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ABSTRACT

Many water utilities are required to monitor source water for the presence of

total coliforms, fecal coliforms, or both. The Colilert system, an application of the

defined substrate technology, simultaneously detects the presence of both total

coliforms and Escherichia coli directly from a water sample. After incubation, the

formula becomes yellow if total colifonns are present and fluorescent at 366 nm if

E. coli is in the same sample. No confinnatory tests are required. The Colilert system

was previously assessed with distribution water in a national evaluation in both

most-probable-number and presence-absence formats and found to produce data

equivalent to those obtained by using Standard Methods for the Examination of

Water and Wastewater (APHA, 1985). The Colilert system was now compared with

Standard Methods Multiple-Tube Fermentation (MTF) for the enumeration of total

colifon11S and E. coli from surface water. All MTF tubes were confirmed according

to Standard Methods, and subcultures were made to identify isolates to the species

level. Colilert tubes were sub-cultured to determine if color changes were specific

to the target microbes. The Colilert system was found equally sensitive to MTF

testing by regression, t-test, chi-square, and likelihood fraction analyses. Specificity

of the Colilert system was shown by the isolation of a species of total coliform or

E. coli after the appropriate colour change. The Colilcrt test can be used for source

water samples when enumeration is required, and the benefits previously described

for distribution water testing-sensitivity, specificity, less labor, lower cost, faster

results, and no non-coliform heterotroph interference-are applicable to this type of

water analysis. This study demonstrates that there is prevalence of microorganism

can be found in water tanker and should be treated more regularly or often to prevent

consumers or user from contacting these coliform disease which is harmful to

human lung.
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CHAPTER ONE

INTRODUCTION
Water is one of the most important elements for all forms of life and is

indispensable in the mainte t· t·ti ,nance o 1 e on Earth and essential for the composition

and renewal of cells w t· a er represents 70% of our body, participates in the

composition of our tissues d t h
.

·
,

an ransports t e most diverse substances throughout

our organism. Notwithstanding, human beings increasingly continue to pollute the

reserves which still remain, provoking illnesses that can jeopardize the population

(WHO, 2008).

1.0

Water is considered a vehicle for the propagation and dissemination of

human associated bacteria. Safe tanker \Vater is a fundamental human right and if

contaminated with opportunistic pathogenic environmental bacteria, it may have

health implications for consumers. Human health should therefore be protected by

preventing microbial contamination of water that is intended for consumption. ln

rural communities, untreated surface water from rivers, dams, and streams is

directly used for drinking and other domestic purposes. These unprotected water

sources can be contaminated with microbes through rainfall runoff and agricultural

inputs, mixing with sewage effluents and faeces from wild life, which render them

unacceptable for human consumption (WHO, 2006). Faecal coliforms, Aeromonas

and Pseudomonas, are used as indicators of faecal contamination in water and the

presence of these pathogens may have Africa and the world at large, waste water

reuse can form an important component of water demand management, but this

waste water reuse may affect the quality of drinking water if proper treatment

d not implemented. Whereas waste water reuse has been extensively

proce ures are

•

¡ t d
· some European and African countries, yet in Nigeria, only a few

imp emen e m

1



waste water reuse schemes h ave been documented and there is limited"

implementation of this altero f .
. .

a ive tn commumties. Severe health implications on

consumers especially those th t
.

a are immune compromised (WHO, 1976).

Water is unsafe for h .uman consumpt10n when it contains pathogenic or

disease-causing microorga
·

p h
. .

msms. at ogemc microorganisms (and their associated

disease(s)) may include ba t
·

h
.

.
. .

e ena, sue as Salmonella typhi (typhmd fever), V1bno

cholerae (cholera), Shigclla (dysentery, shigellosis), and viruses, such as poliovirus

or Hepatitis A virus and protozoa such as Giardia lamblia (giardiasis) or

Cryptosporidium parvum ( cryptosporidiosis ).A major challenge for water suppliers

is how to control and limit the risks from pathogens and disinfection by-products. It

is important to provide protection from pathogens while simultaneously minimizing

health risks to the population from disinfection by-products (EPA, 2011).

In addition to bacterial-related health risks, faecal contamination carries the

increased risk of viral contamination of the water source. Although viruses cannot

multiply in water, some may remain static. This health risk is elevated in treated

water (i.e. chlorinated tanks) where the faecal indicators may be absent. Many

viruses have been identified as key etiological agents in outbreaks of drinking water

derived gastrointestinal illness in the United States and Netherlands (Leclerc et al.,

2002).

Alarming increases in the consumption of antibiotics through human therapy

d
·

It ¡ processes have been reported and this extensive usage in both

an agncu ura

h d
·

¡ medicine has resulted in the development of antibiotic-resistant

uman an amma
.

h. h f"' t the treatment of infections. Antibiotic resistance has therefore

bactena w ic a iec
• bli'c health issue and its presence in waste water, surface water,

become a maJor pu
.

.

1 i·s well documented. The hazard associated with the

and drmkmg wa er



pathogenicity of microbes
·

IS aggravated by its ability to resist destruction by
antibiotics. Biological treatm t .en processes m the waste water treatment plants may
result in a selective increas f .b.

.
.e o anti 10tlc-res1stant bacteria and therefore increase

the occurrence of mult" d ·
• · · ·

1 rug-resistant orgamsms. Although m1croorgamsms m

drinking water are reduced b , hi
·

.
.

; c onnatton, they may survive the treatment process
and enter the distribution system. Moreover, the presence of antibiotic resistance in

microorganisms has been previously reported (WHO, 2008).

Considering the fact that the public health of a community may be related to

the quality of treated waste water supplied and that public health can be protected

by reducing the pathogenic microorganisms in drinking water, the present study was

designed to isolate environmental bacteria from surface and drinking ,vater in

Mafikeng and identify the Pseudomonas and Aeromonas species using polymerase

chain reaction (PCR). A further objective was to characterize the isolates using their

antibiotic resistance profiles (WHO, 2006).

In developing countries including Nigeria, where the majority of people live

in rural areas, rivers, streams, and more recently boreholes', serve as the main

sources of water for drinking and domestic use. The underground water supplies are

usually considered the safe provided they are properly located, constructed and

d d. g to the World Health Organization Guidelines for Drinking
operate accor m

Water (WHO, 1971).

.
· of concern in contaminated water include the following

Microorgamsms
. fd. hea and gastroenteritis namely Salmonnella sp., Shigella sp.,

bactenal agents o iarr

. .
. d ·b

·

0 cholera (Birmingham at el., 1997). Protozozooal agents
Esehenchia coh an vi n

. d E t moeba histolytica Giardia lamblia, Balantidium coli
of diarrhea mclu e n ª '

Enteroviruses causing various clinical ailments,
and Cryptococcus pervum.

3



not necessarily diarrhea but .

' are transmitted by water include Poliovirus Rotavirus,
Hapatitis A virus (Benjelloun et al. 1997)_

'

The need to assess th .

b"
.

e micro 10log1cal quality of water has become
imperative because it has a direct effect on the health of individuals. The recognition
of the connection between p li t· d h

.0 u !On an t e need to protect human health, recreat10n
and fisheries production led to the early development of water quality regulations
and monitoring methods (Anyanwu and Okoli, 2012). Pollution of groundwater
stems from different sources that include insanitary condition during borehole

construction, splashing of runoff into wells left uncovered, flooding at borehole site,

leachate from old buried waste pit or latrine into the hole through cracks in aquifer
and amrnlar of the hole, closeness of boreholes to septic tanks especially where

space is a constraint and as such boreholes are drilled at times at old garbage landfill

site formations through which the wastewater is retrieved from the holes

(Onwughara ct al.,2013 ).

Worldwide, over one billion people lack access to an adequate water supply;

more than twice as many lack basic sanitation (WHO/UNICEF, 2006). Unsafe

water, inadequate sanitation, and insufficient hygiene account for an estimated 9. I

f th lobal burden of disease and 6.3 percent of all deaths, according to
percent o e g

the World Health Organization (Prüss - Üstün et al.,., 2008). This burden is

.
.

1 b by children in developing countries, with water-related
d1sproport10nate Y orne

. h 20 percent of deaths of people under age 14. Nearly half
factors causmg more t an

.

1

·

g countries have infections or diseases associated with
of all people m deve op1n

1 and sanitation (Bartram et al., 2005).
inadequate water supp Y

4



1.1 The Effect of Water in the Body
A healthy sedentary ad It I'

•
.u ivmg m a temperate climate should drink at least

1.5 liters of water per day! Th'
1

.
· is eve] of water mtake balances water loss and helps

keeping the body prope I h dr Y Y rated. The water you consume through food and
drinks follows a very prec· . . . . . .

1se route to arnve m your cells, of which 1t 1s a vital
constituent (Bartram, 2008).

After passing through the stomach, water enters the small intestine, where it
is largely absorbed in the first sections, the duodenum and jejunum. The rest passes

into the colon. It crosses the intestinal mucous membrane into the bloodstream, then

into the interstitial tissues that make up the framework of every organ, to arrive in

the cells. Blood brings nutritional elements to cells (minerals, vitamins, protein

components, lipids and carbohydrates). Waste products arc then removes through

urines (Bartram 2005). Water plays also an essential function in helping the

regulation of temperature. The following arc the functions of water in the body;

l. Cell life: Water is essential for cells to function properly: it enters into the

composition of the cells.

2. Chemical and metabolic reactions: By enabling hydrolysis reactions, water

· ·

t 1·n the biochemical breakdown of what we eat (proteins. lipids and
part1c1pa es ·

h d t ) This is one of many reactions in which water is involved.
carbo y ra es .

f trients and removal of waste: Water as a main constituent of
3. Transport o nu

'b t the transport of nutrients to the cells. In deed the nutrients
blood contn utes 0

d b th blood. Water, as a carrier, also helps removing waste
are transporte Y

e

products through urines.
· Water has a large heat capacity which helps

4. Body temperature regulatwn:
.

.

b d t mperature in a warm or a cold environment. Water
limit changes m O Y

e



enables the body to releas h t h ,
• ·

h b d
e ea w en ambient temperature 1s higher t an o Y

temperature (2): we begin to sweat, and the evaporation of water from the skin
surface cools the body very efficiently.

Water is at the heart oflife. This is why a human being can survive no longer
than few days without water. Drinking water every day (approximately 1.5 liters*),
and at regular intervals, 8 times a day (before, during and in-between meals),
without waiting until you're thirsty, is important as part of a healthy lifestyle, at

every stage of life (Bartram, 2012).

1.2 Aim and Objectives of the Study

The aim of these present study was to investigate water in tankers, enumerate

any microorganism in this water. The following objectives are to be met

To study the microorganism that can be found in tanker's water

• To enumerate the microorganism that can be found in tanker's water

6



CHAPTER TWO

LITERATURE REVIEW
Water is unsafe for hum .

. .

an consumpt10n when it contains pathogenic or
d1sease-causmg microorganis p h . .ms. at ogemc microorganisms and their associated
disease(s) may include ba t

·

e ena, such as Salmonella typhi (typhoid fever), Vibrio
cholerae (cholera) Shigell 'd · · ·

' a 1• ysentery, sh1gellosis), and viruses, such as poliov1rus
or Hepatitis A virus and protozo h o· d' ¡ bl 1

·

d' ·)a sue as nar ia am ia 1giar 1as1s or

Cryptosporidium parvum (cryptosporidiosis).A major challenge for water suppliers
is how to control and limit the risks from pathogens and disinfection by-products. It

is important to provide protection from pathogens while simultaneously minimizing
health risks to the population from disinfection by-products (EPA, 2011 ).

2.0

In addition to bacterial-related health risks, faecal contamination carries the

increased risk of viral contamination of the water source. Although viruses cannot

multiply in water, some may remain static. This health risk is elevated in treated

water (i.e. chlorinated tanks) where the faecal indicators may be absent. Many

viruses have been identified as key etiological agents in outbreaks of drinking water

derived gastrointestinal illness in the United States and Netherlands (Leclerc et al.,

2002).
·

"ungi· are known to be opportunistic human pathogens. Airborne
Some m1cro-i,

·

1
t potential source of micro fungi found in water storage

spores are an impor an

•

1
d onstrated conclusively that filamentous micro fungi grow

reservmrs. It has a so em

• urfaces of water pipe and in soft sediments within the
and sporulate on the mner s

.
.

t rn (Sammon et al.,., 2011).
water distnbut1on sys e

7



Worldwide
, over one bill"

.

wn people lack ac
more than twice as man

1

.

cess to an adequate water supply;

.

y ack basic sanitation (

water, madequate sanit r
WHO/UNICEF, 2006) Unsafe

a ion, and insufficient h
.

.

percent of the global burd .

ygiene account for an estimated 9.1
en of disease and 6 3

the World Health O .
.

· percent of all deaths, according to

rgamzat10n (Prüss-Üst ..

disproportionately b b .

un et al.,., 2008). This burden is

orne Y children in d
1

.
.

factors caus
·

eve opmg countncs, with water-related
mg more than ?O perc t f

f 11 I
.

- en ° deaths of people under age 14. Nearly half
o a peop e m developing countries h

. . .

.

ave mfect1ons or diseases associated with

madequate water suppl , 3 d
. .

) n samtatJon (Bartram et al., 2005).

The presence of E coli in ,. t
- . . .

· \\ a er 1s a strong md1cat10n of recent sewage or

faecal contamination. Sewage .

. .

may contam many types of disease causing

organisms. E. coli comes from human and animal waste. During rainfalls, snow

melts, or other types of precipitation, E.coli may be washed into creeks, rivers,

streams, lakes, or groundwater. When these waters are used as sources of drinking

water and the water is not treated or inadequately treated, E.coli may end up in the

drinking water (Health Canada, 2008).

Faecal coliforms and E.coli are bacteria whose presence indicates that the

water may be contaminated with human or animal wastes. Microbes in these waters

can cause short-term effects, such as díarrhea, cramps, nausea, headaches, or other

symptoms. They may pose a special health risk for infants, young children, some of

the elderly, and people with severely Compromised ImmuneSystems (CDC, 2009).

Some bacteria are ubiquitous in soil, water and on surfaces in contact with

soil or water such as Pseudomonas aeruginosa which is an opportunistic pathogen.

P
-

•

pportunistic pathogen. It produces tissue damaging toxins and

.aerugmosa 1s an o

causes urinary tract infections, respiratory system infections, central nervous\

"'" .. ,?-··
s ?.¡,t:1A•v•1

..... rrr•nr
'!'Of, '"

......
•

1,11,1ll\..1··•"11'' •'·•"ª.



system, endocarditis (P .aeruginosa infects
endocardium), dermatit" .

heart valves establishes itself on the

.
.

IS, soft tissue infections
mfect1ons, gastrointestin

1

.
.

, bacteraemia, bone and joint
.

ª mfections and a
.

. . .

particularly in patients with
variety of systemic mfect10ns,

severe burns and in cane .

immunosuppressed S

er and AIDS patients who are
• pread occurs fro .

Personnel b ct·
.

rn pattent to patient on the hands of hospital
' y irect patient cont t

.

. .

ac with contaminated reservoirs and by the

mgest10n of contaminated food d

'

san water (EHA, 2012).

The presence of faecal coli? .
. .onn m aquatic environments may indicate that

the water has been contarninat d
.

he wit the faecal material of humans or animals.

Faecal coliform bacteria can t b
.

.
.en er water odies through direct discharge of waste

from mammals and birds, from storm and agricultural runoff, and from human waste

(Doyle and Erickson, 2006).

l

Pet wastes ( cats, dogs) can contribute to faecal contamination of surface

waters. Runoff from roads, parking lots, and yards can carry animal wastes to

streams through storm sewers. Girds can be a significant source of faecal coliform

bacteria. Birds (seagulls, geese, swans) can all elevate bacterial counts, especially

in freshwater systems (wetland, rivers, lakes and ponds). Some waterborne

pathogenic diseases that may coincide with faecal coliform contamination include

ear infections, viral and bacterial gastroenteritis, dysentery, typhoid fever and

hepatitis A. The presence of faecal coliform tends to affect humans more than it

does aquatic creatures, though not exclusively (Walkerton, 2011).

Fungi are ubiquitous organisms that are widely distributed in nature. Several

fu 1
h b en shown to be allergenic, such as Aspergillus, Alternaria and

nga genera ave e

.

(Bl k t ¡ 2000· Bowyer et al., 2006; Hedayati et al., 2007; Simon-

Cladosponum ac e a -, ,

9



Nobbe et al., 2006) s· everal studies have suggested an important role for
waterborne.

The United Nations (UN) .set a goal m their Millennium Declaration to
reduce the amount of people w·th .

.

1 out safe dnnkmg water by half in the year 2015
(UN, 2000). Safe drinking w t ,..a er 1or human consumption should be free from
pathogens such as bacteri ·

a, viruses and protozoan parasites, meet the standard
guidelines for taste odour ,

• •,
, appearance and chemical concentrat10ns, and must be

available in adequate quantities for domestic purposes (Kirkwood, 1998). However,

inadequate sanitation and persistent faecal contamination of water sources is

responsible for a large percentage of people in both developed and developing

countries not having access to microbiologically safe drinking water and suffering

from diarrhoeal diseases (WHO, 2002a; WHO, 2002b). Dianhoeal diseases are

responsible for approximately 2.5 million deaths annually in developing countries,

affecting children younger than five years, especially those in areas devoid of access

to potable water supply and sanitation.

Political upheaval, high numbers of refugees in some developing countries,

and the global appearances of squatter camps and shanty rural towns, which lack

• ·

d t r connections have contributed to conditions under which
proper samtat10n an wa e '

.
.

·
·

sms can replicate and thrive (Leclerc et al., 2002). The
disease causmg m1croorgan,

'bl t terborne diseases include young children, the elderly,
people most suscept1 e O wa

.

. !nutrition, pregnant woman, Immune comprmmsed
people suffenng from ma

.

fi chemical dependencies and persons predisposed
individuals, people suffenng rorn

. .

.
.

s (Leclerc et al., 2002). Furthermore, an mcreasmg
to other illnesses hke diabete

.
. .

• ceptible to infect10ns with specific pathogens
b f ple are becommg sus

num er O peo
. . robial drugs which have led to the selection

.
. te use of ant1m1c '

due to the indiscnmma
11 • I

_...,Ai)A
10 ... ;¡.•<>·•;;;1'1!:• ·Jlr,/ICtQl, ·•.11"'

' ·¡Jlll),U·.l'-
·•
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of antibiotic resistant ba t
.

e ena and dru .

2002b).
g resrntant protozoa (WHO, 2002a; WHO,

In developing countr· ies, many people a I'
.

.

have to collect their dri k'
re ivmg m rural communities and

n mg water some di t

transport it back ·
.

s anees away from the household and
m vanous ty fpes o containers (Sobse 2002) M' . .

contamination of th
' Y, • 1crob1olog1cal

e water may occur b tw . .

f
·

h h

e een the collect1on pomt and the point-
o -use m t e ousehold due to unh , ic

.
.

.

) g n1c practices causing the water to become a

health nsk (Sobsey, 2002).

To improve and protect th
.

e m1crobiological quality and to reduce the

potential health risk of wate t h h
.

· r o t ese ouseholds, mtervention strategies is needed

that is easy to use, effective, affordable, functional and sustainable (Sobsey, 2002).

Many different water collection and storage systems have been developed and

evaluated in the laboratory and under field conditions (Sobsey, 2002). In addition,

a variety of physical and chemical treatment methods to improve the

microbiological quality of water are available (Sobsey, 2002). The aim ofthis study

was to improve the microbiological quality of drinking water in rural households by

the implementation of intervention strategies which include the use of traditional

storage containers as well as the Center for disease control and prevention (CDC)

safe storage container, with or without the addition of a sodium hypochlorite

solution at the point-of-use.

2.1 Waterborne Diseases

. ,, • diseases are associated with faecally contaminated water
Many m1ect10us

. f orbidity and mortality worldwide. Waterborne diseases

and are a maJor cause o m

• th gens such as bacteria, viruses and parasites (Table 2.1)
are caused by entenc pa 0

. h
" al oral route. Waterborne spread of infection by these

that are transmitted by t e iaec

11



pathogenic microorganisms depends on several factors such as: the survival of thesemicroorganisms in the Water
environment, the infectious dose of the

microorganisms required to cause a disease in susceptible individuals, the
microbiological and physico-chemica! quality of the water, the presence or absence
of water treatment and the season of the year (Leclerc et al., 2002).
Table 2.1 Waterborne pathogens and their associated diseases (Leclerc et al.,

2002)

Bacteria

Pathogen

Campylobacter spp.

Enteropathogenic Escherichia

coli

Escherichia coli O l 57:H7

Salmonella spp.

--Shigella spp.

Vibrio cholera

Bloody diarrhoea and haemolytic

uremic syndrome

Typhoid fever, diarrhoea

Dysentery, diarrhoea

Cholera, diarrhoea

Yersinia spp.
Diarrhoea, gastrointestinal

infections

Viruses

Diseases

Diarrhoea and acute gastroenteritis

Diarrhoea

-----?k;;;vir??--- Diarrhoea, respiratory disease,
Adenoviruses

conjunctivitis

Diarrhoea

12



Coxsackie viruses-----?.
(Enterovirus)

Respiratory, meningitis, diabetes,

--Tu?wiiru???;;::::-::::-?--?d?i=arr=h?oea,
vomiting, skin rashes

Echoviruses
(Enterovirus)

---p;m;;:;:;??:-::::--z;;-::;?--?M?e=n=i=n:gitis,
diarrhoea, myocarditis

Enteroviruses 68- 7 I Meningitis, diarrhoea, respiratory

diseases, rash, acute enteroviral

haemorrhagic conjunctivitis

Hepatitis viruses (A, E)-
Caliciviruses

Poliovirus (Enterovirus)

Rotaviruses

Small Round Structured

viruses

Protozoan Clypto.1poridiumparvum

parasites Entamoeba hystolytica

Giardia

Helminths Dracunalis medinensis

Hepatitis (jaundice), gastroenteritis

Diarrhoea, vomiting

Poliomyelitis

DiatThoea, vomiting

Diarrhoea, vomiting

Cryptosporidiosis, diarrhoea

Amoebic dysentery

Giardiasis, diarrhoea

Guinea worm (Dracunculiasis)

Emerging

opportunist
----------:::-:::--------¡=;Diarrhoea, gastroenteritis

Aeromonas spp.

Actinobacter spp. Septicemia, meningitis,

endocarditis

ic

pathogens ------:----::--=-::------¡=D)ii?arrhoea, abdominal cramping,
Cyclospora spp.

fever

13



-

Isospora spp. ?-----?
------ Diarrhoea

Legionella spp.

--A"ik;;;;;;:¡,-;¡;;.;--::-::::---__:L:e:g?i?on:naires
disease, Pontiac feve¡-

Microsporidia spp. Gastrointestinal infections,

diarrhoea

Nontuberculosis

Myca bacteria

Pseudomonas ---;;eruginosa

Skin infections, cervical

lymphadenitis, nontuberculosis

mycobacterium disease

Septicaemia, wound and eye

infections

The survival of microorganisms such as bacteria in water environments

depends on the presence of nutrients and the water temperature. The infectious dose

of some bacteria ranges 107 to I 08 cells, with some enteric bacteria able to cause

infections at doses as low as l O 1 cells. Viruses cannot replicate outside living cells,

but can survive for extended periods in the water. The infectious dose of viruses has

been established to be as low as 1 to I O infectious particles. Enteric protozoa such

as Giardia and Cryptosporidium cannot replicate in water and are highly resistant to

most disinfectants and antiseptics used for water treatment. The infectious dose for

·t d d host susceptibility and strain virulence. The infectious dose for

paras1 es epen s on

G. d'
•

h b I w as ¡ o oocvsts and for Cryptosporidiurn the presence of 30

iar ia mtg t e as o ,

•

fi (on (1 eel ere et al., 2002 ).

oocysts might cause an m ec 1
'

2.2 The Microbiological Quality of Water

l.
.

n developing countries are devoid of treatment and the

Water supp 1es 1

fthe most convenient supply (Sobsey, 2002). Many

communities have to make use 0

14



of these water supplies are unprotect de and susceptible to external contaminationfrom surface runoff, windblown d b
·

e ns, human and animal faecal pollution andunsanitary collection methods (WHO, 2000).
Detection of each pathogenic microorganism in water is technically difficult, time
consuming aod expensive and therefore not used for routine water testing
procedures (Grabow, 1996). Instead, indicator organisms are routinely used to
assess the microbiological quality of water and provide an easy, rapid and reliable
indication of the microbiological quality of water supplies (Grabow, 1996).

In order for a microorganism to be used as an indicator organism of pollution,
the following requirements should be fulfilled (WHO, 1993):

• The concentration of the indicator microorganism should have a quantitative

relationship to risk of disease associated with exposure (ingestion/recreational

contact) to the water;
. .

.

·h Id be present when pathogens are present;• The md1cator orgamsm s ou

.

d th characteristics of the indicator organism should be• The persistence an grow

similar to that of pathogens;
. h Id not reproduce in the environment;

I d. ator orgamsms s ou
·

• n IC

t ·11 higher numbers than pathogens m
. hould be prcsen 1

• The indicator orgamsm s

contaminated water;
istant to adverse environmental

. hould be at least as res
• The indicator orgamsm 5

tment processes as pathogens;
. d other water trea

d" •nfect10n an
.

'fy
conditions, 1s1

thogenic and easy to quantl ;

. should be non-pa
. .• The indicator organism

. h Id be easy, rapid, inexpensive, precise,
.

t r orgamsm s ou
• The tests for the indica o

. bl and applicable to all types of water;
.

.

·ty quant1fia
e

have adequate sensitivi '

15



• The indicator organ· ism should be .

the source of O
•

•
specific to a faec 1

ngm of faecal poll .

a source or identifiable as to
ut1on.

Although many
.

m1croorgan·
. .

isms have d
·

possible mdicators of faecal li .

esirable features to be considered as

po ut10n, there is no s.
.

all of these requirement (S
mgle microorganism that meets

. . .

s
obsey, 2002) S

.

hm1tat10ns of some ofth
· everal studies have showed the

e current indicator .

I d'

orgamsms, which include the following:
• n 1cator organisms m bay e detected ·

,
.

th
m "'ater samples 111 the absence of

pa ogens.

• Some pathogens may be detected int . -

he absence of 111d1cator organisms. Vibrio
cholera (V cholera)

• .

. persists 111 water exposed to solar disinfection well after

E. coli was inactivated p t bl-

· 0 ª e water supplies in Egypt contained

bacteriophages, with zero total and faecal coliform counts, which indicated the

possible risk of the presence of human enteric viruses.

• E. coli bacteria have a short die-off curve with temperature playing an

important role.

• Injured coliform bacteria can be undetected due to several chemical and

physical factors and were unable to grow on commonly used media.

• Improper filtration, temperature, inadequate disinfection and treatment

procedures, biofilms and high Assimilable Organic Carbon (AOC) levels,

could all be responsible for the regrowth of colifonn bacteria in water samples.

• The prevalence of viruses in water may differ from that of indicator organisms.

L b f VI.ruses are present in water samples compared to indicator
• ow num ers o

.
. ·e only excreted for short periods of time while coliform

orgamsms, viruses ar

d Ontinuously and the structure, size, composition and

bacteria is excrete c '

16
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morphological differences b tw .e een viruses and bacteria also had an influenceon behavioural and surviv
1a patterns of these microorganisms.In spite of the shortcomi r· .

.

.
ngs o md1cator microorganisms, it 1s better to use acombination of indicator

microorganisms to give a more accurate picture of themicrobiological quality of Water Natural Resources Conservation Services (NRC,2004). In general, every country has its own set of guidelines for drinking water.
However, most of these guidelines are similar for different countries and the same
indicator microorganisms to indicate the presence of pathogenic microorganisms
are used. The water quality guidelines for South Africa are shown in Table 2.2.

Table 2.2 Microbiological Requirements for Domestic water in South Africa

(Simon-Nobbe, et al., 2006)

Indicator organism

Heterotrophic plate

count

Total coliform

bacteria

Units

Faecal coliform

bacteria

Escherichia coli

Somatic

bacteriophages

Colony forming units. I ml- I

Colony forming units. I 00 ml-I

Colony forming units.100 ml-I

I forming units.100 ml-I
Co ony

I fiorming units.10 ml-I
Co ony

Allowable

compliance
1

1

100 J

I10

I
l

j

o

17



Enteric viruses
Plaque form·

Protozoan pa-ra_s_it-es-
tng units.loo 1-1

Count.100 1-1
( Giardia/Cryptospori
dium)

o

The most commonl .

Y used mdicator mie .
.

plate counts, total eolifo .

roorgamsms include hcterotrophic
nn bactena, faecal r .

enterococei C perti
•

co iform bactena. E coli, faecal
'

· rmgens as well as somatic d
. - .

bacteriophages (WHO 20 ,
an male spec1hc F-RNA

' OO). Each of these
·

d· .
•

d t
· 111 tcator microorganisms has

a van ages and disadvantages which will be discussed i·n
?

more detail in the

1ollowing sections.

2.2.1 Hetcrotrophie plate counts

Heterotrophic microorganisms or heterotrophs are naturally present in the

environment and can be found in soil, sediment, food, water and in human and

animal faeces (Collin et al., 1984). Broadly defined, heterotrophs include bacteria,

yeasts and molds that require organic carbon for growth (WHO, 2002a). Although

generally considered harmless, some heterotrophic microorganisms are

opportunistic pathogens, which have virulence factors that could affect the health of

consumers with suppressed immune systems (Bartram et al., 2005). Heterotrophic

microorganisms can also survive in bi o films inside water distribution systems, water

reservoirs and inside household storage containers. Therefore, heterotrophic plate

counts can also be used to measure the re-growth of organisms that may or may not

be a health risk (WHO, 2002b).
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I
•
5

2,2.2 Total coliform ha t .cena
Total coliform bact .

.

ena are defined as .

negative, non-spore forming d
aerobic or facultative anaerobic Gram

, ro shaped b
.

,

produce gas at 35ºC (APHA
1

actena, which ferments lactose and
. .

' 998). Total coJ"f, .

faecal ongm such as E. coli as
I orms include bacteria of known

.

Well as bacteria that .

as Klebszella spp Citrob t
may not be ot faecal origin such

.

' ac er spp, Serratia s .

found m nutrient rich
PP ªnd Enterobacter spp which are

water, soil decayin v .
. .

relatively high leve] t·
.

g egetation and drmkmg water with
s o nutrients (WHO 1971)

.

, • The recommended test for the
enumeration of total coliform .

. .

s is membrane filtration using mEndo agar and
mcubat1on at 35ºC to 37ºC for 24 h .

. .to Produce colonies with golden green metallic
shine (APHA, 1995).

2.2.3 Faecal coliform bacteria

Faecal coliform bacteria are Gram negative bacteria, also known as thermo

tolerant coliforms or presumptive E. coli (APHA, 1995). The faecal colifonn group

includes other organisms, such as Klebsiella spp, Enterobacter spp and Citrobacter

spp, which are not exclusively of faecal origin (APHA, 1995). Escherichia coli are

specifically of faecal origin from birds, humans and other warm blooded animals

(WHO, ¡ 97 I). Faecal colifonn bacteria are therefore considered to be a more

specific indicator of the presence of faeces.

2.3 Human and Animal Faecal Pollution in Water

d 'th human and animal faeces may contain potentially
Water pollute w1

.

. h t cause diseases m consumers (Sobsey et al.,

pathogenic microorganisms t ª can
.

. .

d faecal indicator microorgamsms which mclude the

2002). The most commonly use
.

.

1
t coliform bactena, E. coh and faecal

total coliform bacteria, thermo to eran

19



i
t

enterococci bacteria, are f, .

.

ound m both h
dífferentlate between the or" .

uman and animal faeces but do notigms of faecal polluf
,

Calicivirus, Hepatitis E virus R .

ion. Human viral pathogens such as
, eo viruses Rotavir

male specific FRNA bacter" h

' uses, somatic bacteriophages and
iop ages also infect oth .

.

reservoirs (NRC, 2004).
er ammals which can serve as

Consequently, these animals
. .

can be important potential sources of
contammat10n of water sources b

.

ecause the release of microorganisms into aquatic
environments by animal hosts e Id 1 d· ou ea to human exposure (NRC, 2004). Poor
communities in developing count

·

h
·nes s are their water sources with cattle and other

domestic animals, therefore, the risk of waterborne transmission of zoonotic

pathogens to humans, increases (Leclerc et al., 2002).

However, water contaminated with human faeces is regarded as a greater risk

to human health since it is more likely that it would contain human specific enteric

pathogens (Sinton et al., 1999). Although various microbial and chemical indicators

have been described to identify the origin of faecal pollution in water supplies,

different levels of success have been.

2 3 1 Th f
·

gani·sms to determine the origin of faecal pollution
. . e use o m1croor

.

· have been suggested and tested to distinguish
Several m1croorgamsms

.

l

.,
1 pollution in domestic drinking water supplies.

between human and anima ,aeca

. feet on the specificity of microorganisms that can be

Vanous factors can have an ef

h •gin of faecal pollution. such as:

used as indicators to determine t e on ·

n parasites can have multiple hosts (not
.

5 and protozoa(I) Specific bacteria, viruse
· et al J 999);

species specific) (Sinton ·•
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(2)
different microorganism s can ha

. t
.

ve similar b' .

envtronmen , especially within th
iochem1cal reactions in the

.

e same species
(3) interspecies gene transfer

or genus (Sinton et al., 1999) and
may occur which

.

plasmids
and integrons) and Iran

mclude small pieces of DNA ( e.g.
s posons that are .

d

another
carne from one bacteria to

2,3.2 The use of chemicals to d t .

' e ermtne the o
. .

· ngtn of faecal pollution
Several chemical indicators h bave een used to identify the source of faecal

pollution in various water sup lies cs·P mton et al., 1999). However, expensive

equipment and high concent ar f h
·r 1011s o t e chemical in the water sample is needed

for accurate identification of the origin of faecal pollution (Sinton et al., 1999).

2.4 Source Water Supplies

The World Health Organization (WIIO) classifies source water supplies as

either improved or unimproved (WHO, 2000). Improved water sources include

public standpipes, household connections, boreholes, protected dug wells, protected

springs, bore holes and springs connected via a pipe system to a tap, as well as

rainwater collection (WHO, 2000). Unimproved water sources include unprotected

d
· dor-provided water, rivers as well as tanker truck

wells, unprotecte sprmgs, ven

provision of water (WHO, 2000).

.

. in developing countries have determined the

Several studies earned out
· ed and unimproved water sources and

microbiological quality of these improv
.

. .
, t suits were obtained (Sobsey et al., 2002).

d
. source d1t!ercn re.

ependmg on the water '

d h ve both showed that water at

.

. n and in northet11 Su an a

Studies conducted m Ira
. fa better quality than untreated irrigation

. biolog1cally
o

communal taps were micro
d ·u Burma has showed that tube well

hese findings, a stu y I

canal water. Contrary tot
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and shallow well water sup ¡·P 1es were .

. .

1 t
m1crobiolo .

1

rnumc1pa ap water and pond
g1ca ly of a better q rt th

water source s r
ua 1 y an

dd'
.

upp ies.
ln a 1t1on three recent st d'

.

u Jes conducted ·

Limpopo Provmce in South Afl
.

.
.

m the Vhembe region of the
nea md1cated that rive .

communities for domestic .

rs and fountams used by rural
water were all con

.

including E. coli Ples· .

tammated by entcric pathogens
' mmonas sh1gelloide V

Sh' li S ¡
1

s, · cholera, Enterobacter cloacae,

1ge a spp, a mone la spp, Aeromona h
.

.

s ydroph1la, Aeromonas caviae and

Campylobacter spp (Obi et aL 2004) E
. . ..

·
· schenchia colt isolates obtained from the

different rivers during this study ,

•

\\ ere typed usmg molecular techniques to

determine the presence of virulent genes (Obi et al 2004) E t t
· ·

E 1·., . nero ox1gemc . co 1

isolates ( 11.8%) contained heat stable anel heat labile genes; Shigatoxin producing

E. coli (4.4%) isolates contained stxl and stx2 genes; Necrotoxigenic E. coli

(35.6%) contained cnfl and cnf2 genes and Enteropathogenic E. coli (34.1%)

isolates contained BfpA and EaeA genes (Obi et al., 2004). Nccrotoxigenic E. coli

may play a role in possible zoonotic transmission since it has been shown that

human and animal strains share similar scrogroups and carry the same genes coding

· fi b ·,
¡ dh 51·0n All of these studies indicated that the water

for fimbnal and a un na a e ·

· ·
· developing countries are microbiologically

sources used by commumtJes 111

1
h ·sk to the consumers (Obi et al., 2004).

contaminated and pose a hea t n

.

.

t d the microbiological quality of water

V fi tudies have mvesuga e

ery ew s
. t dy in Rangoon, Burma the water at the

.
. d t ansportation.

In a s u

durmg collection an r
d d

• ndicatcd that the faecal coliform

.

.

n were analyze an I

source and dunng collectJO
.

h than the counts in the source water

. [es were h1g er

counts in the collect1on sarnP . faecal contamination of the water

998). The increase m

samples (Hanninen et al,, 1

. f the source could have been due to

. after collect1on
rorn

in the collection containers
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I

•
I

¡¡nhygienic handling of the Wat er and posed
consumers (Sobsey, 2002). In a stud . ?otential health risk of diseases to the

Y JU Sn Lanka ·

tube well water samples were .

'
It was found that only 5% of

.

contammated if th
collection of the sample comp d

e pump was sterilized prior to
are to 50% if th

implied that the taps were co t
.

e pump was not sterilized. This
n ammated b han .

(Sobsey, 2002).
y ds or ammals during collection

2.5 Points-of-Use Water Supplies• th Hm e ousehold

Source water contamination is l"k 1

.

1 e Y to have a wide effect on the community
because it can introduce new patho

·

h h
·

gens mt e ome environment (Sobsey, 2002).

However, several studies have reported that the microbiological quality of the water

deteriorate after collection, during transport and during storage at the point-ot?use

due to secondary contamination factors. Due to the distances and unavailability of

piped water supplies on the dwelling or inside the households in many developing

regions of the world, people are forced to store their drinking water (Sobsey, 2002).

Transmission of microorganisms inside the household can occur through

several routes. The most important transmission routes include water, food, person-

.
·

b h iour ( e g intra-household transmission of

to-person contact, unhyg1emc e av ·-·
.

.

. . f the water storage contamers at the pomt-of-use

faeces), the storage cond1t1ons o
.

. .

f m the storage contamer. In add1lion, a

and the abstraction conditions of water ro
. .

.
.

. t storage cond1t10ns mcreased the nsk of

t d that madequa e

number of studies sugges e
.

(S bsev 7002)
. d to infectious diseases o

.
,

~ .

contamination which can lea .

'

·h d pending on water collect10n and

d has showed t at e

The literature stu Y
.

b" logical quality of the water may
. f' the micro 10

d t l·orat1on °
d t

·

t·
storage practices,

e er
ostl due to secon ary con amma 10n

. all consumed,
m y

occur before the water 15 actu y

(2002).
•

5 by Sobsey
at the point-of-use. Review
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More point-of-use ·

intervention fi
·

1

·

l
·

d
ield Stud·

bacteno og1ca ev1 ence in their st d'
ies must be conducted. The

.

u ies showed tha
.

maY be effective at reducing micr .

t improved storage containers
.

b. l
.

oorgan1sms in stored \ t
.

f
good

micro 10 og1cal quality O
va er I the sources were of

r
uncontaminated H

use interventions mentioned in th ¡-

· owever, many of the point-of-
e iterature review e

.

11

.

chemical treatment interventions .

.

' specia Y the physical and
, are unpractical because of e

. . .

and therefore not suitable fo
•

.

ºsts and sustamab1hty
r impoverished rural h h ld

.

.

ouse o s m developing countries
such as South Afnca (Sobsey, 2002).

In addition, the literature study has also showed that improving the

microbiological quality of wate b "r e,ore consumption would reduce diarrhoeal

disease together with sanitation and hygiene education. However, many of the

studies have used indicator microorganisms to assess the effectiveness of

interventions. The literature review has indicated that most of the currently used

indicator microorganisms used to evaluate the microbiological quality of water have

shortcomings and will only give an indication of the potential risk associated with

the transmission of waterborne diseases (Sobsey et al., 1995) .

. li thogenic microorganisms in water polluted by human
Several potentia y pa

d. h al diseases in consumers (Leclerc et al.,
and animal faeces could cause iarr oe

..

.
. [faecal contamination in the trad1ttonal and

2002) Little information on the ongm 0
·

ti available. Literature has showed that

CDC fi tainers are presen y
sa e storage con

d t distinguish between human
.

.

al indicators can be use o

m1crobiological and chemic
.

1 1999). However, no single
.

. water (Smton et a.,
and animal faecal pollution

111

. • Id reliably distinguish human from

.

.

I
detcrm mant co u

.
.

.

microorganism or chem1ca of a combmation of chemical
. d therefore,

the use

animal faecal contamination
an
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i

I
;ii

i

d microbial determinants togeth·po er may provide th b .

th. origin of faecal pollution at th .

e est solution for identifyinge . e romt-of us (s·
-

e IIlton et al., 1999).Consequently, the literature stud h .
.

.
y as IIldicated that the best interventionsavailable that will be applicable to conditi .

ons lil rural communities in South Africa• eluded the use of the CDC safe t .
in

s orage contamer together with a chemical
treatment such as sodium hypochlorite s 1 t· l'h •

•o u ion. e aim ofth1s study was therefore
to improve the microbiological quality of drinking water in rural households at the

point-of-use by the implementation of intervention strategies which included the use
of traditional storage containers as well as the CDC water storage container, with or

without the addition of a sodium hypochlorite solution. The results obtained from

this study would be used to provide infonnation to the DOH and DWAP, which can

be used in future water and health policy formulations to prevent waterborne

outbreaks in these rural communities.
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3,0

3.1 Study Area

ClJAPTER TlIREE
MATERIALSA ND METHOD

=

i

The study area was carri d .

e out m Ijebu-1 bo .

North Local Government area of O . .
g.

ª relatively small town in Ijebu-

.

gun state, Nigeria r eb
.

.

tropical ram forest belt with h

·

.I u-igbo 1s located on the
ot and hu 'd

.mi chmate e ct·
·

increases to a high range during th d

on ition. Temperature
e ry season when .

d
.

.

compare with temperature in

the ramy season. Dry season consist of a
.

short penod of harmattan between

December and February.

3.2 Sample Collection

A total of l O water samples were collected from I O water tankers in Ijebu-

lgbo at different locations which are Oke-Agbo, Oke-sopin, Ojowo, Atikori, Japara,

0ke-Alafia, Oke-lfe, Oke-Alafia (rnuulu), Abusi, Egbe. The water was collected in

the morning and was taken to the Laboratory immediately for microbial analysis.

Micro-organisms in the water were enumerated .

..

i
!

3,3 Collection Method
.

d t fi om each tank. Collection was done for about

Water sample was carne ou r

. k e visited water collection was done using

45-60 min. different part oi the tan s wer '

orted to the Laboratory of Lagos State

a white llitter keg. The water were then transp

.

. (LASEPA).
Environmental Protect1on Agency

3.4 Bacteria Identification analysis as many water '1'
..lied to water

t technology,
app l'"

The defined substra e
for the presence

of total co 11orms,
I

. . . ·t r source water
d b !,

Uhht1es are required to moni o
a lication of the define su strate

¡;

co!ílert system,
an PP

.
I

fecal coliforms, or both. The uu•-"' ,1,u.,1,.••• 1;
.
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= " ·,

fel\pnOlogy, simultaneously d
.· .

etects the p
wliter sample. After incubation th

resence of total colifonn d'
, e formula b

s 1rectly from a

11resentand fluorescent at 366
ecomes yellow ift t 1 1.

r nm. No confi
O a co 1forms are

, l??cyt
system

was previously assessed .

h
.

ests are required. The C ¡·¡ rtwit d1strib t'
o I e

b bl
u IOU Water

.
.

both most-pro a e-number and
m ª national evaluation in

presence-absence £

data equivalent to those obtained b ,

.

ormats and found to produce
) usmg Standard M . h

of Water and Wastewater (St d

et ods for the Examination
an ard Methods) Th •

compared with Standard Methods .

· e Cohlert system was now

.

multiple-tube fennentation (MTF) for the
enumeration of total colifonns from su 1r ace water. All MTF tubes were confirmed

according to Standard Methods, and subcult .
, .

• . .ures \\ ere made to 1dent1fy isolates to

the species level (APHA, 1985).

=

I
•

Colilert tubes were subcultured to determine if color changes were specific

to the target microbes. The Colilert system was found equally sensitive to MTF

testing by regression, t test, chi-square, and likelihood fraction analyses. Specificity

of the Colilert system was shown by the isolation of a species of total coliform after

the appropriate color change. The Colilert test can he used for source water samples

h
· ·

·

d d the benefits previouslv described for distribution
w en enumeration 1s rcqmre ,

an °

.
. . . 'ti •¡ ¡ ss labor lower cost, faster results, and no

water testmg-sens1t1v1ty, spec1 1c1 Y,
e '

.

. applicable to this type of water analysis .

non-coliform hcterotroph mterference-are

3.5 Procedure for Microbial TeSíS

rt d and stored in strict accordance

]lected transpo e
,

Water samples were co '

h d (APHA, 1985).
.

. d b Standard Met o s

With the guidelines descnbe Y
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?::;;1·:9:USterile Polymethylpentene

Glass flasks were used to 11
.

co ect the samples S

sterile,
dechlormated tap water to res I

.

, ource water was diluted with
u tin a final total e rt,

fl to 20 total coliforms per 1 00 ml h

· 0 1 orm count in the range
o sot at meanin ful • •

be made. All comparative a
1

g stªt!Shcal comparisons could
na yses were perfo d

.
.

. .

nne with spht samples from the
same water or ongm Defined substrate techn 1

.
.0 ogy. fhe Cohlert system was used

with 100-ml samples (Access Analytical s ystcms, Branford, Conn.), It was

formatted in a l O-tube MPN arrangement (Caldwell, ¡ 988).

The water samples were added to the Co\ilcrt tubes. Each tube contained

enough Colilert powder to receive I O ml of water. The contents of the tubes were

shaken to dissolve the powdered formula. A colorless solution resulted. The vessels

were then placed in a 3 5ºC ( +2°C) incubator for 24 hours (Caldwell, 1988).

A yellow color in the vessel after incubation denoted the presence of total

coliforms. Any positive total-coliform test tube was exposed to a hand-held

fluorescent (366 nm) light.
.

.

, ted the rescnce of light. Therefore, a separate

Fluorescence in the test tube rnd1ca p

1"f . 100 ml was
rf s The number of co I orms per

result was obtained for total co 1 orrn ·

mpleted tests needed to

N t ble No confirmatory or co

estimated from a 10-tube MP ª ·

b from each positive water
·t've Colilert test tu e

be performed. At least one post i

. 'd ntified by species by the API
colonies were 1

e

sample was sub-cultured, and the
.

. N Y.) with supplementary tests as

d ts Plainview,
. '

20E system (Analytab Pro uc '

necessary.
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?.,;;fc/?.··."l\fultiple-TubeFermentation T=·?• ed
The multiple-tube fennentation 1

.
.

est Was performed as a 10-tube MPN test"th each tube contammg 1 O ml of do bl 'W1

. .
.

u
e-strength lactose tryptose broth (DifeoLaboratories, Detrmt, Mich).

Positive tubes were confinned ·

b ·11· .m n 1ant green bile lactose broth (Difeo) the
number of coli forms per 100 ml was estimated from a I O-tube MPN table. Only
confinned lactose tryptose broth tubes were included in the data base for

comparison with the Colilert system. Heterotrophic-plate-count bacteria.

Noncoliform heterotrophic- plate-count bacteria were determined for each water

sample with R2A agar (Difeo) incubated at 35ºC for 48h (APHA, 1985).
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tABLE 4.1

si-------p¡:¡ys
I e AL

RESULT---u,y:?----W.H.o REMARKS
SAMPLES STANDARD

ÃWCR-OBIOLOGY B-rc º

It-----rotal plate count -66-00_4íl_fJl_,;;;;?-?-----4o 60 100
i ? ? ?

00cfu/ml

>20 165 1651 59 NIL-

I I
º

I
º

I

---rotal coliform 19

I-
count

E.coli

CHAPTER. FOUR.
RESULT AND

n1scuss10N

A

o o o NIL
I I

KEY: NA= NOT ANALYSED NS= NOT SPECIFIED ND= NOT

DETECTED

COMMENSTS: Quality of water sample is unsatisfactory due to presence of

colifonn. Please improve on treatment process.
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?1:J-

l\..,1,E 4,2

?-pf!YSICAL
SAMPLES

,¡:"Mi"CROBIOLO,:::;G;,Y;-;F?-G--H- ,

W.H.O REMARKS
STANDARD

í-f,,ü¡
plate count

: ¡:

¡rotal
coliform 2 20

f-?- :0:1'. : -

o p-?o?· º
Il__¡__ ii I I

KEY: NA= NOT ANALYSED NS= NOT SPECIFIED

60 TNrc TN

TC

IOOcfu/ml

>20 >201 109 NIL

NIL

ND=NOT

DETECTED

COMMENSTS: Quality of water sample is unsatisfactory due to presence of

coliform and high bacteria load. Please improve on treatment process.

4.3 DISCUSSION
d from I O regions and tested for microbial

Water samples were collecte
.

•

l t The water is not
1't parameter

as 1so a 1011•

analysis. The important water qua 1 y
reat extent are shown by the

h'ch is exceeded to a g

standard for drinking purpose
w 1

. h t ker water sample analyzed.
, e table in term oft e an

result above, which are not ace P

f coliform organism in water

d the presence
o

The result of this study showe
d to be outstanding.

·s....-.s is observe
h. rgan1 '" b'

·

tanker. The prevalence oft 15 0
. were found on inha itmg

. organism
d Coliform d b dance and

F h ult of this stu y'
id be attribute a un

rom t e res
)

this cou
1

f
( carrier ,

. testine and co on o

the water in the
wa?erta?ker?oJíforWbacteria inhabit the m

?-1,··.tluffiness to human mte5t1ne.
31
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ls which could as Well make th .

.

¡11ainma '

e region rnore conducive for the parasite to
tJ¡rive.

Although the water used in this
study Were in storage for short period of time,the high prevalence of organism parasite on them is an indication that this type ofl·sm are not only related to neatness or handling. The organism found in these

organ

r are of the bacteria type, this may account for mortality, reduced growth ªnd

wate

ffi
·

ncy of animals or mammals that feed on them.
e 1c1e
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CHAPTER FIVE

CONctus10N AND RE
The research work£ COMMENDATIONS

ocused on the water tan .
.

.

Jjebu-North Local government Ar .

kers m lJebu-1gbo, Oru, Ago in
ea. This research k"enumerate the microorg

· wor helps to ascertainamsm present in d .

omestic water tanker".
5.1 Conclusion

In conclusion this study dem
.

.

onstrates that there is prevalence of
m1croorgamsm can be found in wate t nkr a er and should be treated more regularly
or often to prevent consumers or user from contact1·11u the·e 1·t, ct· h. h0 s co 1 orm 1sease w 1c

is harmful to human lung. The organism population is likely to be influenced by the

nutrient substrates available and by the ability of individual bacteria to survive in a

dilute environment. The water used in health center areas and in pharmaceutical

industries should be periodically analyzed as a preventive measure against the

spreading of microorganisms, allowing measures of improvement to be taken

·ct¡
·

d Tile analysis of treated water for heterotrophic bacteria
rap1 y, as reqmre .

· •

· · valuable in the prevention of the formation of
mcludmg Pseudomonas species 1s

biofilms and in the reduction of the amount ofpyrogcn.

J
5.2 Recommendation

I

5.0

l
f ur study it is recommended that

observed resu ts o o
.

,From the above
.

b practiced 10 mitigate the effect of

I measures have to e

appropriate treatment contro
.

h tanker. Therefore the washing of
d or stored Ill t e

Coli form in water transporte verse osmosis membranes, as

. eionization columns, re
.

(storage tanks) reservoirs, d
. ·t should be earned out by the

.

1· n clfCUI s

.
. f distnbu IO

Well as the samtat1on °
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ination of a schedule
established for

quality control (bacteriological and

determ
.

al) of water systems in the risky areas.
chemic

-
i
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