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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 fotal
coliforms and Escherichia coli directly from a water sample. After incubation, the
formula becomes yellow if total coliforms are present and fluorescent at 366 nm if
E. coli is in the same sample. No confirmatory 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

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

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

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. ooli after the appropriate colour change. The Colilert 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

d no non-coliform heterotroph interference-are applicable to this type of

results, an

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

consumets 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 mainienance of life on Earth and essential for the composition
and renewal of cells. Water represents 70% of our body, participates in the
composition of our tissues, and transports the 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).

Water is considered a vehicle for the propagation and dissemination of
human associated bacteria. Safe tanker water 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. In

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
L

unacceptable for human cons

are used as indicators of faecal contamination in water and the

umption (WHO, 2006). Faecal coliforms, Aeromonas

and Pseudomonas,
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

are not implemented. Wherea:
me European and Affican countries, yet in Nigeria, only a few

s waste water reuse has been extensively
procedures

implemented in soO
1



waste water re ]

1 | Teuse schemes have been documented and there is limited”
implementation of thi s ) ;

P f this alternative in communities. Severe health implications on

consumers especially those that are immune compromised (WHO, 1976).

- Water is unsafe for human consumption when it contains pathogenic or
disease-causing microorganisms. Pathogenic microorganisms (and their associated
diseasa(_s)) may include bacteria, such as Salmonella typhi (typhoid fever), Vibrio
cholerae (cholera), Shigella (dysentery, shigellosis), and viruses, such as poliovirus
or Hepatitis A virus and protozoa such as Giardia lamblia (giardiasis) or
Cryptosporidium parvum (eryptosporidiosis).A major challenge for water suppliers
is how to control and limit the risks from pathogens and disinfection by-products. [t

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 containination 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

and agricultural processes have been reported and this extensive usage in both
edicine has resulted in the development of antibiotic-resistant

human and animal m
treatment of infections. Antibiotic resistance has therefore

bacteria which affect the
become a major public health issue and its presence in waste water, surface water,
c

d drinking walter is well documented. The hazard associated with the
an

2




pathogenicity of microbes

e 15 aggravated by its ability to resist destruction by
anuibiotics. Biologi
oical treatment processes in the waste water treatment plants may

result in a selective | ibioti
crease of antibiotic-resistant bacteria and therefore increase

the occurrence ; :
of multidrug-resistant organisms. Although microorganisms in

drinking w: S
& water are reduced by chlorination, they may survive the treatment process
an istributi
d 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 water 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 courntries including Nigeria, where the majority of people live
in tural 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

operated according to the World Health Organization Guidelines for Drinking

Water (WHO, 1971).

Microorganisms of concern in contaminated water include the following

bacterial agents of diarthea and gastroenteritis namely Salmonnella sp., Shigella sp.,

Escherichia coli and vibrio cholera (Birmingham at el., 1997). Protozozooal agents

of diarthea include Entamoeba histolytica, Giardia lamblia, Balantidium coli

d Cryptococcus pervum. Enteroviruses causing various clinical ailments,
ar

3 i
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not necessaril
y diatrhea, but are transmitted by water include Poliovirus, Rotavirus,
Hapatitis A virus (Benjelloun et al. 1997,

1?he need to assess the microbiological quality of water has become
imperative because it has a direct effect on the health of individuals. The recognition
of the connection between pollution and the need to protect human health, recreation
and fisheries production led to the early development of water quality regulations
and monitoring methods (Anyanwy 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 annular 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 et 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 9.1
percent of the global burden of disease and 6.3 percent of all deaths, according to
the World Health Organization (Priiss — Ustiin et al.,., 2008). This burden is
nately borne by children in developing countries, with water-related

disproportio

factors causing more than 20 percent of deaths of people under age 14. Nearly half

£ all people in developing countries have infections or diseases associated with
of all pe

inadequate water supply and sanitation (Bartram et al., 2005).




1.1 The Effect of Water in the Body

A health
L ¢ > Sedentary adult living in a temperate climate should drink at least
iters o
: water per dayl. This leve] of water intake balances water loss and helpS
eeping the body properly hydrated. The water you consume through food and

drinks foll i i
OWS a very precise route to arrive in your cells, of which it is 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 are then removes through
urines (Bartram 2005). Water plays also an essential function in helping the

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

1. 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

participates in the bioche
carbohydrates). This is one of m

3. Transport of nutrients and removal o
ntributes to the transport of nutrients to the cells. In deed the nutrients

mical breakdown of what we eat (proteins, lipids and
any reactions in which water is involved.

f waste; Water as a main constituent of

bleed co! :
transported by the blood. Water, as a cartier, also helps removing waste
are

products through urines. |
4. Body temperature regulation: Water has a large heat capacity which helps
. Body

h in body temperature in a warm or a cold environment, Water
anges

limit ¢
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enables the body 1,
Y 10 release heat when ambient temperature is higher than body

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

Water i ; e
er 1s at the heart of life, 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




CHAPTER TWO

2.0

Water

is unsafe for ‘
human consumption when it contains pathogenic or

disease-causing micr i
2 Oorganisms. Pathogenic microorganisms and their associated

disease(s) may include bacteria, such as Saimonella typhi (typhoid fever), Vibrio

cholerae (cholera), Shigellg (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. Tt
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 clevated 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).
Some micro-fungi are known to be opportunistic human pathogens. Airborne

spores are an important potential source of micro fungi found in water storage

reservoirs. It has also demonstrated conclusively that filamentous micro fungi grow

d sporulate on the inner surfaces of water pipe and in soft sediments within the
and sp

water distribution system (Sammon ¢t al..., 2011).




Worldwide, over one yilf:
- ne billion People lack access to an adequate water supply;
o £ a3 ‘many Jack bagje Sanitation

{WHO/UNICEF, 2006). Unsafe

Chient of fhe o] iene account for an estimated 9.1
p ¢ global burden of digegse and 6.3 percent of all deaths,

water, inadequate sanitation, and insufficient hyg

according to

W [ o .
the World Health Organization (Priiss-Ustiin et al.,., 2008). This burden is

i rti : :
disproportionately borne by children in developing countries, with water-related

factors causing more than 20 percent of deaths of people under age 14. Nearly half
of all people in developing countries have infections or diseases associated with

inadequate water supply and sanitation (Bartram et al., 2003).

The presence of E.coli in water is a strong indication of recent sewage or
faccal contamination. Sewage may contain 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 diarrhea, cramps, nausea, headaches, or other
symptoms. They may pose a special health risk for infants, young children, some of

the elderly, and people with §
a are ubiquitous in soil, water and on surfaces in contact with

everely Compromised Immune Systems (CDC, 2009).

Some bacteri o 5
il ter such as Pseudomonas aeruginosa which is an opportunistic pathogen.
soil or water su . |
isti duces tissue damaging toxins and
i i unistic pathogen. It pro
P aeruginosa is an opport

: i jratory system infections, central nervous)
fections, respira
nary tract I

santd
e

causes url Al
8 2 i




dermatiti :

3 Ity : .

; . . S, soft tissye infections, bacteraemia, bo
infections, gastrointestina| :

infecti i el i
ctions and g variety of systemic infections,
e :
Vere burns and in cancer and AIDS patients who ate

immunosuppre:
ppressed. Spread occurs from patient to patient on the hands of hospital
personnel, by direct

particularly in patients with g

patient contact with contaminated reservoirs, and by the
ingestion of contaminated foods and water (EHA, 2012)

The presence of faecal coliform in aquatic environments may indicate that
the water has been contaminated with the faecal material of humans or animals.
Faecal coliform bacteria can enter water bodies through direct discharge of waste
from mammals and birds, from storm and agricultural runoff, and from human waste
(Doyle and Erickson, 2006).

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. Birds can be a significant source of faecal coliform
bacteria. Birds (seagulls, geese, swans) can all elevate bacterial counts, especially
in freshwater systems (wetland, tivers, 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
e

hepatitis A. The presence of faccal coliform tends to affect humans more than it
does aquatic creatures, though not exclusively (Walkerton, 2011).

Funei are ubigquitous organisms that are widely distributed in nature. Several
ungi ar i i
fungal have been shown to be allergenic, such as Aspergillus, Alternaria and
nga genera

i oy Bowyer bl 2006 Hedayae! L2007 Simom
adosporium i




Nobbe et al.
Nobbe et al., 2006), Several studieg have supgested

waterborne. an important role for

The United Natig
n .
S (UN) set o goal in their Millennium Declaration to

reduce the am ]
o, ::fr: Zfii::gle\:::z :ﬂ}ijrinkmg water- by half in the year 2015
sk s b, b an consumpuo—n should be free from
e > and protozean parasites, meet the standard
guidelines for taste, odour, appearance and chemical concentrations, 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). Diarrhoeal diseases are
responsible for approximately 2.5 million deaths annually in developing countries,
affocting 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

ntributed to conditions under which

proper sanitation and water connections, have co
Leclerc et al., 2002). The

disease causing microorganisms can replicate and thrive (

oung children, the elderly,

people most susceptible to waterborne diseases include y

m malnutrition, pregnant woman, Immune compromised

ne from chemical dependencies and persons predisposed
(=

(Leclerc et al., 2002). Furthermore, an increasing

people suffering fro
individuals, people suffert

to other illnesses like diabetes
people are becoming su

sceptible to infections with specific pathogens

n v
o robial drugs, which have led to the selection

criminate use of antimic

due to the indis

aavib auﬂ-i'*’“"
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of antibiotic resistant biretess
eria and dry : !
2002b). 8 Tesistant protozoa (WHO, 2002a; WHO,

In deve]oping :
countr
1€s, many People are living in rural communities and

the household and

N y types of containers (Sobsey, 2002). Microbiological
contamination o :
the water may occur between the collection point and the point-

f_ i 3 =
of-use in the household due to unhygienic practices causing the water to become a
health risk (Sobsey, 2002).

have to collect their drinking water some distances away from
wansport it back in varioug

To improve and protect the microbiological quality and to reduce the
potential health risk of water to these households, intervention 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 of this study
was to improve the microbiological quality of drinking water in rural households by
hich include the use of traditional

the implementation of intervention strategics w

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

M ‘nfectious diseases are associated with faecally contaminated water
any 1ntec ; ;
Yy bidity and mortality worldwide. Waterborne diseases

and are a major cause of mor!

are caused by enteric pathogens 8
mitted by the faecal oral

uch as bacteria, viruses and parasites (Table 2.1}

route. Waterborne spread of infection by these

that are trans
11




'pathog_en_ic micmorganisms v
. - depends on Several factors g : i
e uch as: the survival of these

i-n the Water s
MICFOOTEANISMS  Tequired i nvironment, the infectious dose of the
0 cause a disegse |
icrobi i ; S¢ In susceptible individuals, the
microbiological and physico-chemical quality of the w

of wate!

ater, the presence or absence

r tr 4

catment and the season of the year (Leclerc et al
4

2002).
Table 2.1 Wat
aterborne pathogens and their associated diseases (Leclerc et al.,
2002)

Pathogen Diseases

Bacteria Campylobacter spp. Diarrhoea and acute gastroenteritis

Enteropathogenic Escherichia Diarrhoea

coli

Escherichia coli O157:H7 Bloody diarrhoea and haemolytic

uremic syndrome

Salmonella spp. Typhoid fever, diarthoea

Shigella spp. Dysentery, diarrhoea

Vibrio cholera Cholera, diarrhoea
ibrio cho

Yersinia spp. Diarrhoea, gastrointestinal

infections

| ————— | Diarrhoea, respiratory disease,

Adenoviruses

Viruses : G
conjunctivitis

W Diarrhoea




Sl i
Coxsackic vinuses

Respiratory, meningitis, diabetes,
(Enteroyirys)

diarrhoea, vomiting, skin rashes

Echoviruses (Enterovirus)

Meningitis, diarrhoea, myocarditis

Enterovirus
€5 68-71 Meningitis, diarthoea, respiratory

diseases, rash, acute enteroviral

haemorrhagic conjunctivitis

Hepatitis viruses (A, F) Hepatitis (jaundice), gastroenteritis

Caliciviruses Diarrhoea, vomiting

Poliovirus (Enterovirus) Poliomyelitis

Rotaviruses Diarrhoea, vomiting

Small Round Structured Diatrhoea, vomiting

viruses

Protozoan Cryptosporidium parvum Cryptosporidiosis, diarthoea

parasites Entamoeba hystolyfica Amocbic dysentery

Giardiasis, diarrhoea
Giardia

Guinea worm (Dracunculiasis)

Helminths Dracunalis medinensis

Septicemia, meningitis,

Emergin Actinobacter spp-
i endocarditis

opportunist

g Diarrhoea, gastroenteritis
ic Aeromeonas Spp- ' &

pathogens ___—————W Diarrhoea, abdominal cramping,

(&
o fever

B S
Loan¥d

L,/
e oy e '\“"!‘-"‘YTB u”“lf
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Is

O5pora spp.

__‘—\_\\ Diarrhoea
Legionella spp.

Legionnaires disease, Pontiac fever

Microsporidig Spp.

Gastrointestinal infections,

diarrhoea
Nontuberculosis

Skin infections, cervical

Myco 3 oo
Yeobacteria lymphadenitis, nontuberculosis

mycobacterium disease

Ps e ; :
eudomonas aeruginosa 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 108 cells, with some enteric bacteria able to cause
infections at doses as low as 101 cells. Viruses cannot replicate outside living cells,
but can survive for extended petiods in the water. The infectious dose of viruses has
been established to be as low as 1 to 10 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

parasites depends on host susceptibility and strain virulence. The infectious dose for

Giardia might be as low as 10 oocysts and for Cryptosporidium the presence of 30
iardia m
oocysts might cause an infection

ality of Water

(Leclerc et al., 2002).

2.2 The Microbiological QU

n developing countries
fthe most convenient supply (Sobsey, 2002). Many

. are devoid of treatment and the
Water supplies 1

> 0
communities have 1O make use
14




of these water supplies are Wit

d and :
from surface runoff, Wwindblown 4 by oRh et e
<

ris "
> human and animal faecal pollution and

unsanitary collection methods (WHQ 2000)

consuming and e :
g XPensive and therefore not used for routine water t
B = (Gubow, 1996). Tnstead indicator

assess the microbiological qua

esting
organisms are toutinely used to

e . lity 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):

o The concentration of the indicator microorganism should have a quantitative
relationship to risk of discase associated with exposure (ingestion/recreational
contact) to the water;

The indicator organism should be present when pathogens are present;

The persistence and growth characteristics of the indicator organism should be

similar to that of pathogens;

Indicator organisms should not reproduce in the envirenment;

The indicator organism should be present in higher numbers than pathogens in

contaminated water;
istant to adverse environmental
indi i hould be at least as resistan
The indicator organism S

disinfection and other Wi
ism should be non-pat

ater treatment processes as pathogens;
conditions,

The indicator organ

The tests for the indicato’

hogenic and easy 10 quantify;

¢ organism should be easy, rapid, inexpensive, precise,

€ ade: A% q i icable to all types of water;
v itivity uant]ﬁable and apphcab
ha d quate sensitivity. f




» The indicator Organism should b
e 5

eeific t
PECIfic to a faeca] source or identifiable as to

the source of origin of faceal pollution

Although many m;
Y micro :
Organisms have desirable features o be considered as

ossible indicato: ?
PH A rslof faecal pollution, there is no single microotganishs fhat meets
all of these requ
quirements {Sobsey, 2002): Severs] studies have. showed ne

imitations o o
limitas f'some of the current indicator organisms, which include the i

o Indicator organisms may be detected in water

samples in the absence of
pathogens.
Some pathogens may be detected in the absence of indicator organisms. Vibrio
cholera (V. cholera) persists in water exposed to solar disinfection well after
E. coli was inactivated. Potable 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 cominonly used media.
Tmproper filtration temperature, inadequate disinfection and treatment
; d high Assimilable Organic Carbon (AOC) levels,
procedures, biofilms and higl

be responsible for the regrowt
iruses in water may differ from that of indicator organisms.
vir

h of coliform bacteria in water samples.
could all

The prevalence of iy
h ¢ viruses are present in water samples compared to indicator
Low numbers of V1

hort periods of time while coliform
: ly excreted fors
s, viruses are on

kil and the structure, size, composition and

i sl
bacteria is oxcreted continuoy ¥,




1cator MiCroorganisms, it is better to use a
; : ms
microbiological quality of water Natuga]

combination of indicat, i :
OF Mictoorganisms to give a more accurate picture of the

Resources Conservation Services (NRC,

o Own set of guidelines for drinking water.
CVET. z s )
owever, most of these guidelines are similar for different countries and the

2004). In general, CVery country has jtg

same
indicator mi i o
indi 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 Units Allowable

compliance

Heterotrophic plate Colony forming units.1 ml-1 100

count

Total coliform Colony forming units. 100 ml-1

bacteria

Faecal coliform Colony forming units.100 ml-1

bacteria

S ool Colony forming units. 100 ml-1

-1
SDIU lon formmg units. 10 ml
atic Co Y

bacteriophages




Enteric viruses

Protozoan parasiteg

(Giardfa/Cryptospori

late counts, t ; AN
P otal coliform bacteria, faecal coliform bacteria, E coli, faecal

enterococcl, C. perfringens as well as somatic and male specific. F-RNA

bacteriophages (WHO, 2000). Each of fhese in

advantages and disadvantages which will be discussed in more detail in the

dicator microorganisms has

following sections.
2.2.1 Heterotrophic 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 {Batimmm et al., 2000}, Hemeion t

mic :sms can also survive in biofilms inside water distribution systems, water
roorganism :
& d storage containers. Therefore, heterotrophic plate

i insi hol
reservoirs and inside house .
e re-growth of organisms that may or may not

counts can also be used to measure th
be a health risk (WHO, 2002b).




2.2.2 Total coliform bacteri,

Total coliform bacteri are defj
I

ned g5 i
aerobic or facultative anaerobic, Gram

negative, non-spore form;
Ming, haped bacteria, which forments

rod g
produce gas at 35°C (APHA 1908 lactose and

). Total coliforms include bacteria of known

as bacteria th 5 e
as Klebsiella spp, Citro G o at may not be of faecal origin such

Serratia s
; ’ PP and Enterop i
D Outrient Nt i - robacter spp which are

decaying vegetation and drinking water with

. (WHO, 1991} The reoommicnded test for the
enumeration of total coliforms is membrane fi

relatively high levels of Nuttients

ltration using mEndo agar and

incubation at 35°C to 37°C for 24 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 caliform group
includes other organisms, such as Klebsiella spp, Enterobacter spp and Citrobacter
spp, which are not exclusively of faccal origin (APHA, 1995). Escherichia coli are
specifically of faecal origin from birds, humans and other warm blooded animals

(WHO, 1971). Faecal coliform bacteria are therefore considered to be a more

specific indicator of the presence of faeces.

2.3 Human and Animal Faecal Pollution in Water

luted with human and animal faeces may contain potentially

Water pollute ‘ 0

. t al.

; cause diseases in consumers (Sobsey et al.,
anisms that can

used faecal indicator m

¥ rm bacteria, E. coli and faecal

pathogenic microorg
2002). The most common

total coliform bacteria, U

icroorganisms which include the

hermo tolerant colifo
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enterococei bacteria, are S "
n bg

th h ’
l Uman and animg) faeces, but do not
ca

differentia e between the origin of fae viral pathogens such a
t 1 g
! i gins pollution Human vj p
(alici virus, Hepantls E virus Reo Viru ‘ Wl i S
) Ses

; s Rotavi : ;
male specific FRNA baCteﬂOphages s Iruses, somatic bacteriophages and

; infe ; :
reservoirs (NRC, 2004). ct other animals which can serve as

Consequently, th ;
Y. these animalg can be important potential sources of

contamination of water sources

es bec  mi isms i i
_ ™ ! ause the release of microorganisms into aquatic
environments by animal hosts could lead to human exposure (NRC, 2004). Poor
communities in developing countries share 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 faccal pollution in water supplies,

different levels of success have been.

2.3.1 The use of microorganisms to determine the origin of faecal pollution

Several microorganisms have been suggested and tested to distinguish

d animal faecal pollution i
effect on the specificity of
origin of faecal pollution, such as:

n domestic drinking water supplies.

between human an . S
microorganisms that can be

Various factors can have an

used as indicators to determine the

protozoan parasites oan have multiple hosts (not

(1) Specific bacteria, Viruses and

: 99);
species specific) (Sinton etal, 1999




.3.2 The use of i
2 ) chemicals to determine the origin of faecal pollution

Several chemical indj
al indicators have been used to identify the source of faecal

tion i i - : .
pollution in various water supplies (Sinton et al, 1999). However, expensive

equipment and high concentrations of the 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 (WHO) classifies source water supplies as
gither 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

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

wells, unprotected springs, vendor—provided water, rivers as well as tanker truck
s

provision of water (WHO, 2000).

cried out in developing countries have determined the

Several studies ¢a
proved water sources and

; : ; y 'mproved and unim

Microbiolopical quality of these ! :

devond; & R s different results were obtained (Sobsey et al., 2002).

epending on the i

Studi : ducted in Iran and in northern Sudan have both showed that water at
ies conducted 1

crobio]ogically o
se findings: & study

f a better quality than untreated irrigation

communal taps were Mt

canal water, Contrary to the

in Burma has showed that tube well




;nd shallow well water Supplies were m:
iy

obiologi
10logically of a better quality than

.muni(}ipal tap water and pond war;
€L source synpl;
pplies.

. ICC recent studieg conducted i
Limpopo Province in South Africa indicat ot o BT
cated that rivers and i
fountains used by rural

communities for domestic wat

e E I Pl Waler were all contaminated by enteric pathogens
incluain . coli esi 5 .

L & g siomonas shigelloides, V. cholera, Enterobacter cloacae

igell
Shigella spp, Salmonella spp, Aeromonas hydrophila, Aeromonas caviae and

C.am plebatCtef E (.Obl et al., 2004). Escherichia coli isolates obtained from the
different rivers duting this study were typed using molecular techniques to
determine the presence of virulent genes (Obi et al., 2004). Enterotoxigenic E. coli
isolates (11.8%) contained heat stable and heat labile genes; Shigatoxin producing
E. coli (4.4%) isolates contained stx! and stx2 genes; Necrotoxigenic E. coli
(35.6%) contained cnfl and cnf2 genes and Enteropathogenic E. coli (34.1%)
isolates contained BfpA and EacA genes (Obi et al., 2004). Necrotoxigenic E. coli
may play a role in possible zoonotic transmission since it has been shown that

fuman and animal strains share similar serogroups and carry the same genes coding

For finshrial and afimbrial adhesion. All of these studies indicated that the water
munities in developing countries are microbiologically

sources used by com i
alth risk to the consumers (Obi et al., 2004).

contaminated and pose & he

Very few studies have investigated thel microbftlloi::n::;:‘:’m:r‘;a::;
during collection and (ransportation. 102 i m-Ra‘ngT d ’that the faccal coliform
source and during collection Were analyzed and indicate in the source water
counts in the collection samples Were higher than the o

98). The inereas

¢ collection {0

¢ in faccal contamination of the water

samples (Hinninen et al., 19 m the source could have been due to

5 » i ﬁe
in the collection containets
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. El_ﬂhygienic handling of the Water and pogeg
cda

consumers (Sobsey, botential health risk of diseases to the

2002). In

- I a study i o
abe well water sampl, it Lanka, it wag found th o
fube ples were contaminateq nd that only 5% of

3 if b
collection of the sample compareq to 50 the pump was sterilized prior to
01

. oolied that the ta i
ol PS Were contaminateq by hands or apj i '
(Sobsey, 2002). e

1.5 Points-of-Use Water Supplies in the Household

Source water contamination is likely to have a wide effect on the community
because it can introduce new pathogens in the home 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-of-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-
. >3 . % S - ’ . f
to-person contact unhygienic behaviour (e.g. intra-household transmission o
el

ditions of the water storage containets at the point-of-use
i

faeces), the storage con

s of water from the storage container. In addition, a
n

and the abstraction conditio

number of studies suggestcd that

inadequate StOrage conditions increased the risk of
ini

: i bsey, 2002).
contamination, which can lead to infectious diseases (Sobsey
amination,

as showed that de
f the microbiolog!
umed, mostly due

pending on water collection and
: h
The literature study
deterioration 0
s actually ©0BS
s by Sobsey (2002)-
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- However, many of the point-of-

iew, especially the physical and

and therefore not suitable for impoverishog rural

households in developi o B
such as South Africa (Sobsey, 20 02). eveloping countries

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

microbiological quality of water before consumption would reduce diarrhoeal
disease together with sanitation and hygiene education. However, many of the
smudies 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).

Several potentially pathogenic microorganisms in water polluted by human

and animal faeces could cause diarthoeal diseases in consumers (Leclerc et al.,
ination in the traditional and
i : oin of fagcal contamination in
2002). Little information on the origin 0

rs are presently avail

icators cafl be used ¢

able. Literature has showed that

e o distinguish between human

i olosica! i sl v 1999). However, no single

(Sinton et al.,

t could reliab
the use of 8 combination of chemical

-on in water
and animal faccal pollution it ¥ .
| determinan

nd therefore

ly distinguish human from
Microorganism or chemica

animal faecal contaminationt &




: gﬁd microbial determinangg together
e}

1ol . Yy Provide th :
me-orlglﬂ-()f faecal pollution 4 the poing.r. € best solution for identifying
Consequently, :
ayailable that will be

Tural co WLl )

jncluded the use of the CDC gape storage : Mmunities in South Aftica
hlori container together with a chemical

: o Ly orite solution. The ajm of this study was therefore
{0 ImpIoO 1crodiological quality of drinking water in rural households at the

pmnt-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 information to the DOH and DWAF, which can
be used in future water and health policy formulations to prevent waterborne

outbreaks in these rural communities.




CHAPTER 1ypyy,

. MATERIALS Any, METHoOD
3,1 Study Area

The study area was carrieq out in Ijeh
-

Tgbo a relatively
North Local Government area of Ogun state Nigeria, [j 1;81}
2 a. ljebu-

small town in ljebu-
: : ! igho is located on the
jcal rain forest be

frop e It with hot ang humid climate condition Temperature

i es to a high r ] ; t

increas gh range during the dry season when compared with temperature in

fhe rainy season. Dry season consist of a short period of harmattan between

December and February.
32 Sample Collection

A total of 10 water samples were collected from10 water tankers in Ijebu-
Igbo at different locations which are Oke-Agbo, Oke-sopin, Ojowo, Alikori, Japara,

Oke-Alafia, Oke-Ife, Oke-Alafia (muulu), Abusi, Bgbe. The water was colleoted in

the morning and was taken t0 the Laboratory immediately for microbial analysis.

Micro-organisms in the water were enumerated.

33 Collection Method

Wat le was caried out from each tank. Collection was done for about
ater sam ’ .
‘ visited, water collection was done using

45-60 min. different part of the tanks were
e water Were then trans
n Agency (LASEPA).

ported te the Laboratory of Lagos State
awhite 1litter keg. Th

Environmental Protectio

34 Bacteria Identiﬁcatioﬂ Jied to water analysis as many water
, appiie :
The defined substrate technology 1ce of total coliforms,
Wi
tor source

. eser
ater for the Pr
Utilities are required O mon - of the defined substrate
. ) stenl, :
Colilest ¥ ApESAlNS

% 228470 Srg HWIC :
T

an applicatio”
fecal coliforms, or both. The




data equivalent to those obtained by

-
B o Wastewa Sing Standard Methods for the Examination
er (Standard Methods), The Colilert bystem

compared with Standard Methods multiple-tube fermentation (MTF) for the
enumeration of total coliforms from surface water. All MTF tubes were confirmed
according to Standard Methods, and subcultures were made to identify isolates to
the species level (APHA, 1985).

Colilert tubes were subcultured to determine if color changes were specific
to the target microbes. The Colilert system was found equally sensitive to MTE

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

i = Coli for source water samples
the appropriate color change. The Colilert test can be used for source y P

s required, and the benefits previously

less labor, lower €0

described for distribution

when enumeration i i
TR st, faster results, and no
water testing-sensitivity, specificity, i

i is ty, water analysis.
non-coliform heterotroph interference-ar applicable to this type 0 ¥

jcrobial Tests
ed, transported, and s
dard Methods (APHA, 1985).

35 M
s tored in strict accordance

Water samples Were collect

With the guidelines described by Stan

I

SRS —




‘gterile Polymethylpemene

made. All comparativ

be ok € analyses were performed with soi
same water or origin Defined substrate technol split samples from the
0gy.

Jith 100-ml samples (Access The Colilert system was used

Analytical Syst
. ystems, Branford, Conn.). It wa:
formatted in a 10-tube MPN arrangement (Caldwell, 1988) ) :

The water samples w i
. p ere added to the Colilert tubes. Each tube contained
enough Colilert powder to receive 10 ml of water. The contents of the tubes wete -
shaken to dissolve the powdered formula. A colorless solution resulted. The vessels
were then placed in a 35°C (+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

filuorescent (366 nm) light.
Fluorescence in the test tube indicated the presence of light. Therefore, a separate
result was obtained for total coliforms. The number of coliforms per 100 ml was

estimated from a 10-tube MPN table.

No confirmatory Of completed tests needed to

iti [ from Cach positive water
ad' 4 \{ Ositlve C()hle[[ test llbe (0)
1CaSt one p - )

ed, and the colo!

products, Plain

nies Wwere identified by s

sample was sub-cultur Jiew, N.Y.), with supplementary tests as
2E system (Analytab

Recessary.




Multiple-Tube Fermentation Test

ih :
. The multiple-tube feﬂnentatlon test wag Performed
qith each tube containing 10 1y of double % @ 10-tube MPN fest,

: “Strength lactose -
[ gboratories, Detroit, Mich), fryptose broth (Difeo

qumber of coliforms per 100 ml was estimated from a 10-tube MPN table. Only
confirmed 1actose tryptose broth tubes were included in the data base for

gomparison  with the Colilert system, Heterotrophic-plate-count  bacteria.

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

sample with R2A agar (Difco) incubated at 35°C for 48h (APHA, 1985).
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| REMARKS |
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SAMPLES STANDARD
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D | E |
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coliform, Please improve on treatment process.
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5.1 Conclusion

onclusi i
In ¢ usion 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. 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

rapidly, as required. The analysis of treated water for heterotrophic bacteria

including Pseudomonas species is valuable in the prevention of the formation of

biofilms and in the reduction of the amount of pyrogen.

3.2 Recommendation

d results of our study it is recommended that
rve
ures have to be practiced to

ed in the tanker. Therefor

From the above obse mitigate the effect of
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appropriate treatment control me
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