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ABSTRACT
This study was done to evaluate the bacteriological quality of drinking water
taken from different sources in Khartoum North by enumerating the total
bacterial count, total and faecal coliform bacteria. The different water
sources tested were river, treated well, non-treated well and bottled water.
Total plate count ranged from (102-104) cfu/ml in river, (103-106) cfu/ml in
treated well, (0-105) cfu/ml in non-treated well and (102) cfu/ml in one
sample of bottled water cfu/ml.
The amount of total coliform in different sources ranged from (0-40)
cells/100ml in non-0-28)in treated well and (0-1100) cells/100ml in river, (
treated well but there is no incidence of coliform bacteria in bottled water.
Faecal coliform was not found in all samples of drinking water tested.
Generally the highest level of bacteriological contamination was detected in
treated well water and the predominant bacteria in drinking water samples
belong to Bacillus, Enterobacteria and Staphylococcus genera.

اﻟﺨﻼﺻﺔ
أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﺘﻘﺪﻳﺮ اﻟﺠﻮدة اﻟﺒﻜﺘﻴﺮﻳﺔ ﻟﻤﻴﺎﻩ اﻟﺸﺮب اﻟﻤﺄﺧﻮذة ﻣﻦ ﻣﺼﺎدر ﻣﺨﺘﻠﻔﺔ ﺑﻤﻨﻄﻘﺔ
اﻟﺨﺮﻃﻮم ﺑﺤﺮى وﻟﻌﻴﻨﺎت ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﻤﻴﺎﻩ اﻟﻤﻌﺒﺄة وذﻟﻚ ﺑﺤﺴﺎب اﻟﻌﺪ اﻟﻜﻠﻰ ﻟﻠﺒﻜﺘﺮﻳﺎ واﻳﻀﺎ ﺑﺤﺴﺎب
ﺑﻜﺘﺮﻳﺎ اﻟﺪﻟﻴﻞ وهﻰ ﺑﻜﺘﺮﻳﺎ اﻟﻘﻮﻟﻮن وﺑﻜﺘﺮﻳﺎ اﻟﻘﻮﻟﻮن اﻟﺒﺮازﻳﺔ.
وﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ ﺗﺒﻴﻦ اﻵﺗﻰ:
ﻳﺘﺮاوح اﻟﻌﺪ اﻟﻜﻠﻲ ﻟﻠﺒﻜﺘﺮﻳﺎ ﻓﻰ اﻻﻧﻬﺎر ﺑﻴﻦ )  ، (102-104اﻵﺑﺎر اﻟﻤﻌﺎﻟﺠﺔ ﺑﻴﻦ ) (103-106و ﻓﻰ
اﻵﺑﺎرﻏﻴﺮ اﻟﻤﻌﺎﻟﺠﺔ ﺑﻴﻦ) (0-105ﺑﻴﻨﻤﺎ رﺻﺪ ﻓﻰ ﻋﻴﻨﺔ واﺣﺪة ﻣﻦ اﻟﻤﻴﺎة اﻟﻤﻌﺒﺄة ﺣﻮاﻟﻰ102
وﻟﻢ ﺗﻈﻬﺮ ﻓﻰ اى ﻣﻦ ﻋﻴﻨﺎت اﻟﻤﻴﺎﻩ اﻟﻤﻌﺒﺄة.
آﻞ ﻋﻴﻨﺎت ﻣﻴﺎﻩ اﻟﺸﺮب آﺎﻧﺖ ﺧﺎﻟﻴﺔ ﻣﻦ ﺑﻜﺘﺮﻳﺎ آﻮﻟﻴﻔﻮرم اﻟﺒﻘﺎﻳﺎ اﻵدﻣﻴﺔ واﻟﺢ
واﻧﻴﺔ.
ﻋﺎﻣﺔ أﻋﻠﻰ درﺟﺎت اﻟﺘﻠﻮث اﻟﺒﻜﺘﻴﺮى ﻟﻤﻴﺎﻩ اﻟﺸﺮب ﺳﺠﻠﺖ ﻓﻲ ﻣﻴﺎﻩ اﻟﺸﺮب ﻣﻦ ﻣﺼﺪر اﻵﺑﺎر
اﻟﻤﻌﺎﻟﺠﺔ.
اﻟﺘﻰ وﺟﺪت ﺑﺼﻮرة ﺳﺎﺋﺪة اﻷﺟﻨﺎس ﺑﺠﻤﻴﻊ ﻋﻴﻨﺎت ﻣﻴﺎﻩ اﻟﺸﺮب ﺗﺘﺒﻊ ﻟﻠﺒﻜﺘﺮﻳﺎ ﻣﻮﺟﺒﺔ اﻟﺠﺮام

CHAPTER 1
INTRODUCTION
Water covers 70% of the earth's surface and is also present in varying
amount in the atmosphere. It is an essential component of all cells and a
requirement for life. It represents about 45-95% of a living cell (Lim,
1998).Water is vital for drinking, sanitation, agriculture, industry and
countless other purpose (WMO, 1997).
Drinking water is water that is intended to be ingested by humans and water
of sufficient quality to serve as drinking water is termed potable water
whether it is used as such or not. Although many fresh water sources are
utilized by humans, some contain disease vectors or pathogens and could
cause long term health problems if they do not meet certain water quality
guidelines (CDC, 2003). Many nations have quality regulations for water to
be sold as drinking water, although these are often not strictly enforced
outside of the developed world. The World Health Organization sets
international standards for drinking water (CDC, 2003).
Approximately three out of five persons in developing countries do not have
access to safe drinking water, and about one fourth do not have any kind of
sanitary facilities. Significant progress was made in water supply and
sanitation since the international drinking water and sanitation decade (19811990) (which organized by WHO). However, the proportion of people with
access to adequate water and sanitation has not increased due to population
growth, insufficient continued investment and inefficient systems in working
order (Cheesbrough, 2000). The success of the water and sanitation
decadence is largely depending on people becoming aware of the
relationship that exists between health, water, hygiene and sanitation.

Many water sources in developing countries are unhealthy because they
contain harmful physical, chemical and biological agents.
UNICEF reported that about 90% of major epidemics in the Sudan are water
borne and water related ,causing the death of some 40% of children who die
under five years of age (El Tayeb, 2002).
Source protection is almost the best method for ensuring safe drinking water
and is to be preferred to treating contaminated water supply to render it
suitable for consumption. Once a potentially hazardous situation has been
recognized, the availability of suitable remedial measure must be considered
(Ahmed, 2005). As far as possible, water source must be protected from
contamination by human and animal waste, which may contain bacterial,
protozoan pathogens and helminthes parasites (Ahmed, 2005).
The success of the water and sanitation decadence is largely depending on
people becoming a ware of the relationship that exists between health, water,
hygiene and sanitation.
Bacterial contamination of water can be a serious problem .Water testing is
the only way to evaluate whether bacteria is present in a water supply.
Coliform bacteria may not cause disease but can be indicators of other
pathogenic organisms that cause disease .The latter could cause intestinal
infections, dysentery, hepatitis, typhoid fever, cholera and other illnesses.
The objectives of the present study were to:
1. Investigate the effect of source on the bacteriological quality of
drinking water taken from different sources in Khartoum North.
2.

Isolate and enumerate bacteria which are indicators of water sanitary
quality.

3. Identify the predominant bacterial genera found in this drinking
water.

CHAPTER 2
LITERATUER REVIEW
2.1 Importance of water:
Water is essential to sustain life and satisfactory supply must be made
available to consumer.
The acceptable quality of water is defined by the WHO

guidelines as that

which is suitable for all usual domestic purposes, including personal hygiene
(WHO, 1993). It should be potable, wholesome, attractive to sense of sight,
taste, and hygienically safe. There is an urgent need for simple, effective and
low-cost methods for the production of water free of pathogenic and harmful
chemical substances (John, 1997).
Every effort should be made to maintain drinking water quality as high as
practicable. Protection of water supplies from contamination is the first line
of defense. Source protection is almost invariably the best method of
ensuring safe drinking water and is to be preferred to treating a contaminated
water supply to render it suitable for consumption. Once a potentially
hazardous situation has been recognized, the availability of suitable remedial
measures must be considered (Ahmed, 2005).
As far as possible, water sources must be protected from contamination by
human and animal waste. Failure to provide adequate protection and
effective treatment will expose the community, to the risk of water-borne
diseases.

2.2 Water Sources and Resources:
In nature water is constantly changing from one state to another.

The sun constantly evaporates water into the atmosphere. Some of that water
is returned as snow or rain. Part of this water, rapidly evaporates back into
the atmosphere. Some drains into lakes and rivers to commence a journey
back to sea. Some infiltrates into the soil to become soil moisture or ground
water. Under natural condition, the ground water gradually works it way
back into surface waters and makes up the main source of dependable river
flow (Elrofaei, 2000).
Although Sudan is the largest country in Africa and lies mostly in the arid
region where water is a scarce commodity, it is considered to be rich in
water recourses (Ginawi, 1994).

2.3 The water sources and resources in Great Khartoum:
Great Khartoum with all its extensions and suburban areas depends on water
supply provided by water works from the Nile and several boreholes drilled
at different part of the city.
Some of the boreholes are used to pump water directly in the water supply
mains at booster stations. Others provide services through elevated water
tanks, pipelines and water stand taps (Ibrahim, 2000). The latter is used at
displacement camps and at suburban areas.
2.3.1 The Nile water resources:
As a natural resource, the Nile water constitute a big water potential, which
is available through networks after being treated at treatment plants
constructed along accessible and suitable sites .It is estimated that 45% of
the residential areas are covered by water supply from water works while the
rest of the residential areas receive their water supply from ground water
resources (Ibrahim, 2000).

The treatment plants have problems related to design capacity, water
treatment, sludge disposal, use of chemicals for purification of the Nile
water and availability of well trained personnel (Ibrahim, 2000).
2.3.2 Ground water resources:
Ground water resources constitute a large potential of fresh water in
Khartoum area. The use of ground water as a source of water supply in
Khartoum started when the Great Khartoum expanded horizontally and The
demand exceeded the supply provided from the treatment plants (Ibrahim,
2000).
2.3.3 Bottled drinking water:
Many consumers living in urban areas today are increasingly looking
towards bottled water as a means of meeting some or all of their daily
requirements. As fresh water supplies are further stretched to meet the
demands of industry, agriculture and an ever-expanding population, the
shortage of safe and accessible drinking-water will become a major
challenge in many parts of the world. In the wake of several major outbreaks
involving food and water, there is a growing concern for the safety and
quality of drinking-water. While bottled water is widely available in both
industrialized and developing countries, it may represent a significant cost to
the consumer. Consumers may have various reasons for purchasing bottled
drinking-water, such as taste, convenience or fashion, but for many
consumers, safety and potential health benefits are important considerations
(WHO, 2000).

2.4 Water supply distribution networks:
Water supply distribution networks are constructed to convey treated water
to consumers in sufficient quantities, good quality and required pressure
head to meet the demand. Great Khartoum water supply suffers from

unsteady water loss breakage, contamination and large number of manpower
involved in repairing the net work components
(Ibrahim, 2000).
There are two types of water supply for Khartoum state:
1- Surface water, distributed through six water treatment plants (Burri;
Mogran; Khartoum north (new); Khartoum north (old); Tuti and Omdurman
(Figure.1).
2- Ground water coming from 656 wells (Ibrahim, 2002).

Figure 1. Schematic chart of present water supply system in Khartoum
Metropolitan Area.
Source: National Water Corporation

2.5 Water Treatment:
For small communities, it is generally preferable to protect a groundwater
source that requires little or no treatment than to treat surface water that has
been exposed to faecal contamination and is usually of poor quality. In many

circumstances, however, surface water is the only practicable source of
supply and requires affordable treatment and disinfection
The range of treatments available for small community supplies is
necessarily limited by technical and financial considerations: the most
appropriate and commonly used treatments are summarized below.
Installation of packaged treatment plants is not a suitable means of dealing
with the typical water-quality problems that prevail in rural areas (WHO,
2004).
2.5.1 Chlorination:
Chlorination can be achieved by using liquefied chlorine gas, sodium
hypochlorite granules and onsite chlorine generators. The gas is supplied in
pressurized containers. The gas is withdrawn from the cylinder and is dosed
into water by chlorinator, which both controls and measures the gas flow
rate. Sodium hypochlorite solution is dosed using a positive-displacement
electric dosing pump or gravity feed system. Calcium hypochlorite has to be
dissolved in water, and then mixed with the main supply. Chlorine, weather
in the form of chlorine gas from a cylinder, sodium hypochlorite or calcium
hypochlorite, dissolved in water to form hypochlorous acid (HOCI) and
hypochlorite ion (OCI) (WHO, 2004).
Chlorination is employed primarily for microbial disinfection. However,
chlorine acts an oxidant and can remove or assist in the removal of some
chemicals for example, decomposition of easily oxidized pesticides such as
aldicarb; oxidation of dissolved species (e.g, manganese (II)) to form
insoluble products that can be removed by filtration, and oxidation of
dissolved species to more easily removable forms (WHO, 2004).
A disadvantage of chlorine is its ability to react with natural organic matter.
However, byproduct formation may be controlled by optimization of the

treatment system (WHO, 2004).
2.5.2 Ozonation:
Ozone is a powerful oxidant and has many uses in water treatment, including
oxidation of organic chemicals. Ozone can be used as a primary disinfectant.
Ozone gas (O3) is formed by passing dry air or oxygen during a high-voltage
electric field. The resultant ozone-enriched air is dosed directly into the
water by means of porous diffusers at the base of baffled contactor tanks.
The contactor tanks, typically about 5m deep, provide 10 – 20 min of contact
time. Dissolution of at least 80% of the applied ozone should be possible,
with the remainder contained in the off-gas, which is passed during an ozone
destructor and vented to the atmosphere (WHO, 2004).
Ozone reacts with natural organics to increase their bio-degradability,
measured as assimilable organic carbon. To avoid undesirable bacterial
growth in distribution, ozonation is normally used with subsequent
treatment, such as filtration to remove biodegradable organics, followed by a
chlorine residual, since it does not provide a disinfectant residual. Ozone is
effective for the degradation of a wide range of pesticides and other organic
chemicals (WHO, 2004).
2.5.3 Filtration:
Particulate matter can be removed from raw waters by rapid gravity horizontal,
pressure or slow sand filters. Slow sand filtration is essential biological process,
whereas the others are physical treatment processes (WHO, 2004).
Rapid gravity, horizontal and pressure filters can be used for direct filtration
of raw material, without pretreatment. Rapid gravity and pressure filters are
commonly used to filter water that has been pretreated by coagulation and
sedimentation. An alternative process is direct filtration, in which
coagulation is added to the water, which then passes directly onto the filter

where the precipitated flock (with contaminants) is removed, the application
of direct filtration is limited by available storage within the filter to
accommodate solids (WHO, 2004).

2.6 Drinking Water Standards:
No single standard for drinking water suffices for all countries but there is a
considerable degree of agreement on contaminants and their allowable
concentration (Sayre, 1988). However different conditions in countries will
maintain differences in standards currently enforced. The first priority of
water supplies in all countries is to ensure that drinking water is
bacteriologically safe (Craun, 1986).
Drinking water must contain no impurity that would offend sight, taste, or
smell and substance with deleterious physiologic effects must be eliminated
or not introduced (Smith, 1981).
The World Health Organization (WHO) publishes Guidelines for drinkingwater quality which many countries use as the basis to establish their own
national standards. The Guidelines represent a scientific assessment of the
risks to health from biological and chemical constituents of drinking-water
and of the effectiveness of associated control measures. WHO recommends
that social, economic and environmental factors be taken into account
through a risk-benefit approach when adapting the Guideline values to
national standards. As the WHO Guidelines for Drinking-water Quality are
meant to be the scientific point of departure for standards development,
including bottled water, actual standards will sometimes vary from the
Guidelines (WHO, 2000).

2.7 Contamination of Drinking Water:
Drinking water may be contaminated by a range of chemical, microbial and

physical hazards that could present risks to health if they are present at high
levels. Examples of chemical hazards include lead, arsenic and benzene.
Physical hazards include glass chips and metal fragments. Microbial hazards
include bacteria, viruses, and parasites (Elrofaei, 2000).
Bacteria are single-celled organisms commonly found in soil, on our bodies,
on leaf materials and in water. There may be over a million cells per gram of
soil. Bacteria have many functions in nature, they help breakdown matter
(decomposition) and transform it through chemical reactions. Pathogenic
bacteria carry diseases such as typhoid, dysentery and cholera (Geldrich and
Litsky,, 1992). Bacteria are the most common contaminant in drinking water
(Wright, 1984).
Any of several thousand types of bacteria (both non-pathogenic and
pathogenic) can contaminate water supply.
While surface water commonly supports bacteria, most ground supplies
don’t. This is because the conditions for bacterial growth (food, oxygen,
temp, ph) are not often found in ground water. Yet, many well water
samples still show that bacteria are present (Wright, 1984).
Here are some ways whereby contaminated water may enter a well:
1 Water may leak in through a loose or cracked cover.
2 Water may flow down the side of the well casing without being filtered
by the soil.
3 Water may come through the site of a dug well (without adequate soil
filtration).
4 Bacteria may be added when the well is repaired.
The ground water supplying the well may contaminated with bacteria
(Ahmed, 2005).
The movement of animal wastes into the surface water is often cited as a

major factor contributing to the pollution of available water in many rural
areas (Fernandez-Alverez et al., 1991). Untreated excreta carrying disease
organisms wash or leach into fresh water sources, contaminating drinking
water and food. The extents to which disease organisms occur in specific
fresh water source depend on the amount of human and animal excreta that
they contain. Diarrheal disease, the major water-borne disease, is prevalent
in many countries where sewage treatment is inadequate. An estimated 4
billion cases of diarrrheal diseases occur every year, causing 3 million to 4
million deaths, mostly among children. Using contaminated sewage for
fertilizer can result in epidemics of such diseases as cholera. These diseases
can even become chronic where clean water supplies are lacking (Brock, et
al., 1994).
EL Shazali and Erwa (1971) reported that studies in the Sudan have clearly
demonstrated the close association of biological contamination of drinking
water with the high prevalence of diarrheal diseases causing by certain
enteric pathogens.
Hammad and Dirar (1982) found that zeers were faecally contaminated, with
faecal coliforms in 70% and faecal streptococci in 92% of samples
examined.

2.8 Characteristics of Indicator Organisms:
Different bacterial indicators are used. The most common ones include the
coliform group, the Alfa-hemolytic streptococci of fecal origin and the

Entrococci.
2.8.1 Coliform Bacteria:
Coliform bacteria considered to be members of genera or species within the
family Enterobacteriaceae, capable of growth in presence of bile salt and
able to ferment lactose at 35-37ºC with the production of acid, gas and
aldehyde within 24-48 hours. They are oxidase-negetive and non sporeforming. They display B-galactosidase activity (WHO, 1993).
The coliform group includes: Citrobacter, Enterobacter, Escherichia coli
and Klebsiella spp (WHO, 1995). Most coli form bacteria don’t transmit
diseases but they are a very common group of bacteria. They are used as an
indicator that harmful bacteria may be present.
If the samples come back with high coli form counts, this means that the
water entering the well is not being filtered enough by the soil and the
presence of coliform organisms in drinking water is used as an indicator of
faecal contamination since they are the most sensitive indicator
demonstrating excremental contamination (Packer et al., 1995).
2.8.2 Escherichia coli (E. coli):
These bacteria conform to the criteria for coliform organisms but are capable
of growth at 44°C. Escherichia coli is regarded as an essential indicator of
faecal pollution of human or animal origin (Colee et al., 1996). According to
Bergey’s manual of systematic bacteriology (1984).
E. coli is gram-negative, straight rod, motile or non motile and facultatively
anaerobic.
Tests of coliform bacteria and E coli are the most important routine
microbiological examination. They provide the most sensitive means of
assessing the effectiveness of water treatment and disinfection, detecting
faecal contamination and for monitoring water quality in distribution.

2.8.3 Escherichia coli O157:H7:
The recovery of E.coliO157:H7 from environmental samples is often
difficult because of the altered physiological state that bacteria sometimes
developed in order to survive hostile environments. Infections involving
E.coliO157:H7 have occasionally been implicated with contaminated water,
but food borne infections are more common.
E.coliO157:H7 is a recognized cause of haemorrhagic colitis, an illness
characterized by bloody diarrhea and severe abdominal pain but little or no
fever. It is also on of the causes of haemolytic uramic syndrome. Strains of
E.coliO157:H7 produce a toxin which is similar to that produced by Shigella
dysenteriae type 1 which is cytotoxic to vero cells in cell culture (Colee et
al., 1996).
2.8.4 Faecal streptococci:
The presence of fecal streptococci is an evidence of fecal contamination.
They are tend to persist longer in the environment thermo tolerant or total
coliform and are highly resistant to drying (Bartram and pedley, 1996).

2.9 Water- borne diseases:
Polluted water, tainted food and malnutrition accounted for high infant
mortality when sanitation measure are lacking. Throughout history water
borne diseases have an important restraint on population growth (Deming,
1975).
Water- borne diseases are "dirty- water'' diseases those caused by water that
has been contaminated with human, animal or chemical wastes.
World wide, the lack of sanitary waste disposal and of clean water for
drinking, cooking and washing is to blame over 12 million deaths a year
(Alcamo, 1997).

2.9.1 Cholera:
The disease is caused by Vibrio cholera. The infection is caused by ingestion
of water contaminated by infected human faecal material. It gives rise to
sudden and profuse diarrhea which leads to severe dehydration and death
within 1 or 2 days if fluids are not replaced (Carincross et al., 1980).
2.9.2 Typhoid fever:
The disease is caused by Salmonella typhi. The infection usually contracted
by ingestion of material contaminated by human feaces or urine, including
water and food (Twort et al., 1985).
2.9.3 Paratyphoid fever:
Paratyphoid fever is caused by Salmonella paratyphi A, B or C. Infection
may exceptionally be via contaminated water, but is more commonly due to
ingestion of contaminated food (Twort et al., 1985).
Typhoid and paratyphoid are again specific severe fevers sometimes with
intestinal symptoms, which have a high mortality if un treated (Cairocross et
al., 1980).
2.9.4 Dysentery:
Dysentery is caused by Shigella spp. Infection is occasionally contracted via
water contaminated by human faeces, but more commonly it is due to
ingestion of food contaminated by flies or by unhygienic food handlers who
are carries (Twort et al., 1985). The disease is characterized by severe
bloody diarrhea accompined by abdominal pain. A severe illness ia affected
by access to domestic water and its quality (Cairocross et al., 1980).

2.10 Bacteriological Quality Standards:
Supplies of drinking water contaminated with sewage or other excreted
matter from man and animal may cause diseases. In the interest of public
health, supplies should be tested regularly to confirm their freedom from

such contamination (Collee et al., 1996). Improving public sanitation and
providing a clean water supply are the two steps needed to prevent most
water-borne diseases and deaths. In particular, constructing sanitary latrines
and treating waste water to allow for biodegradation of human wastes will
help curb diseases caused by pollution (Johns Hopkins School of Public
Health USA, 1998).
A standard demanding that coliform bacteria be absent from each 100-ml
samples of water entering the distribution system whether the water be
disinfected or naturally pure from at least 90% of the samples taken from
distribution system can be applied in many parts of the world. For each
individual sample, coliform density is estimated in terms of the most
probable number (MPN) in 100ml of water (WHO, 1963).
The following bacteriological standards are recommended for treated and un
treated supplies for present throughout the world.
a) Treated water:
In 90% of the samples examined throughout any year, coliform bacteria
shall not be detected or the MPN index of coliform microorganisms shall be
less than 1.0 per 100ml. None of the samples shall have an MPN index of
coliform bacteria in excess of 10-100 ml samples (WHO, 1964).
b) Untreated water:
In un treated water witch is naturally pure, the standards are the same as
above but it is stated that none of the samples should show an MPN index
greater than 20 per 100ml (WHO, 1963).
When samples are taken from the distribution system they should be free
from coliform organisms. In practice, this cannot always attained and the
standard applied should ensure that throughout the year 95% of the samples
should not contain any coliform organisms or E. coli in 100 ml

(Dart and Stretton, 1980)

2.11 Monitoring of drinking water:
The monitoring of drinking-water quality ideally consists of two
components:
1. Continual control of quality on a routine basis to ascertain that
treatment and distribution comply with the given objectives and
regulations.
2. Periodic microbiological and public health surveillance of the
entire water supply system from source to consumer.
Also the frequency of sampling, the more frequently the water is
examined; the more likely it is that chance contamination will be
detected.
Care must be taken to ensure that samples are representative of the water
to be examined and that no accidental contamination occurs during
sampling.

Surveillance is the continuous and vigilant public health

assessment and over-view of the continuous and acceptability of
drinking-water supplies (Ahmed, 2005)
In Sudan early monitoring research was carried out by Dirar, (1986). This
work showed that the coliform and faecel coliform counts were much
higher in the Blue Nile than the White Nile.

CHAPTER 3
Materials and Methods
3.1 The Study Area:
The study was done in different areas in Khartoum North representing
different sources of drinking water.
1. SHAMBAT:
Shambat represents the river water coming from Nile River which enters the
network through Khartoum North water treatment plant where it is clarified
and then chlorinated. Shambat is located in the west of Khartoum North.
Ten tap water samples were taken from different locations in Shambat
including, Shambat Algamaa SH (g), Shambat Alaradi SH (a) and Shambat
Alhela SH (h).
2. ALKADARO:
Alkadaro, located in the Northern area of Khartoum North represents treated
well water. This is treated at site by Khartoum North treatment plant by
adding chlorine through the pipes to the well which had no cover. The water
is then pumped to a huge reservoir tank which serves a relatively big area
and then water is distributed by pipes to the taps. Ten samples were
collected from taps at different sites in this area for analysis.
3. DAR ALSALAM ALMAGARBA:
This represents the non-treated well water. The well is not monitored by any
water treatment plant but is taken care of by a local guard. The well is deep
(35m) and covered with a metal cover. The water pumped to reservoir tank
which is cleaned constantly. This serves a small area which located in the
Eastern area of Khartoum North. Also 10 samples were taken from this area

for analysis.
4. Bottled Water:
Five different commercially bottled water brands were used in this study.
All the labels in the bottles indicated being treated by ozone. There were
designated A, B, C, D, and E. Samples A and B are regarded as superior
quality by consumer whereas C, D and E were thought to be inferior
quality. All samples except E were kept in plastic bottles and closed
tightly by screw-caps while E was filled in plastic cup and covered
loosely by a thin layer of aluminum foil.

3.2 Sampling:
Water samples from different sources were collected from taps aseptically in
(230 ml) sterile screw –cap bottles between 9:00 and 12:00 a.m for
microbiological examination and bottled water samples were bought from
the markets which were kept in refrigerators. All samples were analyzed
immediately after arrival.

3.3 Examination of Drinking Water:
3.3.1 Total Plate Count:
Total bacterial count was done for all samples using the pour plate
technique as described by Harrigan and MacCance (1976).
One ml of sample was transferred aseptically into sterile Petri-dishes. 10 15 ml of the melted plate count agar (45-46ºC) were poured into dishes.
The dishes were then thoroughly mixed to facilitate distribution of the
samples through out the media. The media was allowed to solidify and the
plates were incubated at 37ºC for 48 hours.
The total bacterial counts were determined by using the Colony counter
(Quebec colony counter).

3.3.2 Enumeration of Coliforms Bacteria:
The Most Probable Number (MPN) technique was used for enumeration
of total coliforms and faecal coliforms according to standard methods
(APHA, 1989). The multiple tube fermentation method comprises three
steps:
a- presumptive test
b- Confirmed test
c- Completed test

3.3.2.1 Presumptive Test:
The multiple tube fermentation technique was performed as a presumptive
test. Determination of the most probable number (MPN) coliform bacteria
was carried out using tubes containing MacConkey broth and inverted
Durham tubes.
For Inoculation 10 ml of the original samples were added to each of 3
double – strength MacConkey broth tubes. Also 1 ml of the sample was
added To each of 3 single-strength MacConkey broth tubes and then 0.1ml
of the original sample was added ) to each of three single –strength
MacConkey broth tubes. The inoculated tubes were incubated at 37°C for
24-48 hours for the observation of gas and acid production. First reading was
taken after 24 hours to record positive tubes, and the negative ones were
incubated for another 24 hours.

3.3.2.2 Confirmed Test:
Each gas positive presumptive tube was inoculated into a tube containing
brilliant green bile broth (BGB). All tubes were inoculated at 37°C for 2448 hours for the observation of gas production. From the combination of
positive and negative tubes the most probable number (MPN) of total

coliform bacteria was found out from the MPN table.

3.3.2.3 Completed Test (faecal coliform test):
At least 3 loopfuls of each confirmed positive tube were subcultured into
Escherichia coli (EC) broth medium and then incubated at 44.5

°C for

24 hours. Tubes showing any amount of gas production were considered
as positive and most probable number (MPN) were recorded.
Further confirmation of faecal coliform was done by isolation on EosinMethylene blue (EMB) agar plates and carrying out the indole test
according to the method described in APHA (1989).

3.4 Identification Tests:
All samples of drinking water were inoculated into blood agar medium
plates and incubated at 73°C for 24 hours for identification. The
predominant colonies which had different morphological characteristics
were subcultured into nutrient agar medium and also incubated at 37°C for
24 hours. The cultures were then kept in a refrigerator at 4°C until used for
further tests. The identification of all isolates was done according to
Barrow and Felthman (1993).

3.4.1 Biochemical Tests:
3.4.1.1 Gram’s reaction:
A film was made on a clean slide by emulsifying part of a colony in
loopful of normal saline. The film was then air dried and fixed by slight
flaming and stained as follows:
1. The smear was stained with crystal violet solution for 1-2 minutes.
2. The smear was rinsed rapidly by water and Gram's iodine solution
was added and left for 1-2 minutes.
3. The iodine was poured off and the slide was washed with 95%

ethanol for 5-15 seconds.
4. The smear was then washed with tap water and stained with safranin
solution for 20 seconds.
5. The slide was washed with water and allowed to dry. On
microscopic examination the gram positive organisms appeared
purple and gram negative organisms appeared pink.
3.4.1.2 Catalase test:
The test was done to differentiate those bacteria that produce the enzyme
catalase from the non-catalase producing bacteria. Catalase acts as a catalyst
in the breakdown of 3% hydrogen peroxide (H2O2) to oxygen and water. The
test was done by taking a small portion of colonies of the tested organisms
by trial wooden stick and then immersed in a slide containing hydrogen
peroxide solution. The immediate bubbling of oxygen meant positive
catalase test.
3.4.1.3 Oxidase test:
Two

to

three

drops

and

1%

tetramethyl-p-phenylene

diamine

dihydrochloride solution were placed on a piece of filter paper, in a Petridish. One colony was removed with a sterile loop and smeared on the filter
paper. A positive reaction was indicated by the development of a dark purple
colour within 10 seconds.
3.4.1.4 Oxidation/ Fermentation (O/F) test:
Fresh cultures were tested by stab inoculation on the pairs of semi-solid
Hugh Leifson medium contained in test tubes. One tube was covered with
sterile paraffin and the other was left without. Inoculation was carried out at
37ºC for up to 7 days. Growth on both tubes was recorded as fermentation
metabolism while growth in open tube only, was recorded as oxidative
metabolism.

3.4.1.5 Motility test:
The test is used to distinguish between motile and non- motile bacteria. A
tube of motility medium was inoculated with 24-48 hours culture. This was
done aseptically using a straight wire to one half the depth of the tube.
During growth, motile bacteria will migrate from the line of inoculation to
form a different turbidity in the surrounding medium. Non-motile bacteria
will grow only along the line of inoculation.
3.4.1.6 Glucose test:
This test was carried out to identify bacteria that can breakdown the
carbohydrate.
One colony was inoculated with a loop in the sterilized test tubes with
inverted inner (Durham) tubes filled with sugar solution and indicator. The
cultures were then incubated at 37ºC.tubes were examined daily for acid and
gas production. Negative test was examined for up to 30 days.

CHAPTER 4
RESULTS AND DISCUSSION

A total of 35 samples of drinking water collected from different points in
Khartoum North represent different sources of water including, river
(Shambat), treated well (Alkadaro), non-treated well (Daralslam Almgarba)
and bottled water, were analysed for total plate count, total coliform and
faecal coliform bacteria. The predominant bacteria present in the different
water sources were isolated and identified based on biochemical and
morphological characteristics.

4.1 Total plate count:
Total plate counts in the different drinking water sources are shown in
figures 2–5. The total plate count in river water collected from 10 different
sites in Shambat is shown in figure 2. The counts were similar and ranged
from 102 to almost 104 cfu/ml. The different sites within Shambat area did
not give rise to a noticeable difference in total plate counts. This result is less
than that obtained by Hammad and Dirar (1981) who reported that the total
plate count in sebeel water was of the order of 105 cfu/ml.
Also Ahmed (2005) reported that the total plate count in storage cisterns and
water supply system (river) in some food factories in Khartoum North
ranged from 0 to above 105 cfu/ml.
Figure 3 shows total plate count in treated well water samples collected from
taps in different sites in Alkadaro area. The counts ranged from about more
than 103 to more than 104 cfu/ml, all samples collected from Alkadaro
shared almost similar counts with the exception of one location (kA1) which
had a much higher count at almost 106 cfu/ml.

These counts were higher than those reported by Elrofaie (2004) who found
that the total plate count in treated wells in Geberona and Jebel Awlia camps
for displaced people ranged from 102 to 103.
Generally the counts in treated well water samples were higher than those in
samples collected from river-water. This finding was in contrast to (smith
1981) who stated that deep well water usually contain few microorganisms
because microbes are filtered out as the water trickles through the layers of
the earth. The result could be explained by the fact that samples were taken
from tap water and not directly from wells, thus a possibility that water may
have been exposed to contamination due to break through or leakage in
pipelines.
The total plate count in water collected from 10 taps in Daralslamalmgarba
representing non-treated well-water is represented in figure 4.
The counts ranged from about more than 102 to almost 105cfu/ml. There
seemed to be some variation in the total bacterial count within this location.
At one site (DA2) the bacterial count was even negligible. This difference
could be due to the fact that this sample was collected from a tap connected
directly to the well and the water did not pass through the pipelines and
therefore was not subjected to high contamination.
Figure 5 shows total plate counts enumerated in five different bottled-water
samples. A, B, C and D showed no count, while sample E showed a count
just less than 103cfu/ml.
Figure 6 shows total plate counts in the four sources of drinking water.
River water had count below 103cfu/ml, while non-treated well-water
showed 7 sites where the cfu/ml was below 103. For the treated ground water
all 10 sites had counts higher than 103 and in 2 cases higher than 104.

This seems to indicate that the water from treated well shows higher
bacterial counts than the other sources.
Collectively the bottled water showed least total bacterial counts.

4.2 Coliform Bacteria count:
Figures 7–9 show the total coliform counts in water samples collected from
different drinking water sources in Khartoum North.
Figure 7 shows the total and faecal coliform bacteria in river water collected
from taps in different sites in Shambat area.
Two sites of Shambat algama registered a value of about 40 cells/100ml and
another 2 sites in Shambat alhela were found to contain about 5 cells/100ml.
No other incidence of total coliform was regarded in the other sites.
This increase in counts in Shambat algama area could be due to the breakage
in the water distribution pipelines in this area.
This result seemed to be lower than those obtained by Ali, (2005) who found
that the total coliform count in tap water of river source in Khartoum state
ranged from 0 to 50 cells/100ml.
Also lower than total coliform found by Ahmed, (2005) who reported that
the total coliform bacteria in storage cisterns and water supply system (river)
in some food factories in Khartoum North ranged from 0 to 75 cells/100ml.
None of the sites in Shambat area tested had faecal coliform bacteria. While
in water samples from river source in Khartoum state faecal coliform ranged
from 0 to 4 cells/100ml (Ali, 2005).
Coliform bacteria count in treated well water is presented in figure 8.
Eight sites within Alkadaro area were found to contain incidences of
coliform bacteria. Four sites ranged between 150–240 cells/100ml. One site
(KA4) recorded more than 1000 cells/100ml of water this result could be
ascribed to the fact that this sample was collected from the most
contaminated point in this area. The remaining 2 sites in Alkadaro shawed

no presence of coliforms bacteria. This result is higher than those obtained
by Elrofaie, (2000) who stated that the total coliform in wells in displaced
people camps ranged from 0 to 10 cells/100ml.
Also this result compares to that reported by (Ali, 2005) who found that the
total coliform bacteria in tap water from treated well sources in Khartoum
state ranged from 0 to 1600 MPN/100ml
Faecal coliform were not found in any of the treated well water samples
tested. while faecal coliform found by Ali,(2005) in treated well sources in
Khartoum state ranged from 0 to 300 cells/100ml. Also Elrofaie (2000)
stated that the faecal coliform ranged from 0 to 5 cells/100ml.
Figure 9 shows the total and faecal coliforms bacteria counts in non-treated
well-water taken from Daralslm Aalmgarba. Only 4 sites within Daralslam
area showed counts of total coliforms bacteria between 7–28 cells/100ml of
water. None of these coliform bacteria were confirmed to be faecal coliform.
The coliform bacteria count from the 4 different drinking water sources are
presented in figure 10.
There were no coliforms bacteria to be found in the five samples of bottled
water. All samples of bottled water were said to have been treated with
ozone. Tested out of all drinking water five sources, the treated ground water
showed the highest incidence of total coliform count. Reason for this could
be that chlorination procedures of the wells in Khartoum state might be
carried out by un-trained personnel and that pipes are damaged in some
areas could other source of contamination. Thus chlorination procedure of
wells in Khartoum North may be contaminating water rather than treating it.
Eltom (1997) reported that, generally failure of chlorination process,
pipeline breaks and un-hygienic condition that can contribute to increased
levels of bacteria in water system may create a potential health hazards. Also

because the well is un-covered and exposed to contamination by wind and
dust and that could be an other reason of high contamination in treated well
water.
High rise in the count of coliforms in drinking water was attributed in part
to dusty wind (haboub) (Hammad and Dirar, 1982). Madigan et al., (1997)
noted that wind blown dust carries with it significant numbers of microbial
population that can travel long distance.
Faecal coliforms bacteria were not found in all water samples taken from
different sources in Khartoum North, which contradicts Mahgoub (1984)
who found that the blue and white Niles contained fecal coliform ranged
from (9-490 cells) and from (2-1600 cells per 100ml) respectively.

4.3 Identification of Predominant Bacteria in Drinking Water
Taken from Different Sources in Khartoum North
The results of the identification tests of aerobic microflora in the samples of
drinking water collected from different sources (river, treated well, nontreated well and bottled water) are shown in tables 1–4 and figures 11–14.
Table (1) shows the biochemical and morphological characteristics of
predominant bacteria found in river-water.Accordingly 33% of all isolates
from river water were identified as Bacillus, 28% of isolates found to be
Enterobacteria, 17% were Micrococcus, 11% Corynebacteriam, 6%
Streptococcus and 6% Staphylococcus (Figure 11). These results are similar
to findings reported by (Ahmed, 2005) who found that the predominant
bacterial genera in storage cisterns and water supply system (river) in some
food

factories

in

Khartoum

North

were

Aerococcus,

Bacillus,

Staphylococcus, Micrococcus and Streptococcus. The predominant bacterial
genera found in sebeel (river) water were Bacillus, Streptococcus,
Micrococcus, Aerococcus and Staphylococcus (Hammad and Dirar, 1981).
Table (2) shows the biochemical and morphological characteristics of
predominant bacteria found in treated well water.
The genus which accounted for the greatest proportion of the isolates
identified in treated well water was Bacillus (58%), Staphylococcus (18%),
Enterobacteria (12%) and Haemophillus (12%) made up the remaining
genera (Figure 12).
Table (3) shows morphological and biochemical characteristics of
predominant bacteria isolated from non-treated well water.
Bacillus, Staphylococcus, corynebacterium genera made up 23% of the
isolates each. Mycobacterium (15%), Micrococcus (8%) and Listeria (8%)

constituted the remaining genera identified in non-treated water (Figure 13).
These results near to that found by (Elrofaie, 2000) who stated that the
predominant bacterial genera in camps wells water tested were Micrococcus,
Corynebacterium, Listeria and Streptococcus.
Table (4) shows the main identification characteristics of bottled water.
Accordingly 43% of all isolates from bottled water were identified as
Bacillus, 29% as Enterobacteria, 14% of isolates as Corynebacterium and
Mycobacterium (figure 14).
The genus which accounted for the greatest proportion of the isolates in all
drinking water sources was Bacillus. This genus has a large number of
species, an examination of the natural habitats of this genus show that it
reflects the expected source of contamination as it occur widely in the soil,
dust, air and water. It is generally classed as an obligate pathogen, but the
acute infection occurs only in animal (Carter, 1986).
Staphylococcus was also found to be predominant genus in well water. It is a
typical skin organism so it is presence may indicate the contamination of
ground water by humans. Hammad and Dirar (1981) said that in sebeel
water the extent of contamination with staphylococcus can be said to reflect
the frequency of use of the particular sabeel by humans.
Our result indicate that in general gram positive bacteria were the
predominant group of aerobic microflora in all water samples taken from
different sources in Khartoum North.

CONCLUSION:
• In terms of hygienic indicator bacteria the well water which is treated
at site showed to be of poorer quality than the river water and nontreated well water.
• The absence of faecal coliforms in all samples taken from different
sources indicates that there is no faecal contamination in any of the
sources.
• The packaging of bottled water plays an important role in the
bacteriological quality of water.

RECOMENDATION:
• Microbiological examination of drinking water from different sources
should be done periodically and routinely using a proper technique.
• The wells should be covered, monitored and handled carefully.
• Chlorination of drinking water should be done by trained persons and
the pipes should be checked periodically for leakage and corrosion.
• Effect of seasons on the levels of contamination should be examined.

APPENDICES

Appendix 1: Multiple Tube Fermentation Test, positive growth shows
production of gas and acid in MacConkey’s broth (the result is 3,3,2)

Appendix 2: Multiple Tube Fermentation Test, positive growth shows
production of gas and acid in brilliant green bile broth (BGB) (the result is
3,2,0)

Appendix 3: Multiple Tube Fermentation Test, negative growth of faecal
coliform in (EC) broth medium

References
Ahmed, I.F. (2005). Microbiological Quality in Some Food Factories
Storage Cisterns in Khartoum North Industrial Area. Ph.D. Thesis. Faculty
of Science. University of Khartoum.
Alcamo, I.E. (1997). Fundamentals of Microbiology. 5th edition. By
Benjamin/Cumming, an imprint of addision Wesley Longman, Inc.
Ali, A.H. (2005). Bacteriological Studies on Drinking Water in Khartoum
State-Sudan. M.Sc. Thesis. Faculty of Veterinary Medicine. University of
Khartoum.
APHA. (1989). Standard Methods for the Examination of Water and Waste
Water.17th edition. American Public Health Association Inc. Washington,
DC.
Barrow, G.L.; Felthman, R.K.A. (1993). Cowan and steels manual for the
identification of medical bacteria. Third edition. Cambridge university press,
U.K.
Bartram, J.; Pedly, S. (1996). Microbiological Analyses In: water Quality
Monitoring – A Practical Guide to the Design and Implementation of Fresh
water Quality Studies and Monitoring Programmes. UNEP/WHO.

Brenner, D.J. (1984). Facultatively Anaerobic Gram-Negative Rods. Sec. 5.
In: Bergey’ Manual of Systematic Bacteriology, 1st edition, vol.1, 204-598.
Brock, T.D; Madigan, M.T; Martinko, J.M; Parke, J. (1994). Biology of
Microorganisms. 7th edition. Prentic-Hall, Inc. Paramount communication
company- Englewood cliffs, New Jersy.
Carincross, S., Carruthers, I., Curtis, D., Feachem, R., Breadley, D. and
Baldwin, G. (1980). Evaluation for Village Water Supply Planning.
Published in association with international reference center for community
water
Carter, A.M., Pacha, R.E.,Clark, G.W. and Williams,E.A. (1987). Seasonal
Occurrence of Campylobacter spp. In surface water and their Correlation
with Standard Indicator Bacteria. Applied and Environmental
Microbiology.vol.53, No. 3,523-526.
Centers for Disease Control and Prevention (CDC). (2003). Escherichia Coli
and Drinking Water from Private Wells, National Center for Infectious
Diseases, Division of Parasitic Diseases.
Cheesbrough, M. (2000). District laboratory practice in tropical countries.
Part 2. Cambridge University press.

Collee, J. G.; Fraser, A. G.; Marmion, B. P and Simmons, A. (1996).
Examination of water, milk, food and air. In Practical Medical
Microbiology, 14th edition. New York.
Craun, G.F. (1986). Statistics of water-borne outbreaks in US (1920-1980).
In Water-borne Disease in the University Press, Cambridge, London.
Dart, R.K. and Stretton, R.J. (1980). Water Testing Microbiological Aspects
of Pollution Control, 2nd edition, ElSevier, North Holland, Inc: New York.
Deming, H.G. (1975). Water the Fountain of Opportunity. Oxford
University Press, USA.
Dirar, H. A. (1986). Coliform Bacterial Count in the Nile Water at
Khartoum, Environmental International, vol. 12, 571- 576.
Elrofaei, N.A. (2000). Microbiological Examination of Drinking water for
the Displaced People Living Around Khartoum State. Ph. D. Thesis. Faculty
of Agric. University of Khartoum.
El Shazali, H and Erwa, H. (1971). An over looked source of gastroenteritis
in Sudanese children. Sudan. Medical J., 9: 46.
El Tayeb, G. (2002). Human development in Sudan from agenda 21
perspective. In: Sustainable Development in Sudan: 10 years after Rio
summit a civil society perspective. Edited by Hassan A. Abdel Ati.

Published by: Environmentalists Society, EDGE for Consultancy and
Research.
Eltom, A.M. (1997). Microbiology of Port-Sudan Water Supply. Ph.D.
Thesis. Faculty of Agric. University of Khartoum.
Fernandez-Alvarez, R. M; Carballo-Cuervo, S; Carmendela Rosa-Jorge, M.
and Rodrignez-Delecea, J. (1991). The Influence of Agricultural Run off on
Bacterial Populations in a River. Journal of applied bacteriology, 70:437442.
Geldrish, E. E., and Litsky, W. (1992). Faecal Coliform and Faecal
streptococcus Relationships in Waste Discharges and Receiving water; CRC
critical Reviews in Environmental Control, 349- 369.
Ginawi, M.M.H. (1994). Water Quality in Household Cisterns. M.Sc. Thesis
Institute of environmental studies, University of Khartoum.
Hammad, Z.H. and Dirar, H.A. (1981). Microbiological Examination of
Sebeel Water. Applied and Environmental Microbiology.vol.43, No.6.
Hammad, Z.H. and Dirar, H.A. (1982). Streptococci Versus Coliform as
Indicators of Faecal Contamination in Sebeel Water. Sudan Notes and
Records, 59, 166-175.
Harrigan, W.F. and MacCance, M.E. (1976). Laboratory Methods in
Microbiology .257-303 Academic Press, London and New York.

Ibrahim, O.A. (2000). Assessment of Water Quality in Institutes Storage
Cisterns in Khartoum Metropolitan. M.Sc. Thesis. Faculty of Public and
Environmental health, University of Khartoum.
John Hopkins School of Public Health. (1998). Water-Borne Diseases,
Center for Communication Program, USA.
John, W. C. (1977). Water Supply and Pollution Control, 3rd edition, New
York: Harper and Row, Publishers, Inc.
Lim, D. (1998). Microbiology. 2nd edition. The McGraw-Hill companies,
Inc.
Madigan, M.; Martinko, J. and Parker, J. (1997). Brock Biology of
Microorganisms, 8th edition, Prentice-Hall International, London. 902-984.
Mahgoub, D.M. (1984). Coliform Bacteria in the Nile at Khartoum. M.Sc.
Thesis. Faculty of Agric. University of Khartoum.
Packer, P.J; Mackerness, C.W; Riches, M. and Keevil, C.W. (1995).
Comparison of Selective Agars for the Isolation and Identification of
Klebsilla oxytoca and Escherichia coli from Environmental Drinking Water
Samples. Letters in Applied Microbiology, 20:303-307
Roland, L.D. (1997). Theory and Practice of Water and Wastewater
Treatment. John Wiley and Sons, Inc. New York.

Smith, A.L. (1981). Principles of Microbiology. 9th edition. C.V.mosby
company.St. Louis. Toronto. London.
Sayre, I.M. (1988). International Standards of Drinking Water.J. American
Water Works Association, 80, 1.53-60.
Twort, A.C., Law, F.M and Crowly, F.W. (1985). Water Supply. 3rd edition.
Edward Arnold, London, USA, Australia.
W.H.O. (1963). International Standards for Drinking Water, 2nd edition.
WHO, Geneva.
W.H.O. (1964). Operation and control of water treatment processes, No. 49.
WHO, Geneva.
W.H.O. (1993). Guidelines for Drinking Water Quality, vol. 2, WHO,
Geneva.
W.H.O. (1995). Guidelines for Drinking Water Quality, vol. 3, WHO,
Geneva.
W.H.O. (2000). Guidelines for Drinking Water Quality, vol.
6,WHO,Geneva.
W.H.O. (2004). Guidelines of Drinking Water Quality 3rd edition, vol. 1, P.
542.

World Meteorological Organization (W.M.O). (1997). The World’s Water is
there Enough? WMO, United Nations Educational, Scientific and Cultural
Organization, UNESCO.
Wright, R. (1984). Water quality analysis: an integral component of water
supply development in developing countries. Water Quality Bulletin, 9(4):
223-224.

