor of Nkum Council, who granted the Permissions for the research to be carried out.  

3.4 INSTRUMENTATION


Water samples in Nkum were collected from catchments, sedimentation tanks, and at least one drinking point. During collection; Catchment location, Access to runoff, Distance from grazing land, construction, number of times washed per year, distance from nearest human settlement were taken not of , to know the possible means of water contamination.

3.5 MATERIALS AND REAGENTS

3.5.1 MATERIALS

· Microscope

·  Incubator

· Regent bottles with screw caps

· KIA tubes and Corks

· Bunsen Burner

· Wire loops

· Petri Dishes

· Electronic balance

· Bijou Bottles

· Cotton

· Autoclave

· Nutrient agar 

· MacConkey Agar

· Slides

· Cover slips

3.5.2 REAGENTS

· MacConkey Broth

· Absolute alcohol

· Crystal violet

· Lugol’s iodine

· Carbol fuchsin

· Distilled water

· Sterile defibrinated blood

3.6 SAMPLE COLLECTION


Samples for bacteriological analysis of water were collected in sterile bottles and care was taken to prevent accidental contamination of water during collection.
Sampling bottles


Glass bottles used for water collection were having a capacity of at least 200mls with screw caps. The cap and neck of the bottles were protected from being contaminated with a suitable cover of tin paraffin paper. Ropes were tied at the neck of each bottle before sterilization. During collection the covers of the bottles wee removed avoiding contamination with the hands and the rope held from the end allowing the sterile bottle down into the water source gently for water to fill the bottle. It was then removed corked and labeled with a code. The samples were collected from the catchments, sedimentation tanks and at least one drinking point from the various sources. When collecting, the bottles were placed on the direction of water flow to prevent contamination.During sample collection from taps, external fittings from the tap such as anti-splash, nozzle or rubber tubes were removed. The outside nozzle of the tap was carefully cleaned with 70% alcohol (especially and grease which has collected). The tap was turned on and was allowed to run to waste for 1 minute. The tap was sterilized using the flame from cotton soaked in spirit until the whole tap is unbearably hot to touch. The tap was allowed to cool by running water to waste for a few seconds. The sample bottle was then filled from a gentle flow of water. The bottle was then labeled with a code and carried to the laboratory within 1 – 6 hours of collection (Cheesbrough, 2000).
3.7 EXAMINATION


The E. coli count is the most useful test for detecting feacal contamination of water supplies in water quality analysis. The multiple tube/ Most probable number (MPN was the technique used during the study. In this technique 100ml of the water sample from each bottle was distributed in (one 50ml amount and 5, 10ml amount for water that is treated and additional 1ml amount in 5, 5ml bottles for water that is untreated into bottles of sterile selective culture broth containing lactose and an indicator. After incubation at 37oC for 24 hours, the number of bottles in which lactose fermentation with acid and gas production occurred was counted. The lactose was fermented by Coliform in water. By referring to the probability table, the most probable number of Coliform in 100ml or 105ml of water sample could be estimated. To know the various species of bacteria growing in each bottle, loopful of the broth cultures from each bottle were sub cultured on solid media (Blood, Chocolate and MacConkey Agar) using a wire loop. The wire loop was sterilized by flaming using a Bunsen burner flame and a loopful of the broth culture from each bottle was transferred and smeared on the solid media to form a pool. The wire loop was flamed and was used in streaking horizontally from the pool, vertically from the horizontal lines and then in a Zig-Zag manner. MacConkey was incubated aerobically and blood and chocolate agar were incubated in a CO2 enriched atmosphere at 37oC for 18-24hours. After overnight incubation the plates were observed for growth. 
The following were taken note of;
· Size of the colonies

· Lactose fermentation on MacConkey agar which were indicative of Coliform and non-Lactose fermenters

· Consistency of the colonies

· Haemolysis on blood agar and pigmentation

· Number of colonies

Each colony observed on the various plates was picked and smeared on a slide. It was allowed to air dry and was fixed by passing over flame 3-4times. It was then Gram stained by Gram’s staining technique. After staining the slides were allowed to air-dry and the morphology of the bacteria observed under 100X objective with immersion oil (Cheesbrough, 2000).

After observing for bacterial morphology, some biochemical tests were carried out to help pin down the various organisms from their colonies to specie level:
Catalase

This was to differentiate staphylococci from streptococci because staphylococci produce the enzyme Catalase. A colony of the test organism were picked and smeared on a drop of 3% hydrogen peroxide (H2O2) and was observed for gas bubbles that were persistent, showing a Catalase positive test. No gas bubbles produced indicated a negative result.

Citrate utilization test


The test organisms were cultured in a medium which contains sodium citrate and ammonia salts and an indicator bromothymol blue. Growth in the medium was shown by turbidity and a change in colour from pale green to blue showing citrate positive while growth without any change of colour indicates a negative result (Cheesbrough, 2000).

Indole test


This test was used to identify organisms such as E.coli, proteus vulgaris providential rettegeri and morganella morgani that break down the amino acid tryptophan releasing indole. Indole was detected using the Kovac’s reagent, which contain P. dimethylaminobenzaldehyde which react with the indole producing a red colored compound. The test organisms was inoculated in 3ml peptone water and incubated at 37oC for 48hrs. After incubation 0.5mls of the Kova’s reagent was added and was observed for a colour change within 10minutes. A change of colour of the medium to red indicates a positive indole test while no change in colour indicates a negative reaction (Cheesbrough, 2000).

Oxidase test


It assisted in the identification of Neisseria, Vibrio, Pasteurella and pseudomonas species which produces the enzymes oxidase. A filter paper placed on a petri dish was soaked with few drops of oxidase reagent and the colony of the test organism smeared. If the organism was oxidase producing the phenylenediamine in the reagent would be oxidized to a purple colour (Cheesbrough, 2000).

K. I. A


This test helps to differentiate enterobacteria. The test organisms were sub cultured in KIA by stabbing deep into the butt and streaking on the surface of the slope using a straight sterile wire loop. After inoculation, it was incubated at 37oC aerobically for 24hours and was observed for the various changes (Cheesbrough, 2000).

Motility test


Motility is the ability of the organism to move from one side of the slide to another under the microscope. The motility test was performed by emulsifying the test organisms on a slide in normal saline, covered with a cover slip and was observed using 40X objective to view whether the bacteria were motile or not (Baker and Silverton, 2001)

3.8  REAGENT PREPARATIONS

3.8.1  LUGOL’S IODINE SOLUTION

Composition

Potassium iodide…………………………………………………
20g

Iodine……………………………………………………………...
10g

Distilled water……………………………………………………..
1L


Potassium iodide was weighed and transferred to a brown bottle pre-marked to hold 1L. About a quarter of the volume of water was added and mixed until the potassium iodide dissolves. Iodine was weighed and added to the dissolved potassium iodide solution and was mixed until the iodine dissolved. It was then makes up to 1L by adding distilled water and well mixed. After it was labeled and stored in a dark place (Cheesbrough, 2000)

3.8.2 BLOOD AGAR (BA)

Composition

Nutrient Agar……………………………………………………

4.8g

Distilled water…………………………………………………

200ml

Sterile defibrinated blood………………………………………

10%


To prepare 10 plates of blood agar, 4.8g of the nutrient agar was weighed and dissolved in 200ml of distilled water in a clean glass container. The dissolved agar was sterilized using an autoclave at 121oC for 15 minutes. After sterilization it was allowed to cool down to temperatures of 50-56oC which were detected by felling with the check or jaw and it cannot burn. At this temperature blood was added while mixing to homogenize the solution. The media was then pour plated and allowed to gel in plates. The plates were labeled and stored at 2-8oC for subsequent use.

Calculations

From the manufacturers instruction on the preparation;

28g is dissolved in 1L (1000ml)

Each plate takes 20ml

10 plates will be 20x10 =200ml
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 10ml of defibrinated blood was added when preparing 200ml of 10% blood agar.
3.8.3 CHOCOLATE AGAR (CA)
Chocolate agar is having the same composition as blood agar but the difference was that when 10% blood was added at 50-56oC, it was well mixed and heated in a water at 70oC until the colour changes to chocolate. The process of heat at 70oC was to lyse the red cells. It was then pour plated and allowed to gel and plates labeled and stored in the freezer at 2-8oC for subsequent use (Cheesbrough, 2000).
3.8.4  DOUBLE STRENGTH MAcCONKEY BROTH

Composition

Peptone………………………………………………………………… 
20g

Lactose…………………………………………………………………
         10g

Bile Salts……………………………………………………………….          5ml

Bromo purple……………………………………………………………        1ml
Double strength MacConkey broth was prepared by doubling the mass of the single strength broth. For single strength 53g was dissolved in 1000ml of distilled water. This mass was multiplied by two for double strength MacConkey (2X35g) and dissolved in the same 1000ml of distilled water. The dissolved agar was distributed in clean glass bottles of 50ml, 10ml and 5ml amount for single strength. It was the autoclaved using an autoclave at 121oC for 15 minutes and was stored at 2-8oC for subsequent use (Baker and Silverton, 2000).
3.8.5  MAcCONKEY AGAR

Composition

MacConkey Powder……………………………………………………
10.4g

Distilled water………………………………………………………….
200ml


To prepare 10 plates of MacConkey agar, 10.4g of MacConkey powder was weighed and dissolved in 200ml of distilled water in a clean glass reagent bottle. The mixture was mixed well to ensure complete dissolution. The media was sterilized by autoclaving at 121oC for 15 minutes. After it was pour plated into sterile Petri dishes, allowed to gel and was stored at 2-8oC for future use (Cheesbrough, 2000).
Calculation

From the manufacturer 52g is dissolved in 1000ml of distilled water

Each plate takes 20ml of the agar

Volume of 10 plates will be 10X20ml = 200ml

Mass to be dissolved in 200ml will be 52X200/1000 = 10.4g

So 10.4g was dissolved in 200ml when preparing 10 plates of MacConkey agar

3.8.6 70% ALCOHOL

Composition

Absolute alcohol……………………………………………………….
70ml

Distilled water…………………………………………………………
30ml


To prepare 100ml of 70% alcohol, 70ml of absolute alcohol was measured and added to 30ml of measured distilled water in a clean plastic container. It was then corked labeled and marked flammable. It was stored at room temperature in a screw cap container (Baker and Silverton, 2000).

3.9 VALIDITY AND RELIABILITY

· For the validity and reliability of the results, water samples were collected in sterile glass bottles with screw cap to avoid contamination of the samples. The sterilization was achieved using an autoclave tape which contains spores of Bacillus stearothemophilus. Black lines on the autoclave tape indicates sterilization. 

· Also during collection, the bottles were placed at the direction of water to prevent contamination from the hands.

· The culture media plates were cleaned and sterilized using bleach and 70% alcohol and Bunsen burner flame since they were plastics and could not be autoclaved.

· The culture media were dissolved in clean glass containers and autoclaved at 121oC for 15minutes to sterilize it. Sterilization was indicated by the blackening of the autoclave tape which contain spore of Bacillus stearothemophilus. Pour plating was done aseptically beside a Bunsen burner flame to minimize contamination of the media.

· Prepared culture media were stored at 2-8oC which prevent growth of most of the microorganism on it.

· The manufacturer’s instructions were strictly followed to obtain the best results.

3.10 LIMITATIONS

· Inaccessible roads to the different catchments areas made the research difficult

· In adequate finance for personal transportation to catchments area made the researcher to sample only the few sources he could within the time limit.

· Inadequate human resources (staff) to assist in sampling the sources and analyzing due to lack of finance to transport them to various catchments.
· Interruptions by other academic activities such as internship limited  the sampling size and the analysis period

· The method of analyzing was not the best because the culture broth was selective and most of the species, if present could have been missed.

· The catchments were very far away from the laboratory and time was delayed before sampling of the specimens. This could also lead to loss of some of the species of bacteria that might have been present in the water sample.

· Selective media for various organisms were not provided, this gave a lot of work  in isolating the organism down to species level.
CHAPTER FOUR

RESULTS, ANALYSES AND INTERPRETATIONS
4.0 INTRODUCTION

The study was carried out in Nkum Sub Division. 15 water sources were randomly selected and analyzed, of which 6 were from a grazing area and 9 from farming land and habitation. The water sources were all untreated. Out of the 15 analyzed all of them were bacterially contaminated giving a percentage prevalence of 100% while none of them was free from bacterial contamination giving a percentage of 0%.

From the source analyzed, 30 bacteria were isolated made up of 11 different species of bacteria. Nsa I, Roovilan, Memfu I, had a percentage prevalence of 27.3% each, Kuymboh I, CEAC, Mah, Mah/Kishong, Roowai, Marist Brothers I and II had a percentage prevalence of 18.2% each. The catchments had a percentage prevalence of 48.3%, sedimentation tanks 22.4% and drinking points 29.3%. Of the 11 different isolates Escheriachia coli had the highest prevalence of 30% followed by Klebsiella species, Proteus species and Bacillus species with the percentage prevalence of 13.3% each. Enterobacter species and Clostridium species had a percentage prevalence of 6.6 each while Citrobacter species, Pseudomonas species Staphylococci species, Listeria species had a percentage prevalence of 3.3% each
4.1 ANALYSES

4.1.1 TABLE I: OVERALL PREVALENCE OF BACTERIA IN VARIOUS WATER SOURCES

	Number of samples analyzed
	Number of positive
	Number of negative
	Percentage prevalence

	15
	15
	0
	100%



Out of the 15 sources analyzed, all were bacterially contaminated showing 100% prevalence as represented on the histogram below.
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Figure 5: A Histogram showing overall prevalence of bacteria in various water sources.
4.1.2 TABLE II: ILLUSTRATION OF THE VARIOUS BACTERIA ISOLATED FROM THE DIFFERENT WATER SOURCES ANALYZED. 

	SOURCE
	CATCHMENTS
	SEDIMENTATION TANK
	DRINKING POINTS

	Nsa I
	Klebsiella species

Escherichia coli
	Proteus species

Escherichia coli
	Proteus species

Escherichia coli

	Nsa II
	Escherichia coli
	Proteus species

Escherichia coli
	Escherichia coli

Proteus species

	Roovilan
	Proteus species

Escherichia coli

Klebsiella species
	--------------------------
	Escherichia coli

Klebsiella species

	Kuymboh I
	Salmonella Specie
	---------------------------
	Klebsiella species

Salmonella Specie

	CEAC
	Klebsiella species

Escherichia coli
	----------------------------
	Klebsiella species

Escherichia coli

	Kuymboh II
	Klebsiella species

Escherichia coli
	---------------------------
	Klebsiella species

Escherichia coli

	Mah
	Bacillus species
	Bacillus species

Clostridium species
	Bacillus species

	Mah/Kishong
	Bacillus species

Enterobacter spp
	Bacillus species

Enterobacter species
	Enterobacter spp

	Kovifem
	Enterobacter spp

Citrobacter species

Clostridium species
	Enterobacter species
	-------------------

	Marist Brother I and II
	Bacillus species

Clostridium species
	Bacillus species

Clostridium species
	Bacillus species

	Memfu I & II
	Echerichia coli

Pseudomonas Spp

Bacillus spp

Staphylococci spp
	Escherichia coli

Pseudomonas spp
	Escherichia coli

Pseudomonas spp

	Roowai
	Proteus species

Escherichia coli
	Proteus species


	----------------------

	Kishong
	Listeria spp

Escherichia coli
	Escherichia coli
	No drinking point



The table above illustrates the bacteria isolates from the various sources. From the 15 water sources analyzed, 30 bacteria were isolated made up of 11 different species of bacteria. The isolates are presented on the table according to the sites (Catchment, Sedimentation tanks, and Drinking points).

4.1.3 TABLE III: THE PREVALENCE OF THE VARIOUS BACTERIA SPECIES IN WATER
	Bacteria species
	Number isolated 
	Percentage Prevalence

	Escherichia coli
	9
	               30%

	Klebsiella species
	4
	13.3%

	Bacillus species
	4
	13.3%

	Proteus species
	4
	13.3%

	Clostridium species
	2
	6.6%

	Enterobacter species
	2
	6.6%

	Peudomonas Spp
	1
	3.3%

	Salmonilla species
	1
	3.3%

	Staphylococcus species 
	1
	3.3%

	Citrobacter species
	1
	3.3%

	Listeria species
	1
	3.3%

	Total
	30
	100%

	X2tab = 16.919,       X2cal = 20.337          at       0.05%   Significant Level


The table above shows the prevalence of the various bacterial isolates.  X2cal is greater than X2tab. Therefore at 0.5% significance level, there is enough evidence to support the claim that the water sources showed preference for particular bacteria species mainly Escherichia coli which is an indicator of feacal contamination of water and other feacal organisms like Klebsiella, Proteus and salmonella showed least prevalence because they are short lived in water.

This high prevalence of indicator organism may be due to runoff from hilly sites into the catchments in the valley. Close human settlement raring of animals and farming near catchments area brings about bacterial contamination from sewage, fertilizers and animal dung.


Figure 6: A histogram showing the prevalence of the various Bacteria species in water sources

4.1.4  TABLE IV: THE MOST PROBABLE NUMBER OF   BACTERIA/100ML OR 105ML OF WATER.
	Sources
	Catchments
	Sedimentation tank
	Drinking Spots

	Nsa I
	17.0
	3.0
	3.0

	Nsa II
	7.0
	3.0
	3.0

	Roovilan
	90.0
	--------------------
	35.0

	Kuymboh I
	160.0
	--------------------
	160.0

	CEAC
	35.0
	--------------------
	11.0

	Kuymboh II
	35.0
	--------------------
	35.0

	Mah
	13.0
	8.0
	5.0

	Mah/Kishong
	25.0
	13.0
	5.0

	Kovifem
	25.0
	25.0
	-----------------

	Marist Brother I and II
	180.0
	40.0
	2.0

	Memfu I & II
	18.0
	8.0
	3.0

	Roowai
	50.0
	35.0
	13.0

	Kishong
	180.0
	90.0
	------------------

	X2tab = 36.415,  X2cal = 2261.798,  0.05%   Significant  level



The table above shows the most probable number of bacteria/ 100ml or 105ml of water sample per site of collection. The table shows that the bacterial concentration in catchments was very high and the concentration reduces for those sources that have sedimentation tanks. For some of the sources, the concentration remained same from catchments to drinking points. From the above table it equally showed that the further the drinking point from the catchments, the lesser the number of bacteria concentration/100ml or 105ml. this might be due to good piping systems and the bacteria dies due to lack of nutrients before reaching the drinking point. From the table above, X2cal is far greater than X2tab at 0.05% significant level, there is enough evidence to support the claim that the main drinking water sources in Nkum are bacterially contaminated and the cause of the high prevalence of waterborne disease in the indigenes of Nkum.


This high prevalence of bacteria in catchments may be due to poor construction, lack of embankment, and site of catchments. All this can lead to access to contaminants. High prevalence in drinking spots may be due to the leakages of pipes, breakages and lack of sedimentation tanks.

4.1.4.1 TABLE V: THE PREVALENCE OF BACTERIAL CONTAMINATION WITH RESPECT TO SITE.

	SITE
	# ANALYZED
	# POSITIVE
	# NEGATIVE
	% PREVALENCE

	Catchments
	15
	15
	0
	100%

	Sedimentation tanks
	9
	9
	0
	100%

	Drinking spots
	14
	13
	1
	92%

	       X2tab  =  9.488,            X2Cal   =1.127 at    0.05% significant level



Figure 7: Histogram showing the prevalence at various sites
The table above shows the prevalence of bacterial contamination with respect to site. 15 catchments were analyzed and all were positive giving a percentage prevalence of 100%. 9 sedimentation tanks were analyzed all were positive giving a percentage prevalence of 100%. 14 drinking points were analyzed 13 were positive giving a percentage prevalence of 92%. This high prevalence in catchments could be due to diverse sources of contamination such as pollution from farm land, settlement and grazing land. High prevalence in sedimentation tanks and drinking points may be due to breakages between catchment/sedimentation tank and sedimentation tank/drinking points. From X2 calculations X2tab is greater than X2Cal supporting the claim that bacterial contamination is dependent on the site of construction.
CHAPTER FIVE

DISCUSSION, CONCLUSION AND RECOMMENDATION
5.0 DISCUSSIONS


According to the study “bacteriological analysis of main drinking water sources in Kumbo and its surroundings”, carried by Balan in 2007, from the overall isolates Escherichia coli was highest that is 8 out of the 18 isolates giving a percentage of 44% indicating feacal contamination which is the most valuable quality control for water supplies. 7 out of the 12 sources were contaminated giving an overall percentage of 58%. This is in line with the results of this study carried out in Nkum Sub Division, where 15 water sources were randomly sampled. Out of the 15 sampled, all the 15 were contaminated by bacteria showing a percentage prevalence of 100%. The overall isolates were 30, made of 11 different species and out of the 30 isolates, Escherichia coli was the  highest prevalent bacterium with 9 isolates showing a percentage prevalence of 30%. The water samples were collected from different sources and different areas; these explain the reasons for various bacteria isolates. Also location of catchments and human activities around the catchments also contribute greatly to this fact.

A study carried by Viban in 2010 in Kumbo and its environs showed that the highest prevalence of bacteria was from catchments with a percentage of 36.6% followed by drinking spots with 32.4% and sedimentation tanks 31%, with a total isolates of 71. It is also in line with the present study carried out in Nkum Sub Division where 15 water sources were analyzed, a total of 58 isolates were gotten with Escherichia coli being the most prevalent bacterium. The catchments showed a percentage prevalence of 48%, drinking points 29.3% and sedimentation tanks 22.4%. The reason for the high prevalence in catchments may be due to poor construction site and equally diverse source of pollution by human activity. Reduced prevalence in sedimentation tanks is because the bacteria settles down as the water stand in the tank and also exhaust the BOD, get short of oxygen and die. Increase prevalence in drinking points might be due to leakages or breakages along the pipes as it leaves the sedimentation tank.

5.1
CONCLUSION


Most water authorities in Nkum always think that tap water is the best source of water, based on the fact that the catchments are built from springs sources and are piped to the drinking areas with little or no contamination. From this study carried out, it showed that the sources were heavily contaminated by bacteria giving a percentage prevalence of 100%. From the inspection off the position of the catchments, it was noted that the possible contamination were from humans and animals around the area.

5.2 RECOMMENDATIONS



 All the water sources analyzed were contaminated. The following proposals should be considered;

· The position of the catchments should be well sited and very far away from human activities such as farming, grazing and habitation.

· Catchments in valleys should be well constructed, well covered with some meters above the ground to prevent access from runoff into the catchment.

· Each time there is a breakdown of any water supply component, the water supply after repair should be tested for contamination and treated if possible.

· Research seminars should be organized by the council to educate water authorities on proper water management within their communities.

· This study was carried out in the dry season and out of the many catchments in Nkum only a few were sampled, hence a similar study should be carried out in the rainy season after treatment of the water sources to investigate really if the contamination of the water sources are due to runoff and also compare the bacteria prevalence to that of this present study in the dry season.
· It is also a wish that studies should be carried on waterborne diseases in Nkum sub division to really know the percentage of the population suffering from waterborne infections.
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APPENDIX I

USEFUL FORMULAE
 1)   X2      =   ∑(0 - E)2

          
                       E

Where X2 is Chi square, 0 = is observed frequency E = is expected frequency.
2)   
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Where ∑R  =  row sum  
∑C =column   sum and G= Grand total
3)          Df = (R-1)(C-1), where R =rows and C= columns
4) Prevalence /incidence rate  =
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Where n+ = number of positive cases, T= total number of samples
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