COMPARATIVE ANALYSIS OF SOURCES OF WATER AND WATER BORNE DISEASES
ABSTRACT

Comparative examination of sources of water supply and water borne disease in Independence layout Enugu was carried out with a view to determine their levels of contamination of bacteria. The sources of water examined are tap water, well water and stream water. The questionnaire was used for the survey. Bacteria isolated from the water samples include coliforms especially Escherichia coli. Stream water and well water were found to contain bacterial isolates unlike the tap water that has none.

CHAPTER ONE

INTRODUCTION

1.1 Background to the Study
Water is an essential substance in human life as it is used for various purposes sucg as drunking washing cooking. Human noroviruses cause the most gastrointestinal illness in all regions of the world, with the vast majority thought to be acquired via person-to-person and then by food (Ahmed et al., 2014) given the predominance of genogroup II strains implicated. In waterborne cases, genogroup I is normally implicated (Mathew et al., 2012),  presumably due to increased environmental robustness. An interesting finding with human noroviruses and the second most common cause of gastrointestinal illness, rotavirus (although greatly diminishing due to childhood vaccination programs), is the need for certain histo-blood group antigen (HBGA) receptors for these pathogens to bind to target cells (Tan and Viang, 2014). Not only do certain gut bacteria have these HBGA binding sites but these bacteria may also facilitate infection, as recently demonstrated with human B cells (Jones et al., 2014). Therefore, one’s gut microbiome and blood group impact the likelihood of infection. Furthermore, there is now optimism that a routine cell culture system for human noroviruses may be developed, which would be of particular value to the water-treatment industry. Non-human, culturable noroviruses, such as murine noroviruses among others, are used as surrogates for treatment performance (inactivation studies) but there is limited understanding of the validity of these surrogates for any human norovirus genogroup or mode of inactivation (LI et al.,2014; Cromeans et al., 2014).

The classic waterborne enteric pathogens include Vibrio cholerae (serogroups O1 and O139, causing cholera), Salmonella enterica (subsp. enterica ser. Typhi, causing typhoid), and Shigella spp. (four species causing dysentery), which have largely been controlled by water treatment/disinfection and are therefore rarely an issue via drinking water in developed regions. However, person-to-person and foodborne spread maintains Shigella sonnei within the sewage of developed regions, along with closely-related shiga toxin and verotoxin-producing E. coli, and pathogenic species of Campylobacter, Salmonella, Arcobacter, Helicobacter and Yersinia. An emerging issue is that of AMR, which may occur within any of the bacterial members  but is noted here by example for E. coli in well waters associated with animal production (Coleman et al., 2013). These AMR genes may horizontally transfer between commensal and enteric pathogenic bacteria, and present a higher risk due to antimicrobial treatment failures (Ashbolt et al., 2013). Within healthcare facilities, there is also a considerable health burden due to the prevalence of AMR Pseudomonas aeruginosa and Clostridium difficile; with the latter being a spore-former it may persist in sewage and river waters and eventually make its way to drinking waters, and AMR-P. aeruginosa may grow post-water treatment

1.2. Statement of the problem

A common feature of the water-based pathogens is the ability to grow to problematic concentrations within biofilms on pipe walls and sediments, particularly during periods of water stagnation and warmer conditions; therefore, control below some critical concentration is necessary to manage these environmental pathogens. Hence there is need for comparative analysis of sources of water and water borne diseases.

1.3 Objectives of the study

The major objective of the study is the comparative analysis of sources of water and water borne diseases.

1.4 Research questions

(1) What are the various sources of water?

(2) what are water borne diseases?

(3) what is role of sources of water on water borne disease outbreak?

1.5. Significance of the Study

The research gives a clear insight into the comparative analysis of sources of water and water borne diseases. It also gives a clear insight into the role of water sources in water borne diseases. This research also serves as a preliminary study in identifying the common microorganisms in different water sources that may be responsible for water borne diseases.

1.6. Scope of the study

The research focus on the comparative analysis of sources of water and water borne diseases.

CHAPTER TWO

LITERATIVE REVIEW

Bacteriological criteria for determining water quality have been directed primarily toward concerns for microbial hazard to humans health associated with exposure to potable water supplies among others, where as some bacterial are indigenous to natural water, other gain asses from land, air or humans and other animal wastes (Ade, 1987)

Several micro organisms have been detected in water and found to be contaminated which thus led to the real problem of microbial contamination in water.

Basically, the identified microbes were observed to be contaminated from different sources, useful and well reliable information on how certain indicators and bacteria connected with drinking water pollution could be detected and enumerated has since been introduced (Gneldrrech,1972).

According to (ogedengbe,1981) infections disease such as gastroenteritis, fever, poliomyelitis typhoid fervidly sentiency cholera, diarrhoes and some other intestinal tract disease could be acquired transmitted to man through drinking water.

(Skerrow,1977) reported the out break of epidemic disease as a result of drinking water in an extensive review of water quality.

Ogedengbe and Adeniji (1978) stated that for any water to confirm with the international standards such water must be safe biologically chemically and acslhtically and the possibility that disease could be spread through polluted water was first suspected during the epidemics of the 19th century (Ruys,1959) the discovery of germs of cholera and typhoid proved the relationship and pointed to the need for water treatment.

According to Pelezer et al (1977) common bacterial species are common inhabitants of the intestinal tract of human and the presence of any of these enterobactericen species in drinking water, indicates that the water has received contamination of an intestinal origin.

Fried defined pollution as a modification of the physical chemical and biological properties of water, restricting or preventing its use in the various application where it normally plays a part (Fried, 1975)

Water pollution is usually back to four main origins: industrial, domestic, agricultural and environmental pollution.

2.1. (i)INDUSTRIAL POLLUTION: are used water which contained chemical compounds and trace element such as metals. Rawactive pollution from atomic plats can also be brought in this ways

rain infiltrating through waste disposals, accidents like breaking of pipe line (Diosi,1961)

(ii)DOMESTIC POLLUTION: is carried to the aquifer by rain intclterating through sanitary lard tills accidents, like breaking septic tanks.

(iii)AGRICULTURE POLLUTION: is due to irrigation water or rain carrying away fertilizers, mineral salt herbicides and pesticides.

(iv)ENVIRONMENTAL POLLUTION: is manly due to sea water infusion in water aquifer bacteriological pollution mainly originates in domestic water such as fecal erosion and is the main source of pathogens in water (Fried, 1975).

(Hajner, 1975) started the routine bacteriological examination of metropolitan water supply when he employed Kochs gelatin method. In 1819, Hammer also pointed out that one must look for organisms characteristic of sewage to provide evidence of dangerous pollution, for the purpose of determing the portability of a water supply. It is necessary to establish that the water is not contaminated with pathogenic, if present could be greatly out numbered by normal inhabitant (Skeat, 1961) it is more satisfactory to examine the water for presence of the pathogens

could be present. (Cabeth, 1997) more emphasis have been place on faecal discharge. (Gneldrrech, 1985)

2.5.UNDER GROUND WATER

Underground water usage follows in rank to the surface water sources, ground water sources embrace all water sources embrace all water source obtained below the earth surface these include spring well borehole, underground dam (B rem, 1909)

2.6.WELL WATER

Well are used for a variety of purposes including exploration for mineral resources, drainage, disposal and water supply, it can be shallow deep well. Well water is stagnant it may contain a lot of clay and other mineral salt it may also contain the remains of dea organisms which might have fallen into it. It may as well be hard as a result have fallen into it. It may as well be hard as a result of the presence of lime stone on the bed, thus well water requires treatment to be suitable for both domestic and industrial uses, according to (tranal et al 1966) it may contain acid and an abundance of trace element including poisonous arsenic it occur in saturated treat called aquifer which is present nearly every where. Well is

very where. Well is very difficult to protect from contamination because they may be polluted by surface water flow through an inadequately sealed well cover by seepage polluted ground water etc (lay and mitarb, 1967) well maintenance is very important through sanitary protection maintenance of the well seal and connection, protection from surface drainage are extremely important, since detraction of well safety component may allow it to become polluted.(William, 1999)

Wells over thirty (30) meters deep are considered as deep wells, those less than thirty (30) meters in depth are considered Shallow wells (Clifton, 1965) underground water accumulated by infiltration of rain water, melt water (form snow and ice) and other source of water of stream, ponds, lakes, and reservoirs (William, 1999) the movement of water into the ground and down ward zone of saturation is called infiltration (layi and Mitarb) and the amount of cufiltration depends on the quality of water involved. (Babor and Lehman, 1950).

Ground water sources are safer than surface water, is less susceptible to pollution, Although ground water is less exposed to pollution by domestic and industrial pollutants it is easily more contaminated by salts which dissolves a lot of mineral substances as it passes through (Loud, 1989) such ground water are classified as brackish water having not

more than 1 % dissolved salts (Diosi, 1961) for this reason, some ground water sources are not immediately useful (Pereia, 1993) started that the total fresh water sources available to man is less than 0.5% of the worlds total water contents. This is due to the high concentration of salts in ground water which results in hardness.

Ground water is an important of supply for much of our water, people have used ground water for nearly all of recorded history and millions of wells have been bunk all over in the containing bench for it. Ground water system have

Three characteristic that make supply, they are of adequate surface water supply they are:

(1)They are extensive in distribution and location

(2)They are large reservours and are free evaporation losses.

(3)They improve water quality by infiltration during percolation maintenance of uniform temperature by retention of undesirable element of soil particle altercation by allowing time for short life radioactive substance to decay during slow percolation.

In support of this, (Mitchell, 1972) revealed that ground water in many respects is preferable to surface but in some area, it may not be sufficient and in addition in some parts of the temperate countries.

2.7.PIPE BORNE WATER

It can be defined as channels of distribution of water through urban area or as water supplies to urban area through pipe, it is underground waters which collect on the top of impervious earth layer or strata (Schoop,1950) This is sourced by drilling holes to a depth of between 100 - 150ft or more into the earth crust depending on the geological nature of the area. Pipe borne water has been extended to rural areas from central urban undertaking (Elendayo, 1978).

However, because of inadequacies supply technological problems and ignorance of the people, many of the rural communities served in these ways have not been able to derive maximum benefit (Knocke, 1967) it is little wonder that our rural people still depend very much on rivers, stream, ponds and shallow wells for their water supply (the analyst December, 1988) from the observation made therefore of the urban and rural water supplies, it is necessary to determine or carry out series of experiment on water sources available to know microbial or bacteria contents if within the acceptable unit 50 as to guide against water pollution which could result in water borne disease as earlier discussed. Pipe water, as one of the water sources is mostly used domestics show

colour change and be clear. Sometimes this cells for need to actually verify it’s microbial load.

2.8.SURFACE WATER

Majority of the water used both municipally and industrially are derived from surface water sources. It include all the bodies of water available on the earth surface viz: streams, rivers Dams, canals, ponds etc. according to (Seiberlin and Hapear, 1955).

2.9.POTABLE WATER

Potable water is any water that is fit for human consumption, and also water which in free from chemical substances like lead, Arsenic acid, Ag, Ag etc and also micro organism like Esherichia coli, Salmonella Spp, Shigella Spp etc Dondero (1961)

Potable water is required mostly for drinking and processing of food raw materials pharmaceutical etc. therefore non potabe water is implicated with many types of health hazard and also it is pertinent to subject water to necessary specified treatment before human consumption (Sykes and Skiner, 1971).

Ground water is usually of high quality when compared to surface water according to (Mitchell, 1972) as shown in the table below

The presence of bacteria in ground water is particularly to those bacteria of faecal orgin e.g E coli streptococcus fecalis (Beger, 1952) the world health organization (WHO) has set up human certain microbiological parameters for water quality which aim to exclude all microbes of human and animals feacal origin because most pathogenic microbes found in water are introduced, into the water through feacal contamination

(Duguid and Mitarb, 1985).

These parameter are as follows

(1) No sample should contain 10 E coli in 100 ml of sample.

(2) Through out any year, 95% of the sample as examined should not contain organism in any 100 ml sample.

(3) It should contain less  than 10 Coliform organisms per  100ml (Wistreich and Lechtman, 1984).

(4) Coliform organisms should not be detectable in any 100 ml of two consecutive samples.

For water meant for individual or small communities such as well, springs lakes etc should have Coliform counts, less than 10/ 100ml. Persistent failure to achieve this, especially if E coli is repeatedly found in these samples, the sources of water should be condemned (Boria and Mitarh, 1966).

2.9.INDICATOR ORGANSIMS

The Coliform group of which E coli is a member serves as indicator organisms of feacal pollution. Another group of bacteria that normal feacal pollution as CL perfrigens and streptococcus feacalis also serves as indicator organisms (prescolte et al 1964)

The use of bacteria particularly those of feacal origin as indicator of the sanitary guilty of water can be justified for the following reason:

1. Coliform organisms particularly E coli are constantly present in the human intestine in large numbers, it is estimated that billion of these organisms are exerted by an average person per day. So their present in water show that such water has been polluted by feaces. (Babor and Lehrman)

2. These organisms live longer in water than intestinal pathogen do.

3. These organisms out number and are easier to detct than pathogenic ones

4. They are present in sewage’s polluted water

5. Their presence in water shows pathogenic organisms are present

6. They are absence from unpolluted water

7. They are easier detected by simple laboratory technique

8. They have consistent characteristics

9. They are harmless to men and animal

10. Their number correlate with the amount of pathogens. (Sarrison and Shaw, 1977)

2.10.WATER ANALYSIS

The method for the bacteriological analysis of water samples are many, which includes the multiple tube technique (MTT) and the membrane fitters techniques (MFT) are commonly used to determine the presence of

coliforms and E coli (pelezar et al 1987) water to be used at home must therefore be treated to exclude the pathogenic organism so that such water will be fit for human consumption.

In this wise, water collected form well, stream etc must be steam, boiled and filtered before useage and major analysis of drinking water is to ensure that water does not transmit organism causing human disable to human health (Jiwa et al 1992).

2.11. MICRO BIOLOGICAL ANALYSIS

This determine total bacteria count, total Coliform count / 100ml and E coli count / 100ml it also use to determine sanitary quality and suitability water for general use. (Umbreit, 1966).

2.7 WATER-BORNE DISEASES

Waterborne diseases are those diseases that are transmitted through the direct drinking of water contaminated with pathogenic microorganisms. Contaminated drinking water when used in the

preparation of food can be the source of food borne disease through consumption of the same microorganisms. Most waterborne diseases are characterized by diarrhoea, which involves excessive stooling, often resulting to dehydration and possibly death. According to the World Health Organization, diarrheal disease accounts for an estimated 4.1% of the total daily global burden of disease and is responsible for the deaths of 1.8 million people every year. Further estimates suggest that 88% of that burden is attributable to unsafe water supply,  sanitation and hygiene and is mostly concentrated on children in developing countries [13,35,36]. Most waterborne diseases are often transmitted  via the fecal-oral route, and this occurs when human faecal material is ingested through drinking contaminated water or eating contaminated food which mainly arises from poor sewage management and improper sanitation. Faecal pollution of drinking-water may be sporadic and the degree of faecal contamination maybe low or fluctuate widely. In communities where contamination levels are low, supplies may not carry life-threatening risks and the population may have used the same source for time immemorial. However, where contamination levels are high, consumers (especially the visitors, the very young, the old and those suffering from immunodeficiency-related diseases) may be at a significant risk of infection. In rural African regions, faecal contamination of water arises from runoffs from nearby bushes and forest which serve as defecation sites for rural dwellers. Waterborne disease can be caused by protozoa, viruses, bacteria, and intestinal parasites. Some of the organisms remarkable for their role in the outbreak of waterborne disease include Cholera, Amoebic dysentery, Bacillary dysentery (shigellosis), Cryptosporidiosis, Typhoid, Giardiasis, Paratyphoid, Balantidiasis, Salmonellosis, Campylobacter  enteritis,  Rotavirus  diarrhoea,

E. coli diarrhea, Hepatitis A, Leptospirosis and Poliomyelitis.

4. WATER-WASHED DISEASES

Water washed or water scarce diseases are those diseases which thrive in conditions with freshwater scarcity and poor sanitation.  Control of water-washed diseases depends more on the quantity of water than the quality [38]. Examples of water washed diseases includes; Scabies, Typhus, Yaws, Relapsing fever, Impetigo, Trachoma, Conjunctivitis and Skin ulcers. Four types of water-washed diseases are considered here: soil-transmitted helminthes, acute respiratory infections (ARI), skin and eye diseases, and diseases caused by fleas, lice, mites or ticks. For all of these, washing and improved personal hygiene play an  important role in preventing disease transmission [38].

5. SOIL-TRANSMITTED HELMINTHS

Helminths are intestinal worms (nematodes) that are transmitted primarily through contact with contaminated soil. The most prevalent helminths are ascaris (Ascaris lumbricoides), hookworm (Ancylostoma  duodenale  and  Necator americanus) and whipworm (Trichuris trichiura). Together, these ‘geohelminths’ currently infect about one-quarter to one-third of the world’s population [38]. Over 130 million children suffer from high intensity geohelminthic infections; helminths cause about 12,000 deaths each year [39]. These diseases can be considered water washed. Improved hygiene and sanitation can reduce their incidence. Mass deworming of children is also recognized as an effective control measure [38].

6. ACUTE RESPIRATORY INFECTIONS

Acute respiratory infections (ARI) including pneumonia are responsible for approximately 19% of total child deaths every year [38]. Evidence demonstrating that good hygiene practices, especially hand-washing with soap, can significantly reduce the transmission of ARI abounds. In view of the link between ARI and hygiene, it can now be considered a water- washed disease [40,41,42].

7. SKIN AND EYE DISEASES

United Nations Children’s Fund 2008 posits that trachoma is the world’s leading cause of preventable blindness. About 6 million people are blind due to trachoma and more than 10% of the world’s population is at risk. Globally, the disease results in an estimated $2.9 billion in lost productivity each year [43] in the US, trachoma is caused by the Chlamydia trachomatis bacteria which inflame the eye. After years of repeated infections, the inside of the eyelids may be scarred so severely that the eyelid turns inwards with eyelashes rubbing on the eyeball. Flies are implicated in the transmission of trachoma, and are often seen feeding on the discharge from infected eyes. The best control method for trachoma and conjunctivitis is improved  access to water for face washing. Ringworm (tinea) is also water washed disease prevalent among children of school age and the aged. This infectious disease affects the skin, scalp and keratinized tissues and is caused by a fungus [38].

8. WATER-BASED DISEASES

Water-based diseases are infections caused by parasitic pathogens found in aquatic host organisms. These host organisms includes; snail, fish, or other aquatic animal. Humans become infected by ingesting the infective forms or through skin penetration. Examples of water based diseases includes Schistosomiasis (cercariae released from snail, penetrate skin), Dracunculiasis (larvae ingested in crustacean), Paragonimiasis (metacercariae ingested in crab or crayfish) and Clonorchiasis (metacercariae ingested in fish). These diseases can be prevented through avoiding contact with contaminated water, or use of protective clothing or barrier creams.

9. INSECT VECTOR-BASED DISEASES OR WATER RELATED DISEASES

These diseases are not directly related to drinking water quality. They are those diseases that are caused by insect vectors which breed in or around water bodies. Humans become infected by being bitten by these insect vectors. However, consideration of vector control during the design, construction and operation of surface water reservoirs and canals (for drinking water or irrigation purposes) can reduce the potential for water related disease transmission. Prevalence of water related diseases are high in tropical Africa as a result of poor environmental management and sanitation. Drainages are often waterlogged, hence constituting breeding  sites for these insect vectors. Malaria is one of the water related diseases endemic in 117 countries with about 3.2 billion people living in risk areas all over the world [44]. The report further stated that there are about 350 to 500 million clinical cases of malaria worldwide each year with over  1 million deaths. About 59% of all clinical cases occur in Africa, 38% in Asia, and 3% in the Americas. The most common vector insects are mosquitoes and flies.

Mosquito-borne diseases
Fly-borne diseases

Malaria
Onchocerciasis (River-blindness)

Yellow fever
Loiasis

Dengue fever

Filariasis

10.BACTERIOLOGICAL ANALYSIS OF WATER

Microbial contamination is by far the  most serious public health risk associated with drinking-water supplies. It is impractical to analyze water for every individual pathogen, some of which can cause disease at very low doses. Instead, since most diarrhea-causing pathogens are faecal in origin, it is more practical to analyze water for indicator species that are also present in faecal matter. The use  of indicator organisms in the  bacteriological analysis of water has remained the mainstay of water bacteriology. For many years, total coliforms have been used as indicators in evaluating water quality for several water uses with respect to faecal contamination [45,46]. Not all coliforms are from faecal source. Hence, feacal coliforms and pathogenic forms such as Escherichia coli are now used largely as bacteriological indicators [47]. The term “total

coliforms” refers to a large group of Gram- negative, rod-shaped  bacteria  that  share several characteristics. The group includes thermotolerant (ferment lactose and produce gas at 45.5°C) coliforms and bacteria of faecal origin as well as some bacteria that may be isolated from environmental sources. Thus the presence of total coliforms may or may not indicate faecal contamination. In extreme cases, a high count for the total coliform group may be associated with a low or even zero count for thermotolerant coliforms. Such a result would not necessarily indicate the presence of faecal contamination. It might be caused by entry of soil or  organic matter into the water or by conditions suitable for the growth of other types of coliform. In the laboratory total coliforms are grown in or on a medium containing lactose at a temperature range of 35-37°C. They are provisionally identified by the production of acid and gas from the fermentation of lactose [48]. Unlike coliforms from environmental sources, coliforms that come from faecal matter can tolerate higher temperatures. These are more  closely associated with faecal pollution than total coliforms. The most specific indicator of faecal contamination is E. coli, which unlike  some faecal coliforms never multiplies in the aquatic environment [38]. E. coli is now internationally acknowledged as the most appropriate indicator of faecal pollution. In source water, its level of occurrence is correlated with the inputs of fecal pollution (human or animal) [49].  Other organisms used as indicators of faecal pollution of water includes: Faecal Streptococci, Enterococci,
Clostridium
perfringens, Pseudomonas aeruginosa, Hydrogen sulphide (H2S)-producing bacteria, coliphages and other bacteriophages.

11. CONVENTIONAL METHODS FOR BACTERIOLOGICAL ANALYSIS OF WATER

The testing of waters for pathogens has been undertaken since waterborne diseases were first recognized. In 1884, after discovery of culture media and microscopy, Robert Koch first isolated a pure culture of Vibrio, and Georg Gaffky isolated the typhoid bacillus [50], the known major causes of waterborne disease in the nineteenth century: cholera and typhoid, respectively. The analysis of water for the presence of coliform bacteria has for long been carried out using two classic/conventional methods. These are the multiple fermentation tube or most probable number technique (MPN)

and the membrane filtration methods. In recent years, two alternatives: the enzyme substrate (defined substrate method) and H2S methods, have been gaining increasing popularity [38].

12. MULTIPLE TUBE FERMENTATION (MTF) OR MOST PROBABLE NUMBER TECHNIQUE (MPN)

The MPN technique has been used for the analysis of drinking-water for many years with satisfactory results. It is most suitable in the analysis of very turbid water samples or if semi- solids such as sediments or sludges are to be analysed. The procedure followed is fundamental to bacteriological analyses and the test is used in many countries [48]. It is customary to report the results of the multiple fermentation tube tests for coliforms as a most probable number (MPN) index. This is an index of the number of coliform bacteria that, more probably than any other number, would give the results shown by  the test. It is not a count of the actual number of indicator bacteria present in the sample [48]. Although this test is simple to perform, it is time- consuming, requiring 48 hours for the presumptive results [51]. Multiple samples of the water being tested are added to a nutrient broth in sterile tubes and incubated at a particular temperature for a fixed time (usually 24 hours). If the water source is unprotected or contamination is suspected, serial dilutions of the water (usually 10, 1, and 0.1 mL) may be made. Three or five tubes per dilution are commonly used,  though ten tubes may be used for greater sensitivity. As coliform bacteria grow, they produce acid and gas, changing the broth colour and producing bubbles, which are captured in a small inverted tube. By counting the number of tubes showing a positive result, and comparing with standard tables, a statistical estimate of the MPN of bacteria can be made, with results reported as MPN per 100 mL. Since some non-coliform bacteria can also ferment lactose, this first test is called a “presumptive” test. Bacteria from a positive tube can be inoculated into a medium that selects more specifically for coliforms, leading to “confirmed” results. Finally, the test can be “completed” by subjecting positive samples from the confirmed test to a number of additional identification steps. Each of the three steps (presumptive, confirmed and completed) requires 1-2 days of incubation.  Typically only the first two steps are performed in coliform and faecal coliform analysis, while all three phases are done for periodic quality control or  for positive identification of E. coli. Disadvantages to this method include the large number of tubes needed and the long time requirement for the full test. Accordingly, this test is most conveniently applied in a laboratory setting, though the presumptive test is sometimes made with field kits. Another disadvantage of this method (and other MPN methods) is that the result is a statistical approximation with fairly low precision, and as such should only be considered semi- quantitative [38].

13. MEMBRANE FILTRATION METHODS

Until the 1950s, practical water  bacteriology relied almost exclusively for indicator  purposes on the enumeration of coliforms and E.  coli based on the production of gas from lactose in liquid media and estimation of most probable numbers using the statistical approach initially suggested [52]. In Russia and  Germany however, workers attempted to culture bacteria on membrane filters and by 1943, Mueller in Germany was using membrane filters in conjunction with Endo-broth for the analysis of potable waters for coliforms [53]. By the 1950s, membrane filtration was a practical alternative to the MPN approach although the inability to demonstrate gas production with  membranes was considered a major drawback [53]. The membrane filter technique shows remarkable advantage over the MPN technique in that it could be used to test relatively large numbers of samples and yields results more rapidly than the multiple fermentation tube technique. However, this method is inappropriate for turbid waters, which can clog the membrane or prevent the growth of target bacteria on the filter [38]. The technique is hence unsuitable for natural waters containing very high levels of suspended material, sludges and sediments, all of which could block the filter before an adequate volume of water has passed through. When small quantities of sample (for example, of sewage effluent or of grossly polluted surface water) are to be tested, it is necessary to dilute a portion of the sample in sterile diluent to ensure that there is sufficient volume to filter across the entire surface of the membrane. Another concern with this method is that it may not detect stressed or injured coliforms. It was originally designed for use in the laboratory but portable equipment is now available that permits use  of the technique in the field [48]. The membrane filter method gives a direct count of total coliforms and faecal coliforms present in a given sample of water. A measured amount of water is filtered through a membrane with a pore size of about 0.45µm, which traps the bacteria on its surface. The membrane is then placed on selective agar or a thin absorbent pad that has been saturated with a medium designed to grow or permit differentiation of the organisms sought [54]. The success of this method depends on using effective differential or selective media that will enable easy identification of colonies.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1
INTRODUCTION


In this chapter, we described the research procedure for this study. A research methodology is a research process adopted or employed to systematically and scientifically present the results of a study to the research audience viz. a vis, the study beneficiaries.
3.2
RESEARCH DESIGN

Research designs are perceived to be an overall strategy adopted by the researcher whereby different components of the study are integrated in a logical manner to effectively address a research problem. In this study, the researcher employed the survey research design. This is due to the nature of the study whereby the opinion and views of people are sampled. According to Singleton & Straits, (2009), Survey research can use quantitative research strategies (e.g., using questionnaires with numerically rated items), qualitative research strategies (e.g., using open-ended questions), or both strategies (i.e., mixed methods). As it is often used to describe and explore human behaviour, surveys are therefore frequently used in social and psychological research.
3.3
POPULATION OF THE STUDY


According to Udoyen (2019), a study population is a group of elements or individuals as the case may be, who share similar characteristics. These similar features can include location, gender, age, sex or specific interest. The emphasis on study population is that it constitute of individuals or elements that are homogeneous in description. 


This study was carried out to examine to comparatively analyze the sources of water and water borne diseases. Enugu north local government area form the population of the study.
3.4
 SAMPLE SIZE DETERMINATION

A study sample is simply a systematic selected part of a population that infers its result on the population. In essence, it is that part of a whole that represents the whole and its members share characteristics in like similitude (Udoyen, 2019). In this study, the researcher adopted the convenient sampling method to determine the sample size. 
3.5
 SAMPLE SIZE SELECTION TECHNIQUE AND PROCEDURE

According to Nwana (2005), sampling techniques are procedures adopted to systematically select the chosen sample in a specified away under controls. This research work adopted the convenience sampling technique in selecting the respondents from the total population.
In this study, the researcher adopted the convenient sampling method to determine the sample size. Out of all the entire population of Enugu North LGA, the researcher conveniently selected 126 out of the overall population as the sample size for this study. According to Torty (2021), a sample of convenience is the terminology used to describe a sample in which elements have been selected from the target population on the basis of their accessibility or convenience to the researcher.
3.6 
RESEARCH INSTRUMENT AND ADMINISTRATION

The research instrument used in this study is the questionnaire. A survey containing series of questions were administered to the enrolled participants. The questionnaire was divided into two sections, the first section enquired about the responses demographic or personal data while the second sections were in line with the study objectives, aimed at providing answers to the research questions. Participants were required to respond by placing a tick at the appropriate column. The questionnaire was personally administered by the researcher.
3.7
METHOD OF DATA COLLECTION

Two methods of data collection which are primary source and secondary source were used to collect data. The primary sources was the use of questionnaires, while the secondary sources include textbooks, internet, journals, published and unpublished articles and government publications.
3.8
METHOD OF DATA ANALYSIS

The responses were analysed using the frequency tables, which provided answers to the research questions. Chi- square statistic is used to test the hypothesis.
3.9
VALIDITY OF THE STUDY

Validity referred here is the degree or extent to which an instrument actually measures what is intended to measure. An instrument is valid to the extent that is tailored to achieve the research objectives. The researcher constructed the questionnaire for the study and submitted to the project supervisor who used his intellectual knowledge to critically, analytically and logically examine the instruments relevance of the contents and statements and then made the instrument valid for the study.
3.10
RELIABILITY OF THE STUDY

The reliability of the research instrument was determined. The Pearson Correlation Coefficient was used to determine the reliability of the instrument. A co-efficient value of 0.68 indicated that the research instrument was relatively reliable. According to (Taber, 2017) the range of a reasonable reliability is between 0.67 and 0.87.
3.11
ETHICAL CONSIDERATION

The study was approved by the Project Committee of the Department.  Informed consent was obtained from all study participants before they were enrolled in the study. Permission was sought from the relevant authorities to carry out the study. Date to visit the place of study for questionnaire distribution was put in place in advance.
CHAPTER FOUR

DATA PRESENTATION AND ANALYSIS

This chapter presents the analysis of data derived through the questionnaire and key informant interview administered on the respondents in the study area. The analysis and interpretation were derived from the findings of the study. The data analysis depicts the simple frequency and percentage of the respondents as well as interpretation of the information gathered. A total of hundred and twenty (120) questionnaires were administered to respondents of which 100 were returned. The analysis of this study is based on the number returned.

4.1
DATA PRESENTATION

Table 4.1: Demographic data of respondents

	Demographic information
	Frequency
	percent

	Gender

Male
	
	

	
	60
	60%

	Female
	40
	40%

	Religion
	
	

	Christian
	100
	100%

	Muslim
	00
	00%

	Age
	
	

	18-25
	00
	00%

	26-35
	15
	15%

	36-40
	29
	29%

	41 +
	56
	56%

	Family Economic Status
	
	

	Very High
	24
	24%

	High
	32
	32%

	Very Low
	21
	21%

	Low
	23
	23%


Source: Field Survey, 2021

ANSWERING RESEARCH QUESTIONS

Question 1: What are the various sources of water?

Table 4.2: Respondent on question 1

	Options
	Frequency
	Percentage

	Tap water
	30
	30

	Stream water
	48
	48

	Well water
	22
	22

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 30 respondents constituting 78% said tap water is their main sources of water. While 22 respondents constituting 22% said Well water is their source od water. The remaing 48 respondents gets water from the stream water.

Question 2: what are water borne diseases?

Table 4.3: Respondent on question 2

	Options
	Frequency
	Percentage

	Typhoid Fever
	60
	60

	Cholera
	19
	19

	Others
	21
	21

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 60 respondents constituting 60% said the most common water borne disease is Typhoid Fever. 19 respondents constituting 19% said Cholera. While the remain 21 respondents constituting 21% sais there are other diseases like Giardia, Dysentery.

Question 3: what is role of sources of water on water borne disease outbreak?

Table 4.5: Respondent on question 4

	Options
	Frequency
	Percentage

	High
	61
	61

	Low
	17
	17

	Undecided
	22
	22

	Total
	100
	100


Source: Field Survey, 2021
From the responses obtained as expressed in the table above, 61 respondents constituting 61% said high. 17 respondents constituting 17% said low. While the remain 22 respondents constituting 22% were undecided.

CHAPTER FIVE

DISCUSSION, RECOMMENDATION AND CONCLUSION
The analysis examination carried out on the water sources that serves for private and public water supply were intended to assist in the determination of the quality of drinking water in Independence layout of Enugu state. (World Health Organization[WHO], 1985). have stipulated standards for water meant for human consumption and the result of the present investigation did not meet the standards except the tap water.

The total bacterial count of the water sources showed general variation from different samples (table2) the result shows that the well water sources has poorer quality in terms of contamination with coliform. (table1) The tap water sources showed no content of any coliform unlike other water sources, this result expected as the water source is most likely to have been treated by the process of chlorination to public out lets

The isolation of coliform from the water sources is indication of feacal contamination of the water sources like the well and the stream water. Their presence also indicates poor sanitary condition of the water sources.

RECOMMENDATION

Judging from the result obtained I would like to recommend the following.

Personal hygiene should be adopted by every one using natural water, that is, water obtained from any of the natural sources should be boiled or treated before consumption.

Water purification method that provides safe drinking water should be made available by government in order to avoid out break cause by pathogenic organism found in water. The government should make more sacrifices to provide adequate treatment facilities that purify sewage prior to discharge or disposal, so as to save our drinking water form continuos pollution.

CONCLUSION

Stream water and well water in (Independence layout locality) Enugu metropolis has been found to be unsafe for consumption and for industrial uses because of the large number of bacteria that grew on agar plate incubated for 24 hours.
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QUESTIONNAIRE

PLEASE TICK [√] YOUR MOST PREFERRED CHOICE AND AVOID TICKING TWICE ON A QUESTION

SECTION A

PERSONAL INFORMATION

Gender

Male [  ]

Female [ ]

Age 

18-25
[  ]

20-30
[  ]

31-40
[  ]

41 and above [  ]

Educational level

WAEC
[  ]

BSC/HND
[  ]

MSC/PGDE
[  ]

PHD

[  ]

Others……………………………………………….. (please indicate)

Marital Status

Single
[  ]

Married [  ]

Separated [  ]

Widowed [  ]

Duration of Service

0-2 years [  ]

2-5 years [  ]

5 and above [  ]

Section B
Question 1: What are the various sources of water?

	Options
	PLEASE TICK

	Tap water
	

	Stream water
	

	Well water
	


Question 2: what are water borne diseases?

	Options
	PLEASE TICK

	Typhoid Fever
	

	Cholera
	

	Others
	

	Total
	


Question 3: what is role of sources of water on water borne disease outbreak?

	Options
	PLEASE TICK

	High
	

	Low
	

	Undecided
	


