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ABSTRACT

This research was aimed at determining bacteriological analysis of water frorn

selected sources within Gusau Metropolis, Zam fara State, Nigeria. The water used are

tap water, borehole water, and well water. A number of sample of six (6) was obtained

from each source. The method used include spread plate, standard plate count, and

biochemical test methods. The result indicated that for tap water Madawaki had the

lowest count of coliform (1.0x105) cfu/ml, while Tudun wada had the highest count of

coliform (6.1x105) du/ml. For borehole water Sabon gari had the lowest count of

coliform (2.0x105) du/ml and Galadima had the highest count of coliform (8.0x105)

du/ml . for well water Tudun wada had the lowest count of coliform (1.7x105) cfu/ml

and Madawakihad the highest count of coliform (5.0x105) cfu/ml.
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CHAPTER ONE

INTRODUCTION

The bacteriological Analysis of water is performed routinely by water utilities imd mimy

governmental agencies to ensure a safe supply of water for drinking, bathing, swimming

and other domestic and industrial uses. The examination is intended to identify water

sources which have been contaminated with potential disease-causing microorganisms.

Such contamination generally occurs either directly by human or animal feces, or

indirectly through improperly treated sewage or improperly functioning sewage treatment

systems. The organisms of prime concern are the intestinal pathogens, particularly those

that cause typhoid fever and bacillary dysentery. Since human faecal pathogens vary in

kind (viruses, bacteria, protozoa) and in number, it would be impossible to test each water

sample for each pathogen. Instead, it is much easier to test for the presence of

nonpathogenic intestinal organisms such as E. coli. E. coli is a nom1al inhabitant of the

intestinal tract and is not normally found in fresh water. Therefore, if it is detected in

water, it can be assumed that there has been faecal contamination of the water. ln order to

determine whether water has been contaminated by faecal material, a series of tests are

used to demonstrate the presence or absence of colifom1s (Agunwamba,2000).

Water has remained one of the prized natural resources of any nation and it occupies a

permanent position among urban and rural dwellers. Water is the most important

compound in the world; over 90% of the weight of any cell is composed of water and the

chemical reaction associated with life is based on this compound (Agunwamba, 2000).



Water is a transparent and nearly colorless, odorless, and tasteless chemical substance that.

is the main constituent of Earth's streams, lakes, and oceans, and the fluids of most living

organism. It covered about 70 percent of the human body, Its chemical formula is H20,

meaning that its molecule contains one oxygen and two hydrogen atoms that are

connected by covalent bonds. Strictly speaking, water refers to the liquid state of a

substance that prevails standard ambient temperature and pressure; but it often refers also

to its solid state (ice) or its gaseous state (steam or water vapor). It also occurs in nature

as snow, glaciers, ice packs and ice bergs, clouds, fog, dew, aquifers, and atmospheric

humidity. Water covers 71 % of the earth's surface (Agunwamba,2000).

1.1 Importance of Water

i. Water Helps Your Body Remove Waste:

Adequate water intake enables your body to excrete waste through perspiration, urination,

and defecation. The kidneys and liver use it to help flush out waste, as do your intestines.

Water can also keep you from getting constipated by softening your stools and helping

move the food you've eaten through your intestinal tract (Edzwald, 2013).

ii. Water Prevents You From Becoming Dehydrated:

Your body loses fluids when you engage in vigorous exercise, sweat in high heat, or come

down with a fever or contract an illness that causes vomiting or diarrhea. If you're losing

fluids for any of these reasons, it's important to increase your fluid intake so that you can

restore your body's natural hydration levels (Edzwald, 2013).
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íii. Water Transports substances and Metabolisms:

Water is essential for proper digestion, nutrient absorption and chemical reactions. The-

carbohydrates and proteins that our bodies use as food are metabolized and transported by

water in the bloodstream (Edzwald, 2013).

1.2 Statement of the Problems

Serious ill-health can be caused by water becoming contaminated by faeces being passed

or washed into rivers, streams, pools or being allowed to sieve into wells and bore-holes.

Supplies of drinking water contaminated with sewage or excreted matter from man and

animals cause diseases such as typhoid fever, cholera, diarrhoea, compylobacteriosis,

amoebiasis and even helminthiasis.

The bacteriological analysis of water can confirm whether a water supply has been

faecally contaminated.

1.3 Justification

Presence of microorganisms especially pathogenic ones cause contamination of the water

which would lead to water borne diseases, therefore this research was conducted in other

to identify which source is safer for human consumption and also to discourage the

members of the community from drinking it.



1.4 Aim of the Study

To evaluate the bacteriological quality of Borehole water, Well water, and Tap water

within Gusau Metropolis.

1.5 Objectives of the Study

1. To isolate and identify bacteria in water samples.

2. To estimate the number of coliforms present in water samples.

1.6 Hypothesis

Ho= there is no presence of coliform bacteria in the water samples used.

H0= there is low coliform load in the water samples examined.
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CHAPTERTWO

LITERATURE REVIEW

The health of any community fully depends on the accessibility of adequate and safe

water. Hence, water is predominantly essential for life, health and for human self-respect.

Therefore, in addition to community health benefits, all people have the right to safe and

adequate water retrieved in equitable manner for drinking, cooking, personal, and

domestic hygiene. In this case, both adequacy and safety of drinking water are equally

important to reduce the incidence of water-related & water borne health problems

especially diseases like diarrheal (Bharti and Katya! 2011).

A possible contamination source that carries threats to drinking water quality are open

field defecation, animal wastes, plants, economic activities (agricultural, industrial and

businesses) and even wastes from residential areas as well as flooding situation of the

area. Any water sources, especially older water supply systems, hand dug wells; pumped

or gravity-fed systems (including treatment plants, reservoirs, pressure break tank, pipe

networks, and delivery points) are vulnerable to such contamination. Particularly systems

with casings or caps that are not water tight are most vulnerable. This is particularly true

if the water sources are located close to surface runoff that might be able to enter the

source. Additional way by which pollution reaches and enters a water supply system is

through overflow or infiltration by flood water and inundation of water commonly

contain high levels of contaminants (Haylamichael and Mages, 2012).



The fitness of community extremely depends on the availability of safe and adequate

water for drinking, domestic use, and personal hygiene. If public health is to be improved

and maintained through provision of safe and adequate water supply the major five key

elements are vital which includes quantity, quality, cost, coverage, and continuity. Most

of the time the occurrence of communicable diseases in the country is related with water

supply conditions in the locality. Infectious diseases affected by changes in the water

supply condition are categorized as follows (Addisie, 2012).

1. Those spread through drinking water (water borne diseases, such as typhoid,

cholera, gastroenteritis etc.)

ii. Those transferred through aquatic vectors (water based diseases, such as

schistosomiasis)

111. Those spread by insects that depend on water (water related diseases, such as

malaria and yellow fever)

iv. Those diseases produced by the lack of adequate water for personal hygiene

( water washed diseases, such as scabies and trachoma.

Based on the morbidity records, there is still a high incidence of communicable diseases

which most of the time is related to water supply conditions in the country among which

about 60% of the top ten diseases are relate to poor quality and scarcity of household

water consumption (UNICEF, 2008).



2.1 Coliforms as Indicator of Bacteriological Quality of Water

Coliforms are gram negative, rod shaped, non-spore fanning bacteria that ferment lactose

at 35-37°C within 24-48 hours to produce acid and gas

(Nester et al.., 2001). Coliforms are facultative, anaerobic, gram negative, non-sporing,

rod shaped bacteria that ferment lactose with gas fonnation within 48hrs at 35ºC, and are

members of the family enterobacteriaceae. These bacteria make up about I 0% of the

intestinal microorganisms of humans and other animals and have found wide spread use

as indicator organisms, the colifonn group include Escherichia coli, Enterobacter

aero genes and Klebsiel/a pneumoniae (Willey et al., 2011 ).

According to APHA (1998), coliform bacteria are commonly used indicator of sanitary

quality of food and water. These bacterial groups are not normally the cause of serious

illness, they are easy to isolate and culture and their presence is used to indicate the

presence of other pathogenic organisms probably of faecal origin. These faecal pathogens

could be bacteria, viruses or protozoa and many multicellular parasites. Typical genera of

coliform are Citrobacter, Enterobacter, Hafnia, Klebsiella, Serra/ia and faecal coliform

that consist of Escherichia coli. Due to impracticality to test water source for all

pathogens related to water borne diseases as a result of complexity and time consnming

nature (Lehloesa and ?uyiwa, 2000) indicator organisms are used (Grabow et al., 2000).

The subgroups of coliform are the total and faecal coliform.
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2.1.l Total Coliforms

These are defined as aerobic or facultative anaerobic, gram negative, non-spore forming

rod-shaped bacteria which ferment lactose and produce gas at 35ºC (APHA, 1998).

Bacteria belonging to faecal coliform include those of faecal origin such as Escherichia

coli while total coliforms are those bacteria that may come from other sources other than

faecal origin such as Klebsiella spp., Citrobacter spp., Serra/ia spp. and Enterobacter

spp. which are majorly obtained from water rich in nutrient, soil, decaying vegetation and

drinking water with high levels of nutrients (WHO, 1996).

2.1.2 Faecal Coliforms

Coliforms are aerobic or facultativaely anaerobic, Gram negative, non spore forming,

rods capable of fermenting lactose with production of acid and gas within 48hrs of being

placed in appropriate media at 3 sºc.

The coliforms group of bacteria is used as an indicator of pollution and includes many

environmental species of bacteria such as Escherichia coli, Klebsiella pneumonia,

Enterobacter aerogenes, Citrobacter freundii and serratia /iquifaciens found in the soil,

on fruits, leaves, grains and runoff water (Godfrey, 2003).

Coliform bacteria of faecal origin are referred to as faecal coliforms and grow at higher

temperature (44.Sºc). The detection of this group of organisms which could be found in

faeces of humans, animals and birds, indicate contamination from faecal sources

(Godfrey, 2003).



According to Doyle and Erickson (2008), faecal coliform is defined as a facultative

anaerobic, rod-shaped, gram negative, non-spore forming bacteria which produce acid

and gas from lactose within 48 hours at 44 ± O.SºC. They appear in great quantities in the

intestine and faeces of humans and animals, the presence of faecal coliforms in water

often indicates recent faecal contamination, meaning there is greater risk that pathogens

are present. Increased in their level offer a warning of water treatment failure, break in

integrity of the distribution system and most possibly contamination with pathogens

(Doyle and Erickson, 2008).

Faecal coliform bacteria are also known as thermotolerant coliform or presumptive E. coli

(APHA, 1998). Coliform group includes organisms such as Klebsiella spp., Enterobacter

spp. and Citrobacter, which are not exclusively of faecal origin (APHA, I 998).

Escherichia coli are mainly of faecal origin from birds, humans and other warm blooded

animals (_WHO, J 996). Hence, faecal coliform are considered to be a more specific

indicator of the presence of faeces (Maier et al., 2000). They are used to indicate

unacceptable microbial water quality and are used as indicator in place of E. coli (SABS,

2001). Faecal coliform presence in a water sample shows the possible presence of other

pathogenic bacteria such as Salmonella spp., Shigella spp., pathogenic E. coli, Vibrio

cholera, Klebsiella spp and Campylobacter spp. associated with water borne diseases

(DWAF, 1996).



2.1.3 Escherichia coli

It is the globally accepted indicator of faecal pollution in food and water (Edberg et al.,

2000). It is a gran1 negative, rod shaped bacterium and chiefly an inhabitant of the

intestines of warm blooded animals and humans which is used to indicate recent faecal

pollution of water san1ples (Rice et al., 1991 ). The evaluation of potable water supplies

for coliform bacteria is important in determining the sanitary quality of drinking water.

High levels of coliform counts indicate a contaminated source, inadequate treatment or

post treatment deficiencies (Mathew et al., 1984). lt has been reported that drinking water

supplies have a long history of association with a wide spectrum of microbial infections

(Grabow et al., 2000).

2.1.4 Limit ofColiforms in Drinking Water

According to American Public Health Association, APHA (1998), the presence of total

coliform bacteria is unacceptable because they are group of bacteria with common

characteristics used to indicate unacceptable water quality. High level of coliform counts

is usually an indication of water contamination. \Vhen non-coliform bacteria counts are in

excess of 200 colonies/I 00ml of sample, they obscw-e or prevent the growth of coliform

bacteria. When total coliform bacteria or high non-coliform bacteria counts are present in

drinking water, such water needs to be checked for contamination problems (API-IA,

1998).

The Total Coliform Rule (TCR), a National Primary Drinking Water Regulation

(NPDWR) was published in New York in 1989 and became effective in 1990. The rule

.
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mandated both a health goal (Maximum Çontaminant Level Goal, or MCLG) and legal
limits (Maximum Contaminant Levels MCLs) for the presence of total coliform in

drinking water. Environmental Protection Agency set the MCLG for total coliform at zero

because there have been waterborne disease outbreaks in which research discovered very

low levels of coliform, so any level show some form of health risk. Samples analyzed for

either faecal coliform or E. coli, if one analysed sample is positive for E. coli faecal

coliform, the system has an acute MCL violation (EPA, 2002). The MCLG for total

coliform bacteria is zero. The MCL for total coliform was formulated as an indicator for

potential presence of sewage in the water supply. Since the total coliform comprises

faecal coliform and Escherichia coli and the Escherichia coli is a major inhabitant of

humans and animals intestines. Presence of Escherichia coli or other faecal coliform in

water is an indication that such water is actually contaminated with human sewage or

animal waste. By convention that most indicator coliform bacteria are harmless, sewage

may contain disease-causing organisms (EPA, 2002).

2.2 The Concept of Indicator Organisms

Faeces contain large number of organisms which include Escherichia coli, streptococcus

Jaecalis, (faecal streptococci) and clostridium perfri11ge11s. The organisms form part of

the normal flora of the intestinal tract (Cheesbrough, 2010).

A useful way, therefore of determining whether a water supply is faecally polluted and

could possible contains enteric pathogens dangerous to health is to test for the presence of

normal fecal organisms. To search directly in water sample for the presence of enteric

pathogens is impractical for routine control purpose. Testing for normal fecal organisms

11



as indicator for faecal pollution is not easy to do, but also a reliable way of detennining

whether water is bacteriologically safe to drink. If no faecal bacteria are detected in water

sample, it is probable that enteric pathogens (usually present in much smaller numbers)

are also absent (Cheesbrough, 20 I O).

Criteria for an organism to be used as indicator organisms for the analysis of water should

include the following:

i. Present in faecal contaminated water when enteric pathogens are present but in

greater numbers.

ii. Incapable of grm,ih in aquatic environment but capable of surviving larger than

pathogens.

iii. Equally or more resistance to disinfection rather than pathogens.

iv. Easily and accurately enumerated.

v. Applicable to all types of water.

v1. Absent from non-contaminated water and exclusively associated with animals and

human faecal wastes.

vii. Density of indicator should be directly con-elated with the degree of faecal

contamination (Ashbolt er al, 2013).

12



2.3 Water Borne Diseases

Many important human pathogens are maintained in association with living

microorganisms other than humans, including many wild animals and birds. Some of

these bacteria and protozoa pathogens can survive in water and infect humans. When

water are used for recreation or are source of sea food that is consumed uncooked, an

epidemic certainly exist (Prescott et al., 2000).

2.3.1 Epidemic and Endemic Waterborne Disease

Poor water quality continues to be a major public health problem globally. According to

the World Health Organization, diarrhoeal disease accounts for an estimated 4 % of the

total global burden of disease measured in disability adjusted life years (DAL Ys) and

around 1.8 million deaths every year. It has been estimated that almost 90% of that

burden is attributable to unsafe water supply, sanitation and hygiene, mainly affecting

children in developing countries. In developed countries, waterborne disease is no longer

considered a constant threat. However, waterborne diseases have not been eradicated, and

every year some waterborne outbreaks occur. Outbreaks caused by contaminated drinking

water may have substantial public health impact and will cause large concern in the

affected community (WHO, 2006).

In recent years, the importance of non-outbreak waterborne illness has g·ained renewed

interest. The proportion of endemic gastrointestinal illness in the community that can be

attributed to water is unknown. Probably, drinking water systems that fulfill the required

standards can intermittently be contaminated by pathogens either through low-level

13



contamination of source water, inadequate water treatment or deterioration of water

quality in the distribution system (Rice et al., 1991). Although the concentrations of

infectious organisms may be very low in these incidents, they may result in sporadic

cases of illness that are not recognized or investigated as a possible outbreak (Craun and

Calderon, 2006).

2.3.2 Water Borne Disease of Viral Origin

i. Hepatitis A (Infectious Hepatitis)

Usually is transmitted by faecal-oral contamination of food, drinks or shell fish that live

in contaminated water and contains the virus in their digestive system (Prescott et al.,

2005).

Once in the digestive system, the viruses multiply within the intestinal epithelium, usually

only mild intestinal symptoms. Occasionally, viraemia (presence of virus in the blood)

occurs and the virus may spread to the liver. The viruses reproduce in the liver, enter the

bile and are released in to the small intestine. This explains why feaces are so infectious

(Prescott et al., 2005).

ii. Poliomyelitis

Poliomyelitis, polio or infantile paralysis is caused by the polio virus, a member of the

family Picornaviridae (Prescott et al., 2005). The virus is very stable and can remain

infectious for relatively long periods in food and water which are its main routes of

transmission. Once ingested, the virus multiplies in the mucosa of the throat and/ or small

intestine. From these sites, the virus invades the tonsils and lymph nodes of the neck and

14



terminal portion of the small intestine. Generally there are either no symptoms or a brief

illness characterized by fever, headache, sore-throat, vomiting and loss of appetite. The

virus sometimes enters the blood stream and causes viraemia. In minority of cases (less

than 1 %), the viraemia persist and the virus enters the central nervous system and causes

paralytic polio (Prescott et al, 2005)

2.3.3 Water Borne Diseases Caused by Protozoan Parasites

i. Giardiasis

Giardia lamb/ia is a flagellated protozoan that causes the very common intestinal disease

Giardiasis. Giardia iamb/ia is worldwide in distribution, and it affects children more

seriously than it does adult. ln United State, this protozoan is the most common cause of

epidemic water borne diarrheal disease (about 30000 cases yearly). Approximately 7% of

the population are healthy carriers and shed cysts in their faeces. Giardia lamb/ia is

endemic in child day care centers in the United State. Transmission is most frequent with

cysts contaminated water supplies. Epidemic outbreaks have been recorded in wilderness

areas, suggesting that humans may be infected from clean water with giardia harbored by

rodents, beers, cattle or household pets. As many as 200million humans may be infected

worldwide (Prescott et al., 2000).

ii. Cryptosporidiosis

Cryptosporidiosis is caused by cryptosporidium parvum which is an intracellular parasite

responsible for acute gastroenteritis and less frequently respiratory infection in humans. It

is associated with giardia, the most commonly diagnosed gastro intestinal protozoan in

15



the world (Guy et al., 2003)

Ninety percent (90%) of reported outbreaks of these pathogenic protozoans occur through

water while I 0% are related to food. Giardia and cryptosporidiurn have the potential for

zoonotic transmission. Water borne outbreaks are associated with drinking water, wells,

rivers, lakes and recreational swimming pools. The reported frequencies of occurrences of

contamination of surface water with Giardia, cryptosporidiurn are from 60-96% in the

United State and from 20-64% in Canada (Guy et al., 2003).

Cryptosporidiwn parvum is a threat to water supplies because it is resistant to chlorine

disinfections and the parasite is small and thus difficult to filter, and harbored by many

animal species.

2.3.4 Water Borne Diseases of Bacterial Origin

i. Gastroenteritis

Escherichia coli is undoubtedly the best studied bacterium and the experimental

organisms of choice for many microbiologist. It inhabits the colon of humans and other

warm blooded animals, and it is quite useful in the identification of faecal contamination

of water. E. coli circulate in the resident population, typically without causing symptoms

due to the immunity afforded by previous exposure. Because many cells are needed to

initiate infection, contaminated food and water are the major means by which they are

spread (Prescott et ai., 2011).

16



Although the vast majority of E. coli strains are non-pathogenic members of the intestinal

micro biota
,

some strains cause diarrheal disease by several mechanisms: six categories or

strains of diarrheagenic E. coli are now recognized : enterotoxigeníc E. coli (ETEC) ,

enteropathogenic E. coli (EP EC), entero invasive E.coli (EIEC), enterohemorrhagicE.coli

(EHEC), enteroaggregative E. coli (EAEC) ,
and diffusely adhering E. coli (DAEC)

(Prescott et al., 2011).

ii. Cholera

Cholera is an acute diarrheal disease caused by infection of the intestine with Gram

negative, comma-shaped bacterium vibrio cholerae. It is transmitted by ingesting food or

water contaminated by faecal material from infected individuals. The infection is usually

mild or without symptoms in most healthy adults but sometimes can be severe. The

disease is characterized by profuse watery diarrhea, vomiting and leg cramps (Prescott et

al, 2011).

2.4 Water Pollution

Water pollution refers to the contamination of water bodies often as a result of human

activities. In defining pollution, we generally look at the intended use of water, how far it

depatts from the norm, its effect on public health, its ecological impacts. From public

health or ecological view, a pollutant is any biological, physical or chemical substances

that in identifiable excess is known to be harmful to other desirable living organism.

Water pollutants include excess amount of heavy metals, certain radioactive isotopes,

faecal coliform bacteria, phosphorus, nitrogen, sodium and other useful (even necessary)

17



elements as well as certain ath .

b
. .

P ogemc actena and viruses. In some instances, materials

may be considered as pollut t t
.

an o a particular segment of the population although not

harmful to the segments For e ¡
. .

" · xamp e excessive sodmm as a salt is not generally harmful,

but it is to some 1 hpeop es w o must restrict salt intake for medical reasons (Prescott,

2000).

It is fundamental principle that the quality of water determines its potential uses. The

major uses of water today are for agriculture, industrial processes, and domestic

(household) supply. Water for domestic use must be free from constituents harmful to

health, such as insecticides, pesticides, pathogens and heavy metals concentration, and

should not damage plumbing or household appliances. The quality of water required for

industrial purposes varied widely depending on the process involved.

Some process may require distilled water, others simplv needed water that is not highly

corrosive or that is free from particles that could clog or other.vise damage the equipment.

Because most vegetation is tolerant to a wide range of water quality, agricultural water

may vary widely in physical, chemical and biological properties (Botkin and Keller,

2000).

Many different processes and materials may pollute smface water or ground water. All

segments of our society (urban, rnral, industrial, and agriculture) may contribute to the

problems of water pollution. Most of the sources result from rnnoff and leaks or seepage

of water pollutants in to the surface water or ground water. Pollutants are also transferred

by air and deposited in water bodies, increasing population also as well as placing more

demands on our finite water resources As a result, it can be expected that sources of
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drinking water in some¡ 1- •¡oca ion wt l degrade in future (Prescott, 2000).

2.4,l Types of Water Contamination

According to Viman et al (20l0)
. .

· pomt and non-pomt source are the two types of water

pollution. Industrial impacts on water can be severe when toxic chemicals are dumped or

accidentally spilled into w t Th. f
. . .

.

a er ways. 1s type o pollution is bemg called pomt source

pollution. Industries must have special permits to discharge waste materials into

waterways, usually having to first treat the water ways. Severe fines and penalties may

result from non-compliance. Point source pollution has effects on ecosystems: Pollutants

can come a specific source such as pipe that discharges used water or other materials

from a factory into a water body such discharges can be harmful to the aquatic ecosystem

and can affect the forest tree species surrounding the body of water, Pollutants can also

come from large areas such as agricultural fields that have been covered with fertilizers or

pesticide. Fertilizer and pesticides residue can run off or wash into streams and rivers or

seep into soil contaminating underlying groundwater at the surface it can also reach trees,

Pollutants can contaminate our drinking water source reduce oxygen levels which can kill

fish and other wildlife (Viman et al., 2010).

Non-point source pollution is a much bigger problem, it occurs when rainfall, snowfall, or

irrigation runs over land or through the ground and picks up pollutants and deposits them

in bodies of water. Toxic construction materials like paint, solvents, acids, and glues can

also pollute water. In urban areas, rainfall that lands on non-permeable street, sidewalks

and parking lots creates runoff, carrying pollutants into streams. Lawn and garden

chemicals like herbicides, insecticides, and fertilizers can seep into groundwaterar end up
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in waterways. Toxic solvent
.

.

s, pamts, oils and cleaners often get poured down the drain

rather than being disposed properly (Viman et al., 201 O).

2.4.2 Sources of Microbial Contamination of Water

The most dangerous form of water pollution occur when faecal contaminants like

Escherichia coli enter the water supply and also through the faecal-oral route of

transmission. Microbial contaminants in water supply are the source of many diseases

such as typhoid fever, cholera, bacillary dysentery, and so on; Examples of such

microbial contaminants are Salmonella spp, Shige/la spp, Escherichia coli (Edema et al.,

200 I). Source of water contamination could have a wide effect on the community because

it can introduce new pathogens in the home environment (Sobsey, 2002). Several studies

have reported that the microbiological quality of water deteriorates after collection,

during transport and during storage al the point-of-use due to secondary contamination

factors (El Attar et al., 1982). Due to the distances, unavailability and shortage of piped

water supplies inside most households in many developing countries of the world; people

revert to storage of their drinking water as an alternative means (Sobsey, 2002). Microbial

contaminations within the home occur through numerous routes, the most important

transmission routes include water, food, person-person contact, unhygienic behaviour (i.e.

through faeces) and storage conditions increased the risk of contamination which can lead

to infectious diseases (Roberts et al., 2001 ).
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2.5 Bacteriological Testing Of Water

Escherichia coli count is th e most useful test for the detecting of faecal contamination of

water supplies in water quality analvs1·s., Two principal techniques are available for

counting coliforms (Cheesbrough, 201 O).

i. '\lenibrane filtration techniques.

'.\kmbrane filtration test is a technique that, 100ml water sample or diluted samples is

filtered through a membrane filter. The membrane, with coliform organisms on it, is then

cultured on a pad of sterile selective broth containing lactose and indicator. After

incubation. the number of coliforms colonies can be counted, this gives presumptive

number of Escherichia coli in 100ml water sample (Cheesbrough, 2010).

ii. '\lultiple tube/ most probable number (MP'.'>) techniques.

Multiple tube / most probable number (MPN) technique is technique that 100ml water

sample distributed (five 10ml amounts and one 50ml amounts) in bottles of sterile

selective culture broth containing lactose and an indicator. After incubation the number of

bottles in which fermentation with acid and gas production has occurred is counted. The

lactose fermented by the coliform in the water. By reference to probability tables, the

most probable number of coliforms in the 100ml water sample can be estimated

(Cheesbrough, 2010).
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CHAPTER THREE

MATERIALS AND METHODS

3.0 Study Area

The research was conducted in Gusau Zamfara State ..

3.1 Methods

The methods and materials used in this research are designed to meet its objectives.

Equally, coliforms identification was carried out using fecal coliform organisms as

indicator, spread plate method and standard plate count was used in this research.

3.1. l Sample size

The samples were collected from different electoral wards of Gusau, six samples was

collected from each ward. which make total of about 30 samples.

3.1.2 Collection of water samples

Water samples for microbial analysis were collected in sterile bottles and care was taken

to prevent accidental contamination of the sterile bottle or water sample during sampling

and transportation to the water testing laboratory.
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3.1.3 Collectino a Sonipl f" ? ? e ront a Tap

Procedure

lL

.-\ny ?xternal finin:;:s frNn the I" .

- , ?P "ere removed.

The ('Ut,iJe nozzle of the ta) w· -

d"
· e .

'? a, !Sm,ected With flame to remove any dirt/grease

which has bten ,olkcted.

lll.

ÍY.

The tw ''"ª' turned f li d
,

- on u . an the water allowed to run for a while to clear the

pipes. This allows time for the nozzle of the tap to be flushed and any stagnant

"·:ner in the ser\"Íce pipe to be discharged.

The sample bottle ,ms filled from a gentle flow of water. and the cap of the bottle

was replaced.

3.1.4 Collecting a Sample from a Borehole

Procedure

The tap was continuously operated for at least 5 minutes, letting the water flush the

fittings and pipes. The outside nozzle of the borehole tap was flamed to remove any

grease which might have accumulated on it. The tap was turned on fully and water

allowed running for one minute to ensure that the nozzle of the tap was flushed and any

stagnant water in the service pipe discharged. The sample was collected aseptically by

allowing the water from the pump to flow directly into the sterile bottle. Then the bottle

cap was carefully replaced and covered.
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3.1.5 Collecting a Sampl fe roma Well

Procedure

i.

ii.

111.

The sterile sample bottle w
.

as tied on to a length of rope or strong string.

The cap was removed and lower the bottle in to well.

When no more ai b bbl
·

r u es nse to the surface, the bottle was raised out of the

well and the cap was replaced.

3.2 i\Iedía Preparation

3.2.1 Nutrient Agar

Nutrient agar medium was prepared according to manufacturer's instruction by weighing

r-venty eight (28g) grams of the powder using weighing balance, which was transferred

into conical flask containing 1000ml of distilled water, covered with cotton wool and

aluminum foil, shaken thoroughly and heated to dissolve completely. The solution was

further autoclaved at 121 ºe for 15 minutes, allowed to cool to 47°C and poured into

sterile plates to solidify (Cheesbrough, 201 O).

3.2.2 Eosin Methylene Blue (EMB) Agar

Forty (40) grams of eosin methylene blue agar was dissolve into lOOOmls of distilled

it was then heated and process for autoclaving at 121 ºe for l 5 minutes, the media

water,

l
d I nd dispense into clean petri dishes to solidify. The solidified EMB

was al owe to coo a

h b. t d to sterility test by incubating inoculated and un-inoculated

plates were t en su iec e

I th t 37oc for 24 hours (Cheesbrough, 2010).

p ates toge er a
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3.3 Analysis ofWiat.-r Siarnplt.s.

3.3.1 Spn:ad Platt: Tt>chniqut>

Spread DÍJ.te te,".ni?'l·' ; , ,; • tl d
- . .

·
· .·'" ?1, me 10 o! isolation and enumerationofmicroorganismsina

rruxed rn\ture Jc,d ,-\istrib?tínf it ewnly. The technique makes it easier to quantify

bacteria in J. s0luti0:1.

3.3.2 Procedure

Ser,al dihE:on o,· a\l the san1ples was prepared on to the center of an agar plate.O. 1ml of

sample ,-.as ino?ulated The glass spreader was flame owr the Bunsen burner The sample

was spread o,·er the surface of agar using ;he sterile glass spreader The plate was

incubated at r'C for 24 hours to obsene colonies The colony forming unit (CFlJ) of the

sample was counted ma.rrna\lY And then the colonies obtained were subcultured on a plate

containing eosin me1hylene blue agar (El\'1B).

3.3.3 Coliform count

Standard total colifonn count was performed by inoculating the sample in to the plates

.
-

· h ,1
blue agar and the plates were incubated at 37°C for 24hours

contammg eos1n met ) ene

to observe colonies.
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3.4 Gram staining

Gram staining procedure was carried out from the subculture of EMB positive plate

above as follows:

A thin smear of a colonv was mad 'th d f
. . .

.
e w1 a rop o stenle d1st1\led water on a previously

cleaned microscope slide and allowed to air dry. The smear was heated, fixed by passing

over the Buns en burner flame 3 times. The smear was flooded with crystal violet dye and

allowed to stand for one minute, after which the dye was rinsed off with slow running tap

water. Gram iodine was added to cover the smear for another one minute and rinsed with

slow running tap water. The smear was then decolorized with acetone briefly and then the

smear was counter stained with safranin and allowed to stand for another one minute

before rinsing with slow running tap water.

The stained smear was allowed to air dry and observed using oil immersion objective lens

xl00. The purple colour indicate Gram positive bacteria while pinkish colour indicate

Gram negative, Gram negative spore forming rods indicate fecal coliform.

3.5 Biochemical Test

•
·

¡
. the tests used for the identification of bacteria species based on the

B10chem1ca tests are

•

h
·

1
fv'ties of different bacteria. The types of biochemical

differences in the bioc emica ac 1 1

.

d O s act as a thumbprint for it is identification.

reactions each orgamsm un erg e

i. Indo le Test

.

t agar slant was taken and inoculated onto

The colonies from the subculture nutnen

. B" b ttles and incubated at 37?C for 24hrs. After

prepared peptone water (5ml) 111 !JOU
o

..

fKovac's reagent was added and gently shaken. A positive

24hrs of incubation 2-3 drops 0
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reaction was indicated by the d..,,.. \ i:h\pHl'\-""nl 1,,f his.,¿ -,,
• -

.

the broth within one
.

1
11? '"1"111' 1tl the reagent layer al:liWe

Trl.llll.lk '\:,;•?¡-\tt\ ,

... _.. ,

,

? h ;h th'\\;> \\";b
,

¡·

t d
·

l1\\ i,·:itc·d when the. índole reg"'-t

re ame its yellow ,C'k"tr T' _
_

...,? ..

the enzvme ' -
,

, . _.,, t,,t ,., \-,1,,•d ,,n tlw pr11wipk tha1 if an Nganism elaborates

. ,r? pntophanas,'. ct ,h,,.ulJ h· 111<l,,k p,,sitiw when grown in a medium

containing the amino ac-i.d tr:r?('rhdtt r

,

. .

n Ph'l'1mn is usually present in the digest of

,ar1ous proteins ofa..n.imals. ?tnd n1a· 'r-.• .·
' .• it. '·'-" t,kd the pwcess úf digesting the protein does

not destrov it. The e 7 .

-

• n?:rne t01,."'?1,.iph",lffl'?
, ,rt .

· '
•·· ,.. ,¡. 1 trypt0ph:m mto índole, pyruvic acid and

ammonia. Ho h\\'ever t ? formati0n ç,f l!td1..'\k is inhibited in the presence of fermentable

sugar.

ln addition ofkovJ.c·, ir.d,•l? r-C>-?-"t-"? T¡...,

• '

- . - . --?ce"·L ... e ,n.:10le compound reacts \\ith p- dimethyl amino

benzaldehy<le to forrr? J. r-=d ci::,:-r?_;;o•_:.nd.
o ··

h
'

• .:i,meu ylaminobenzaldehvde is the active agent

of the kovac·s índole reagents.

ii. :\!ethyl Red- \"oges-Proskauer Test

5ml of methyl red- Vogues ?cos!:a,lec Test 1:-IR-\-P) broth was inoculated \\-ith

subculture Colonies and incubated. '.°or ?8-72hrs at 37°c. After this peri0d oi incubati0n.

1ml of the broth was uans:er.s::d ,,a a small serological tube, to this small quantity, 2-3

drops of methyl red s_vas adrkd. H,t de,.elopment of red colouration on addition of the

indicator signified a positive result ·;,hile a :·ellow colour shows a negatiw result.

To the rest of the broth in the <irigin;c,! wl:i'"- 15 drops of 5% alpha- napthol in ethanol was

added followed by 5 drops of 4(/fr, f#as<,i1;m hydroxide (KOH). This was mixed by

shaking, the caps was placed in a ,,[r¡ppíng position. The development of a red colour
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L:P .. ?1;._1??T'_t ;:'.?•· 'l

???:- .. -? '

The anajyses -,,_·??-t --,
. •? -

-,.,.:?-,. •, •· ,: f? •·"r-tt-. -r:-

indica:,??:- :,:-f:::.=·:·::=.?_-:-.
-·

T ab:e 4-. ·: .
-...; ...:..:·· :•?·=

~-;:·:-,. __ .•,.,:__;;1. ::i:.···: ?- ·_·r-·: ::._-?
..

---:::--,e::::.-.::-.:_ ?, •. ?.·n·n;,,: ':t\_,\l;-..:,

Tap waar

:--n

T\\

SG

GD

\lD\\

fh? ,_.._ __ ,'-·e?:,

sam.p?:: 2:,:: :"..-,, ··_.:.. --?-? --=··:::.::.

KEYS:

MY='\1-P:,·f,:

TW= Tt'D1.··: -,;a. ;._=,_o_

SG== SA.BC/: (,;._?."

GD= GALP.Iú',1}.

MDW='M.ADA W ;.].;

:.::



Table 4.2: Number of colifonns obtained
1

,per m ot each samples,

-BO REH OLEE-----------?
SB

GB

MOB

CFU/ml

2.OxtO5

8.Qx!Q5

7.Qx]Q5

Toe table sho"·s that sample SB as haYing the lowest count of coliform per ml and sample

GB with the highest c0unt of coliform count units per ml.

KEYS:

MY=:-1AYA:\"A

TW= n;m.J? WADA

SG= SABO'- GARI

GD= GALADI:VIA

MDW= MADA \V.A.KI
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rabie 4J: Number of coliforms obt .

atned Per ml fo each sarn¡¡!es,

- CH' mi

SW

GW

?IDW

Tne data from table aboYe indicates u'-lat sarnple T\1: zs '.::.::.\-L.?g 0e l0west count of

colifurm per ml ai?d sa.rn.ple :. íD\Y \\-ith the higl:?s: c0u.-.t 0:? ..::0:i10rm comn units per ml.

KEYS:

TW= TCDl"\ \\.AD . .\

SG= SABOc\ GARI

GD= GALADI?1A

MDW= MADA WAKI
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CHAPTER FIVE

DISCUSSION

From the results obtained above, for tap water, (Table 4.1) Madawaki, generally had low
counts of coliforms (l.OxJ05) cfu/ml, SG, GD, MY, had cfu/ml between (1.8xJQ5-
5.0x 1 O') while TW nad higher coliform count (6. 1

x I 05) cfu/ml. which failed to meet the
standard set by WHO and NAFDAC guidelines. This could be ascribe to remote faecal

contamination which may have resulted from seepage of faecal material into the sources

from latrines or septic tanks which are not located far enough (Agunwanba, 2000).

For Borehole water (Table 4.2) SG, had the lowest counts of coliforms (2.0x 105) cfu/ml,

:V!DW, had (7.0x I Q5) cfu/ml, while GD, had the highest count of coli forms (8.0x 105)

\\'HO This could be as a result ofcfu/ml. which did not meet the standard set by '

·

.

n accordance with world health organizationlocation of the water sources I

.

l t "O meter awav from latrines so as to prevent seepage of faecalrecommendatwn of at eas ?
·

(Agunwanba 2000).material into the sources '

D (1 7x¡Q5) cfu/ml, '.v!Y,
W h d the lowest count of coh orms .

For well water (Table 4.3) T
'

ª
_

.

fu/ 1 'hile MDW had the
(2 Ox!0'-4.0xl0') e m w '

.

t between ·

GD, SG, had coliform coun

d d the recommended limii set
. 5.0x!0s) cfu/ml. which excee e

.
highest count of cohforms (

1
tamination which may ha,e

.

:t t faeca con
"b d to interm1t en

by WHO, this could be asen e

.
. water sources from latrines or

l materials into the
. seepage of faeca

result from contmuous

d (Agunwanba,
2000).

Y close
septic tank that are ver
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TW, (Tap water), GD, MDW (B
.

. orehole water) and MD\V w .

cohfonn count which
' ( ell water) had high faecal

are mostly Klebsie/la

entered the water from th .
.

spp and Escherichia coli which may have

e soil As su·h f ·1 d' e ª1 e to meet the WHO d "nJ(

of maximum ¡ OO 1

n mg water standard

P ate count ml" 1

(
1 X 102 f 1e u ml) and therefore unsuitability of these

samples for human consumption.

The coliform, mav also
..

·

.
' ongmated

human consumption. Wagner and

from the intestinal tract making the water unfit for

Lanolx (2000) reponed that, in most rural areas of

devell,ping countries. man_, dgroun water supplies are contaminated from the source like

seepage pits. septic tanks which are located in their ,·icini1ies.

Some of the coliforms count obtained could t,c dti•· 1,, 1)1,., , fact more recently. ,·iable

n1icr<Jorganisn1s ha\e been discovered dl)\\'11 te) :11..h.·pth l'1 ]111\11 w \200 meters: and many

pollutants that reach the subsurface will pcrsi,t ,111,I ma, affect \\ater qualit) of ground

water for extended periods !Prescott, 200? I
lhe presence of this t,acterial counts and

contamination with coliform bacteria could be attributed to poor ln gienic practices

observed in filtering and purification of the water in the water board. Therefore. there is

very high tendency of having high number of pathogenic organisms which could lead to

water borne diseases. This is in accordance with the result of Ashbolt (2004), who has

reported that the poor personal hygiene of handlers and poor environment contribute

significantly to the level of contamination of package water in developing countries. Due

to the colifonn count and the presence of Escherichia coli (a faecal coliform) in the

samples, it is however failed to meet the WHO drinking water standard of zero coliform

per l 00mls and this underline the unsuitability of these samples for human consumption
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going by WHO and NAFDAC
. .

recommendations and guidelines
Eschench1a coli is a fa

1

. .

· This is because

eca indicator b acterium indicating faecal contamination and

presence of pathogenic O
.

rgamsms. This is in a

01 d

ccordance with the result obtained by •

aoye an Onilude (2009) hw o re art d
·

. .

p e poor m1crobiological quality of drinking water

m Gaza whJCh deviates fr om recommended l' ·t fWimi 5 0 arid Health Organization (WHO).

However. absence f £ 1

.
.

. o aeca coliform m the rest of the samples with zero coliform per

1 O Om ls could be attributed to better hygienic practices.

Detection of coliforms in drinking hwater s ow the danger of faecal pollution and

consequent hazard of contracting diseases through pathogenic organisms. Disease causing

organisms are transmitted via drinking water predominantly of faecal origin, but the

coliform count would not constitute much concern without the detection of Escherichia

coli. It has been reported that a typical enteropathogenic Escherichia coli is a leading

cause of infantile diarrhoea in developing countries (Trabulsi et al., 2002). The poor

bacteriological quality of water samples recorded in this research project have been

observed in developing countries by some researchers. In a study carried out by Obiri et

al, (2003) on microbiological evaluation of drinking water in Ghana, the author reported

that the water samples were of poor quality. According to them, the occurrence of these

indicator organisms in water constitutes a serious threat to the community and they called

for strict observance of good manufacturing practices by processors and handlers.
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5.1 Conclusion

From all the water sample 11s co ected and anal 'Z ,
. .

.

> ed Escherichia coli and Kleb .

I/
.

were isolated and identifi d ,.

sie a species
ie

, ior tap water Mad

¡.
e

awak1, generally had low counts of

co 11orms (l.Ox)Qs) cfu/ml. h'l· ,
w I e TW h d h. h

.

.

a ig er coliform count (6.1 x)0s) cfulrnl. which
failed to meet the stand,ud set by WHO (Z

.

ero Coliform per 100ml).

For Borehole water SG h d ha t e lowest counts of coliforms (2.0x)0s) cfu/ml, while GD,

had the highest count of colifonns (8.0x I Os) cfuiml. which did not meet the standard set

by \\THO (Zero Coliform per J 00ml) .

For \vell water TW had the lowest count of coliforms ( l .7x 105) cfu/ml, while MOW, had

the highest count of colifonns (5 .Ox 105) cfuiml. which exceeded the recommended limit

set by WHO (Zero Coliform per 100ml).

This indicate the degree at which the faecal contamination occurred to routine analysis of

borehole, tap and well water and may consider the water to be unsafe for humnn

consumption however there were differences in the degree of the presence of f:K'(:11

colifonns in these water sources. Though most untreated water supplies con\nin focc-,il

bacteria but in the case of protected ground water such as tube well,, seal wells n,,d

boreholes are possibly achieved very low level of contamination that suggcs\cd ?nidclinl':s

described by World health organization that:

i. Zero Escherichia coli are excellent.

ii. 1-1 O Escherichia coli is acceptable but need regular sanitary checku\i.
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iii. 10-50 Escherichia coli and above are una cceptable and grossly polluted aspreviously shov,11 bv most ofth .

t· e wa er sources which required correct structuralfaults, repairs and necessarv san't·'
• I ary measures.

5.2 Recommendations

i. The need to boil and filter water before consumption should be emphasized to

prevent outbreak of waterborne disease.

ii. Construction of boreholes, taps. and well should be done in accordance with world
health organization recommendation with regards to their location and depth.

iii. Legislations which regulate sewage disposal should be enforced to circumvent the

iv.

v.

effect of contamination of sub surface water by SC\\'age

Community should fully participated in sanitati,1n ,rnJ encourage to participate

hi. n ps rin the danger associated withworkshop, seminars and pu . ic aware "·

indiscriminate disposal of sewage and rd'use.

l
·h uld be aclequatelv informed on the need to protect potoble water

The popu ace s o ,

supply

vi.
Id provide enough facilities to water

cl that government shou
It is recommende

. . f safe and reliable drinking water.
.

so as to ensure the prov1s1on o

agencies
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APPENDIX

Bio,hcmkitl Te$1 Resoli
---- Gram Reaction

-

---¡.;d- ?fl{ <:i!. ,VP_ ---·---··- -·-

lnferenee
?ate from Samples

(
-

GT -ve short + + £Coli

I
• Rod
-

MT -ve rod + + Klebsíella spp

TT -ve short + + E.Coli

Rod

ST -ve rod + .. Klebsíella spp

\1DT -ve short + E.coli

Rod

SB -ve rod + Klebsiello spp
\!DB -ve short .,. E.coli

Rod

GB -ve rod
+ Klebseillo spp

MW
-ve short + + E.coli
Rod

GW

SW

· ve rod
+ + Klebseilla spp

MDw
• ve rod

+ + Klebseilla spp
TW

• ve rod
+ + Klebseilla spp

• ve rod
+ + Klebseilla spp


