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ABSTRACT 

 

The study was carried out to isolate and characterize the water borne bacteria 

isolated from various water samples taken from the different sites of Dharan and 

adjoining areas. A total of 8 water samples were collected, of which 6 were from 

naturally running spouts and 2 were from river which are distributing drinking 

water to the locality. All the eight samples were isolated by membrane filter 

technique in EMB agar and all samples were isolated by following spread plate 

technique in SS agar and TCBS agar. Enterobacter aerogens, Proteus vulgaris, 

Salmonella typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa were isolated 

and characterized. 

 

Key words: Water, Water borne bacteria, membrane filter technique 
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CHAPTER I 

INTRODUCTION 

1.1 Background of the study 
               

Water, the most vital resource for all life on this planet, may be adversely affected 

qualitatively & quantitatively by different human activities. Public & 

environmental health protection requires safe drinking water, which means that it 

must be free from pathogenic bacteria. Clean & safe water is an absolute need for 

health & productive life.  Water has a profound influence on human health and 

quality of the water supplied is important in determining the health of individuals 

and whole communities. Safe drinking water is a major concern with reference to 

public health importance as health and well being of the human race is closely 

tied up with the quality of water used (Sharma et al 2005).  

 

Today most of the surface and ground water receive millions of liters of sewage, 

domestic waste, industrial & agricultural effluents containing substances varying 

in characteristics from simple nutrients to highly toxic substances. Changes in 

water quality are reflected in its physical, chemical and biological conditions; and 

these in turn are influenced by physical and anthropogenic activities 

(ADB/ICIMOD 2006). 

 

Earth consist of approximately 70% surface area covered with water and 

remaining is land which have only 2% water which is drinkable (Lim et al 1999). 

Water is an important chemical molecule containing feature of life it can be 

dissolved into organic compounds, salts, inorganic compounds and gases that are 

involved in metabolic processes because it is universal solvent and due to that it 

provides stability to membrane system, macro molecules, hemostatis, 

transportation and thermal regulation of body (Bourne and Seager 2001). All cells 

of body contain water as an important component. Water content of a single cell 

is 45% to 95% and microorganism contains 80% of body weight as water and 
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human contains water i.e. 70% of their body weight. It is thermal regulator of 

human body and normal human body contains 42 liters of water in them (Anthony 

et al 1980). 

 

Water is equally important and critical for both humans and environment and it is 

a key issue in form of drinking water (Solley et al 1998). Dams, canals and wells 

show importance of water and the impact of human beings on water cycle. 

Environmental effects like migration of peoples and animals, land losses, change 

of environmental factors, depletion of biological resources shows that these 

activities are noticeable (Boktin and Keller 2005).  

   

Supply of safe drinking water is now becoming a global concern since there are 

still more than one billion people who lack access to clean drinking water &more 

than two third of world population don’t have access to proper sanitation.  

Pathogenic contamination of water is also important threat for living organisms. 

The lack of proper purification and sanitation of drinking water in developing 

countries leads to the scarcity of safe drinking water among one third of the total 

population along with the increased prevalence of water borne diseases, diarrhea 

being major cause for death, mostly among the children under the age of five 

years (WHO 2007).There is a vital connection between water and health. Water, 

though is an absolute necessity for life, can also be a carrier of many water borne 

diseases such as typhoid, cholera, hepatitis, dysentery& other diarrheal related 

diseases(WHO 2007).  

 

It is believed that poor quality of water i.e. microbial pollution directly related to 

public health impact. The microbiological quality of water can be accessed 

through the analysis of coliform group of organisms which are also called 

indicator organism of water quality. Therefore, the study has been designed with 

the aim for Screening of coliform from different natural water sources available in 

the various sites of Dharan by membrane filtration technique. 
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The membrane filter (MF) technique is fully accepted and approved as a 

procedure for monitoring drinking water microbial quality in many countries. 

This method consists of filtering a water sample on a sterile filter with a 0.45-mm 

pore size which retains bacteria, incubating this filter on a selective medium and 

enumerating typical colonies on the filter. Many media and incubation conditions 

for the MF method have been tested for optimal recovery of coliforms from water 

samples (Grabow and Preez 1979) 

 

1.2: Statement of problem 

Water is one of the sources of transmission of various waterborne diseases such as 

cholera, typhoid, dysentery, worm infection, polio, hepatitis etc. Such types of 

diseases are mainly related with the water which is mixed up with fecal materials, 

dungs, droppings, soil contaminants & other various sources of pathogenic 

microorganisms.  

The water sources which are open & found in natural condition are most 

susceptible to the water pollution. It is assumed that 60% of the total diseases 

cause to human beings is waterborne diseases. Drinking water is indispensable for 

human existence. Dharan suffers a severe drinking water crisis particularly in the 

dry seasons every year. So people are force to use the water from the different 

nearly available natural running spouts, rivers, ponds etc. to fulfill their works 

related for different purpose. The growing imbalance between supply and demand 

has led to chronic shortages & competition that have resulted in pollution & 

environmental degradation (Rai 2070). Apart from quantitative shortages, the 

quality of drinking water is becoming a serious public health issue for the Dharan 

people. 

 

1.3: Objectives of the study 

 1.3.1.    General objective: 

-   To isolate and identify coliform from different water sample. 

 1.3.2.   Specific objectives 

- To know about coliforms. 
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- To perform biochemical test for the isolation and identification of  

coliforms found in water. 

 

1.4: Rationale of the study 

Since peoples are using for sustainable life and are practicing from generation to 

generation. However, the technologies behind its effects are not studied well in 

Dharan sub-metropolitan. 

Nepal is second rich in water resources but lack of proper use of resources some 

people misuse & pollute the resources which makes people far from getting 

proper benefits. The principal reasons of the pollution of drinking water are due to 

inadequate sanitation, dumping of wastes, poor drainage system and irregular supply 

of drinking water in the pipeline. Besides that the contamination may be either due to 

the failure of the disinfections of the raw water at the treatment plant or because of 

the infiltration of contaminated water (sewage) through cross connection and leakage 

points. All natural water sources, such as wells, stone spouts and ponds are neither 

treated nor protected properly. Thus, deteriorating water quality is the major problem 

and it has created serious threat to human health and environment (Aryal et al 2010). 

The findings will support to isolate and characterize the microorganisms present 

in the sources which make people concern about cleanliness & maintain safety 

measures to use water by applying different purifying techniques. 

1.5: Limitation of the study  

  Some of the limitations of this research are as follows: 

1. Different natural sources are available in Dharan. Use of all sources as a 

     sample couldn’t be taken due to lots of sources and less time.                                              

2.  As the major portion of the works is laboratory based & will depends on 

     continuous electricity supply. Nepal is highly victim of load shedding so most  

     of work will delay and proper result may not achieved. 

3. Due to lack of sufficient amount of budget & equipment species of isolated 

    organism couldn’t be identified by molecular study. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1: Introduction of water                          

Water, the most vital resource for all life on this planet, may be adversely affected 

qualitatively & quantitatively by different human activities. Public & 

environmental health protection requires safe drinking water, which means that it 

must be free from pathogenic bacteria. Clean & safe water is an absolute need for 

health & productive life (Sharma et al 2005). Today most of the surface and 

ground water receive millions of liters of sewage, domestic waste, industrial & 

agricultural effluents containing substances varying in characteristics from simple 

nutrients to highly toxic substances (ADB/ICIMOD 2006). 

.   

Supply of safe drinking water is now becoming a global concern since there are 

still more than one billion people who lack access to clean drinking water and 

more than a two third of world population do not have access to proper sanitation. 

The WHO estimates that 1.15 billion population in developing world lack access 

to improved water supplies (WHO 2007). The lack of proper purification and 

sanitation of drinking water in the developing countries leads to the scarcity of 

safe drinking water among one third of the total population along with the 

increased prevalence of water borne diseases, diarrhea being the major cause for 

death, mostly among the children under the age of five years (WHO 2007). 

 

            Diarrheal diseases are still recognized as a major problem of Nepalese children, 

being recorded as the second most prevalent diagnosis in out-patience services. 

Today 72% of the nationwide disease burden is related to poor quality of drinking 

water & around 75 children die each day from diarrhea alone (Rai 2070). 

According to the WHO, diarrheal disease accounts for an estimated 4.1% of the 

total daily global burden of disease. It has also been estimated that approximately 

4 billion cases of diarrhea each year cause 2.2 million deaths, mostly among 
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children under the age of five which is equivalent to one child dying in every 15 

seconds. Water, sanitation and hygiene interventions reduce diarrheal disease on 

average by between one-quarter and one –third (WHO 2007). 

 

Like many developing countries, Nepal faces a plethora of problems regarding 

both its drinking water quality and availability. Throughout Nepal, people are 

exposed to severe health threats resulting from water contamination by sewage, 

agriculture, and industry.  Owing to the impact of sewage, typhoid, dysentery, and 

cholera are endemic every summer (Sherpa 2003). These diseases account for 

15% of all illness and 8% of total deaths, but those numbers increase to 41% of all 

illness and 32% of all deaths in children up to 4 years old (Khadka 1993). In the 

Kathmandu Valley, the main urban center of Nepal, the chief concern is 

contamination from sewage lines, septic tanks, open pit toilets (Sharma 1990), 

and from surface water that has been polluted by direct disposal of sewage waste 

(Jha et al 1997; Khadka 1992). Surface water in Kathmandu Valley is also 

polluted with direct disposal of industrial waste, possibly leading to 

contamination of the shallow aquifer (Khadka 1992; Karn and Harada 2001) 

Approximately 50% of the water supply in the Kathmandu Valley is derived from 

groundwater sources (Sharma 1990; Khadka 1993). Because of the insufficient 

Municipal supply, fed by a combination of surface and Groundwater, people use a 

variety of other groundwater sources including dug wells, tube wells and dhunge 

dharas (Karn and Harada 2001). 

                                             

Dhunge dharas (literally stone spouts or water taps) are the primary alternative to 

the municipal, piped water supply in the Kathmandu Valley (Khatiwada et al 

2002). They are located throughout the valley, both in dense urban and village 

settings. Dhunge dharas are historic and revered sources that derive much of their 

water supply from shallow groundwater (1–5 m below the ground surface) or 

from groundwater that may be artificially high because it is fed by shallow canals 

(Conan 2004). In urban settings in Kathmandu, Patan and Bhaktapur, dhunge 

dharas are usually located in low-lying areas and are excavated rectilinear brick-
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lined pits that tap the groundwater system and channel the groundwater to a spout 

or series of spouts. Some dhunge dharas, especially many built in the seventeenth 

century, bring water from a distant surface-water source or reservoir via a 

network of canals. Dhunge dharas in the valley periphery occasionally tap natural 

springs where water flows to the surface on terraced banks (Dixit and Upadhya 

2005). Dhunge dharas have been used over the past 15 centuries; the oldest one 

known was built in 554 and is still in use today (Shrestha et al 1996). The water 

from dhunge dharas is often considered to have religious significance and people 

generally consider the water clean enough to drink although some do boil or filter 

the water before drinking. The water is used for washing the body and face, 

drinking, healing, purification of deity images, and laundry (Moench et al 2003). 

 

2.2 Water quality 

Water quality reflects the composition of water as affected by natural causes and 

man’s cultural activities, expressed in terms of measurable quantities and related 

intended water use. Water quality is perceived differently by different people, for 

example, a public health official is concerned with the bacterial and viral safety of 

water used for drinking and bathing while aquatic scientist is concerned with the 

health of aquatic habitats, including fish plankton and other plants and organisms. 

The term pollution, contamination, nuisance and water degradation are often used 

synonymously to describe faulty conditions of surface and ground water.      

                                         

Water pollution is a change in bacteriological, biological & psysico-chemical 

quality of the surface or ground water resources is caused by man activities that is 

injurious to existing intended or potential use of resource. Water quality can be 

determined & measured by comparing physical, chemical, biological, 

microbiological & radiological quantities & parameters to a set of standards & 

criteria (Becker- Ritterpatch 1990; Ballence 1996). The quality of water for 

drinking has deteriorated because of the inadequacy of treatment plants, direct 

discharge of untreated sewage into rivers & inefficient management of the piped 

water distribution system. Safe drinking water is a major concern with reference 
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to public health importance as health & well-being of the human race is closely 

tied up with the quality of water used (Khadka 1993). 

 

Study on Microbial Quality of Drinking Water in Nepal  

Studies on microbiological quality of drinking water in Nepal have been carried 

out by different researchers. Some of the relevant studies are depicted as follows.  

 

Shrestha analyzed a total of 95 water samples for bacteriological parameters from 

various sources. The maximum count of coliform was observed from all raw, 

settled and reservoir water distribution point Balkhu and Kuleshwor. The study 

also found 85.26 % of the samples to have exceeded WHO guideline value for 

total coliform (Shrestha 2002).   

 

Similarly, Joshi and Baral also analyzed 160 samples randomly collected from 86 

tube wells and 77 open wells in urban areas and reported that more that 87 % of 

analyzed ground water samples of tube well and open well was contaminated 

(Joshi and Baral 2004). 

 

Warner sampled water from over 100 sources in Kathmandu and examined for 

contamination from sewage, agriculture, or industry. Total coliform and 

Escherichia coli bacteria were present in 94 and 72% of all water samples 

respectively (Warner et al 2007).  

 

Diwakar analyzed the drinking water of Bhaktapur Municipality Area in 

premonsoon season. The analysis of 116 water sample from different sources 

revealed the presence of total coliform in 96 (82.76%) of samples. This study has 

pointed out that the drinking water quality of city water supply has not been 

improved and traditional sources like stone spouts and tube well water are also 

not free from contamination. Such circumstances are responsible for spreading 

water borne outbreaks. The waterborne diseases are closely related with the 

conditions of living and environmental sanitation in the community. So, it can be 
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effectively controlled by appropriate water management and safe disposal of 

excreta (Diwakar et al 2008).  

2.3. Coliform bacteria 

Coliform bacteria are a commonly used indicator of sanitary quality of foods and 

water. They are defined as rod-shaped Gram-negative non-spore forming and 

motile or non-motile bacteria which can ferment lactose with the production of 

acid and gas when incubated at 35-37oC (APHA 1995). Coliforms can be found in 

the aquatic environment, in soil and on vegetation; they are universally present in 

large numbers in the feces of warm-blooded animals. While coliforms themselves 

are not normally causes of serious illness, they are easy to culture, and their 

presence is used to indicate that other pathogenic organisms of fecal origin may 

be present. Such pathogens include disease-causing bacteria, viruses, 

or protozoa and many multicellular parasites. Coliform procedures are performed 

in aerobic or anaerobic conditions (APHA 1995). Some of the examples of 

coliform bacteria found in the water are Escherichia coli, Salmonella typhi, 

Shigella, Proteus vulgaris, Proteus mirabilis, Pseudomonas aeruginosa, 

Klebsiella pneumoniae, Enterobacter aerogenes, Citrobacter freundii etc.  

2.4. Description of Enterobacter Aeroginosa 

The Enterobacteriaceae family includes genera of Escherichia, Shilgella, 

Salmonella, Enterobacter, Klebsiella, Serratia, Proteus, amongst others. The 

gram-negative bacteria reside in soil, water, dairy products and inhabit a natural 

flora in the gastrointestinal tract of animals as well as humans. The rod shaped 

Enterobacteriaceae exists in a variety of sizes; are not spore forming; are both 

motile (with peritrichous flagella) and nonmotile; grow both aerobically and 

anaerobically.  

Habitat  

Enterobacter are found in the soil, water, dairy products, and in the intestines of 

animals as well as humans. Enterobacter aerogenes has been plated on several 

different media and have been observed under several types of testing. The results 

https://en.wikipedia.org/wiki/Warm-blooded
https://en.wikipedia.org/wiki/Microbiological_culture
https://en.wikipedia.org/wiki/Pathogen
https://en.wikipedia.org/wiki/Viruses
https://en.wikipedia.org/wiki/Protozoa
https://en.wikipedia.org/wiki/Parasite
https://en.wikipedia.org/wiki/Aerobic_respiration
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are as follows- E. aerogenes tested negative when treated with: Indole, Methyl 

red, Hydrogen sulfide (by way of TSI), Urease. Delayed positive results were 

obtained from: Gelatin (22°C) (Janda et al 2006). 

2.5. Description of Klebsiella Pneumoniae 

 Klebsiella pneumoniae is a gram-negative, non-motile, lactose fermenting, rod-

shape organism. K. pneumoniae is able to grow either with or without free 

oxygen, deeming it a facultative anerobes. This organism is also surrounded by a 

capsule, which increases its virulence by acting as a physical barrier to evade the 

host’s immune response. This capsule also protects the cell from dessication. K. 

pneumoniae is a home-grown microorganism in that it is resides in the microbiota 

of humans. It can be found in the mouth, skin, and intestinal tract, where it 

initially does not cause disease. Although found in the microbiota, K. 

pneumoniae can progress into severe bacterial infections leading to pneumonia, 

bloodstream infections, wound infections, urinary tract infections, and meningitis 

(UniProt). 

2.6. Description of Pseudomonas Aeruginosa 

Pseudomonas aeruginosa is a gram-negative, rod-shaped, asporogenous, and 

monoflagellated bacterium that has an incredible nutritional versatility. It is a rod 

about 1-5 µm long and 0.5-1.0 µm wide. P. aeruginosa is an obligate respirer, 

using aerobic respiration (with oxygen) as its optimal metabolism although can 

also respire anaerobically on nitrate or other alternative electron acceptors. P. 

aeruginosa can catabolize a wide range of organic molecules, including organic 

compounds such as benzoate. This, then, makes P. aeruginosa a very ubiquitous 

microorganism, for it has been found in environments such as soil, water, humans, 

animals, plants, sewage, and hospitals. In all oligotropic aquatic ecosystems, 

which contain high-dissolved oxygen content but low plant nutrients 

throughout, P.aeruginosa is the predominant inhabitant and this clearly makes it 

the most abundant organism on earth (Costerton and Anwar 1994). 
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P.aeruginosa is an opportunistic human pathogen. It is “opportunistic” because it 

seldom infects healthy individuals. Instead, it often colonizes 

immunocompromised patients, like those with cystic fibrosis, cancer, or AIDS 

(Botzenhardt and Doring 1993). 

2.7. Description of Salmonella Typhi 

There are over 2,000 various groupings (serovars) that comprise S. enterica, each 

very closely related to each other making Salmonella typhi a prime example of a 

serovar. Salmonella typhi is a gram negative bacterium that causes systemic 

infections and typhoid fever in humans. This rod-shaped, flagellated organism’s 

sole reservoir is humans. It has caused many deaths in developing countries where 

sanitation is poor and is spread through contamination of water and undercooked 

food. Eradication seems highly unlikely due to recent emergence of multi drug 

resistance strains. Salmonella typhi strain Ct18 was originally isolated from a 

patient in a hospital in Vietnam. The chromosome sequence is 4,809,037 bp in 

length with a G+C content of 52.09%. The chromosome was sequenced though 

the method of shotgun sequencing with 97,000 shotgun reads. Since then, 

Salmonella typhi has undergone evolutionary change and has become resistant to 

antibiotics (Kita et al 1973). 
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CHAPTER III 

METHODOLOGY 

3.1: Site of the study 

The study was carried out in Dharan, Sunsari. 

 

3.2: Lab set up 

The laboratory work of this study was carried out in the microbiology lab of 

Central Campus of Technology, Hattisar, located in Dharan 14. The laboratory 

was provided with all the necessary materials and equipment that were required to 

carry out this study. 

3.3: Research design 

The study was basically descriptive type of research design & qualitative nature. 

This study was mainly focused on obtaining information about the coliforms 

found in water. 

3.4: Population and sample 

3.4.1: Sample: Water 

              

3.4.2: Description of the research site 

The study was conducted by collecting different water samples from various sites 

of Dharan sub-metropolitan. The sample collection sites were Ek-dhara, Dui-

dhara, Tin-dhara, Shiva dhara, Khatri dhara, Gau dhara, Kali khola and sera 

khola.  

 

3.4.3: Sample collection 

A total of 8 drinking water samples were collected from different sites of Dharan 

sub-metropolitan. Four water samples from Ek-dhara, dui-dhara, Tin-dhara, were 

collected in different sterile plastic bottles on 15th May 2016. Samples from Shiva 
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dhara, Khatri dhara, Gau dhara were collected in the same way on 17th May 2016. 

Similarly, samples from Sera khola and Kali khola were collected on 19th May 

2016. 

3.4.4: Transportation of the sample 

All the water samples were transported from the site of collection to the 

laboratory aseptically and without any mechanical and chemical damage. The 

water samples were poured aseptically through membrane filter and the filter was 

transferred into selective media within the 6 hours of the sample collection. 

 

3.5: Isolation and Identification 

3.5.1: Media preparation          

Different selective media and biochemical test media were prepared for this study 

in order to isolate and identify the coliforms found in water. The media were 

prepared according to the protocol of the media. 

Following are the list of the selective media prepared for isolation process of this 

study: 

 i. Eosine Methylene Blue Agar medium (EMB) 

 ii. Salmonella Shigella Agar medium (SS) 

 iii. Thiosulphate Citrate Bile Salt Sucrose medium (TCBS) 

Similarly, following are the list of biochemical test media prepared for the 

identification process of the study: 

  i. Citrate Agar 

  ii. MRVP Broth 

              iii. TSI Agar 

              iv. Tryptone Broth 

              v. Urease Agar 

              vi.Gelatin liquefaction 
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3.5.2: Sample processing 

After the samples were collected, the water sample was taken to the laboratory 

and was then processed as follows: 

i. Membrane filtration 

-  First of all sterile membrane filtration apparatus was fitted on suction 

   flask. 

-  An electric motor pump was fitted on a suction flask. 

-  Then the filter of pore size 0.45nm was kept on the filtration apparatus. 

-  Funnel was placed on the top of filter paper aseptically and held tightly  

   the funnel with the help of clip. 

              -  Then measured 100ml of water was poured into the funnel.  

              -  Allow to filter all water through the help of motor. 

              -  After filtration funnel was opened and membrane filter was transferred 

                  to selective media with the help of sterile forceps. 

 

ii. Culture 

After the filtration of 100ml water through membrane filter, the membrane 

filter was transferred to the Eosine Methylene Blue (EMB) media plate 

with the help of the sterile forceps. Let the filter to absorb the media and 

incubated at 37oC, for 24 hours. Again 0.1ml sample was transferred to the 

both Salmonella Shigella (SS) and Thiosulphate Citrate Bile salt media 

plate respectively with the help of sterile pipette following the spreading 

of the sample into the media by spread plate technique. Both SS and 

TCBS media plates were incubated at 37oC, for 24 hours.      

 

 iii. Observation  

 After the 24 hours of incubation, the culture plates were observed for the 

growth of the colonies on each of the media plates. The colonies were 

observed for their color, shape, size, configuration, elevation and margin. 

The number of colonies was counted on the individual culture media 

plates.                          
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iv. Sub culture 

 After observation, the individual type of bacterial colonies of different 

characteristics from each of the media plates were further sub cultured on 

the nutrient agar plates by streaking method and were again incubated 

at37oC, for 24 hours. 

 

v. Biochemical test 

After the subculture of organism was performed, they were then tested 

biochemically for their identification. The process of biochemical test for 

identification involved the following steps: 

a. Gram staining 

It is the first step of the biochemical test which is performed in 

order to differentiate bacteria i.e. whether the bacteria is gram 

positive or gram negative bacteria. 

 

b. IMViC tests 

IMViC tests consists of four different tests viz; Indole production, 

Methyl Red, Voges-proskauer and citrate utilization. 

 

Indole production 

The indole test was carried out by inoculating the isolates into 1% 

tryptone broth. After incubation at 37oC, 1ml Kovac’s reagent was 

added to the broth containing the isolates and was shake well and 

allowed the tubes to stand for few minutes for cherry- red ring on 

the top; indicates positive. 

 

 

Methyl Red test 

The methyl red test was carried out by inoculating the isolates into 

MRVP broth. After incubation at 37oC, 5 drops of 0.1% MR 
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reagent was added to the broth containing the isolates and was 

shake well and allowed the tubes to stand for few minutes for the 

development of red color; indicates positive test. 

 

Voges- proskauer test 

The VP test was carried out by inoculating the isolates into MRVP 

broth. After incubation at 37oC12 drops of VP reagent-I(alpha 

Napthol solution) and 3 drops of VP reagent-II (40% KOH) were 

added to the broth containing the isolates and was shake well and 

allowed the tubes to stand for few minutes for the development of 

pink red color; indicates positive test.  

 

Citrate utilization test 

Citrate utilization test was performed by     streaking the organisms 

in the slant of simmon’s citrate agar media. 

  

 c. Catalase test 

This test is primarily used in order to demonstrate the   presence of 

catalase enzyme in the bacteria. 

 

d. Oxidase test 

The basic principle of this test is to determine the ability of 

bacteria to produce oxidase enzyme that will catalyse the transport 

of electrons between electron donors in bacteria and redox dye, 1% 

tetramethyl-p-phenylene-diamine, cytochrome oxidase, in the 

presence of atmospheric oxygen, oxidizes the reagent to form blue-

purple colored compound gives the positive test. This test was 

performed by dry filter paper method. 

 

e. Urease test  
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Some bacteria have the ability to produce the enzyme urease which 

break down the urea with liberation of ammonia resulting raise in 

pH of the medium which changes the color of phenol red indicator 

from yellow too pink-red; indicates positive.  

 

f. TSI test  

TSI stands for the Triple sugar iron test. TSI test is used for the 

determination of carbohydrate fermentation and hydrogen sulphide 

production. This test is carried out in the slant of TSIA media 

which consists of three sugars; lactose, sucrose and a very small 

amount of glucose. This test is generally used to identify enteric 

pathogen. 

 

g. Gelatin hydrolysis test  

Gelatin hydrolysis test is used to detect the ability of an organism 

to produce gelatinase (proteolytic enzyme) that liquefy gelatin. 
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CHAPTER IV 

RESULTS 

A total of 8 drinking water samples were collected from different sites of Dharan 

sub-metropolitan, of which 6 were from naturally running spouts and 2 were from 

river which are distributing drinking water to the locality. All the eight samples 

were isolated in EMB agar performing membrane filtration by transferring 

membrane filter to the media aseptically and also isolated each sample in SS agar 

and TCBS agar by following spread plate technique. All the samples isolated on 

EMB agar developed the colonies in membrane filter but out of eight samples 

only 3 i.e. Ek-dhara, Dui-dhara and Tin-dhara developed colonies on both SS and 

TCBS media.  

The results of the study are categorized as the result of the culture, subculture and 

results of the biochemical tests, separately for each sample in each media, which 

are represented in the table below: 

4.1 Colonial, cultural and biochemical characteristics of the isolates of 

samples on EMB media: 

According to the table no.1, all the samples isolated on EMB media gave the 

similar morphological characteristics i.e. irregular, convex, entire, mucoid and 

opaque and gave cultural characteristics Gram negative rods and are motile. And 

also have similar biochemical characteristics i.e. Indole (-), MR (-), VP (+), 

Citrate (+), Urease (-), Catalase (+), Gelatin hydrolysis (+) and Oxidase (-) 

indicates that Enterobacter aerogens is present in the entire water sample. 

4.2 Colonial, cultural and biochemical characteristics of the isolates of 

samples Ek-dhara, Dui-dhara, Tin-dhara on SS media: 

According to the table 2, 3 and 4 only three samples isolates gave colony on SS 

media. These three samples gave two different types of colony pink and pink with 

dark center. Three sample having pink colony gave similar morphological 

characteristics i.e. round, umbonate, undulate, mucoid, opaque and gave cultural 

characteristics Gram –ve rods and are non-motile. And also have similar 

biochemical characteristics i.e. Indole (-), MR (-), VP (+), Citrate (+), Urease (+), 
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Catalase (+), Gelatin hydrolysis (-) and Oxidase (-) indicates that Klebsiella 

pneumonia is present in Ek-dhara, Dui-dhara, Tin-dhara water samples. 

Again, three samples having pink with dark center colony gave similar 

morphological characteristics i.e. round, raised, entire, dull, smooth, opaque and 

cultural characteristics Gram –ve rods and motile. And also have similar 

biochemical characteristics i.e. Indole (-), MR (+), VP (-), Citrate (+), Urease (-), 

Catalase (+), Gelatin hydrolysis (+) and Oxidase (-) indicates that Salmonella 

typhi is present in Ek-dhara, Dui-dhara, Tin-dhara water samples. 

4.3 Colonial, cultural and biochemical characteristics of the isolates of 

samples Ek-dhara, Dui-dhara, Tin-dhara on TCBS media: 

According to the table 2, 3 and 4 only three samples isolates gave colony on 

TCBS media. These three samples gave two different types of colony green and 

yellow. Three samples having green colony gave similar morphological 

characteristics i.e. oval, umbonate, wavy, mucoid, opaque and gave cultural 

characteristics Gram –ve rods and are motile. And also have similar biochemical 

characteristics i.e. Indole (-), MR (-), VP (-), Citrate (+), Urease (-), Catalase (+), 

Gelatin hydrolysis (+) and Oxidase (+) indicates that Pseudomonas aeruginosa  is 

present in Ek-dhara, Dui-dhara, Tin-dhara water samples. 

Again, three samples having yellow colony gave similar morphological 

characteristics i.e. round, convex, entire, muciod, opaque and cultural 

characteristics Gram –ve rods and motile. And also have similar biochemical 

characteristics i.e. Indole (+), MR (+), VP (-), Citrate (-), Urease (+), Catalase (+), 

Gelatin hydrolysis (+) and Oxidase (-) indicates that Proteus vulgaris  is present 

in Ek-dhara, Dui-dhara, Tin-dhara water samples. 

Hence, the isolated bacteria from the above eight samples on EMB plates were 

identified as Enterobacter aerogens as the rose pink colony on EMB. Similarly, 

the isolated samples from three samples ek-dhara, Dui-dhara and Tin dhara were 

identified as Salmonella typhi as pink with dark centered colony and Klebsiella 

pneumoniae as the pink colony on SS agar plates. Pseudomonas aeruginosa as the 

green colony and Proteus vulgaris as the yellow colony on TCBS agar plates.  



 20 

CHAPTER IV 

DISCUSSION 

In this study, the coliforms present in water were isolated and identified. Water is 

life. This colorless, odorless and tasteless liquid is essential for all forms of 

growth and development human, animal and plant. Also, water is a fundamental 

basic need for sustaining human economic activities. Not only water supports a 

wide range of activities, it also plays a central symbolic role in rituals through out 

the world and is considered as a divine gift by many religions. Availability of 

water in the desired quantity and quality, at the right time and place, has been the 

key to the survival of all civilizations. No other natural resource has had such an 

overwhelming influence on human history. 

  

As the human population increases, People express their desire for a better 

standard of living, and as economic activities continue to expand in scale and 

diversity, the demands on fresh water resources continue to grow. Clean & safe 

water is an absolute need for health & productive life. Today most of the surface 

and ground water receive millions of liters of sewage, domestic waste, industrial 

& agricultural effluents containing substances varying in characteristics from 

simple nutrients to highly toxic substances.  

 

Coliform bacteria are a commonly used indicator of sanitary quality of foods and 

water. They are defined as rod-shaped Gram-negative non-spore forming and 

motile or non-motile bacteria which can ferment lactose with the production of 

acid and gas when incubated at 35-37oC. Some of the examples of coliform 

bacteria found in the water are Escherichia coli, Salmonella typhi, Shigella, 

Proteus vulgaris, Proteus mirabilis, Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Enterobacter aerogenes, Citrobacter freundii etc.  

 

This study result indicates that the most sources of water of Dharan are of good 

quality. Aryal J reported the absence of E.coli in the study performed in myagdi 

which resembles with the present study. 
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Gyawali assessed the water quality of Kathmandu, taken from seven different 

sources. All the water samples showed the growth of coliform bacteria and 

Salmonella spp which resembles with the present studies, sample taken from eight 

different places of Dharan (Gyawali 2007). 

 

The bacterial species identified from the contaminated water samples were mainly 

E.coli, Klebsiella spp, Citrobacter spp, Vibrio spp which was presented by 

Dhanya. Out of which Salmonella and Klebsiella were identified in the present 

study. Dhanya et al has studied microbial quality of water from different sources. 

Of all water sources tested, well water was found to be highly contaminated 

(Dhanya et al 2013). However in the present study it was found that some natural 

running spouts whose surroundings are dirty were more contaminated as there is 

presence of coliform.   
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CONCLUSION 

 

From this study, it is concluded that various coliform can be found in water. 

Among them Enterobacter aerogens, Klebsiella pneumoniae, Salmonella typhi, 

Pseudomonas aeruginosa, Proteus vulgaris were isolated and identified as 

coliforms present in taken water samples. 
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RECOMMENDATIONS 

 

1. There are different water sources available in Dharan. More samples can also 

      be taken to carry out further study. 

2. Public awareness programs should be effectively conducted for improving 

     sanitation condition of Dharan. 

3. Coliforms were observed in natural sources of water. So, regular monitoring of  

    water should be recommended. 
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APPENDICES 

APPENDIX I: COMPOSITION OF MEDIA USED 

 

 1. Eosine Methylene Blue Agar (pH-7.2) 

Peptone                                                       10.0 g 

Lactose                                                        10.0 g 

Dipotassium hydrogen phosphate               3.5 g 

Sodium sulphite                                           2.5 g 

Basic fuchsin                                                0.4 g 

Agar                                                              15.0 g            

Distilled Water                                              1000.0 ml 

   

2. Salmonella Shigella Agar Media 

Lactose     20.0gm 

 Bile salt No.3     8.50gm 

 Sodium citrate     8.50gm 

 Sodium thiosulphate    8.50gm 

 Beef extracts     5.0gm 

 Proteose peptone    5.0gm 

 Ferric citrate     1.0gm 

 Brilliant Green    0.33mg 

 Neutral red     0.025gm 

 Agar      13.50gm 

 Distilled water     1000.0ml 

 

3. Thiosulphate Citrate Bile Salt Sucrose Agar 

 Sucrose      20.0gm 

 Dipeptone     10.0gm 

 Sodium citrate     10.0gm 

 Sodium thiosulphate    10.0gm 

 Sodium chloride    10.0gm 
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 Yeast extracts     5gm 

 Oxbile (oxgall)    5gm 

 Sodium cholate    3gm 

 Ferric citrate     1gm 

 Bromothymol blue    0.04gm 

Thymol blue     0.04gm 

 Agar      15gm 
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APPENDIX III: TABLES 

 

 Table I: Colonial characteristics of the isolates of samples on EMB Media 

 

 

 

Table II: Morphological characteristics of the isolates of samples on EMB  

 
S.N 

 

Gram’s 

Staining  

Shape Motility TSI H2S Gas 

1. -ve Rod  Motile  A/A + + 

2. -ve Rod  Motile A/A + + 

3. - Rod  Motile A/A + + 

4. - Rod  Motile A/A + + 

5. - Rod  Motile A/A + + 

6. - Rod  Motile A/A + + 

7. - Rod  Motile A/A + + 

8. - Rod  Motile A/A + + 

 

Table III: Biochemical characteristics of the isolates of samples on EMB  

S.

N.  

                                             Biochemical Characteristics 

Indole MR VP Citrate Gelatin 

hydrolysis 

Urease Catalase Oxidase 

1. - - + + + - + - 
2. - - + + + - + - 
3. - - + + + - + - 
4. - - + + + - + - 
5. - - + + + - + - 
6 - - + + + - + - 
7. - - + + + - + - 
8. - - + + + - + - 

S.N Samples Color Form Elevation Margin Texture opacity 

1. Ek- dhara Rose pink Irregular Convex Entire Mucoid Opaque 

2. Dui- dhara Rose pink Irregular Convex Entire Mucoid Opaque 

3. Tin- dhara Rose pink Irregular Convex Entire Mucoid Opaque 

4. Khatri dhara Rose pink Irregular Convex Entire Mucoid Opaque 

5. Gau dhara Rose pink Irregular Convex Entire Mucoid Opaque 

6. Shiva dhara Rose pink Irregular Convex Entire Mucoid Opaque 

7. Sera khola Rose pink Irregular Convex Entire Mucoid Opaque 

8. Kali khola Rose pink Irregular Convex Entire Mucoid Opaque 
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Table IV: Colonial characteristics of the isolates of sample Ek- dhara 

 

 
S.N Media Color Form Elevation Margin    Texture Opacity 

1. Salmonella- 

Shigella Agar 

Pink Round Umbonate Undulate Muciod Opaque 

2. Salmonella-

Shigella Agar 

Pink with 

dark 

center 

Round Raised Entire Dull, 

smooth 

Opaque 

3. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Green Oval Umbonate Wavy Mucoid Opaque 

4. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Yellow Round Convex Entire Muciod Opaque 

 

 

Table V: Morphological characteristics of the isolates of sample Ek- dhara 

 
S.N Gram’s Staining Shape Motility TSI H2S Gas 

1. -ve  Rod Non motile A/A - + 

2. -ve Rod Motile A/Alk + - 

3. - Rod Motile Alk/Alk - + 

4. - Rod Motile Alk/A + + 

 

 

Table VI: Biochemical characteristics of the isolates of sample Ek- dhara 

 
S.

N.  

                                             Biochemical Characteristics 

Indole MR VP Citrate Gelatin 

hydrolysis 

Urease Catalase Oxidase 

1. - - + + - + + - 
2. - + - + + - + - 
3. - - - + + - + + 
4. + + - - + + + - 
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Table VII: Colonial characteristics of the isolates of sample Dui- dhara 

 

 
S.N Media Color Form Elevation Margin    Texture Opacity 

1. Salmonella- 

Shigella Agar 

Pink Round Umbonate Undulate Muciod Opaque 

2. Salmonella-

Shigella Agar 

Pink with 

dark 

center 

Round Raised Entire Dull, 

smooth 

Opaque 

3. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Green Oval Umbonate Wavy Mucoid Opaque 

4. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Yellow Round Convex Entire Muciod Opaque 

 

 

Table VIII: Morphological characteristics of the isolates of sample Dui- 

dhara 

 
S.N Gram’s Staining Shape Motility TSI H2S Gas 

1. -ve  Rod Non motile A/A - + 

2. -ve Rod Motile A/Alk + - 

3. - Rod Motile Alk/Alk - + 

4. - Rod Motile Alk/A + + 

 

 

 

Table IX: Biochemical characteristics of the isolates of sample Dui- dhara 

 
S.

N.  

                                             Biochemical Characteristics 

Indole MR VP Citrate Gelatin 

hydrolysis 

Urease Catalase Oxidase 

1. - - + + - + + - 
2. - + - + + - + - 
3. - - - + + - + + 
4. + + - - + + + - 
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Table X: Colonial characteristics of the isolates of sample Tin- dhara 

 
S.N Media Color Form Elevation Margin    Texture Opacity 

1. Salmonella- 

Shigella Agar 

Pink Round Umbonate Undulate Muciod Opaque 

2. Salmonella-

Shigella Agar 

Pink with 

dark 

center 

Round Raised Entire Dull, 

smooth 

Opaque 

3. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Green Oval Umbonate Wavy Mucoid Opaque 

4. Thiosulphate 

Citrate Bile salt 

Sucrose Agar 

Yellow Round Convex Entire Muciod Opaque 

 

Table XI: Morphological characteristics of the isolates of sample Tin- dhara 

 
S.N Gram’s Staining Shape Motility TSI H2S Gas 

1. -ve  Rod Non motile A/A - + 

2. -ve Rod Motile A/Alk + - 

3. - Rod Motile Alk/Alk - + 

4. - Rod Motile Alk/A + + 

 

 

Table XII: Biochemical characteristics of the isolates of sample Tin- dhara 

 
S.

N.  

                                             Biochemical Characteristics 

Indole MR VP Citrate Gelatin 

hydrolysis 

Urease Catalase Oxidase 

1. - - + + - + + - 
2. - + - + + - + - 
3. - - - + + - + + 
4. + + - - + + + - 

 

 

 

 



PHOTOGRAPHS 

 

 

 
 

       Photo 1: Colony growth on the Salmonella Shigella media plate 

 

 
 

       Photo 2: Colony growth on EMB media plate 

 



 
 

   Photo 3: Colony growth on TCBS media plate 

 

 
 

Photo 4: Gram negative rod shaped cells coliform visualized under light                     

microscope after Gram’s staining. 



 

 


