
 

Microbiological Quality of Water of Some Important 

Lakes of Tourist Importance in Darjeeling Hills 

 

 

 

 

Thesis submitted to the 

University of North Bengal 

for the Award of Doctor of Philosophy in Botany 

 

 

 

By 

Bimala Rai 

 

 

 

 

Guide 

Dr. Binod Chandra Sharma 

 

Department of Botany 

Darjeeling Government College 

University of North Bengal 

January 2017 



 

 

 

 

 

 

 

 

 

DECLARATION 
 

 

 I declare that the thesis entitled “Microbiological Quality of Water of Some 

Important Lakes of Tourist Importance in Darjeeling Hills” has been prepared by me 

under the guidance of Dr. Binod Chandra Sharma, Associate Professor of Botany, ABN Seal 

College, Coochbehar. No part of this thesis has formed the basis for the award of any degree 

or fellowship previously. 

 

 

 

                                                                          
(Bimala Rai) 

 

Date: 03.01.2017 

 

 

 

 

 

 

 

 

 

 



 

 

         

 



i 

 

ABSTRACT 

 

 The purpose of this study was to investigate the “Microbiological Quality of 

Water of Some Important Lakes of Tourist Importance in Darjeeling Hills”. The study 

was conducted in Mirik, Nakhapani and Jorepokhari Lakes of Darjeeling hills for two 

years on bimonthly basis from March 2011 to January 2013.  

 The first chapter deals with a  background  introduction containing brief 

account on significance of fresh water resources, threats to freshwater resources, lake 

water pollution, the possible human activities associated with lake water deterioration 

and the rationale  and the objectives of the. The main objective of this research work 

was to determine the microbiological quality of the three lakes of tourist importance 

in Darjeeling hills on bimonthly basis. The second chapter deals with the review of 

literature related to this study in a concise manner.  The third chapter describes the 

methods adopted. Selected physico-chemical properties such as temperature, 

dissolved oxygen and pH of the selected lake waters were estimated following 

standard procedures; Total Bacterial Count, Total Coliform, Faecal Coliform and 

Faecal Streptococci were enumerated; antibiotic sensitivity and anti-microbial 

properties of six traditionally used anti-diarrhoeal medicinal plants of selected 

coliforms were determined; PAGE (Polyacrylamide Gel Electrophoresis) of protein 

and  plasmid profile of selected coliform isolates were constructed for source 

tracking. Descriptive statistics to determine the mean and standard deviation was 

performed; One way ANOVA was performed to see significant variation of the 

physico-chemical and microbiological parameters in the investigated lakes and 

antibiotic sensitivity pattern of the selected coliform isolates; Pearson’s correlation 

was performed to determine correlation between the physico-chemical and 

microbiological parameters. Two way ANOVA was performed to determine 

significant variation between different plants and their extracts on coliform isolates. 

 The fourth chapter discusses the results obtained and their interpretation. The  

water temperature recorded in Mirik Lake ranged from 7ºC - 27ºC and from 9ºC - 

24ºC in both Nakhapani and Jorepokhari lakes. Mean values of dissolved oxygen in 

Mirik Lake varied from 1.2 mg L
-1 

- 9.6 mg L
-1

, in Nakhapani Lake 3.96 mg L
-1 

- 6.01 

mg L
-1

 and from 3.2 mg L
-1 

- 8 mg L
-1

 in Jorepokhari Lake. All the three lakes varied 

from slightly acidic to alkaline nature during the study period with pH records of 6.15 



ii 

 

- 9.3, 5.98 - 7.6 and 6.3 - 8.04 in Mirik, Nakhapani and Jorepokhari Lakes 

respectively. Total Bacterial Count, Total Coliform, Faecal Coliform and Faecal 

Streptococci showed seasonal variation with highest population during the warmer 

period and lowest in winter period. A significant bimonthly variation in physico-

chemical parameters was observed. Total bacterial count (TBC) value as well as most 

probable number (MPN) index of indicator organisms like total coliforms (TC), faecal 

coliform (FC) and faecal streptococci (FS) in all the three lakes exceeded the 

threshold level prescribed by the national (BIS, 2011) and international standards 

(WHO, 2004) suggesting high level of pollution of the lakes. Mirik Lake was found to 

be more polluted lake than the other two lakes. Morphological and biochemical 

characterization of the bacterial isolates confirmed them to be faecal coliforms (E. 

coli). Water temperature showed significant positive correlation with microbiological 

parameters. One way ANOVA revealed statistically significant variation between the 

antibiotics and the coliform isolates. Similarly, two way ANOVA revealed that there 

was a significant variation between different plants and their extracts on the coliform 

isolates. Methanolic extracts of Psidium guajava showed the highest anti-microbial 

potentiality on the tested coliform isolates. 

 Antibiotic sensitivity screening of the selected 15 coliform isolates showed 

60% isolates to be multiple antibiotic resistant (MAR) and 86.6% isolates to be 

multiple drug resistant (MDR) coliforms signifying prevalence of antibiotic resistant 

bacteria in the lakes. Screening of extracts of six anti-diarrhoeal medicinal plants viz, 

Astilbe rivularis, Costus speciosus, Heracleum wallichii, Hydrocotyl javanica, P. 

guajava and Rhododendron arboreum, against the selected coliform isolates exhibited 

antibacterial potentiality promising their immediate use in time of likely emergence of 

gastrointestinal epidemics caused by Gram negative bacterial pathogens. 

 Variation in similarity percentage in protein bands of the selected coliforms 

suggested the sources of microbial pollutants to be mixture of indigenous and floating 

population almost throughout the year. Plasmid profile of the 15 coliform isolates 

suggested there was no correlation between plasmid occurrence and multiple 

antibiotic resistance as some of the isolates without plasmid also showed antibiotic 

resistance to more than two antibiotics. 

 The investigation generated some important baseline data on the pollution 

status of the lakes in Darjeeling Hills. It also provided baseline data on the prevalence 

of antibiotic resistant bacterial population in the lake waters against some commonly 
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used antibiotics in these lake areas. These data would be helpful for future policy 

decisions on using the lakes as a source of drinking water, eco-tourist center and the 

management of catchment area. Besides the antibiotic sensitivity chart prepared in 

this study may help the clinicians for the management of enteric diseases caused by 

other pathogenic members of Enterobacteriaceae. 

 

         

          

         (BIMALA RAI) 
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PREFACE 

 

 Good quality water supply is a prerequisite for healthy and 

sound life. However many microorganisms use water as their habitat, 

some of which are disease causing or pathogenic which can even be life 

threatening. Water borne bacterial pathogens most often detected in 

contaminated drinking water supplies include Shigella, Salmonella, 

Campylobacter, Vibrio, toxigenic E. coli, Yersinia enterocolitica, 

Streptococci faecalis which are also detected in faeces of infected 

individuals. Therefore drinking water must be free of such pathogenic 

contaminants in order to prevent waterborne disease outbreaks. 

Inspite of the limitations of methodologies and interpretation, some 

organisms can be routinely monitored and can be used as indicators 

for faecal contamination and the potential presence of enteric 

pathogens. Commonly used indicators include total coliforms, faecal 

coliforms (E. coli) and faecal streptococci (Streptococcus faecalis). The 

use of faecal indicators helps in the estimation of the microbiological 

quality of drinking water by reducing the complexity and cost of a 

direct analysis of pathogens. In the present study microbiological 

quality of water of three important lakes of tourist importance in 

Darjeeling hills was investigated. The lakes are also important sources 

of drinking water in Mirik and Sukhia Pokhri town areas. All the 

lakes were observed to exceed the acceptable limits of national and 

international water quality standards set for microbiological 

parameters. 

 In this context, first and foremost, I would like to express my 

heartfelt gratitude to Dr. Binod Chandra Sharma, Associate Professor 

of Botany, ABN Seal College, Cooch Behar, West Bengal (Formerly, 

P.G. Department of Botany, Darjeeling Government College) for his 

continual guidance and support during my project. I am grateful also, 
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gratitude also extends to Professor (Dr.) Kalyan Kumar De (Hooghly 
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providing me with invaluable suggestions during my study. I also 
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Government College, for his support in helping me complete my work. 

 I express my profound gratitude to Professor A. Saha, H.O.D., 

Department of Botany, University of North Bengal, Professor A. P. 

Das, Professor P. K Sarkar, Professor B. N. Chakraborty, Professor U. 

Chakraborty, Professor A. Sen, Dr. S. C. Roy, Dr. P. Mandal and Dr. 

M. Chowdhury for their continual presence and valuable suggestions 
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CHAPTER 1: INTRODUCTION 

 

1.1. Significance of freshwater resources 

 Water and freshwater ecosystems are critical to sustaining all forms of life 

including humans (McAllister et. al., 1997; Small and Cohen, 1999; Greenhalgh, 

2001). It is used not only for drinking but also is fundamental for the sustenance of 

environmentally dependent livelihoods (Daily et. al., 1997; Gleick, 1998; Daily et. al., 

2000) such as agriculture, industrial activities, transportation, energy production, 

waste disposal and  food extraction (Small and Cohen, 1999). Therefore, without 

adequate quantity and quality of fresh water sustainable development will not be 

possible (Kumar, 1997; Mahananda et. al., 2005). The provision of good quality 

household drinking water is often regarded as an important means of improving health 

and key to increase human productivity and long life (Urbansky et. al., 2002; Moyo 

et. al., 2004; Mandal et. al., 2009). Therefore, every effort should be made to achieve 

drinking water quality as safe as possible (WHO, 2008a). 

 

1. 2. Threats to freshwater resources 

 Despite the significance of freshwater, the availability of freshwater on the 

earth is very small and it represents only about 2.75 % of the total water available on 

the earth. About one third of the drinking water requirement of the world is obtained 

from surface water sources like rivers, canals and lakes which represent a mere 0.3 % 

(Pidwirny, 2006). Globally, 3240 km
3
 of fresh water is drawn and used annually; 69% 

of this is used for agriculture, 23% for industry and 8% for domestic purposes (WRI, 

1992). However, freshwater resources throughout the world are deteriorating (Gupta 

et. al., 2005). A variety of anthropogenic activities such as increase in population, 

industrial development, overuse of fertilizers, pollution and deforestation are some of 

the major causes of diminution and degradation of the available water resources 

(Gupta et. al., 2005). These factors in turn have added stress on the available water 

resources (UN, 2009). 

 The lack of access to water limits sanitation and hygiene practices in many 

households, especially rural, where water is prioritized for drinking and cooking 

purposes (Addisie, 2012). Thus, poor water quality continues to pose a major threat to 

human health with diarrhoeal disease alone causing an estimated 4.1 % of the total 
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Daily Adjusted Life Years (DALY) global burden of disease (WHO, 2004a). Nearly 

one billion people are living without the access to clean drinking water (Holmstrom, 

2012) with an almost 3 billion people in the world facing water scarcity (UNDESA, 

2014). Accordingly, in recent times most cases of cholera and abdominal infections 

reported in hospitals can be traced to the consumption of polluted and contaminated 

water (Agha, 2006; Kumbhar et. al., 2014). Owing to population explosion pressure 

and increasing pollution of water resources, at least 30,000 human deaths are caused 

daily by contaminated water and poor sanitation and more than 1.7 billion people 

have no direct access to freshwater; this number is likely to double within the next 25 

years (WHO, 1992). About one-fifth of the world’s population lacks access to safe 

drinking water and with present consumption patterns two out of every three persons 

on the earth will live in water-stressed conditions by 2025 (Fletcher, 2002). Pollution, 

scarcity of water resources and climate change will be the major emerging issues in 

the next century (UN, 2009). 

 

1.3. Lake water pollution 

 Lakes are important sources of drinking water, however a number of 

anthropogenic activities are responsible for lake water pollution which may have 

either point or nonpoint sources (Carvalho et. al., 2002; Adak et. al., 2002; Sedamkar 

and Angadi, 2003; Kerker, 2003; Halvorsen, 2004). Grazing, birds’ defecation, 

malfunctioning septic trenches (Johnson et. al., 2004), agricultural runoff, municipal 

wastes, combined sewer overflows and wastewater and industrial effluents (McLellan, 

2004; Karikari and Ansa-Asare, 2006; Ahmed et. al., 2005, 2009); garbage and oil 

spills (Admassu et. al., 2004) are potential point and non-point sources and threats to 

lake water pollution. Non-point sources of contamination are of significant concern 

with respect to the dissemination of pathogens and their indicators in the water 

systems (Girones et. al., 2010). Faecal contamination is known to be a major source 

of pollution and of grave concern in a number of lakes worldwide (Niewolak, 1998; 

Kistemann et. al., 2002; VanPoucke and Nellis, 2000; Derlet et. al., 2005; Chaidez et. 

al., 2008) because in general, human faecal wastes have the highest risk of waterborne 

diseases, environmental degradation, and economic losses (Field and Samadpour, 

2007; Balleste et. al., 2010). In India also, a large number of lakes have been subject 

to lake water deterioration associated with human activities and some of the examples 

are mentioned below (Table 1.1). 
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Table 1.1. Lake water deterioration associated with human activities 

 

 

 

Source/causes Impacts Reference(s) 

Urbanization Lake drying and disappearance 

Indira and Shivaji, 

2006; Mathur et. al., 

2008; Sinha and 

Biswas, 2011; Kumari 

et. al., 2011. 

Cleaning, washing and 

bathing activities 

Decline in lake water quality, 

eutrophication 

Jha and Barat, 2003; 

Pradhan, 2004; Koshy 

and Nayar, 1999; 

Sinha and Biswas, 

2011; Sati et. al., 

2011; Thakur et. al., 

2014, Geetha et. al., 

2014. 

Sewage, industrial  

effluents, domestic and 

industrial waste 

disposal 

Water quality degradation, 

eutrophication, loss of self-

purification capacity 

Paratkar et. al., 2004; 

Prakash et. al., 2005.  

 

Agricultural  waste 

runoff 

Leaching of chemicals, 

eutrophication 
Rathod et. al., 2014 

Religious and cultural 

activities 

Leaching of chemicals, 

eutrophication 

Walavalkar and 

Tekale, 2004; Mathur 

et. al., 2008; Puri et. 

al., 2011. 

 

Tourism associated 

activities and 

infrastructural 

development 

Increase in turbidity, loss of 

aesthetic value, eutrophication 

Mathur et. al., 2008 
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1.4. Rationale of the study 

 Lakes in the Himalayan region are not only known for their picturesque beauty 

and attract tourists from worldwide; in temperate and alpine locations, they are also 

one of the most important sources of water supply along with springs. However, the 

availability of potable water has always been one of the major problems in many areas 

of the Himalayan region including Darjeeling Hills. The population growth in the 

region has further led to water scarcity and other sanitary problems (Chhetri and 

Tamang, 2013). Mirik Lake and Jorepokhari Lake are two such lakes in Darjeeling 

Hills which form the primary sources of drinking water for the communities of Mirik 

and Sukhia Pokhari town. These artificial lakes are also famous for tourism attracting 

a large number of tourists every year. However, growing urbanization around the 

lake, construction of infrastructure for attracting tourism, deforestation in the 

catchment areas of the lake and encroachment in the lake area along with several 

anthropogenic activities like bathing, washing, cattle rearing around the lake shores, 

offerings during religious ceremonies and rituals, recreational activities like boating 

and horse riding, dumping of garbage particularly in the Mirik Lake have degraded 

the water quality which could be a serious threat to public health in future (Sinha and 

Biswas, 2011). Diarrhoeal disease associated with consumption of contaminated 

water adds to the global burden of disease (WHO, 2004b). Therefore study on the 

water quality of these lake waters, pollution load and identifying sources of pollution 

and ways to resolve the water impacts is imperative.  

 A number of studies have proved that plants possess a range of anti-diarrhoeal 

properties (Goh et. al., 1995; Vieira et. al., 2001). However, scientific exploration of 

such plants in the Darjeeling Hills are scanty (Rai and Sharma, 1994; Saha et. al., 

2011) and many of the studies have focused on documentation and taxonomic studies 

in the region (Yonzone et. al., 1984; Rai and Bhujel, 1999; Das, 1995, 2004, Das and 

Mondal, 2003; Gurung and Palit, 2007; Das et. al., 2010; Tamang and Palit, 2010; 

Mukherjee and Chanda, 2010). Only a few recent studies have revealed that some 

amount of work has been conducted on antimicrobial properties and phytochemical 

analysis of some of the local medicinal plants (Saha et. al., 2011; Rajbhandary et. al., 

2011). The confirmation of the antimicrobial properties of traditional anti-diarrhoeal 

medicinal plants of Darjeeling Hills would be useful to treat the patients in case of 

outbreak of intestinal diseases and unavailability of antibiotics and also help the 

population of the area in escaping the side effects of antibiotics (Sharma, 2005). 
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Therefore, this research attempts to study the microbiological contamination of the 

Mirik Lake and Jorepokhari Lake along with Nakhapani Lake and anti-diarrhoeal 

properties of some traditional medicinal plants of the Darjeeling Hills on the pollution 

indicator microbes of the lake water. 

 

1.5. Objective of the study 

 The main objective of this research is to study the microbiological quality of 

water of three important lakes of tourist importance in Darjeeling Hills. The specific 

objectives of the research are: 

• To assess bimonthly variation of few physico-chemical properties of the lake-

waters.  

• To assess bimonthly variation of the density of total bacterial population, total 

and faecal coliforms and faecal streptococci in the lake-waters. 

• To determine the biochemical properties of the selected coliform isolates.  

• To determine the antibiotic sensitivity pattern of the selected coliform isolates. 

• To assess antimicrobial properties of few locally used antidiarrhoeal medicinal 

plant extracts on the coliform isolates 

• To construct a native PAGE profile of the selected coliform isolates. 
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CHAPTER 2: REVIEW OF LITERATURE 

 

2.1. Disease burden due to unsafe water 

 Water has been recognized as a key determinant of health and as an important 

vector of transmission for many of the most widespread and debilitating diseases that 

afflict humanity (Reiff et. al., 1996). Waterborne diseases were estimated to cause 1.8 

million deaths each year while about 1.1 billion people lacked proper drinking water 

(CDCP, 2006). Each year, 4 million people die from water, sanitation, and hygiene-

related causes of which nearly all deaths (99%), occur in the developing world 

(WHO, 2008b). Almost 90% of the deaths due to diarrhoeal diseases are children 

under 5 years old, mostly in developing countries (UN, 2009) caused by the lower 

levels of access to safe drinking water and sanitation, along with poorer overall 

health, hygiene, and nutritional status (WHO, 2008c). 

 Contaminated and polluted water acts as an important route of transmission 

for various water borne diseases (Payment, 1997; WHO-SEARO, 2010) as they 

harbour a number of pathogens such as bacteria, viruses and protozoa (Chan et. al., 

2007; Omezuruike et. al., 2008; Patra et. al., 2010; Figueras and Borrego, 2010; 

Kumbhar et. al., 2014; Sunday et. al., 2014; Geetha et. al., 2014). Water related 

diseases caused by such pathogens can be identified into four distinct groups 

(Cairncross and Feachem, 1993). They are:  

1. Waterborne diseases where the pathogen is ingested along with drinking water 

2. Water-washed diseases where person to person transmission occurs due to lack of 

water for hygiene 

3. Diseases with water-based transmission caused by aquatic invertebrate host e.g. 

Schistosomiasis 

4. Diseases with water-related insect vectors which breed in or near to water e.g. malaria 

 Waterborne and water-washed diseases are both affected by water supply 

conditions, the former being more closely linked to water quality and the latter to 

quantity as well as constancy of water supply whereas, diseases with water-based 

transmission and water-related insect vectors are related to environmental water 

conditions (Cairncross and Valdmanis, 2006). Mortality caused by water associated 

diseases exceeds 5 million people per year (WHO, 2004b). Of these, infectious 

diarrhoeal diseases such as cholera, salmonellosis, shigellosis, amoebiasis, other 
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bacterial, protozoal and viral intestinal diseases are the most common waterborne and 

water-washed disease (Pruss-Ustin et. al., 2004); mostly in developing countries 

primarily in Asia and Africa with children particularly under 5 years of age being the 

most vulnerable (Seas, 2000; Fenwick, 2006; WHO, 2008b). Among the 15 most hit 

countries, India and Nigeria have been identified as the most affected countries with 

infectious diarrhoea (Boschi-Pinto et. al., 2008). 

 In India, more than 70% of the epidemic emergencies are either water-borne 

or water related (Khera et. al., 1996). The reason being that a major chunk of the 

population in the country have a lack of access to safe drinking water with around 66 

million people still relying on unsafe groundwater consumption (Sawhney, 2006). 

During 2003-2004 alone, a total of 12 outbreaks of gastroenteritis associated with 

untreated freshwater venues were reported; 11 of these outbreaks involved lakes, and 

one involved a reservoir (Lavender, 2008). 

 In the state of West Bengal alone, 20-27 lakhs of water borne diseases like 

cholera, diarrhoea and enteric fever are reported each year and occurrence of enteric 

fever becoming virulent and attack rates being doubled between 2008 and 2010 

(WBSAPCC, 2012). 

 From these, more that 50% are microbial intestinal infections, with cholera 

standing out in the first place (Cabral, 2010). Half a million children fewer than five 

still die in India due to water-borne diseases (UNICEF, 2000). 

 Consequent to the realization of the potential health hazards that may result 

from contaminated drinking water, contamination of drinking water from any source 

is therefore of primary importance because of the danger and risk of water borne 

diseases (Fapetu, 2000; Edema et. al., 2001). Free from contamination with faecal 

matter is the most important parameter of water quality because human faecal matter 

is generally considered to be a greater risk to human health as it is more likely to 

contain human enteric pathogens (Scott et. al., 2003). Further, an inestimable 

pathogenic bacteria constitute the microflora of effluents discharged from different 

activities, quantifying different groups of pathogenic bacteria into water bodies. 

Information on occurrence, abundance and distribution of potent human pathogens 

such as Vibrio cholerae (causing cholera in humans), Vibrio parahaemolyticus 

(gastroenteritis), Salmonella and Shigella sp. (typhoid fever; food poisoning), 

Streptococcus sp. (meningitis and skin infections), Pseudomonas aeruginosa 

(pulmonary and lungs infections) and Aeromonas (septicaemic conditions) in aquatic 



 

 

8 

environments may prove useful in public health management (Kumarasamy et. al., 

2009). Additional contaminants include protozoan oocysts such as Cryptosporidium 

sp., Giardia lamblia, Legionella, and enteric viruses (Ferguson et. al., 2003; EPA, 

2010). 

 

Table 2.1. The main bacterial diseases transmitted through drinking water 

Source: (Cabral, 2010) 

 

2.2. Water safety standards 

 Drinking water quality assessments include quantitative assessments of a 

number of physical, biological and chemical parameters, which are measured against 

the various standards that have been established and revised at both national and 

international levels (WHO, 1993, 2008a, 2011; NDWQS, 2006; USEPA, 2012). 

These established standards act as references as safe drinking water of acceptable 

quality in terms of health and disease hazards for the consumers. India also has 

established its own National standard on drinking water quality (ICMR, 1963; CPCB, 

2009; BIS 10500:1991-2011) (Table 2.2). 

 

Waterborne disease Causal organism 

Cholera Vibrio cholerae, serovarieties O1 and O139 

Gastroenteritis caused by 

vibrios   
Mainly Vibrio parahaemolyticus 

Typhoid fever and other 

serious  salmonellosis 

Salmonella enterica sub sp. enterica serovar 

Salmonella enterica sub sp. enterica serovar 

Bacillary dysentery or 

shigellosis 
Shigella dysenteriae, S. flexneri, S boydii, S. sonnei  

Acute diarrhoea and 

gastroenteritis 

Escherichia coli particularly serotypes such as 

O148, O 157 and O124 
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Table 2.2. Different standards for maximum concentration limits for drinking water 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 = Bureau of Indian Standards (2011); 2 = United States Environment Protection Agencies (2012); 3 - European Union (1998) 

4 = World Health Organizations (2011); a Levels are the minimum to the maximum; TCU= True Color Units;  

                          NTU=Nephelomertic Turbidity Units; CFU=Colony-Forming Unit.

Maximum Concentration Limit  

Parameters 

 

Unit BIS
1
 USEPA

2
 EU Standard

3
 WHO Standard

4
 

Colour TCU 5-15a 15 Not mentioned Not mentioned 

pH  6.5-8.5
 a
 6.5-8.5

a
 No guideline No guideline 

Turbidity NTU 1-5
 a
  Not mentioned Not mentioned 

Total dissolved 

Solids 
mgL-1 500-2000 a 500 No guideline No guideline 

Electrical 

Conductance 
µScm

-1
   250 Not mentioned 

NO3-N mgL-1 45 10 50 50.0 for total nitrogen 

NH3-N mgL
-1

 0.5  0.5 No guideline 

SO4
2- mgL-1 200-500 a 250 250 500.0 

Al mgL
-1

 0.03-0.2
 a
 0.05-0.2 0.2 0.2 

As mgL
-1

 0.01 0.01 0.01 0.01 

Ca mgL-1 75-200 a    

Cd mgL
-1

 0.003 0.005 0.005 0.003 

Cl- mgL-1 250-1000 a 250 250 250 

Cu mgL
-1

 0.05-1.5
 a
 1 2 2 

Cr mgL
-1

 0.05 0.1  0.05 

F mgL-1 1.0-1.5 a 4 1.5 1.5 

Fe mgL
-1

 0.3 0.3 0.2 No guideline 

Pb mgL-1 0.01  0.01 0.01 

Mn mgL
-1

 0.1-0.3
 a
 0.005 0.05 0.05 

Zn mgL
-1

 5-15
 a
 5  3 

E.coli  bacteria CFU per100 ml 0  0 0 

Total Coliform 

bacteria 
CFU per100 ml   0 0 
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2.3. Microbiological indicators of water pollution 

 Indicator microorganisms are those organisms which need not be pathogenic 

but their presence in water indicates the faecal contamination of water along with the 

probable presence of other waterborne pathogens (Pipes, 1981; Hodegkiss, 1988). 

They are known to found abundantly in wastes with human contributions where 

pathogenic organisms, are likely to exist (Noble et. al., 2003). A good bacterial 

indicator of faecal pollution should fulfill the following criteria (Grabow, 1996; 

Gauthier and Archibald, 2001; George and Servais, 2002; Medema et. al., 2003; 

WHO, 2008a):  

(1) Exist in high numbers in the human intestine and faeces  

(2) Not be pathogenic to humans  

(3) Easily, reliably and cheaply detectable in environmental waters. Additionally, the 

following requisites should be met if possible  

(4) Does not multiply outside the enteric environment  

(5) Should exist in greater numbers than eventual pathogenic bacteria  

(6) Should have a similar die-off behavior as the pathogens  

(7) Human faecal pollution is to be separated from animal pollution; the indicator 

should not be very common in the intestine of farm and domestic animals. 

 Faecal pollution of drinking water may introduce a variety of intestinal 

pathogens such as salmonellas, shigellas, enteroviruses and multicellular parasites as 

well as opportunistic pathogens like Pseudomonas aeroginosa, Klebsiella, Vibrio 

parahaemolyticus and Aeromonas hydrophila (Hodegkiss, 1988) which may cause 

diseases from mild gastroenteritis to severe and sometimes fatal dysentery, diarrhoea, 

cholera, typhoid, hepatitis, giardiasis etc. (Crown, 1986; Wanda, 2006). Generally, a 

higher level of indicator bacteria implies higher level of faecal contamination and 

greater risk of waterborne diseases (Pipes, 1981; WHO, 1983). 

 Because of the seriousness of the diseases caused by water borne-bacteria and 

the increasingly growing importance of water in human life, accurate and reliable 

methods for detecting faecal pollution are needed to reduce its occurrence and take 

legal measures (Kishinhi et. al., 2013). Frequent assessment of faecal indicator 

bacteria levels is recommended to ensure better understanding of microbial water 

quality and prevent human exposure to pathogenic bacteria. Faecal coliforms, 

enterococci, total coliforms, and Escherichia coli, faecal Streptococci have 

traditionally been used as microbial faecal indicators in water (Harwood et. al., 2001; 
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Pathak and Gopal, 2001; Kistemann et. al., 2002; Balleste et. al., 2010; Sinigalliano 

et. al., 2010). The use of faecal indicators not only helps in the estimation of the 

microbiological quality of drinking water but also reduces the complexity and cost of 

a direct analysis of pathogens (Astrom, 2011). However, WHO (2008a) recommends 

that specific criteria should be followed when determining and using faecal indicator 

organisms. 

 Traditionally, indicator microorganisms have been used to suggest the 

presence of pathogens (Berg, 1978). Coliform bacteria are used as indicators for water 

quality (Ashbolt et. al., 2001). Presence of indicator bacteria in water bodies as a sign 

of faecal contamination suggests the potential danger of health risk (Baghel et. al., 

2005). Microbial pathogens in drinking water are primary cause of gastrointestinal 

and waterborne diarrhoeal diseases. The higher the level of indicator bacteria, the 

higher the level of faecal contamination and the greater will be the risks of water 

borne diseases (Pipes, 1981). 

 The presence of faecal coliforms like E. coli serves as an indication of 

contamination by sewage. Many workers like Grabow (1996) and Jagals (2000) have 

reported E. coli as more reliable indicator of faecal pollution than faecal coliforms 

because: 

• It is the only faecal coliform bacteria of true faecal origin 

• It is present in large numbers (approximate depending on the animal source) in the 

faeces of warm-blooded animals 

• It survives longer than some bacterial pathogens, yet is resistant to regrowth outside 

of the host under typical environmental conditions, and 

• It can be detected and quantified simply and affordably (Gleeson and Gray, 1997; 

Edberg et. al., 2000; Leclerc et. al., 2001; Vasudevan et. al., 2003). E. coli can now 

reliably be detected in a single- step procedure (Jagals, 2000). 

 Although, traditionally, faecal pollution indicator microorganisms have been 

used to estimate the presence of pathogens in drinking water (Berg, 1978) there is no 

direct correlation between the numbers of any indicator and enteric pathogens 

(Grabow, 1996) because the presence of indicators does not necessarily imply the 

presence of other pathogens (Ashbolt et. al., 2001). This presents an ambiguity in the 

term ‘microbial indicator’. Therefore, to eliminate the ambiguity in the term, the 

following three groups are now recognized (WHO, 2001): 
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1. General (process) microbial indicators: These form a group of organisms the presence 

of which generally indicates the faecal contamination, such as total heterotrophic 

bacteria or total coliforms. They are typically described as opportunistic pathogens 

(Hambsch and Wener, 1993). HPC level in drinking water should not exceed 500 

organisms/ml. Numbers above this limit generally signal a deterioration of water 

quality in distribution systems (Bitton, 2005a).  

2. Faecal indicators (such as E. coli): A group of organisms that indicates the presence 

of faecal contamination, such as the bacterial groups thermotolerant coliforms or E. 

coli.  

3. Index organisms and model organisms: A group/or species indicative of pathogen 

presence and behavior respectively, such as E. coli as an index for Salmonella and F-

RNA coli phages as models of human enteric viruses. 

 These indicator microorganisms i.e., total coliforms, faecal coliform and 

faecal streptococci have been used as models for the potential presence of pathogenic 

microorganisms in water samples (Patra et. al., 2009). For example, E. coli have been 

linked to the presence of pathogens caused by faecal contamination (Lavender, 2008).  

 Traditional tests for total and faecal coliforms are carried out either by the 

multiple-tube fermentation technique or by filtration through membrane. The 

detection of β-D-glucuronidase activity (at 44.5°C) is, generally considered a good 

marker for faecal coliforms in environmental polluted waters and very specific for E. 

coli (Manafi et. al., 1991; Nelis and Van Poucke, 2000; Van Poucke and Nelis, 2000; 

Byamukama et. al., 2000; Farnleitner, 2001; George et. al., 2000, 2001; Rompre et. 

al., 2002; Ramamurthy et. al., 2003; Eccles, 2004; Cabral and Marques, 2006). 

Besides these methods, pour plate and spread plate methods together with bright field 

microscopic count field procedure can also be adopted for microbiological 

quantification. (Idakwo and Abu, 2004). 

 

2.4. Identification of microbiological polluting sources 

 Water sources have been identified as natural habitat for pathogenic E. coli 

strains that possess virulence factors that could cause gastrointestinal diseases. 

(Kuhnert et. al., 2000; Muller et. al., 2001; Obi et. al., 2004a; Ahmed et. al., 2007). 

 Diarrhoeagenic E. coli (DEC) which include enteroinvasive E. coli (EIEC), 

enteroaggregative E. coli (EAEC), enterohaemorrhagic E. coli (EHEC), 
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enteropathogenic E. coli (EPEC) and enterotoxigenic E. coli (ETEC) are among the 

major bacterial causes of diarrhoea in the world (Vilchez et. al.,2009). 

 Rise of antimicrobial resistant species of the Enterobacteriaceae family in 

aquatic, animal and human environments, especially in E. coli to multiple antibiotics 

is a major concern both in developed and developing countries (Ajamaluddin et. al., 

2000; Chandran et. al., 2008, Jan et. al., 2009). Many investigations world over have 

revealed the occurrence of multiple antibiotic resistant (MAR) (Edge and Hill, 2005; 

Shehabi et. al., 2006; Ozgumus et. al., 2007; Ram et. al., 2007, 2008, 2009; Pathak 

and Gopal, 2008; Kinge et. al., 2010; Yin et. al., 2013) and multiple drug resistant 

(MDR) (Patoli et. al., 2010; Alzahrani and Gherbawy, 2011) E. coli in different 

sources of drinking water. It has been reported that pathogenic isolates of E. coli have 

relatively high potential for developing resistance (Karlowsky et. al., 2004). Amongst 

the enteric pathogens, E. coli is observed to show increasing resistance, especially to 

first line, broad spectrum antibiotic, such as Ampicillin and others (Jan et. al., 2009). 

 The MAR pathogens might lead to increased morbidity and mortality rates (Li 

and Zhang, 2013).Therefore identification of major polluting source(s) is vitally 

important in order to implement appropriate mitigation strategies to minimize faecal 

pollution and consequent public health risks (Ahmed et. al., 2008). Furthermore, the 

situation is worsening due to the evolution of multi-resistant antibiotic plasmid genes. 

Extended Spectrum B-lactmases (ESBLs) are plasmid mediated and these enzyme 

producing organisms exhibit co resistance to many other classes of antibiotics giving 

rise to multiple drug resistant (MDR) strains. 

 Various microbial source tracking (MST) techniques have been developed or 

are under development to distinguish different sources of animal and/or human faecal 

pollution (Field and Samadpour, 2007; Stoeckel and Harwood, 2007). The most 

commonly used methods for MST includes antibiotic resistance analysis (ARA) 

(Harwood et. al., 2000; Moore et. al., 2005; Bitton, 2005b; Ahmed et. al., 2008) and 

multiple antibiotic resistant (MAR) indexing for determining the source of faecal 

contamination (Wiggins et. al., 1999; Scott et. al., 2002; Tambekar et. al., 2008). 

ARA uses the antibiotic resistance patterns of the microbial isolates as fingerprints for 

distinguishing human from animal sources whereas the MAR patterns reflect the 

selective pressures imposed on the gastrointestinal flora of humans and animals 

during antibiotic use (Guan et. al., 2002). The MAR test has been reported to be 

capable of identifying the source of faecal contamination in water and distinguishing 
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between E. coli strains from specific point sources (Parveen et. al., 1997; Harwood et. 

al., 2000). Antibiotic substances are never fully metabolized in humans or other 

animals, which means that small amounts are regularly excreted and can enter water 

streams directly or indirectly via faecal pollution, agricultural run-off or through 

discharge from wastewater treatment plants (Lupo et. al., 2012; Li and Zhang, 2013). 

The concentrations are usually at sub-inhibitory levels, which contribute to the 

development and spread of antibiotic resistance properties among environmental 

bacteria and if human pathogens acquire resistance to antibiotics, a serious situation 

can arise which, at the very least, can result in increased disease treatment costs 

(Lamprecht et. al., 2014).  

 Although conventional antimicrobial susceptibility testing methods are useful 

methods for detecting resistance profiles, they are insensitive tools for tracing the 

sources of spread of individual strains within a region (Celebi et. al., 2007). Therefore 

molecular characterization of microorganisms is frequently used by physicians, 

microbiologists, and epidemiologists because they provide more sensitive, faster, and 

easier tools than conventional microbiological methods of diagnosis (Relman et. al., 

1992; 1999) and provide evidence of genetic relatedness as an aid in the 

epidemiological investigation of infectious diseases (Sader et. al., 1995). 

Determination of genetic relatedness of organisms may be needed during an outbreak 

in which a cluster of infections caused by organisms of the same species showing 

similar antimicrobial resistance profiles and in order to determine clonal spread within 

a microenvironment, and to determine the source of infection (Sader et. al., 1993; 

Celebi et. al., 2007).  

 The application of molecular analyses such as a whole cell protein analysis 

and plasmid analysis has provided many useful markers that distinguish the epidemic 

clone of a particular pathogen and helped in the identification of specific vehicles of 

infection during infectious disease outbreaks (Waschmut et. al., 1991; Celebi, et. al., 

2007). Moreover such analysis provides for fast and reliable identification of bacterial 

strains (Shi et. al., 1996; McClure, 2000). 

 Usually polyacrylamide gel electrophoresis (PAGE) is used for separating 

proteins in the presence of a detergent under (heat) denaturing and (non- or) reducing 

conditions. The most commonly used detergent is sodium dodecyl sulfate (SDS) 

(Arndt et. al., 2012). SDS-PAGE allows for the qualitative and (semi) quantitative 

analysis of (covalent) aggregates and fragments. Moreover, electrophoresis of 
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proteins can also be performed in the absence of SDS using such “native” conditions. 

Native PAGE, however, can provide information about non covalent aggregation, 

since electrophoresis is performed in the absence of denaturing agents. In native gels, 

proteins generally retain their native conformation and their mobility is governed by 

the ratio of electric charge to hydrodynamic size (BRDS, 2016). Alternative 

approaches such as plasmid analysis is also used for differentiation among bacterial 

strains (Wallia et. al., 1988; Tanner et. al., 1996) and is one of the fast and reliable 

techniques for identification of bacterial strains (Shi et. al., 1996; McClure, 2000).  

 

2.5. Medicinal plants as antimicrobial agents  

 The increasing global emergence of MDR bacterial strains limiting the 

effectiveness of current antibiotics and drugs (Hancock, 2005; Nawaz et. al., 2009; 

Alim et. al., 2009) and exhaustion of microbial sources for production of newer 

antimicrobial substances (Sharma, 2005) has led the researchers to focus on plants 

and plant derived products (Benkeblia, 2004) for combating microbial diseases. These 

factors coupled with the advantages such as fewer side effects, better patient 

tolerance, acceptance by people and being renewable in nature provide scope for 

plants to be used as medicines and accordingly plants have long been investigated as 

the potential sources of new antimicrobial agents (Djeussi et. al., 2013).  

 Use of plants and plant parts in traditional medicine  has been in practice since 

time immemorial (Wanzala et. al., 2005) and despite the progresses in modern 

medicine, it has been reported that more than 70% of the developing world’s 

population still depends on complementary and alternative systems of medicine also  

known as traditional medicine (Rahmatullah et. al., 2009). According to WHO, 80% 

of the world’s population is dependent on the traditional medicine (Kumar and 

Nagarajan, 2012). The medicinal value of traditional plants lies in some active 

chemical substances that produce a definite physiological action on the human body. 

Phytochemical studies have shown that plants with antimicrobial activity contain 

bioactive constituents (Edeoga et. al., 2005; Latha and Kannabiran, 2006; Masola et. 

al., 2009; Nibret et. al., 2009), the mechanism of action of few is given in Table 2.3. 
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Table 2.3. Mechanism of antibacterial activity of few phytochemical compounds 

Phytochemical 

compound 
Mechanism of action 

Glycosides 
Serve as defense mechanisms against predation by many 

microorganisms, insects and herbivores (Dhar et. al., 1979). 

Alkaloids 

These are formed as metabolic byproducts and have been reported to 

be responsible for the antibacterial activity (Mantle et. al., 2000). In 

micro-organisms, for example, alkaloids act as feeding deterrents 

(Iannoe et. al., 2012), allelochemicals, autoinducers and siderophores 

(Heeb et. al., 2011). 

Flavonoids 

Their activity is probably due to their ability to complex with 

extracellular and soluble proteins and to complex with bacterial cell 

walls (Cowan, 1999; Marjorie, 1999).  

Steroids 

Steroids have been reported to have antibacterial properties, the 

correlation between membrane lipids and sensitivity for steroidal 

compound indicates the mechanism in which steroids specifically 

associate with membrane lipid and exerts its action by causing leakages 

from liposomes (Raquel et. al., 2007). Antidiarrhoeal activity is caused 

by increasing colonic water and electrolyte reabsorption (Palombo, 

2006). 

Tannins 

Antibacterial property of tannins may be due to its ability to bind to 

proline rich proteins and interfere with the protein synthesis (Shimada 

et. al., 2006) and antidiarrhoeal activity by increasing colonic water 

and electrolyte reabsorption (Palombo, 2006). Thus their mode of 

action may be related to their ability to inactivate several enzymes, 

microbial adhesions and cell envelope transport proteins (Alan and 

Miller, 1999). 

Saponin 

Antimicrobial property of saponin is due to its ability to cause leakage 

of proteins and certain enzymes from the cell (Zablotowicz et. al., 

1996). 

Triterpenes 
Have antispasmodic activities, as well as aid in the reabsorption of 

water in the intestine (Offiah et. al., 1996; Begum et. al., 2002). 
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Table  2.4. Plants with antibacterial activities (Dubreuil, 2013) 

Plant Scientific name Specific compound Target Mechanism Reference 

Bean Vicia faba ? ETEC Inhibits LT binding to GM1 
Becker et. al., 2012; Van 

der Meulen et. al., 2010. 

Black tea Camellia sinensis Catechins ETEC ? Bruins et. al., 2011 

Cocoa Theobroma cacao Flavonoids ETEC Inhibits CFTR Schuier et. al., 2005 

Fenugreek 
Trigonella 

foenumgraecum 
Galactomannans ETEC 

Inhibits LT and CT binding to 

GM1 

Becker et. al., 2010 

 

Ginger Zingiber officinale Zingerone and zingerol ETEC  Inhibits LTB binding to GM1 
Chen et. al., 2007 

 

Green tea Camellia sinensis 
(−) (Epigallocatechin-3-

gallate), gallotanins 
ETEC 

Inhibits calcium chloride 

channels 

Namkung et. al., 2010 

 

Liquorice Glycyrrhiza uralensis 
Glycyrrhizin(oleane-type 

triterpenoids) 
ETEC Inhibits LTB-GM1 interaction Chen et. al., 2009 

Pea Pisum sativum ? ETEC Inhibits LT binding to GM1   

Van der Meulen et. al., 

2010; Verhelst et. al., 

2010 

Pepper Piper longum Piperine ETEC  Antibacterial Kondo et. al., 2010 

Red chili Capsicum annuum Capsaicin 
V. 

cholerae 
Inhibits CT production 

Chatterjee et. al., 2010 

 

Tempe Glycine max 
Arabinose-containing 

molecule 
ETEC Inhibits adhesion of F4 Hill et. al., 2006  

Source: Dubreuil,2013
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These phytochemicals include flavonoids, steroids, β-carotene, anthocyanins, anthraquinones, 

glycosides, coumarins, alkaloids, saponins, tannins, phenolic acids, alkaloids, gallic acid and 

others (Galvez et. al., 1991; Longanaga et. al., 2000; Kwon et. al., 2000; Miyazaki et. al., 

2005; Islam, 2008; Pochapski et. al., 2011; Sandhya et. al., 2011; Mahima et. al., 2012; 

Bhatia et. al., 2013; Kumar et. al., 2013; Sharma et. al., 2014). These phytochemical 

constituents possess curative properties against many human ailments including diarrhoea 

and dysentery (Brinkhaus et. al., 2005). 

 ETEC is the leading cause of travellers’ diarrhoea affecting annually over 10 million 

travellers to developing countries (Dubreuil et. al., 2013). 

 Although certain plant products with healing of diseases including gastrointestinal 

disorders have been included in traditional medicines,  the mechanism accounting for 

antibacterial activities against enterobacteria some of which are responsible for causing 

diarrhoea are not thoroughly understood (Palombo, 2006). In addition, plants with significant 

activity against enteropathogens could offer alternative methods to treat drug resistant enteric 

infections (Taylor, 2013). 
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CHAPTER 3: MATERIALS AND METHODS 

 

3.1. Study area 

 The study was carried out in three lakes of Mirik and Sukhia blocks of Darjeeling 

district which lies in 27
º
13′ and 26

 º
 27′ N and between 88

 º
 53′ and 87

 
°59′ E in the high 

mountain ranges of Eastern Himalayas and composed of plateaus, valleys, ridges and hills. 

Mirik is a small town in the Darjeeling Hills, located at 26°54’N, 88°10’E/26.9°N,88.17°E. It 

has a pleasant climate all the year round with temperatures of maximum 30°C in summer and 

a minimum of 2°C in winter. It is a popular tourist destination because of Mirik Lake which 

is a manmade lake and also called “Sumedu Lake”.  

 

Table 3.1.1. Climatic conditions of Darjeeling District- Average 

monthly rainfall for last five years 

Rainfall (mm) 

Month 2011 2012 2013 2014 2015 

January 0 0 0 0 0 

February 39 0 28.2 3.4 0 

March 14 0 19.2 33.6 0 

April 48 204 54 47 98.7 

May 123 81 294.9 159 87 

June 629 339 261.6 331.8 244 

July 961 529 310.5 452.6 356.6 

August 667 284 319.2 543.5 278.1 

September 438 505 199.7 305.8 326.6 

October 14 18 159.7 4.8 0 

November 8 0 0 0 0 

December 0 0 0 0 0 

Total 2941 1960 1647 1881.5 1391 

       Source: Deputy Director of Agriculture (Administrative), Darjeeling 
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Table 3.1.2. Climatic conditions of Darjeeling District- Average monthly temperature for 

last five years 

Temperature (ºC) 

2011 2012 2013 2014 2015 
Month 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

January 9.8 1.3 9.5 2.0 8.1 1.5 9.5 1.7 10.2 1.7 

February 15.1 4.3 10.5 4.0 9.1 1.9 12.2 3.3 12.6 3.8 

March 19.1 7.6 10.5 6.0 13.5 5.6 20.2 8.1 18.4 5.7 

April 19.7 8.0 22.3 9.0 16.9 9.2 19.5 9.1 20.5 8.3 

May 20.0 12.3 21.5 8.8 17.8 11.2 19.8 11.3 22.2 9.8 

June 19.4 14.5 20.0 16.0 18.6 13.4 20.3 13.5 24.1 15.1 

July 18.5 15.0 20.0 15.5 19.1 14.3 20.8 14.0 21.5 15.0 

August 19.9 14.8 22.0 15.6 18.8 14.1 21.5 15.8 22.7 16.0 

September 20.2 14.2 21.5 15.0 18.3 13.2 24.2 13.5 23.4 15.2 

October 18.8 12.7 20.1 12.0 16.3 9.9 19.5 11.1 18.6 13.0 

November 12.0 6.8 17.0 6.5 12.8 5.9 15.8 6.2 14.8 6.5 

December 12.5 4.5 14.0 5.5 9.6 2.4 19.8 4.4 12.9 6.2 

Source: Deputy Director of Agriculture (Administrative), Darjeeling 
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Table 3.2. Description of the lakes under study 

L
a
k

e  

Sampling Site Code 

Altitude 

(msl)  

 

Use 

 

Catchment area 

M
ir

ik
 L

a
k

e 

M1: This site is located at the point where wastes from hotels and residential area join into the 

lake. Car washing also takes place at this site (Plate 3.1a). 

M2: Human activity is comparatively lesser at this site, dense forest and some feeding streams 

also join the lake at this site (Plate 3.1b). 

M3: Western side of the lake which is situated near the outlet of Mirik Lake joining to the 

Mechi River. Washing of clothes and bathing take place near this site (Plate 3.1c) 

M4: This site is located at the point where human activities are more. Wastes from hotels and 

residential area join the lake. Few lake side refreshment spots are found at this site (Plate 3.1d). 

M5: This is located at the centre of the lake (Plate 3.1e). 

 

 

1767 

 

Recreation, 

Drinking, 

Washing, 

Bathing etc. 

Eastern side is covered by 

coniferous mixed Alnus-

Cryptomeria-Bucklandia 

forest. North and West sides 

are residential area. South is 

the outlet of the lake and is 

also scarcely covered by 

habitation. 

N
a
k

h
a
p

a
n

i 

NP1: North site of the lake which  is  open to the main road (Plate 3.2a) 

NP2: East side of the lake which receives runoff from the tea garden and few houses above the 

lake (Plate 3.2b). 

 

1750 

Drinking 

and 

Religious 

purposes 

The lake is surrounded by 

Tea garden on the three 

sides; one side is exposed to 

the main road. 

J
o

re
p

o
k

h
a
ri

 L
a
k

e 

JP1: North side of the recreational lake which is in direct contact with people, birds 

and animals (Plate 3.3a) 

JP2: West side of the recreational lake where fowls are frequently seen (Plate 3.3a)  

JP3: South side of the recreational lake; fishes, birds and fowls are seen at this site 

(Plate 3.3a). 

JP4: North side of the reservoir (Plate 3.3b). 

 

2000 

Recreation, 

Drinking 

and 

Religious 

purposes 

Situated on the hill top 

with the tourist lodges, 

religious places and 

scarce habitation around 

the lake. 
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Fig. 3.1. Map of location showing study area 

 

*ML = Mirik Lake, NPL = Nakhapani Lake, JPL = Jorepokhari Lake 
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Fig. 3.2. Google image of Mirik Lake 

 

 

Fig. 3.3. Google image of Jorepokhari Lake 
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 Mirik Lake was constructed in 1979 under “Mirik Tourist Project” for the 

facilitation of commercial tourism. This lake has been included under National Lake 

Conservation Programme formulated by the Ministry of Environment and Forests, 

Government of India. The total lake area is about 16.19 ha with approximate length of 

1.25 km and the peripheral road is about 3.5 km. Initially maximum depth of the lake 

was 7.92 m while minimum was 1.83 m. While eastern bank of the lake is flat at 

ground level, the western bank, having hill slopes, is covered by a rich forest of 

Cryptomaria japonica trees (Mondal et. al., 2012). The lake is fed by both perennial 

streams and rainwater. Since the lake is situated in a valley encircled by hill ridges 

with extensive natural drainage network, it receives wastewater from human 

settlements through numerous inlets. There is one out-fall point through which the 

spillover water of the lake is discharged into the river Mechi, situated to the Western 

side of the lake. The catchment area consists of residential areas, vacant lands and 

commercial centers comprising of hotels, restaurants and other business 

establishments. Mirik Lake attracts tourists from different parts of the world due to its 

picturesque beauty. It harbors multifarious recreational activities like boating, 

jogging, organizing fair, picnic, religious offerings and many others. Besides 

attracting tourists, the lake also serves as a major source of drinking water to the local 

people. Five sites M1, M2, M3, M4 and M5 (Plate 3.1) were selected as sampling 

sites in this lake (Table 3.2). 

 Nakhapani Lake is a natural lake surrounded by lustrous tea gardens on the 

three sides and generally semi-rainfed (Plate 3.2). Two sampling sites, NP1 and NP2 

were selected from this lake (Table 3.2). 

 Jorepokhari Lake  is another manmade lake of tourist attraction located on the 

hilltop of Sukhipokhari town in Darjeeling District located at 26° 59′ 55″ N, 

88° 10′ 2″ E. It is 22 km from Darjeeling town at an elevation of 2,194 msl. 

Jorepokhari stands for ‘twin lakes’ (Plate 3.3) which is fed by untreated waters 

pumped up from nearby hill stream. Water from one of the twin lakes is distributed to 

the population of the town. Four sampling sites JP1, JP2, JP3 and JP4 (Table 3.2) 

were selected from this lake for the study. 
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3.2. Data collection 

 Both field and laboratory methods were carried out. Sampling was carried out 

from March 2011 to January 2013 at an interval of two months. Therefore a total of 

12 sampling trips were made.  

 

3.2.1. Field methods 

3.2.1.1. Physico-chemical parameters  

 Physico-chemical parameters like temperature (water and air) and pH were 

measured on the site using portable kit (Elico-India). For dissolved oxygen (DO), 300 

mL of water samples were collected in BOD bottles. Water samples were fixed 

following Standard procedures (APHA, 1998). The samples were kept in ice box and 

transported to the laboratory for further analysis. A total of 396 water samples were 

collected from the three lakes for studying DO during the study period. 

 

3.2.1.2. Microbiological parameters  

 For microbiological analysis water samples were collected in 50 mL sterilized 

water bottles and immediately preserved in ice box and brought to the laboratory for 

further analysis. The samples were analyzed within six hours of collection. A total of 

132 water samples were collected during the study period. 

 

3.2.1.3. Collection of medicinal plants 

 Six traditionally used local plants viz., Astilbe rivularis (rhizomatous stem, 

Plate 3.4a and 3.4a′), Costus speciosus (rhizome, Plate 3.4b and 3.4b′), Heracleum 

wallichii (seeds, Plate 3.4c), Hydrocotyl javanica (leaves, Plate 3.4d), Psidium 

guajava (bark, Plate 3.4e and 3.4e′) and Rhododendron arboreum (flowers, Plate 3.4f 

and 3.4f′) were collected from the Darjeeling Hills to determine their antimicrobial 

property (Table 3.3). The plants were identified with the help of available literatures 

and deposited herbarium in the Post Graduate Department of Botany, Darjeeling 

Government College, Darjeeling.  
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Table 3.3. Few medicinal plants used against diarrhoea and dysentery by local people 

Sl. 

No

. 

Local  

name 
Scientific Name Family Locality Parts Used Used against 

1. Ban supari Astilbe rivularis Saxifragaceae Darjeeling  
Rhizomatous 

stem 

Diarrhoea and dysentery (Rai and Sharma, 1994; 

Adhikary et. al., 2011). 

2. Betlauri Costus speciosus Zingiberaceae Mirik Rhizome 

Diarrhoea and dysentery (Yeung, 1985; 

Anonymous, 2006). 

3. Chimphing Heracleum wallichii Apiaceae  Darjeeling Inflorescence  Diarrhoea (Gurung, 2002). 

4. Golpatta Hydrocotyl javanica Apiaceae  Darjeeling Leaf  

Diarrhoea and blood dysentery (Kumarappan et. 

al., 2005) 

5. Ambak Psidium guajava  Myrtaceae Mirik Bark 

Diarrhoea and dysentery (Abdelrahim et. al., 

2002; Ezekwesili, 2010), antimicrobial (Chah et. 

al., 2006; Prabu et. al., 2006) 

6. Gurans 

Rhododendron 

arboreum 
Ericaceae  Darjeeling Flower  

Blood dysentery and diarrhoea (Chauhan, 2001; 

Laloo et. al., 2006; Ripu et. al., 2009; Verma et. 

al., 2011). 
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Plate 3.1a. Sampling site M1 

Plate 3.1b. Sampling site M2 

 

 

          Contd…. 

Contd….. 
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Plate 3.1c. Sampling site M3 

 

 
Plate 3.1d. Sampling site M4 

 

 
Plate 3.1e. Sampling site M5 

Plate 3.1. Sampling sites of Mirik Lake 
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Plate 3.2a. Sampling site NP1 

 
Plate 3.2b. Sampling site NP2 

 
Plate 3.2c.  Nakhapani Lake during dry period of the year 

 

Plate 3.2. Sampling sites of Nakhapani Lake 
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Plate 3.3a. Jorepokhari Lake 1 

 

 
Plate 3.3b. Jorepokhari Lake 2 

 

Plate 3.3. Sampling sites of Jorepokhari Lake (Caption in inset) 

 

 

 

3.2.2. Laboratory methods 

JP1 

JP2 

JP3 

JP4 
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3.2.2.1. Physico-chemical analysis 

 Dissolved Oxygen was estimated following Winkler’s method (APHA, 1998). 

 

3.2.2.2. Microbiological analysis  

Enumeration of Total bacterial count (TBC), total coliform (TC), faecal 

colifom (FC) and faecal streptococci (FS) of the water samples were determined 

following standard procedures (APHA, 1998). 

 

3.2.2.2.1. Enumeration of total bacterial population 

 Each sample was serially diluted up to 10
-5

 with sterile distilled water and 0.1 

mL each from each dilution was inoculated on the nutrient agar plates in triplicates 

and uniformly spread. The plates were incubated at 37
°
C for 24 to 48 hrs and colonies 

were counted on each plate then computed for standard bacterial count. Colony counts 

were expressed as colony forming units (CFU mL
-1

) of the sample using the following 

formula. 

                                   Number of colonies counted X Dilution factor  

No. of CFU mL
-1 

= 

 

3.2.2.2.2. Enumeration and detection of total coliforms 

• Presumptive coliform test 

 Three culture tubes, each containing 10 mL Lauryl Tryptose Broth (LTB) with 

inverted Durham’s tube were inoculated with each of 10 mL, 1 mL and 0.1 mL 

samples of water. Double strength culture broth was used for 10 mL water samples 

and single strength broth was used for 1 mL and 0.1 mL water samples. These tubes 

were incubated at 37 ± 1
º
C for 24 hrs and observed for the formation of acid in the 

media (colour change to yellow) and collection of gas in the Durham’s tubes (Plate 

4.1). The results of this test, i.e., the number of positive tubes in each set with 

different quantities of water, were entered in the standard Most Probable Number 

(MPN) table to get the value of MPN of coliforms in the water sample. Those 

samples, which failed to produce gas in the Durham’s tubes, were further incubated 

and reexamined after 48 hrs of incubation. Those which gave the similar results after 

48 hrs of incubation were considered to be doubtful positive. However, those samples 

that did not produce any gas within 48 hrs were considered to be free from coliforms. 

• Confirmation of coliforms 

  Volume of sample taken 
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 Plates of Eosine- Methylene Blue (EMB) Agar were streaked from positive 

and doubtful positives of LTB and incubated at 37 ± 1
o
C for 24 hrs and observed for 

the appearance of typical colonies with dark centered greenish metallic sheen (faecal 

coliform) (Plate 4.1a and 4.1b), or pale pink mucoid colonies (non faecal coliform). 

• Completed coliform test 

 The confirmed coliforms (black colonies with green metallic sheen) were 

inoculated again in LTB and observed for the appearance of gas within 24 hrs of 

incubation, such colonies were further streaked to Nutrient Agar (NA) slants and 

maintained at 5ºC as pure cultures for microscopic and other observations. 

 

3.2.2.2.3. Enumeration of faecal coliforms 

 FC was determined using MPN method in LTB at 44.5 ±1°C for 24 hrs, 

(APHA 1998) as described in 3.2.2.2.2. Gas production at this temperature was used 

for the detection of faecal coliform after 24-48 hrs incubation. 

 

3.2.2.2.4. Enumeration of faecal streptococci 

 FS were detected by inoculating water samples into Glucose Azide Broth 

(GAB) and incubation at 37.5 ± 1°C for 24-48 hrs using MPN method as described in 

3.2.2.2.2 (APHA, 1998).  

 All the culture media used for microbiological analysis of the lake water 

samples were obtained from Hi-Media Pvt. Ltd., Mumbai, India (Appendix A). 

 

3.2.2.2.5. Isolation and identification of coliforms 

 Isolated representative coliform colony from each sample was then cross 

streaked on nutrient agar plates and single cell colonies appearing on the basis of 

cross streaking were then transferred to nutrient agar broth. Gram nature, property and 

shape of each isolate were studied following Gram staining procedure (Plate 4.1c). 

The cultures were identified according to Bergey’s Manual of Determinative 

Bacteriology (1994a).  

 

3.2.2.2.5.1. Biochemical and carbohydrate fermentation test of the isolated 

coliforms 
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 Enterobacteriaceae Identification Kit, KB003 Hi25
TM

 obtained from Hi-

Media Laboratories, India was used for biochemical and carbohydrate tests. The tests 

were based on the principle of pH change and substrate utilization. The selected 

coliform isolates were cultured in NB medium for 35 ±1
º
C. The tests were carried out 

according to the manufacturer’s guidelines which included thirteen (13) biochemical 

tests i.e., Citrate utilization, H2S production, Indole, Lysine utilization, Malonate 

utilization, Methyl red, Nitrate reduction, ONPG, Ornithine utilization, Oxidase, 

Phenylalanine deamination, Urease and Voges Proskauer’s tests. The eleven (11) 

carbohydrates tested were D-Adonitol, L-Arabinose, Cellobiose, D-Glucose, Lactose, 

Melibiose, Raffinose, Rhamnose, Saccharose, Trehalose and D-Xylose.  

 

3.2.2.3. Antibiotic sensitivity test of the selected coliform isolates 

 Antibiotic sensitivity tests were performed taking 15 representative isolates 

which showed typical E. coli characteristics defined in Bergey’s Manual of 

Determinative Bacteriology (1994b). The tests were performed using Dodecadiscs 

Icosa Universal-2 (Hi-Media Laboratories Pvt. Ltd.) impregnated with 20 different 

antibiotics : Amikacin (AK 30µg), Ampicillin (AMP 10µg), Amoxycillin (AMX 

10µg), Cefadroxil (CFR 30µg), Cefoperazone (CPZ 75µg), Ceftazidime (CAZ 30µg), 

Ceftriaxone (CTR 30µg), Chloramphenicol (C 30µg), Ciprofloxacin (CIP  5µg), 

Cloxacillin (COX 1µg), Co- Trimoxazole (COT 25µg), Erythromycin (E 15µg), 

Gentamicin (GEN 10µg), Nalidixic acid (NA 10µg), Netillin (NET 10µg), 

Nitrofurantoin (NIT 300µg), Norfloxacin (NX 10µg), Penicillin (P 10 units), 

Tobramycin (TOB 10µg) and Vancomycin (VA 30µg). Overnight grown nutrient 

broth cultures of selected coliform isolates were spread on nutrient agar plates and a 

ring of antibiotics from Icosa Universal-2 was individually placed over the spread-

plates and incubated at 37°C for 24 hrs and zone of inhibition were observed and 

diameter of the zones expressed in mm.  The test was done following the standard 

procedure, Disc Diffusion Method of Bauer et. al., (1966). Each test was repeated for 

three times. MAR index was calculated using the formula;  

               Number of antibiotics to which isolate is resistant 

MAR index    =         

3.2.2.4. 

Total number of antibiotics to which isolate was exposed. 
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Sensitivity test of coliform isolates to extracts of medicinal plants traditionally 

used against diarrhoea by local people 

             The same/selected isolates were subjected to extract treatment for determining 

the plants’ antimicrobial property. 

 

3.2.2.4.1. Preparation of plant extracts 

 The plant parts of six different traditionally used plants (Table 3.3) were first 

air dried (modified from Reference) and then cleaned thoroughly with distilled water 

to make it completely free from adhered soil and decomposed plant parts. Then the 

samples were oven dried at 28°C to 30°C. The dried samples were then powdered and 

bottled in dry capped tubes and stored in glass desiccators until further use. 

 The dried and powdered plant parts were soaked in ethanol and methanol and 

sterilized dH2O separately for 24 hrs in a round bottomed flask for the preparation of 

extract. Five gm of each of the powder were soaked in 50 mL solvent. The extracts 

were filtered using Whatman filter paper No. 1 (45 µm mesh size) and stored in air 

tight containers. The extracts were used to test antimicrobial activities against 15 

coliform strains. The antibacterial activity of the sample extracts were determined by 

disc diffusion method of Bauer et. al. (1966). The discs were soaked in the extracts 

for about 24 hrs at room temperature. With the help of sterilized forceps, one disc 

from each of the extracts, was taken and held in front of flame for few seconds to 

evaporate the solvents (distilled water, ethanol and methanol). The discs were then 

aseptically placed onto the agar plate surface, which was freshly spread with 

overnight grown broth cultures of the test isolates. Streptomycin (25 µg mL
-1

) 

(Strept.) was taken as positive control for the study. Preliminary phytochemical 

analysis of ethanolic and methanolic plant extracts were carried out using the 

procedure of Harborne, (1996) (Appendix G). 

 

3.2.2.4.2. Determination of Minimum Inhibitory Concentration (MIC) value of 

the medicinal plant extracts against selected coliform isolates 

 MIC values of the medicinal plant extracts were determined by agar cup assay 

(Aneja, 2002). The extracts were dried by allowing the solvents to evaporate at room 

temperature (~24°C) and weighed. The dried extracts were diluted with DMSO at 1:1 

ratio. Different concentrations of extracts (50 µg mL
-1

, 100 µg mL
-1

, 250 µg mL
-1

, 

500 µg mL
-1

, 1000 µg mL
-1

 and 10,000 µg mL
-1

) were prepared with DMSO/sterile 
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dH2O. Nutrient agar pour plates were prepared taking 6 hr old cultures of the isolates, 

agar cups were prepared with the help of sterilized cork borer and different dilutions 

of the extracts were applied in the agar cups. The plates were allowed to incubate at 

37°C for 24 hrs and zones of inhibition were observed. Inhibition zone more than 6 

mm was recorded to have antibacterial activity against the bacterial isolate. Lowest 

concentration of extract, which could show inhibition zone, was considered as MIC 

value of the extract against the isolate. Diameter of inhibition zone (mm) was 

measured using a scale. Experiment was performed in triplicate and the average 

diameter of inhibition zone was measured for each sample. 

 

3.2.2.5. Determination of PAGE profile of the selected coliform isolates 

 Native PAGE was performed following the procedure of Bollag et. al., (1996). 

Preparation of chemicals/reagents for the experiment is described in Appendix B. 

• Preparation of bacterial protein sample 

 Selected coliform isolates were allowed to grow overnight (12-16 hrs) at 37°C 

in 250 mL flasks with 100 mL of NB. The cultures were centrifuged at 10000 rpm for 

15 minutes in cold centrifuge. The supernatant of each culture was discarded while 

the pellet was retained. The pellet was sonicated for cell lysis. The lysed cells were 

taken up in phosphate buffer (20-40 µL) in Eppendorf tube. It was again centrifuged 

at 10000 rpm for 10 minutes. The supernatant was retained as protein sample and 

stored in deep freeze for further analysis.  

• Sample preparation and loading in the wells 

 Protein sample 20 µL and sample buffer 5 µL were mixed and introduced into 

well using a disposable gel loading tip. 

• Running the gel 

 The power supply was turned on to ~100 vs (constant current) and 

electrophoresis was allowed to continue until the dye migrated in within 1-5 mm of 

the bottom of the gel. 

• Staining procedure 

 Wearing gloves, gel sandwich was dissembled and gel was picked up and 

transferred to a container containing Coomassie stain. The set was agitated for 10 

minutes on a slow rotary shaker. The stain was poured out and Coommasie destain 

was added and the shaking was continued till the gel was completely destained. The 
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gel with different banding pattern was then placed on transilluminator (Bangalore-

Genei) and photographed. 

 

3.2.2.6. Isolation of plasmid from the bacterial cells 

 Isolation of plasmid was done following the procedure given by Janarthanan 

and Vincent (2007) using 1% agarose gel. Preparation of solutions/reagents is 

described in Appendix C. 

• Isolation process 

 The selected bacterial colonies were inoculated in 5 mL of NB (containing 

Ampicillin 100 µg mL
-1

) using sterile loop and grown overnight in shaking incubator 

at 180 rpm at 37°C. The cultures were then centrifuged for 1 minute at 10,000 rpm. 

The supernatant was removed and the tubes were briefly drained on paper towel. Then 

0.2 mL of ice-cold Solution I was added to the bacterial pellets and the cells were 

resuspended as much as possible using disposable microtip. Then 0.4 mL of Solution 

II was added and the tubes were capped and inverted several times gently. The tubes 

were kept at room temperature for 5 minutes, 0.3 mL of ice-cold Solution III was 

added and the tubes were inverted several times gently and incubated on ice for 10 

minutes. The tubes were then centrifuged for 5 minutes at 10,000 rpm and the 

supernatants were poured into fresh tubes carefully and 1.0 mL of isopropanol was 

added to the tubes and left at room temperature for 2 minutes. The tubes were then 

centrifuged at 10,000 rpm for 2-5 minutes. The supernatants were discarded and the 

tubes were drained on paper towel. After this, 1 mL of ice-cold 70% ethanol was 

added and mixed by inverting several times. The tubes were then centrifuged at 

10,000 rpm for 1 minute. The supernatants were discarded and the tubes were drained 

on paper towel. The tubes were allowed to dry for 5 minutes and 50 µL of TE was 

added to the tubes and the plasmid DNA was dissolved. 

• Agarose gel electrophoresis of the isolated plasmid DNA 

 Agarose gel electrophoresis of isolated plasmid DNA was carried out for 

determining the prevalence and separation of the plasmid/s of the isolated coliforms 

following the protocol described in Practical Biotechnology: Methods and Protocols 

(Janarthanan and Vincent, 2007).  
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• Gel preparation 

 Electrophoresis buffer of 1 X TAE was prepared for both gel and 

electrophoresis. Agarose 0.5 gm was weighed and added to 50 mL of 1 X TAE for 

preparing 1% agarose gel in a conical flask and heated in a water bath, rotating the 

flask occasionally, until the agarose dissolved. It was then cooled to 55-60
º
C using 

running tap water. Ethidium bromide of 0.5µg mL
-1

 from the stock of 10 mg mL
-1

 was 

added to this mixture when the temperature was around 50
º
C. The comb was placed 

before pouring the gel onto the gel tray ensuring that there was enough space of about 

0.5 to 1.0 mm between the bottom of the comb and the gel tray for allowing proper 

formation of wells and avoid sample leakage. The agarose solution was then poured 

on to the gel tray. The open edges of the tray were sealed with the help of cellophane 

tape before pouring the agarose gel. The gel was left for 30-40 minutes for 

solidifying. The comb and the cellophane were then carefully removed from the gel 

tray. The electrophoresis tank containing the gel was then filled with 1 X 

electrophoresis buffer taking care that there was enough buffer to cover the gel with 1 

mm liquid above the surface of the gel as too much buffer would allow the electric 

current to pass through the buffer instead of the gel. 

• Gel electrophoresis 

 One volume of sample buffer was added to five volumes of DNA samples and 

mixed. The sample was then applied on to the wells formed in the gel. Care was taken 

to remove any air bubbles from the wells and not to move electrophoresis tray as this 

would cause samples to float out of the wells. Electrodes were connected and current 

of 1-10 vs M
-1

 was applied till the dye migrated to an appropriate distance in the gel. 

• Analysis of gel 

 The gel was rinsed with water and placed on transilluminator (Bangalore-

Genei) and photographs were taken.  

 

3.3. Statistical analysis 

 Mean and standard deviation of data were estimated using Microsoft Excel 

2007. One way Analysis of Variance (ANOVA) was used to test equality of mean of 

all months for the variables of physiochemical and microbiological parameters. 

Extension of ANOVA, Duncan’s post hoc tests were used to group months having 

nearby means. Two way ANOVA was performed to see statistical significance 
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between different plants’ extracts n isolates using statistical software SPSS version 

21. Correlation co-efficient (r) was determined by Pearson’s bivariate correlation test.  

    
                         Plate 3.4a                                                    Plate 3.4a′    

    
Plate 3.4b                                                  Plate 3.4b′ 

  
Plate 3.4c                                              Plate 3.4d 

Plates 3.4a. Astilbe rivularis plant. 3.4a′. Rhizome of A. rivularis 

              Plates 3.4b. Costus speciosus plant. 3.4b.′ Rhizome of C.  speciosus 

              Plate 3.4c. Heracleum wallichii fruits. Plate 3.4d. Hydrocotyl javanica 
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Plate 3.4e                                                Plate 3.4e′ 

   

Plate 3.4f                                            Plate 3.4f′ 

Plate 3.4e: Psidium guajava plant 

        Plate 3.4e’: Bark of P. guajava 

        Plate 3.4f: Rhododendron arboreum tree 

        Plate 3.4f’: R. arboreum flowers. 
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CHAPTER 4: RESULTS AND DISCUSSION 

 

4.1. Physico-chemical parameters 

 Physico-chemical parameters like temperature, DO and pH of the three lakes 

were analyzed on bimonthly basis from March 2011 to January 2013. Summary of the 

studied parameters of the investigated lakes is shown in (Tables 4.1). 

 

4.1.1. Air temperature 

 Air temperature of Mirik Lake ranged from 8ºC to 27ºC; in Nakhapani Lake it 

ranged from 11ºC to 26ºC while in Jorepokhari Lake, it was in the range of 11ºC to 

23ºC (Table 4.1). Bimonthly variation of air temperature showed similar trend in all 

three investigated lakes with steady rise in air temperature from the month of March 

and reached the peak in the month of September in Mirik and Nakhapani lakes and in 

the month of July in Jorepokhari Lake and declined gradually with the lowest in 

January (Figs. 4.1, 4.1a, 4.1b and 4.1c) during the study period. 

 

4.1.2. Water temperature 

 Water temperature in Mirik Lake varied from 7ºC to 27ºC; in Nakhapani Lake, 

it was in the range of 9ºC to 24ºC whereas in Jorepokhari Lake, the water temperature 

ranged from 9ºC to 24ºC (Table 4.1). 

 Bimonthly variations of recorded water temperature in the investigated lakes 

revealed the minimum values during January whereas the maximum temperature 

during September in Mirik and Jorepokhari Lakes whereas in Nakhapani Lake the 

maximum temperature reached in the month of July during the study period (Figs. 4.2, 

4.2a, 4.2b and 4.2c). 

 One way ANOVA revealed significant difference in the means of bimonthly 

values of air and water temperature among the three investigated lakes (p<0.001) 

(Appendix E). Duncan’s post hoc test also revealed highly significant difference 

(p<0.05) in air temperature between all months except July and September (Appendix 

F.i). Similarly, Duncan’s post hoc test revealed a significant difference in water 

temperature between January, November and March; November, March and May; 

September and July (p<0.05) (Appendix F.ii). Pearson’s correlation showed highly 

positive significant correlation between air and water temperature (p<0.001).  
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Table 4.1. Selected Physico-chemical parameters of Mirik Lake (N=60); 

Nakhapani Lake (N=24) and Jorepokhari Lake (N=48) during March 2011- 

January 2013) 

Lakes Mirik Lake Nakhapani Lake Jorepokhari Lake 

Parameters Min
m

 Max
m

 
Mean 

(±S.D) 
Min

m
 Max

m
 

Mean 

(±S.D) 
Min

m
 Max

m
 

Mean 

(±S.D) 

Air 

temperature 

(ºC) 

8  27 
19.95 

±4.66 
11 26 

19.33 

±4.96 
11 23 

17.16 

±3.37 

Water 

temperature 

(ºC) 

7  27 
19.96 

±4.34 
9 24 

18.37 

±4.85 
9  24 

17.14 

±4.49 

Dissolved 

oxygen (mg L
-

1
) 

1.2 9.6 
4.90 

±2.53 
3.96  6.01 

4.84 

±0.74 
3.2 8 

5.27 

±1.63 

pH 6.15  9.3 
7.46 

±0.81 
5.98  7.6 

6.98 

±0.58 
6.3  8.04 

7.37 

±0.35 
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Fig. 4.1.  Means of bimonthly variation of air temperature (ºC) of studied lakes 

during March 2011-January 2013 

 

 

Fig. 4.2. Means of bimonthly variation of water temperature (ºC) of studied lakes 

during March 2011-January 2013 
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Fig. 4.1a. Annual bimonthly variation of air temperature (ºC) in Mirik 

Lake during March 2011- January 2013 

 

 

*March and May were dry months during study period 

Fig. 4.1b. Annual bimonthly variation of air temperature (ºC) in 

Nakhapani Lake during March 2011- January 2013 

 

   

Fig. 4.1c. Annual bimonthly variation of air temperature (ºC) in 

Jorepokhari Lake during March 2011- January 2013 
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Fig. 4.2a. Annual bimonthly variation of water temperature (ºC) in 

Mirik Lake during March 2011- January 2013 

 

    

                *March and May were dry months during study periods 

Fig. 4.2b. Annual bimonthly variation of water temperature (ºC) in 

Nakhapani Lake during March 2011- January 2013 

 

     

Fig. 4.2c. Annual bimonthly variation of water temperature (ºC) in 

Jorepokhari Lake during March 2011- January 2013 
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Discussion 

 As expected the lowest mean air temperatures in all the investigated lakes was 

observed during November-January whereas the highest temperature was recorded 

during the month of July and September in both the years of investigation (Figs. 4.1a, 

4.1b and 4.1c). Water temperature also showed similar results (Figs. 4.2a, 4.2b and 

4.2c). This finding is consistent with the previous studies conducted in Mirik Lake by 

Mondal et. al., (2012; 2013) who recorded the air and surface water temperatures of  

12.38ºC-23.01ºC and 10.99ºC-21.4ºC in the first year and 7ºC-26.5ºC and 5ºC-25ºC in 

the later years respectively 

 Mountain lakes are known to have low temperatures (Sharma et. al., 2010; 

Ghimire et. al., 2013). Lake water temperature ranging from 4°C to 16°C has been 

recorded in alpine lakes in Italy as well (Tiberti et. al., 2010). Besides this, altitudinal 

difference and surrounding geology of the lakes are also known to affect the variation 

in temperature at mountain lakes (Ghimire et. al., 2013). Least maximum temperature 

in Jorepokhari Lake may be explained by this.  

 Higher temperature record observed in July and September months in the 

lakes was probably due to greater solar radiations and longer day lengths. Moreover, 

increased load of suspended solids and soil particles of the lakes in these months may 

have resulted in higher water temperature of these lakes as suspended solids in the 

lake absorb more heat (Singh and Sharma, 2016). Surface water temperature is also 

affected by air temperature and these parameters were observed to have highly 

positive significant variation (Wetzel, 2001). Similar findings have also been recorded 

by Pathani and Upadhyay (2003) and Acharjee (2013). 

  

4.1.3. Dissolved Oxygen: 

 DO in Mirik Lake ranged from 1.2 mgL
-1

 to 9.6 mgL
-1

. The DO values ranged 

from 3.96 mgL
-1

 to 6.01 mgL
-1

 and from 3.2 mgL
-1

 to 8 mgL
-1

 in Nakhapani and 

Jorepokhari lakes respectively (Table 4.1). Means of bimonthly record of DO of the 

three lakes during the study period (March 2011- January 2013) is given in (Fig. 4.3). 

 In Mirik Lake annual bimonthly record in DO showed gradual ascend from 

March to reach the highest in the month of September and the lowest in the month of 

November during the first year of study (2011-2012) whereas in the second year of 

study (2012-2013) though there was a gradual increase from March 2012 till May to 

drop sharply in the month of July again to reach the peak in September (Fig. 4.3a). 
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Fig. 4.3. Means of bimonthly variation of DO (mg L
-1

) of studied lakes during March 

2011-January 2013 

 

 In Nakhapani Lake slow increase from July was noticed which reached the 

peak in the month of January during the first year of study (2011-2012) but in the 

second year of study (2012-2013) DO was observed to be more or less same during 

July, September and January with the highest value in the month of November (Fig. 

4.3b). Similar trends in DO was observed during both years of study in Jorepokhari 

Lake with gradual ascend from March to reach the maximum in May and a sharp fall 

in July again to increase sharply in September to reach the lowest value in January 

(Fig. 4.3c). 

 One way ANOVA exhibited highly significant difference in the bimonthly 

value of DO in the three lakes during the study period (p<0.001) (Appendix E). 

However, post hoc analysis using Duncan’s test revealed no significant difference 

during November, January and March; and May, July and September (p>0.05). 

(Appendix F.iii). Pearson’s correlation revealed a highly positive significant 

correlation between DO and pH (r = 0.481, p<0.001). 
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Fig. 4.3a. Annual bimonthly variation of DO (mg L
-1

) in Mirik Lake during 

March 2011-anuary 2013 

        

*March and May dry months of the study period 

Fig. 4.3b. Annual bimonthly variation of DO (mg L
-1

) in Nakhapani 

Lake during March 2011-January 2013 

          

Fig. 4.3c. Annual bimonthly variation of DO (mg L
-1

) in Jorepokhari 

Lake during March 2011-January 2013 
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Discussion 

 Dissolved oxygen reflects the status of physical, chemical and biological 

processes in water; it also shows the metabolic balance and acts as an indicator of water 

body (Pradhan et. al., 2012). DO concentration in this study did not show consistent 

result in the investigated lakes. It is known that DO in lake waters is influenced by a 

number of factors such as temperature, photosynthetic activity, organic content, nutrient 

availability, stratification and rainfall (Shastri and Pendse, 2001; Jha and Barat, 2003; 

Vikal, 2009; Puri et. al., 2010; Acharjee, 2013). 

 Temperature and DO are known to have negative correlation (Wetzel, 2001) and 

this could explain the higher DO concentration during the cold winter months in 

Nakhapani Lake. Although, eutrophic water bodies show low DO concentration because 

of high BOD (Dwivedi, 2000; Puri et. al., 2010), Mirik Lake in spite of being eutrophic 

still had the highest DO concentration during monsoon. Eutrophication of Mirik Lake 

could be attributed to untreated sewage disposal from hotels and residential areas 

particularly at M4. However, high DO concentration could have resulted due to 

photosynthetic activity of the macrophytes and algae of the lake since photosynthesis 

results in the release of oxygen (Puri et. al., 2010). Mondal et. al., (2013) also reported 

the DO value at different sites of Mirik Lake to vary from 4.0 mg L
-1

 to 13.6 mg L
-1

. 

 

4.1.4. pH  

 pH ranged from 6.15 to 9.3 in Mirik Lake, in Nakhapani Lake, it ranged from 

5.98 to 7.6 and in Jorepokhari Lake, from 6.3 to 8.04 (Table 4.1). The highest mean 

value of pH in Mirik and Jorepokhari Lake was observed during September whereas 

in Nakhapani Lake the highest value was observed during November (Fig. 4.4). 

During the study period the lowest value of pH was observed in July 2011 in Mirik 

Lake, in January 2013 in Nakhapani Lake and in March 2012 in Jorepokhari Lake 

whereas the highest value was observed during September 2012 in Mirik Lake, during 

July 2011 in Nakhapani Lake and during September 2011 in Jorepokhari Lake ((Figs. 

4.4a, 4.4b and 4.4c). 
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Fig. 4.4. Means of bimonthly variation of pH of studied lakes during March 

2011-January 2013 

  

 One way ANOVA revealed highly significant difference in bimonthly values 

of pH of all the lakes during the study period (p<0.001) (Appendix E). However, post 

hoc analysis using Duncan’s test revealed no significant difference during March and 

May; and July, January, November and September (P>0.05) (Appendix F.iv). 

Pearson’s correlation showed that pH showed positive and significant correlation with 

water temperature (r = 0.663) and pH (r = 0.481) (p<0.01) as is also reported by 

Mondal (2009). 
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Fig. 4.4a. Annual bimonthly variation of pH in Mirik Lake during 

March 2011- January 2013 

 

          

                          *March and May were dry periods during study period 

Fig. 4.4b. Annual bimonthly variation of pH in Nakhapani Lake 

during March 2011- January 2013 

                     

Fig. 4.4c. Annual bimonthly variation of pH in Jorepokhari Lake 

during March  2011- January 2013 
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Discussion 

 In this study, mean bimonthly record of pH was observed to be minimum in the 

month of March and the maximum in September in all the three lakes. The pH values 

were in accordance with the previous findings of Mondal et. al., (2012 and 2013) who 

recorded the pH of 6.3 to 8.1 and Roy and Nandi (2008) who recorded the pH of 6.2 –

8.9 in Mirik Lake. pH in lake water is influenced by a number of parameters such as 

temperature, dissolved CO2, ions and buffering capacity of water (Agarwal and 

Rajwar, 2010). 

 Untreated sewage discharge (Patil et. al., 2012; Parihar et. al., 2012; Kumbhar 

et. al., 2014) and subsequent microbial decomposition of organic matter in the water 

body (Patil et. al., 2012); photosynthetic activity by phytoplankton and macrophytes 

(Wetzel, 2001; Hujare, 2008; Bhat, 2009; Kumar et. al., 2009; Agarwal and Rajwar, 

2010; Mustaq et. al., 2015) resulting in the precipitation of carbonates of calcium and 

magnesium from bicarbonates (Agrawal and Rajwar, 2010) are reported to increase 

pH in lake waters. Higher pH values in Mirik Lake could also be attributed to these 

factors. Moreover, untreated sewage discharge was observed particularly at M1 and 

M4. Besides, open air defecation practice by some of the locals was also observed 

during the field visits. However, Nakhapani is a relatively shallower lake with cultural 

offerings and this could explain the alkaline pH in the lake. pH of water is an 

important environmental factor which affects the biology and the life cycle of the 

biotic life (Mondal et. al., 2013).  

 Highest value of pH in Nakhapani Lake during winter months (November-

January) may be due to decreased decomposition rate owing to reduced microbial 

activity in low temperature. This observation draws support from the findings of 

Begum and Harikrishna, (2008) in river Cauvery where reduced microbial activity 

was observed during low temperature 

  

4.2. Microbiological analysis 

4.2.1. Total bacterial count (CFU X 10
5
 mL

-1
) 

 The total viable bacterial count (TBC) at 37°C was determined using the 

spread-plate method (APHA, 1998). 
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Results 

 Bimonthly site-wise observation and annual mean of TBC (CFU X 10
5
 mL

-1
) 

in different sampling sites of Mirik Lake, Nakhapani Lake and Jorepokhari Lake are 

given in Tables (4.2a, 4.2b and 4.2c) and (4.3a, 4.3b and 4.3c) respectively.  

  

 

Fig. 4.5. Means of bimonthly values of TBC (CFU X 10
5
 mL

-1
) of the studied 

lakes during March 2011-January 2013 

 

 The highest count of 5.2 X 10
5
 CFU mL

-1
 at M1 in July and the lowest count 

of 3.1 X 10
5
 CFU mL

-1 
was observed in January at site M5 during March 2011- 

January 2012 while the highest count of 6.2 X 10
5
 CFU mL

-1
 at M1 in July and the 

lowest count of 3.0 X 10
5
 CFU mL

-1
 in January at M5 were observed during March 

2012- January 2013 in Mirik Lake (Table 4.2a).  

 In Nakhapani Lake the highest count of 3.4 X 10
5
 CFU mL

-1
 at NP1 in July 

and the lowest count of 0.8 X 10
5
 CFU mL

-1
 at site NP2 in November during March 

2011- January 2012 and the highest count of 2.3 X 10
5
 CFU mL

-1
 at NP1 in July and 

the lowest count of 1 X 10
5
 CFU mL

-1
 at NP1 and NP2 in January during March 

2012- January 2013 were observed (Table 4.2b). 

 During March 2011- January 2012 the highest count of 8 X 10
5
 CFU mL

-1
 at 

JP1 in July and the lowest count of 0.2 X 10
5
 CFU mL

-1
 at site JP4 in January and the 

highest count of 6.8 X 10
5
 CFU mL

-1
 at JP1 and JP2 in July and the lowest count of 

0.2 X 10
5
 CFU mL

-1
 at JP4 in the month of November and January were observed in 

Jorepokhari Lake during March 2012-January 2013 (Table 4.2c). 
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Table 4.2a. Bimonthly variation of TBC (CFU X 10
5
 mL

-1
) in different sampling 

sites of Mirik Lake during March 2011-January 2013 

2011-2012 2012-2013 Year 

Month M1 M2 M3 M4 M5 M1 M2 M3 M4 M5 

March 3.6 3.3 3.6 3.3 3.3 4 3.4 3.6 3.4 3.2 

May 4.6 4.1 4.3 4.6 4.4 5 4.5 4.8 4.6 4.1 

July 5.2 4.8 5 4.8 4.7 6.2 4.4 5.2 4.5 4.3 

September 4.7 4.3 4.5 4.4 4.1 5.2 4.4 4.7 4.4 4.2 

November 3.4 3.3 3.3 3.3 3.2 3.7 3.2 3.8 3.6 3.2 

January 3.3 3.2 3.3 3.2 3.1 3.6 3.2 3.4 3.4 3 

 

Table 4.2b. Bimonthly  variation of TBC (CFU X 10
5
 mL

-1
) in different sampling 

sites of Nakhapani Lake during March 2011-January 2013 

2011-2012 2012-2013 
Year 

Month NP1 NP2 NP1 NP2 

March ND ND ND ND 

May ND ND ND ND 

July 3.4 3.3 2.3 2.2 

September 3 2.8 2.1 2 

November 1 0.8 1.5 1.5 

January 1 1 1 1 

*ND: Not Detected due to drying of lake 

 

Table 4.2c. Bimonthly variation of TBC (CFU X 10
5
 mL

-1
) in different sampling 

sites of Jorepokhari Lake during March 2011-January 2013 

2011-2012 2012-2013 Year 

Month JP1 JP2 JP3 JP4 JP1 JP2 JP3 JP4 

March 3.4 3.3 3.2 0.6 2.9 3 2.8 1.2 

May 4.5 4.6 4.4 0.8 1.6 2.9 2.8 1.2 

July 8 7.9 4.5 1.5 6.8 6.8 6 1.5 

September 6.5 5.8 4 2.1 3.2 3.2 3.2 0.4 

November 0.8 0.7 0.7 0.4 0.8 0.6 0.4 0.2 

January 0.8 0.5 0.5 0.2 0.6 0.6 0.5 0.2 
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Table  4.3a. TBC (CFU X 10
5
 mL

-1
) value (Mean ±SD) in Mirik Lake  

 

Table 4.3b. TBC (CFU X10
5
 mL

-1
) value (Mean ±SD) in Nakhapani Lake  

*ND: Not Detected due to dry season 

 

Table  4.3c. TBC (CFU X10
5
 mL

-1
) value (Mean ±SD) in Jorepokhari Lake  

       Month 

Year 
March May July September November January 

2011-2012 2.62±1.352 3.57±1.85 5.47±3.109 4.60±1.971 0.65±0.173 0.50±0.2

2012-2013 2.47±0.853 2.12±0.85 5.27±2.544 2.50±1.400 0.50±0.258 0.47±0.1

 

 One way ANOVA showed highly significant bimonthly variation of TBC 

(CFU X 10
5
 mL

-1
) value in the investigated lakes (p<0.001) (Appendix E). However, 

Duncan’s post hoc test revealed no significant difference in the bimonthly TBC (CFU 

X 10
5
 mL

-1
) values during January, November and March; March and May; May and 

September; September and July (p>0.05) (Appendix F.v). Pearson’s correlation 

revealed that TBC showed significant positive correlation with water temperature (r = 

0.647, p<0.01). 

 In this study, TBC values were found to be higher in all the samples from all 

the three lakes. Moreover, during the study period, bimonthly variation of the total 

bacterial count values almost showed a regular trend in all the investigated lakes. The 

highest values were observed during July in all the lakes closely followed by 

September and the least values were observed during November-January which are 

the winter months in Darjeeling. The water samples did not comply with the World 

Health Organization (WHO, 2004b) and BIS (2011) standards for total heterotrophic 

count of 1.0 X 10
-2

 mL
-100

 of water. 

 

 

 

          Month 

Year 
March May July September November January 

2011-2012 3.42±0.164 4.40±0.21 4.90±0.0.2 4.40±0.223 3.30±0.070 3.22±0.0

2012-2013 3.52±0.303 4.60±0.33 4.92±0.798 4.58±0.389 3.50±0.282 3.32±0.2

       Month 

Year 
March May July September November January 

2011-2012 ND ND 3.35±0.070 2.90±0.141 0.90±0.141 1.00±0 

2012-2013 ND ND 2.25±0.070 2.05±0.070 1.50±0.000 1.00±0 
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Discussion 

 The total bacterial count is used to estimate the total amount of bacteria in 

water and it indicates the overall microbial status of the water bodies (Aksu and 

Vural, 2004; USEPA, 2004). The presence of total bacterial count in lake water can 

be attributed to a number of factors such as agricultural runoff, effluent from septic 

system or domestic sewage discharge and infiltration of grazing animal excreta, faecal 

matter deposited as a result of open air defecation, human activities like recreation 

and farming (Obori-Danso et. al., 2009); untreated sewage and industrial effluents, 

natural soil or plant bacteria, and other unsanitary practices (Lipp et. al., 2001; Shekar 

et. al., 2015). These substances are known to carry high load of pathogenic bacteria 

especially enteric groups which pose threat to human health (Edema et. al., 2001; Ibe 

and Okplonye, 2005; Kiman-Muraat and Ngindu, 2007; Okorondu et. al., 2015).  

 Human activities such as bathing, washing, grazing, recreational activities, 

dumping of wastes, cultural religious practices in the lake and its vicinity have direct 

effect on the bacterial population (Sharma et. al., 2010). Surface runoff which 

transports organic matter from various sources from the catchment area (Singh, 1985; 

Sharma et. al., 2008; Shekar et. al., 2015) could be another reason of the occurrence 

of higher bacterial counts particularly during the rainy season (July –September). 

Runoffs, sewage and domestic wastes are known to contain a high concentration of 

organic matter and nutrients (Ali et. al., 1998; Obiro and Aguda, 2004) which can 

lead to increased microbial flora in the water bodies. Besides, other human activities 

such as dipping of dirty legs, hands and cans inside the lake water (Welch et. al., 

2000; Shittu et. al., 2008; Majula et. al., 2011) also can add to the increase in total 

bacterial count in the lakes. The low TBC value during winter months (November-

January) might be due to cold climatic condition, as lower temperature is known to 

decelerate bacterial multiplication and growth (Sharma and Mall, 1988; Patralek, 

1992; Rajakumar et. al., 2006; Venkatesharaju et. al., 2010). 

 Among the three lakes, Mirik Lake was observed to have relatively high TBC 

values (Table 4.2a) clearly reflecting a greater anthropogenic pressure on the lake and 

its catchment as the influx of tourists is more in Mirik Lake than in Nakhapani and 

Jorepokhari lakes. This result draws support from the findings of Radha and Seenaya 

(2004), Sood et. al., (2008), Sharma et. al., (2010). Recreational activities coupled 

with relatively very high influx of population in lakes has been reported to result in 

high total bacterial population values (Lampel et. al., 2002; Radha and Seenayya, 
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2004; Sharma et. al., 2010). Besides, Mirik Lake receives water from many sources 

than the other two lakes which results in greater runoff and hence the input of 

bacterial load may be higher (Qasim, 2003; Rodrigues et. al., 2011). In addition, 

discharge of raw waste including the septic waste directly into the lake was also 

observed in Mirik Lake leading to higher concentrations of sewage pollution indicator 

bacteria. This observation is similar to that of Lipp et. al., (2001) who reported 

highest levels of pollution indicator organisms in Phillippi Creek. Presence of high 

bacterial count even during winter (November-January) in Mirik Lake also explains 

the organic pollution and the availability of nutrient in the lake (Karafistan and Fatma, 

2005). 

 Although Nakhapani Lake is least visited by the tourists and is not a very 

famous recreational spot, visits by local inhabitants, cultural practices and grazing 

animals in the open lake and its periphery might have introduced some amount of 

organic matter in the lake which might have resulted in higher bacterial count in the 

lake water (Table 4.2b). Similar observation was made by Sharma et. al., (2010) in 

Naukuchiatal Lake in North India. Three sites (JP1, JP2 and JP3) of Jorepokhari Lake 

were observed to be more polluted than the JP4 during all months (Table 4.2c). This 

may be because the three sites are unprotected sites with direct access by the tourists, 

animals and water fowl. High load of total bacterial counts due to inadequate 

maintenance has indeed been reported elsewhere (Mansour and Sidky, 2003). 

 Seasonal variation in TBC is in accordance with the studies of other authors 

(Crowther et. al., 2001; Lipp et. al., 2001; Ramaiah et. al., 2007; Parihar et. al., 2003; 

Mohan et. al., 2007; Sharma et. al., 2008; Kumarasamy et. al., 2009; Borade et. al., 

2014; Shekar et. al., 2015; Songara, 2015). Further, Agarwal and Rajwar, (2010) 

observed maximum number of total viable counts during summer and rainy seasons 

and minimum during winter, in Tehri Dam Reservoir, Garhwal Himalaya. Mthembu, 

(2004) also reported lower bacterial counts in Mhlathuze River during winter season 

in comparison to that in summer. Likewise, Al-mezori and Hawrami (2011) also 

detected higher counts in the warmer seasons. 

 

4.2.2. Total coliform index (MPN mL
-100

)  

  TC group of bacteria is used as indicator organism as it is the most widely 

accepted bacterial indicator of faecal pollution of water (Rabeh, 2012) and it also 
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indicates the failure of disinfection or effective treatment in the water source (Bennear 

et. al., 2009). Most probable number (MPN mL
-100

) method was used for determining 

TC in LTB at 37ºC for 24-48 hrs (APHA, 1998). 

Results 

 Bimonthly mean MPN values of TC of the investigated lakes during the study 

period (March 2011- January 2013) is given in Fig. (4.6). In all the lakes the highest 

value of TC (MPN mL
-100

) was observed in July and lowest TC values in the month of 

January (Fig. 4.6). 

 

Fig. 4.6. Means of bimonthly variation of TC (MPN mL
-100

) of the studied lakes 

during March 2011-January 2013 

 In Mirik Lake, the highest value of TC (2400MPN mL
-100

) was observed in 

July-September during both years of study period, followed by March-May and 

lowest in November - January months (Fig. 4.6a). Rabeh et. al., (2012) also made 

similar observation in Lake Qarun of Egypt. 

 MPN of TC in Nakhapani Lake also showed almost similar trend in bimonthly 

occurrence like that of Mirik Lake with the highest MPN value of TC (2400MPN mL
-

100
) during the month of July 2011 and 2012 and the lowest (39MPN mL

-100
) during 

the month of January 2013 (Fig.4.6b). 

  In Jorepokhari Lake also similar seasonal trend like the other two lakes of 

study was observed with the highest load of TC during July (2400MPN mL
-100

) and 

lowest (64MPN mL
-100

) during January 2013 with a slight bimonthly variation 

(Fig.4.6c).  
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Fig. 4.6a. Bimonthly variation of TC (MPN mL
-100

) in Mirik Lake  

 

 

 *March and May were dry periods 

Fig.4.6b. Bimonthly variation of TC (MPN mL
-100

) in Nakhapani Lake  

 

 

Fig. 4.6c. Bimonthly variation of TC (MPN mL
-100

) in Jorepokhari Lake 
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 One way ANOVA revealed significant bimonthly variation in TC (MPN mL
-

100
) value in the studied lakes (p<0.001) (Appendix E). Post hoc test using Duncan’s 

analysis also showed highly significant variation in TC (MPN mL
-1

) (p<0.05) value 

between January and July; January and May, however no significant difference was 

observed in the values during (January, November); (November, March, May) and 

(May, September) (p>0.05) (Appendix F.vi). 

 

Discussion  

 During the whole study period, TC load was the highest during the month of 

July, closely followed by May and September months and the lowest during January 

followed by November, clearly indicating bimonthly variation (Figs. 4.6, .4.6a, 4.6b 

and 4.6c). Higher TC load during the warmer periods have also been reported by 

Sastry et. al., (1970), Hadas (1988), Verma and Paul (1996), Hadas et. al., (2000), 

Rabeh et. al., (2012). Bimonthly variation in TC load might have been influenced by 

temperature as 15ºC - 25ºC is considered as an ideal average temperature range for 

bacterial survival (Sakyi and Asare, 2012). Therefore this finding might be attributed 

to high temperature during the warmer months (May - September) in Darjeeling hills. 

Luxurious growth of TC in drinking water sources in Darjeeling hills during warm 

weather periods i.e., April to October has been reported earlier (Sharma, 2005). 

Further, inflow of sewage and waste effluents from the surrounding areas (Qureshi 

and Dutka, 1979; Romero and Imberger, 1999) along with faecal coliform load 

(Odonkor and Addo, 2013) during rainfall periods also might have contributed to 

increased TC as July is the heavy rainfall period in Darjeeling hills. 

 Moreover, increase in TC load during the warmer summer months (April - 

October) and decline with decrease in water temperature during cold months 

(Novenber - January) (Giovani et. al., 2003) observed in this study could be attributed 

to higher tourist influx during the warmer months and low influx during cold months 

which affects recreational activities like boating, horse riding, picnics and others, in 

and around the lake adding to the TC load (Sharma et. al., 2010; Saleem et. al., 2013; 

Latha and Mohan, 2013). This result draws support from the finding of Sood et. al., 

(2008); Radha and  Seenayya, (2004); Sharma et. al., (2010).  

  Site-wise variation in Mirik Lake showed lowest TC value at M5 during the 

whole study period whereas the highest values were observed at sites M3 and M4 
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during March 2011-January 2012 and at all sites during March 2012-January 2013 in 

the same months (Fig. 4.6a). Least TC value in M5 might be due to less available 

dilution (Badge and Sharma, 1982) as M5 is the centre of lake. High value of TC at 

the sites might be due to open air defecation (Venkatesharaju et. al., 2010) at M3 site 

and discharging of domestic wastes containing faecal matter and interferences in the 

catchment area by direct or indirect activities of human and animals (Haack et. al., 

2003; Latha and Mohan, 2013) at site M4. 

  Maximum TC load was observed at both sampling sites NP1 and NP2 in 

Nakhapani Lake (Fig. 4.6b) whereas in Jorepokhari Lake, sites JP1, JP2 and JP3 

exhibited the highest MPN count with the site JP4 showing significantly less count 

during the study period (Fig. 4.6c). The reasons could be various anthropogenic 

activities in the catchment area (Sharma et. al., 2010; Sadat et. al., 2011) especially 

discharge of domestic wastes directly into the lake (Shafi et. al., 2013). Introduction 

of coliforms in water from upper habitation by rainwater has been reported in some 

natural drinking water sources of Darjeeling earlier (Sharma, 2005). Similar 

observations have been reported by other workers (Rajakumar et. al., 2006; 

Venkatesharaju et. al., 2010; Saleem et. al., 2013) in different lakes of India. 

  Even the lowest TC value in this study exceeds the drinking water quality 

standards of WHO (2011) and BIS (2011). Such high values of TC in the lake waters 

indicate a serious and alarming situation providing indication of waterborne epidemic 

(Mackenzie et. al., 1995). 

  

4.2.3. Faecal coliform index (MPN mL
-100

) 

 Faecal coliform (FC) is a subgroup of the total coliform group which is 

considered to be more specific indicator for faecal contamination (Rabeh et. al., 

2012). FC was determined using MPN method in LTB at 44.5ºC for 24 hrs (APHA 

1998). 

Results  

 Results of bimonthly FC values of the studied lakes is given in Fig. (4.7).  

 In Mirik Lake the lowest bimonthly MPN value of FC (93MPN mL
-100

) was 

observed at site M5 during November and January 2012 and the highest value (2400 

MPN mL
-100

) was observed during the month of July 2012 and 2013 in all the sites 

(Fig.4.7a). 
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  In Nakhapani Lake also the minimum MPN value of FC (23MPN mL
-
100) 

was observed in the month of January 2012 and 2013 and the maximum (2400MPN 

mL
-
100) was observed in the month of July 2011 and 2012 (Fig. 4.7b). The Lake 

remained dry in the months of March and May during the study period. Higher faecal 

coliform bacterial population of 2400MPN mL
-100

 was also observed in the lakes of 

Udaipur by Sharma et. al., (2008).  

 

 

Fig. 4.7. Means of bimonthly variation of FC (MPN mL
-100

) of studied lakes during 

March 2011-January 2013 

 

 Bimonthly variation of FC value in Jorepokhari Lake also exhibited 

similar trend as of Mirik Lake and Nakhapani Lake during the study with the least 

value (3MPN mL
-100

) in the month of January 2012 and 2013 at JP4 and the 

maximum value of (75MPN mL
-100

) in the month of July 2012 at JP2 (Fig. 4.7c). 

One way ANOVA revealed highly significant difference in the overall 

bimonthly mean FC (MPN mL
-100

) value in the studied lakes (p<0.001) (Appendix E). 

However, post hoc test using Duncan’s analysis showed no significant variation in FC 

(MPN mL
-100

) within (January, November, March, May) and (March, May, 

September) but significant variation was observed between January and March; 

March and July; and January and July (p>0.05) months (Appendix F. vii).  
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Fig. 4.7a. Bimonthly variation of FC (MPN mL
-100

) in Mirik Lake 

 

Fig. 4.7b. Bimonthly variation of  FC (MPN mL
-100

) in Nakhapani  Lake 

 

Fig. 4.7c.  Bimonthly variation of  FC (MPN mL
-100

) in Jorepokhari  Lake 

Discussion  
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 The results clearly indicated bimonthly variation during the study period in all 

investigated lakes (Figs. 4.7, 4.7a, 4.7b and 4.7c). Domestic sewage, recreational 

activities (Agbogu et. al., 2006), illegal dumping of domestic wastes, faecal deposits 

(Okonko et. al., 2008), rainfall and sewage sources (Crowther et. al., 2001) are 

associated with higher faecal coliform counts in water bodies. Such high load of FC 

has also been reported elsewhere Sharma  et. al., (2008). 

 Highest MPN count in the month of July - September in Mirik Lake and 

Nakhapani Lake and during May and July in Jorepokhari Lake may be attributed to 

increased land runoff and higher faecal inputs from the various sources (Srivastava 

and Srivastava, 2011). Increased faecal coliform level after rainfall has been reported 

by Shehane et. al., (2005) although Hill et. al., (2006) observed that rainfall does not 

directly affect faecal coliform levels. 

 Highest FC population found in the month of July during 2011 and 2012 in all 

the three lakes may be due to the pouring of sewage from the hotels and residences 

along with rainwater (Plate 4.3a, 4.3b and 4.4f). Similar result has been reported by 

Oder and Brancelj (2009). They have concluded that high FC bacterial population 

originate from septic tanks of houses and other dwellings along with pastures, 

meadows and fields in the lake area. Occurrence of lower FC values during November 

- January (winter) may possibly be due to declined temperature, natural die-off, 

settling, and solar irradiation coupled with low metabolic activity at low temperatures. 

  Highest FC load observed in all the sampling sites of Mirik Lake (Fig. 4.7a) 

may be due to anthropogenic activities mainly discharging of sewage and organic 

pollution directly into the lake as some recent studies (Sharma et. al., 2010; Sadat et. 

al., 2011; Shahpure et. al., 2014) have also reported similar findings. Moreover 

sampling sites like M1 and M4 of the Mirik Lake are closely located to areas with 

habitation and during the heavy rainfall period, the lake increasingly receives inflow of 

sewage and waste effluents from the surrounding areas which might have resulted in 

increased faecal coliforms in the lake waters. 

  Wildlife, waterfowls, chickens and dogs have been identified as potential 

sources of faecal pollution (Choi et. al., 2003, Ahmed et. al., 2008). Animals like 

horses, dogs and cattle although not in very big numbers were observed grazing around 

the Mirik Lake (Plate 4.2a and 4.2b). 
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  Highest count of FC at NP1 during July 2011 and 2012 in Nakhapani Lake 

(Fig.4.7b) may be attributed to increased anthropogenic activities and socio-cultural 

practices at the sampling site (Plate 4.4h). Moreover the site is also very close to a 

footpath that joins the lake to the villages above and below indicating exposure of the 

site to contamination by human activities. 

  Three sites of Jorepokhari Lake i.e., JP1, JP2 and JP3 have open access to 

animals, birds and humans (Plate 4.4i). Higher levels of FC in these sites during all the 

sampling months (Fig. 4.7c) can be attributed to excrement of birds (Karafistan and 

Fatma, 2005; Ajayan et. al., 2015) in these sites. (Plate 4.2c) of Jorepokhari Lake 

where ducks are always seen. 

  High MPN values of FC were observed in the second year of study (March 

2012-January 2013) in Mirik Lake whereas it was the reverse in Nakhapani and 

Jorepokhari Lake. This may be due to increasing tourist influx in Mirik Lake per year 

in comparison to the other two lakes (Plate 4.4a and 4.4b). Faecal coliform bacteria 

have a strong correlation with faecal contamination of water from warm-blood 

animals. Presence of FC in the investigated lake waters implies the potential presence 

of micro organisms that are pathogenic to humans (Latha and Mohan, 2013). If 1 FC 

mL
-100

 of water is detected, the water is considered unsafe for use (USEPA, 1998). 

Since the counts are higher than USEPA standards the lake waters are unsafe for use in 

drinking and domestic purposes and calls for an immediate attention. 

  

4.2.4. Faecal streptococci index (MPN mL
-100

)  

 Enumeration of faecal streptococci in water quality monitoring is one of the 

most valuable applications in view of the development of FC/FS ratios that may be 

used to assess the source of faecal pollution (Rabeh, et. al., 2012). Ratio of FC to FS 

was proposed by (Geldreich and Kenner, 1969) to distinguish human from animal 

origin of faecal pollution. GAB was used for determining FS by MPN method at 

incubation temperature of 37ºC for 48 hrs (APHA, 1998). 

Results 

 Bimonthly mean MPN values of FS observed during the study period is given 

in Fig. (4.8).  
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 In Mirik Lake the lowest FS value (11 MPN mL
-100

) was recorded at M1 in the 

month of January 2013 whereas the highest value of (1100MPN mL
-100

) in March 

2011 (M3), May 2011 (M4), July 2011 (M1, M2, M4) and July 2012 (M1) whereas 

FS was not recorded at M2, M4, M5 in the month of January 2013 (Fig. 4.8a).  

 

 

Fig. 4.8. Means of bimonthly variation of FS (MPN mL
-100

) of studied lakes during 

March 2011-January 2013 

 

 Nakhapani Lake recorded the highest FS value (39MPN mL
-100

) in the month 

of September 2011 and the lowest value of (4MPN mL
-100

) in the month of January 

2012 whereas FS were not found in November 2012 and January 2013 (Fig. 4.8b). 

 Lowest MPN index of FS (3MPNmL
-100

) was observed at JP4 in November 

2012 and 2013 and January 2013 whereas FS was not observed at JP4 in January 

2012. During March 2011-Jnauary 2012 the FS value was observed to gradually 

increase from March to reach the maximum value of 43 MPNmL
-100

 in the month of 

July at JP1 and JP2 and during March 2012-January 2013 the maximum FS value 

reached to 150 MPNmL
-100

 at JP3 in the month of May (Fig. 4.8c) 
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Fig. 4.8a. Bimonthly variation of  FS (MPN mL
-100

) in Mirik Lake 

 

Fig. 4.8b. Bimonthly variation of FS (MPN mL
-100

) in Nakhapani  Lake 

 

Fig. 4.8c. Bimonthly variation of  FS (MPN mL
-100

) in Jorepokhari Lake 
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 One way ANOVA revealed highly significant difference in the bimonthly 

mean FS (MPN mL
-1

) value in the studied lakes (p<0.001) (Appendix E). However, 

post hoc test using Duncan’s analysis showed no significant variation in the mean 

bimonthly value of FS (MPN mL
-1

) in (January, September, November, March, May) 

but significant variation was observed between January and July (p>0.05) (Appendix 

F.viii) 

 

Discussion 

 Most of the species under the genus Streptococcus are of faecal origin and can 

be generally regarded as specific indicators of human faecal pollution (WHO, 1993). 

However, certain species may be isolated from the faeces of animals.  

 Greater fluctuations of MPN values of FS were observed with respect to sites 

and bimonthly variations in all the three lakes. Similar observation was also made by 

Sugumar et. al., (2008) in Thoothukudi coast of Tamil Nadu.  

 In this study, the lowest FS value in all the three lakes was observed in the 

month of January and the highest value was recorded in the month of July in Mirik 

and Jorepokhari lakes and in September in Nakhapani Lake. The reason may be due 

to runoff from the catchment areas into the lakes. 

 Very high FS values in the month of March, May, July and September 2011 

and July 2012 were observed in Mirik Lake (Fig.4.8a). Abbas et. al., (2007) has also 

reported FS count more than 2400 MPN mL
-100 

in Pakistan. Discharge of faecal 

matter from domestic wastes including human excreta into the lake at M1, M2 and 

M4 may account for this (Boateng and Aboagye, 2013). Moreover greater influx of 

tourists in the lake was observed during these months. Tourist influx has been 

positively correlated with increased FS values in some important lakes of North India 

by (Sharma et. al., 2010).  

 In Nakhapani Lake also maximum FS values were observed during the month 

of July and September during the study period (Fig. 4.8b). This may be accounted to 

the surface runoff from the catchment area where animal wastes are deposited (Geetha 

et. al., 2014). Tea garden activities above the Nakhapani Lake may also be source of 

faecal pollution (Plate 4.4f). 
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 High FS values were observed during all sampling months in Jorepokhari 

Lake with the lowest value in the month of January (Fig.4.8c). The reason for the high 

number of faecal streptococci may be attributed to addition of human and warm 

blooded animal excreta (Geetha et. al., 2014) as animals and birds are seen frequently 

at the periphery of the lake. Moreover habitation just above the lake may be another 

source of FS count in the lake (Megha et. al., 2015). 

  All the sampling sites of Mirik Lake were observed to show very high FS 

count during all sampling seasons except January 2013. Discharge of faecal matter 

from domestic wastes including human excreta into the lake at M1, M2 and M4 may 

account for this (Boateng and Aboagye, 2013). Open air defecation and pouring of 

septic drains at M3, grazing of animals and dense habitation very near to the lake 

periphery at M4 may account for the high FS occurrence in the sites (Geetha et. al., 

2014; Megha et. al., 2015).  

 Comparatively lesser FS count was observed at the centre M5 of the lake 

which may be due to the effect of distance from pollution sources as the increasing 

distance from waste dumps and defecation site has been reported to decrease the 

faecal bacterial count (Adekunle, 2008; Megha et. al., 2015). 

 Grazing of animals and cultural practices along with open air defecation in the 

periphery of Nakhapnai Lake may be the reasons of higher FS values in the lake. 

 The three sites of Jorepokhari Lake viz JP1, JP2 and JP3 showed higher values 

of FS (Fig.4.8c). This may be due the fact that the three sites are inhabited by a large 

population of ducks (Plate 4.2c) (Winfried et. al., 2007; Dadwal et. al., 2012).  

 FS counts in lakes were found to be far lower than other bacterial indicators in 

this study as in many other water bodies (Valente et. al., 2010; Olapade, 2013; 

Mwakalobo et. al., 2013). Faecal streptococci are normally low in number in faeces of 

humans and other warm-blooded animals as compared to other bacterial indicators 

(Mwakalobo et. al., 2013). Faecal streptococci rarely multiply in polluted water and 

are more resistant to disinfection than coliform organisms (UNESCO/WHO/UNEP, 

1996).  

 Other sources of FS contamination may be due to surface runoff from land 

areas where animal wastes are deposited (Geetha et al., 2014). Less FS count in 

Nakhapani Lake and Jorepokhari Lake than in Mirik Lake was observed. This might 
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be because of the fact that this lake is at high altitude and have low temperatures, so 

optimum temperature conditions are not available for the survival of these 

thermotolerant organisms. Moreover these two lakes are less visited by tourists than 

Mirik Lake. Similar findings have been reported by Sharma et. al., (2010) in the 

studies of the North Indian lake Naukuchiatal. 

 The most valuable application of the faecal streptococci indicator system in 

water quality is the development of FC/FS ratios that may be used to assess the source 

of faecal pollution (Rabeh, 2012). Ratio of FC/FS was proposed by (Geldreich and 

Kenner, 1969) to distinguish human from animal origin of faecal pollution. A ratio of 

FC/FS higher than 4 is considered human faecal contamination, while a ratio of less 

than 0.7 suggests non-human sources The FC/FS ratio less than 4, but greater than 0.7 

indicating mixed (human and animal) source of faecal pollution. 

 The relatively high level of TBC and bacterial indicators of sewage pollution 

(TC, FC, and FS) in the studied lakes reflect severe sewage pollution of the lake 

waters indicating serious health risk to the population of the areas who use the lake 

waters for domestic and other purposes. Mirik Lake was observed to be most polluted 

lake owing to more human activities around the lake and being unprotected. If the 

contamination and the pollution level are not taken care of in time there are high 

chances of waterborne diseases taking a heavy toll. 
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4.2.5.  Identification of the coliforms isolates 

  All the isolates were studied morphologically and further streaked on EMB medium which produced metallic sheen with 

green  coloration (Table 4.4a) confirming the coliform isolates to be E. coli (Bergey’s Manual of Detrminative Bacteriology, 1994). 

 

      Table  4.4a.  Confirmatory and completed test of the selected coliform isolates 

 

 

 

 

Sampling 

sites 

Coliform 

isolates 

Colony property on EMB Agar Acid production on 

LTB 

Gas production 

on LTB 

Gram 

nature 

Shape 

M1 S1 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M1 S2 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M2 S3 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M2 S4 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M3 S5 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M4 S6 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M4 S7 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

M5 S8 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

JP1 S9 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

JP2 S10 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

JP3 S11 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

JP3 S12 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

JP4 S13 Black centered colonies with green metallic sheen ++ + -ve Rod 

NP1 S14 Black centered colonies with green metallic sheen +++ +++ -ve Rod 

NP2 S15 Black colonies but without  green metallic sheen +++ +++ -ve Rod 



71 

 

 

 

 

 

Plate 4.1. Positive growth of one of the coliform isolates in LSB showing gas collection  

in Durham’s tubes (Extreme right-control) 

 

   

         4.1a          4.1b 

Plates 4.1a & 4.1b. Typical black colonies of faecal coliform with green metallic sheen on 

EMB agar plate 
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Plate 4.2a 

 

 

 

Plate 4.2b 

Plate 4.2a & 4.2b. Animal grazing around Mirik Lake 
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Plate 4.2c. Fowl population in Jorepokhari Lake – possible source of faecal streptococci 

 

 

 

Plate 4.2d. Public toilet located at the north western side of Mirik Lake (Spilling out of 

sewage materials from septic tanks attached to the public toilets find the way to the lake) 
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Plate 4.2e 

 

Plate 4.2f 

Plate 4.2e & 4.2f. Hand pumps used for extrcation of underground water near Mirik Lak 
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Plate 4.3a. Dumping of sewage directly into Mirik Lake from nearby habitation 

 

 

Plate 4.3b.  Wastes from the restaurants on the lake banks dumped – source of organic 

pollution, possible habitat for heterotrophic bacteria. 
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Plate 4.3c. Non functional sewage control device near Mirik Lake 

 

 

Plate 4.3d. Car washing on Mirik lakeside 
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Plate 4.3e. Waste water channel connected to lake 

 

 

 

Plate 4.3f. Washing of clothes on the bank of Mirik Lake 
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Plate 4.4a. Influx of tourists in Mirik Lake 

 

 

Plate 4.4b. Picnic party in the vicinity of Mirik Lake 
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Plate 4.4c. Recreational activity (boating) in Mirik Lake 

 

Plate 4.4d. Recreational activity (horse riding) in the vicinity of Mirik Lake 
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Plate 4. 4e. Residential buildings-possible sources of sewage input 

 

 

 

Plate 4.4f. Tea garden activities above the Nakhapani lake- source of faecal pollution 
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  Plate 4.4g     Plate 4.4h 

Plate 4.4g. Cultural/religious practice on the bank of Mirik Lake 

Plate 4.4h. Cultural/religious activities in Nakhapani Lake 

 

 

Plate 4.4i. Unprotected open Jorepokhari lake with fowl population – possible sources of 

faecal streptococci
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4.2.5.1. Biochemical tests and carbohydrate fermentation pattern of the selected 

coliform isolates 

 Biochemical tests are required to avoid false-positive or false-negative results 

of conventional culture-based assays (Johnson et. al., 2004; Fong et. al., 2007). 

Results 

 All the 15 coliform isolates were subjected to KB003 Hi25
TM 

Enterobacteriaceae Identification Kit (HiMedia Lab. Pvt. Ltd., India) for 13 

conventional biochemical tests and eleven carbohydrate utilization tests for 

identification of gram-negative Enterobacteriaceae species. The tests were performed 

in triplicates and the results obtained (Table 4.4b and 4.4c) were interpreted as per the 

standards given in the identification index. 

 All 15 isolates (100%) showed >90% positive result with ONGP, lysine 

utilization, nitrate reduction and methyl red. 14 isolates (93.3%) showed >90% 

positive result with indole, one isolate (1.3%) showed 11-89% positive result. 11 

isolates (73.3%) gave >90% positive result with Ornithine utilization, 4 isolates 

(26.6%) gave 11-89% positive result. 5 isolates (33.3%) showed >90% positive 

reaction with esculin hydrolysis and 11 isolates (73.3%) gave 11-89% positive 

reaction. 

 All 15 isolates (100%) gave >90% negative result with urease, phenylalanine 

deamination, Voges Proskauer’s test and Malonate utilization. 10 isolates (66.6%) 

gave >90% negative result with H2S production, 5 isolates (33.3%) gave 11-89% 

negative result. 4 isolates (26.6%) gave >90% negative result with citrate utilization 

and 11 isolates (73.3%) gave 11-89% negative result. Similar finding have been 

reported by others while studying the biochemical identification of 

Enterobacteriaceae species (Buxton and Fraser, 1977; Honda et. al., 1982; Ali et. al., 

1998; Zinnah et. al., 2007; Purkayastha et. al., 2010; Saleem et. al., 2011; Sahota et. 

al., 2014). 

 All the isolates fermented the tested sugars except D-Adonitol and Cellobiose. 

Acid formation was observed in Rhamnose by all isolates but gas formation was not 

observed.
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      Table  4.4b. Biochemical tests of the selected coliform isolates 

Selected coliform isolates Isolates 

Tests S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 

ONPG + + + + + + + + + + + + + + + 

Lysine utilization + + + + + + + + + + + + + + + 

Ornithine utilization v
+
 + + + v

+
 + + + + + v

+
 v

+
 + + + 

Urease - - - - - - - - - - - - - - - 

Phenylealanine 

deamination - - - - - - - - - - - - - - - 

Nitrate reduction + + + + + + + + + + + + + + + 

H2S production v
- 

v
-
 v

- 
v

-
 v

- 
- - - - - - - - - - 

Citrate utilization v
- 

v
-
 v

- 
v

-
 v

- 
v

-
 v

- 
v

-
 v

- 
v

-
 v

- 
- - - - 

Vogesproskauer’s - - - - - - - - - - - - - - - 

Methy red + + + + + + + + + + + + + + + 

Indole v
+
 + + + + + + + + + + + + + + 

Malonate utilization - - - - - - - - - - - - - - - 

Esculin hydrolysis + v
+
 + v

+
 + v

+
 + v

+
 + v

+
 v

+
 v

+
 v

+
 v

+
 v

+
 

Note: + =Positive (more than 90%) ; - = Negative (more than 90%) ; v
+
= 11 – 89% positive; v

- 
=11 – 89% negative 

  For description of isolates please refer Table 4.4a 
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      Table  4.4c.  Carbohydrate fermentation pattern of the selected coliform isolates 

L-

Arabinose 

D-

Xylose 

D-

Adonitol 
Rhamnose Cellobiose Meliobiose Saccharose Raffinose Trehalose D-Glucose Lactose 

Is
o
la

te
s 

S
u

g
a
rs

 

A G A G A G A G A G A G A G A G A G A G A G 

S1 + + + + - - + - - - + + + - + + + + + + + + 

S2 + + + + - - + - - - + + + + + - + + + + + + 

S3 + + + + - - + - - - + + + + - - + + + + + + 

S4 + + + + - - + - - - + + + + + + + + + + + + 

S5 + + + + + - + - - - + + + - + + + + + + + + 

S6 + + + + - - + v - - + + + + + + + + + + + + 

S7 + + + + - - + - - - + + + v + + + + + + + + 

S8 + + + + - - + - - - + + + + + + + + + + + + 

S9 + + + + - - + - - - + + + + + v + + + + + + 

S10 + + + + - - + - - - + + + v + v + + + + + + 

S11 + + + + - - + - - - + + + v + v + + + + + + 

S12 + + + + - - + - - - + + + + + v + + + + + + 

S13 + + + + - - + - - - + + + + + v + + + + + + 

S14 + + + + - - + - - - + + + - + - + + + + + + 

S15 + + + + - - + - - - + + + - + + + + + + + + 

      Note: + =Positive (more than 90%) ; - = Negative (more than 90%) ; v
 
= 11 – 89% positive; A = Acid formation; G = Gas formation 

       For description of isolates please refer Table 4.4a
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Discussion 

 Escherichia, a member of Enterobacteriaceae, are oxidase-negative catalase-

positive straight rods that ferment lactose. Cells are positive in the Methyl-Red test, 

but negative in the Voges-Proskauer assay. E .coli cells do not use citrate, do not 

produce H2S or lipase, and do not hydrolyze urea (Bergey’s Manual of Determinative 

Bacteriology, 1994). 

 All selected isolates could ferment the sugars tested except adonitol and 

cellobiose which is in consistent with earlier studies (Zinnah et. al., 2007; 

Purkayastha et. al., 2010; Saleem et. al., 2011). All the isolates were studied 

morphologically and further streaked on EMB agar plate produced metallic sheen 

with green coloration as is reported by Sahota et. al., (2014). A little or no difference 

in the biochemical characters were exhibited by the selected coliform isolates which 

might be due to similarity among the isolates due to presence of some common 

genetic material. 

 

4.3. Antibiotic sensitivity pattern of the selected coliform isolates  

 Antibiotic sensitivity testing was done using standardized Bauer Disc 

Diffusion Method (1966). Selected 15 coliform isolates were tested for their response 

to 20 different antibiotics using Dodecadiscs Icosa Universal-2 (Hi-Media 

Laboratories Pvt. Ltd, Mumbai, India). 

 Result 

 In this study, varying levels of resistance was observed among the 15 

biochemically identified E. coli isolates. Antibiotic sensitivity test was carried out in 

triplicates and the mean ± SD value of the triplicates is depicted in the (Table 4.5a). 

 Resistance to AMP, AMX and P was observed in 100% of the isolates, 

followed by COX (80%), CAZ (67%) and COT (53%) (Table 4.5c). Least resistance 

(13%) was observed against NIT. Boten et. al., (1990) also observed E. coli isolated 

from UTI patients to be highly sensitive to NIT. 

 No resistance was observed against CTR, C, CIP, GEN, NA, NET, NX and 

TOB. Highest zone of inhibition (34 mm) was shown by CIP on isolates S1 and S3 

(Table 4.5b).  

 Multiple antibiotic resistance (MAR) i.e., exhibition of resistance to three or 

more antibiotics, was observed in 60% of the isolates. More
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isolates exhibited more than 0.2 MAR index. The highest MAR index value of 0.40 

was exhibited by 13.3% isolates. 

 The antibiotics tested in the study represented different classes of 

antimicrobials viz., aminoglycosides (AK, GEN, NET, TOB), fluoroquinolones (CIP, 

NA, NX), penicillins (AMP, AMX, P, COX), amphenicols (Chloramphenicol), 

cephalosporins (CFR, CPZ,CAZ, CTR), sulfa (COT), macrolide (E, NIT) and 

glycopeptides (VA). MDR strains showing co-resistance to two or more classes of 

antimicrobials (Doyle et. al., 2013) was observed in 86.6 % isolates (Table 4.5b). 

 All the isolates were found to be susceptible to aminoglycosides, 

fluoroquinolones and amphenicols classes of antimicrobials. Quite similar result was 

observed by (Akingbade et. al., 2014). 

 Owo way ANOVA revealed significant antimicrobial effect of the antibiotics 

on the tested isolates (p<0.001). Post hoc test for pair wise comparison between tested 

antibiotics was observed to be highly significant (p<0.001) (Table 4.5d). 
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Table  4.5a. Antibiotic sensitivity pattern of the selected coliform isolates (inhibition zone in mm-mean±sd) 

Iso 

 

Ant 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 R IM S 

AK 
26 

± 1.52 

26 

± 

1.00 

23 

± 1.00 
25 

± 0.00 
26 

±0.57 
27 

±1.15 
24 

± 0.57 
24 

± 1.00 

23 

±0.57 
23 

± 0.57 
25 

±1.73 
23 

± 0.57 
24 

± 1.15 
25 

±1.52 
22 

±1.15 
14 15-16 17 

AMP 
10 

±1.15 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

12 

± 1.15 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

13 

± 1.0 

10 

±0.00 
13 14-16 17 

AMX 
10 

±0.00 

10 

±0.00 

10 

±0.00 

12 

± 0.00 

10 

±0.00 

10 

±0.00 

11 

± 1.00 

10 

±0.00 

10 

±1.15 

10 

±0.00 

13 

± 1.15 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 
13 14-17 18 

CFR 
15 

± 0.57 

17 

±0.57 

21 

± 1.52 

30 

± 1.15 

23 

± 1.00 

27 

± 1.00 

17 

±0.57 

11 

±1.00 

17 

± 1.52 

14 

± 0.57 

21 

± 1.00 

14 

± 0.57 

21 

± 1.52 

16 

± 1.15 

19 

± 1.00 
14 15-17 18 

CPZ 
20 

±1.00 

22 

±1.00 

24 

± 1.73 

26 

± 0.57 

19 

± 0.57 

23 

± 0.57 

26 

± 1.15 

23 

± 1.52 

27 

±0.00 

19 

± 1.00 

20 

± 1.00 

17 

± 1.00 

18 

± 1.52 

24 

± 1.52 

18 

± 0.57 
15 16-20 21 

CAZ 
10 

± 1.15 

10 

±0.57 

16 

± 1.15 

12 

± 0.57 

12 

± 0.57 

10 

±1.15 

17 

± 1.00 

16 

± 1.15 

17 

± 1.52 

22 

± 1.73 

10 

±0.00 

12 

± 1.15 

13 

± 1.52 

23 

±1.52 

10 

±0.00 
14 15-17 18 

CTR 
23 

±1.50 

20 

±0.57 

29 

± 1.00 

28 

± 1.00 

22 

± 1.00 

21 

± 1.52 

27 

± 1.00 

24 

± 1.00 

25 

± 1.00 

17 

± 1.00 

17 

± 1.52 

24 

±1.52 

17 

±1.52 

21 

± 1.52 

19 

± 1.52 
13 14-20 21 

C 
29 

±1.73 

31 

±1.52 

30 

± 0.57 

28 

± 0.57 

30 

±1.00 

32 

± 1.52 

30 

±1.52 

29 

± 1.00 

28 

± 1.15 

28 

± 1.52 

30 

± 1.15 

30 

± 1.00 

33 

±0.57 

31 

± 1.52 

27 

± 1.73 
12 13-17 18 

CIP 
34 

±1.52 

32 

±0.57 

34 

± .001 

32 

± 0.57 

30 

± 0.57 

32 

±1.52 

29 

± 1.00 

30 

± 1.52 

30 

± 1.52 

27 

±1.52 

26 

± 1.52 

30 

± 1.52 

31 

± 1.15 

31 

±1.15 

31 

± 1.52 
15 16-20 21 

COX 
10 

±0.00 

11 

±1.73 

11 

± 1.00 

14 

± 0.00 

10 

±0.00 

10 

±0.00 

11 

±1.00 

11 

±1.00 

17 

± 1.52 

10 

±0.00 

16 

±1.52 

10 

±0.00 

10 

±1.15 

11 

± 1.52 

13 

± 0.57 
13 14-16 17 

COT 
10 

±0.00 

10 

±0.57 

17 

± 0.57 

10 

±0.00 

10 

±0.00 

10 

±0.00 

19 

± 0.57 

15 

± 1.00 

10 

±0.00 

14 

± 0.57 

10 

±0.00 

19 

± 0.57 

15 

± 1.52 

17 

±1.00 

10 

±0.00 
10 11-15 16 

E 
10 

±0.57 

29 

±0.57 

27 

±1.00 

26 

± 1.15 

23 

± 1.00 

29 

±1.00 

11 

±1.00 

10 

±0.00 

10 

±1.15 

15 

± 0.57 

11 

± 1.52 

19 

± 1.52 

18 

± 1.52 

16 

± 1.52 

18 

± 1.52 
12 - 15 

GEN 
25 

± 1.00 

30 

±1.73 

27 

± 1.52 

24 

± 0.57 

23 

± 0.57 

25 

±1.52 

23 

±1.52 

25 

±1.52 

24 

± 1.15 

24 

± 1.52 

25 

± 1.52 

26 

±1.00 

21 

± 1.00 

27 

± 0.57 

26 

± 1.52 
12 13-14 15 

NA 
26 

±1.52 

29 

±1.00 

28 

± 1.15 

28 

±1.15 

24 

± 1.52 

27 

± 1.15 

27 

± 0.57 

25 

± 1.00 

27 

± 1.15 

24 

± 1.52 

27 

± 1.52 

26 

±1.52 

23 

± 1.52 

28 

±1.52 

29 

± 1.00 
13 14-18 19 

NET 
23 

± 0.57 

28 

±1.52 

28 

± 1.15 

24 

±1.15 

21 

± 1.52 

24 

± 1.52 

22 

± 1.52 

26 

±1.00 

24 

±1.00 

26 

± 1.52 

25 

±1.52 

25 

± 0.57 

23 

± 1.00 

26 

± 1.52 

15 

± 0.57 
12 13-14 15 

NIT 
19 

± 1.00 

18 

±0.57 

18 

± 0.00 

19 

± 0.57 

20 

± 1.73 

15 

± 1.52 

19 

± 1.00 

14 

± 1.00 

16 

± 1.15 

15 

± 0.57 

17 

± 1.52 

20 

± 1.73 

16 

± 1.52 

16 

±0.57 

15 

±0.57 
14 15-16 17 

NX 
31 

±1.00 
32 

±0.57 
31 

±1.73 
31 

± 1.52 
31 

±1.52 
33 

±1.52 
30 

± 1.52 
29 

± 1.52 
34 

± 1.15 
29 

± 1.00 
32 

± 1.00 
30 

± 1.52 
31 

± 1.15 
32 

± 1.52 
30 

± 1.52 
12 13-16 17 

P 
10 

±0.00 

10 

±0.00 

12 

± 0.57 

11 

± 1.52 

13 

± 0.57 

10 

±0.00 

11 

± 0.57 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

±0.00 

10 

± 1.15 

10 

±0.00 
16 - 17 

TOB 
24 

±1.52 

24 

± 

1.52 

30 

± 1.73 

25 

±0.57 

23 

± 1.15 

23 

± 1.52 

23 

± 1.00 

25 

±1.15 

24 

± 1.52 

23 

±1.52 

25 

± 1.52 

25 

± 1.15 

27 

±1.73 

26 

± 1.15 

22 

± 1.52 
12 13-14 15 

VAN 
10 

± 0.57 

15 

±1.00 

17 

± 1.00 

23 

± 1.00 

10 

± 0.57 

21 

± 1.52 

12 

±0.57 

11 

±1.52 

10 

± 1.15 

14 

± 1.00 

15 

± 1.00 

17 

± 1.00 

18 

± 1.52 

17 

± 1.00 

15 

± 1.52 

Z
o
n

e 
si

z
e 

in
te
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ta
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o
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R

=
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ta
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M
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n
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S
=

 s
en

si
ti

v
e 

14 15-16 17 
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Table  4.5b.  Resistance pattern and MAR index of selected coliform isolates 

Isolate  Resistance pattern  No. of antibiotics        MAR index 

S1  AMP, AMX, CAZ, COX,    5   0.40 

  COT, E, P, VA 

S2  AMP, AMX, CAZ, COX,    3   0.30 

  COT, P 

S3  AMP, AMX, COX, P      1   0.20 

 

S4  AMP, AMX, CAZ, COT, P  3   0.25 

 

S5  AMP, AMX, CAZ, COX, COT,  4   0.35 

  P, VA 

S6  AMP, AMX, CAZ, COX, COT, P    3   0.30 

 

S7  AMP, AMX, COX, E, P, VA  3   0.30 

 

S8  AMP, AMX, CFR, COX, E, NIT,  

  P, VA     4   0.40 

 

S9  AMP, AMX, COT, E, P, VA  4   0.30 

 

S10  AMP, AMX, CFR, COX, P, VA  3   0.30 

 

S11  AMP, AMX, CAZ, COT, E, P  4   0.30 

 

S12  AMP, AMX, CFR, CAZ, COX, P  2   0.30 

 

S13  AMP, AMX, CAZ, COX, P  2   0.30 

 

S14  AMP, AMX, COX, P   1   0.25 

 

S15  AMP, AMX, CAZ, COX, COT, P  3   0.25 

 

For description of isolates please refer Table. 4.4a. 
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Table  4.5c. Antibiotic sensitivity pattern of the selected coliform isolates (N=15) 

Antibiotic Resistant Intermediate Sensitive 

AK 

 

AMP 

 

AMX 

 

CFR 

 

CPZ 

 

CAZ 

 

CTR 

 

C 

 

CIP 

 

COX 

 

COT 

 

E 

 

GEN 

 

NA 

 

NET 

 

NIT 

 

NX 

 

P 

 

TOB 

 

VA 

- 

 

15 (100%) 

 

15 (100%) 

 

3 (20%) 

 

- 

 

10 (67%) 

 

- 

 

- 

 

- 

 

12 (80%) 

 

8 (53%) 

 

5 (33 %) 

 

- 

 

- 

 

- 

 

2 (13%) 

 

- 

 

15 (100%) 

 

- 

 

6 (40%) 

- 

 

- 

 

- 

 

5 (33%) 

 

6 (40%) 

 

3 (20%) 

 

5 (33%) 

 

- 

 

- 

 

3 (20%) 

 

3 (20%) 

 

- 

 

- 

 

- 

 

- 

 

5 (33%) 

 

- 

 

- 

 

- 

 

3 (20%) 

15 (100%) 

 

- 

 

- 

 

7 (47%) 

 

9 (60%) 

 

2 (13%) 

 

10 (67%) 

 

15 (100%) 

 

15 (100%) 

 

- 

 

4 (27%) 

 

10 (67 %) 

 

15 (100%) 

 

15 (100%) 

 

15 (100%) 

 

8 (53%) 

 

15 (100%) 

 

- 

 

15 (100%) 

 

6 (40%) 

 

Discussion  

 Prevalence of antibiotic resistant bacteria in a given environment may be an 

indication of contamination of the environment with antibiotics (Allen et. al., 2010; 

Gunaseelan and Ruban, 2011). High MAR index (60%) and MDR (86.6%) values 

observed in our study indicates prevalence of antibiotic-resistant E. coli in the 

investigated lakes. This fact can be attributed to anthropogenic driven selective 
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pressure in the lake waters. MAR index of the selected isolates in our study was 

observed to range from 0.25 - 0.40 (Table 4.5b) indicating contamination of the lakes 

with faecal matter due to open air defecation, domestic wastewater and sewage 

discharge into the lakes as is also reported by (Tambekar et. al., 2008; Chatterjee et. 

al., 2012). MAR index higher than 0.2 is known to originate from high-risk sources of 

contamination, where antibiotics are often used (Sahota et. al., 2014).  

 Another possible reason of emergence of resistant coliform strains could be 

indiscriminate use and self administration of easily available antibiotics. In many 

developing countries the unregulated sale and dispensing of antibiotics is very 

common (Okeke et. al., 1999; Byarugaba, 2004). Due to the widespread use of these 

drugs, new forms of antimicrobial resistance have emerged (Osterblad et. al., 2000; 

Latha and Mohan, 2013) because the antimicrobial resistance genes can be readily 

transmitted between commensal Enterobacteriaceae and enteropathogens in vivo and 

in vitro (Blake et. al., 2010). 

 Such high resistant coliform isolates have been reported by other workers also 

(Aibinu et. al., 2004; Shehabi et. al., 2006; Ozgumus et. al., 2007; Sharma and Rai, 

2012; Yin et. al., 2013; Maloo et. al., 2014) in different water sources. Occurrence of 

antibiotic resistant bacteria have been detected in other relatively pristine 

environments, including rivers, lakes and soils also (Taylor et. al., 2011).  

 Coliform isolates of the investigated lakes exhibited maximum resistance 

(100%) against β-lactam family (AMP, AMX, P, COX) in our study (Plates 4.5). This 

finding is in agreement with the findings of Aibinu et. al., (2004); Stelling et. al., 

(2005); Daini and Adesemowo, (2008); Ogbolu et. al., (2011); Akingbade et. al., 

(2014). Betalactamases are ancient enzymes originally encoded in bacterial 

chromosomes that are rapidly spreading throughout the world (Bradford, 2001) which 

constitutes a serious threat to human health (Nathisuwan et. al., 2001; Philippon et. 

al., 2002). 

 Our study showed 53 % of the isolates were resistant to COT similar to the 

findings of Aiyegoro et. al., (2007) and Akingbade et. al., (2014) who reported more 

than 50% pathogenic E. coli resistant to COT. From the result it can be inferred that 

cotrimoxazole is no longer effective against pathogenic E. coli. 

 Antibiotic resistant bacteria confer resistance in the aquatic environment 

(Martinez, 2008 and 2009; Amaya et. al., 2009) through genes that can be carried on 

mobile genetic elements, such as plasmids, integrons, and transposons (Chopra and 
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Roberts, 2001; Obi et. al., 2004a, Mazel, 2006; Wang et. al., 2008; Zhang et. al., 

2009; Yin et. al., 2013) which could be easily transferred horizontally among 

different bacteria or as a result of the environmental selection of a chromosomal 

mutation (Akter et. al., 2011). Tourists from different parts of India as well as world 

over visit the lakes. They possibly carry the pathogenic resistant strains. The increased 

concentration of multi drug resistant bacteria in the aquatic environment creates 

selective pressures on natural bacterial strains (Alpay-Karaoglu et. al., 2007). The 

presence of opportunistic pathogens that exhibit resistance to diverse antibiotics may 

therefore incur serious hazards for consumers of lake water (Rusin et. al., 1997). 

 The increased antibiotic resistance of Gram-negative bacteria such as E. coli is 

considered a serious global problem (Lamprecht et. al., 2014), because there is no 

foreseeable development of new antibiotic classes in the next 10 years (WHO, 2012). 

The occurrence of E. coli strains that show resistance to important antibiotics in the 

investigated lakes is therefore a matter of concern due to the risk of developing 

waterborne outbreaks as is also concluded by Ram et. al., (2007; 2008; 2009). 

 To our knowledge this is the first data to document on the prevalence of 

antibiotic resistance against some commonly used antibiotics in these lake areas. The 

finding of this study necessitates regular monitoring of antibiotics susceptibility trends 

in the bacterial population of the investigated lakes that may help the clinicians for the 

management of enteric diseases caused by other pathogenic members of 

Enterobacteriaceae as they are likely to be inhibited by tested antibiotics, being 

closely related to coliforms.   

 Further, this finding may help to make the people aware regarding the rational 

use of antibiotics and safe disposal of antibiotic containing wastes and to institute 

appropriate interventions and proper policies in timely manner for preventing from 

enteric diseases untreatable with common antibiotics. 
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Table 4.5d. Post hoc test for pair wise comparison between tested antibiotics 

 AK AMP AMX CFR CPZ CAZ CTR C CP CO COT E GEN NA NET NIT NX P TOB VA  

AK 10.4                      

AMP 10.6  .3799                    

AMX 10.7  .3293 .9223                   

CFR 11.8  1.41E-

09 

1.88E-

07 

3.12E-

07 

                 

CPZ 13.5  6.71E-

36 

5.12E-

32 

1.35E-

31 

1.53E-

12 

                

CAZ 13.6  1.14E-

37 

1.00E-

33 

2.70E-

33 

1.03E-

13 

.6963                

CTR 14.8  4.30E-

65 

1.47E-

60 

4.64E-

60 

5.03E-

35 

4.41E-

09 

3.95E-

08 

              

C 17.4  6.78E-

124 

2.60E-

119 

8.44E-

119 

2.14E-

91 

1.25E-

53 

1.11E-

51 

2.73E-

26 

             

CP 18.0  5.81E-

138 

1.78E-

133 

5.65E-

133 

6.17E-

106 

1.24E-

67 

1.34E-

65 

4.07E-

38 

.0064             

CO 18.3  2.21E-

144 

6.04E-

140 

1.89E-

139 

1.20E-

112 

2.73E-

74 

3.11E-

72 

4.62E-

44 

.0001 .2048            

COT 22.6  2.26E-

229 

8.42E-

226 

2.11E-

225 

1.51E-

203 

1.20E-

170 

8.69E-

169 

1.99E-

141 

4.43E-

83 

1.19E

-68 

4.59E-

62 

          

E 23.2  1.27E-

240 

3.58E-

237 

8.71E-

237 

1.12E-

215 

7.06E-

184 

4.45E-

182 

1.51E-

155 

3.72E-

98 

1.34E

-83 

7.23E-

77 

.004

8 

         

GEN 24.7  6.81E-

266 

1.04E-

262 

2.35E-

262 

6.68E-

243 

1.29E-

213 

5.87E-

212 

1.89E-

187 

1.78E-

133 

2.60E

-119 

1.20E-

112 

2.78E

-20 

3.80E

-11 

        

NA 24.9  5.36E-

268 

7.76E-

265 

1.75E-

264 

3.64E-

245 

4.35E-

216 

1.93E-

214 

4.15E-

190 

1.80E-

136 

2.27E

-122 

9.96E-

116 

1.84E

-22 

7.86E

-13 

.558

2 

       

NET 25.3  6.61E-

275 

8.13E-

272 

1.80E-

271 

1.35E-

252 

3.35E-

224 

1.36E-

222 

7.79E-

199 

2.43E-

146 

1.79E

-132 

6.36E-

126 

2.43E

-30 

3.16E

-19 

.011

4 

.051

3 

      

NIT 25.6  5.49E-

280 

5.99E-

277 

1.31E-

276 

4.69E-

258 

3.68E-

230 

1.39E-

228 

3.03E-

205 

1.27E-

153 

6.04E

-140 

1.78E-

133 

8.81E

-37 

9.90E

-25 

.000

1 

.000

7 

.143

6 

     

NX 26.7  1.09E-

295 

8.31E-

293 

1.74E-

292 

6.61E-

275 

1.57E-

248 

4.87E-

247 

5.30E-

225 

3.57E-

176 

3.67E

-163 

5.52E-

157 

1.47E

-59 

1.82E

-45 

3.46E

-17 

3.00E

-15 

1.41E

-09 

3.44E

-06 

    

P 30.1  0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

1.98E-

300 

3.58E-

299 

1.17E-

280 

7.38E-

240 

5.61E

-229 

8.43E-

224 

1.82E

-137 

7.04E

-123 

3.10E

-87 

4.06E

-84 

8.94E

-74 

4.16E

-66 

1.14E

-42 

   

TOB 31.1  0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

1.09E-

295 

5.70E-

257 

1.15E

-246 

9.18E-

242 

7.60E

-160 

7.48E

-146 

4.22E

-111 

5.27E

-108 

1.23E

-97 

7.78E

-90 

4.30E

-65 

8.49E

-06 

  

R1 31.4  0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

0.00E+0

0 

8.41E-

300 

1.21E-

261 

1.72E

-251 

1.15E-

246 

5.53E

-166 

3.56E

-152 

8.89E

-118 

1.06E

-114 

2.21E

-104 

1.35E

-96 

1.01E

-71 

1.34E

-08 

.204

8 

 

Values in bold indicate highly significant (p<0.001) 
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4.4.1. Sensitivity test of coliform isolates to six traditionally used antidiarrhoeal 

medicinal plant extracts 

 The results (mean ±SD value) of 18 extracts (6 methanolic, 6 ethanolic and 6 

aqueous) of six medicinal plants, screened for potential antibacterial activity against   

selected 15 coliform isolates is shown in Table (4.6b). The plant extracts showed 

different antimicrobial activity towards the tested isolates (Plates 4.6a). This finding is 

in accordance with earlier studies of (Sharma et. al., 2009). Out of the six plants 

methanolic and ethanolic extracts of P. guajava (bark) exhibited highest antibacterial 

potentiality showing antibacterial activity against 14 coliform isolates. The maximum 

zone of inhibition (11 mm) was observed against S5 strain by the methanolic extract 

of P. guajava which is in accordance with earlier studies (Gyawali et. al., 2010; 

Acharya et. al., 2011). The sequence of antibacterial activity of methanolic extract of 

the plants was observed in the sequence of P. guajava (14 isolates) > A. rivularis (12 

isolates) > C. speciosus, H. javanica and R. arboreum (10 isolates) > H. wallichii (9 

isolates) whereas that of ethanolic extract was observed in the sequence of P. guajava 

(14 isolates) > A. rivularis (11 isolates) > C. speciosus (9 isolates) > H. wallichii (8 

isolates) > H. javanica (7 isolates) > R. arboreum (5 isolates). Aqueous extracts of the 

5 plants except P. guajava showed lower activity inhibiting the bacterial growth of 

only one or two isolates. In all cases methanolic extract was found to be more potent 

than ethanolic and aqueous extracts. Strain S10 was observed to be the most resistant 

strain which was susceptible only to ethanolic extract of C. speciosus. On the other 

hand the most susceptible strain was observed to be S5.  

 

Table 4.6a. Preliminary phytochemical analysis of ethanolic and methanolic extracts 

of six antidiarrhoeal medicinal plants 

Alkaloid Tannin Saponin 
Steroid/ 

Triterpenoid 

Cardiac 

glycosides 
Phenol Flavonoid Plant 

Sample 
E M E M E M E M E M E M E M 

A. rivularis + + + + - - + + + + + + + + 

 C. speciosus + + + + + + + + - - - - + + 

H. wallichii + + + + - - + + - + - - + + 

H. javanica + + + + - - + + + + + + + + 

P. guajava + + + + - - + + + + + + + + 

R. arboreum + + + + - - + + + + + + + + 

E = Ethanolic extract; M = Methanolic extract 
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Table  4.6b. Diameter of zone of inhibition (mean ±SD) shown by isolates against different extracts of the tested medicinal   plants 

*Met. =Methanol, Eth. = Ethanol, Aq. = Aqueous, Strept. = Streptomycin (25 µg mL
-1

) 

Vide Table 3.3 for description of plants and Table 4.4a for description of isolates

A. rivularis C. speciosus H. wallichii H. javanica P. guajava R. arboreum     Plants 

 

Isolates 
Met.  Eth. Aq. Met. Eth. Aq. Met. Eth. Aq. Met. Eth. Aq. Met. Eth. Aq. Met. Eth. Aq. 

Strept. 

(25 µg 

mL-1) 

S1 
8.33 

±0.57 

7.66 

±0.57 

6.00 

±0 

7.00 

±0 

6.00 

±0 

6.33 

±0.57 

7.00 

±0 

8.33 

±1.52 

6.66 

±0.94 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.00 

±0 

6.66 

±1.15 

6.33 

±0.57 

8.66 

±0.57 

7.33 

±1.52 

6.00 

±0 

12.3 

±1.52 

S2 
6.33 

±0.57 

7.33 

±0.57 

6.00 

±0 

7.00 

±0 

7.00 

±0 

7.00 

±1.73 

7.33 

±0.57 

7.66 

±0.57 

6.00 

±0 

7.00 

±0 

7.00 

±1.00 

6.00 

±0 

8.00 

±1 

7.00 

±0 

7.33 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

15.3 

±1.52 

S3 
6.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±1.52 

6.66 

±0.57 

6.33 

±0.57 

6.00 

±0 

6.33 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±0.57 

7.00 

±1 

7.00 

±0 

7.00 

±0 

6.00 

±0 

6.00 

±0 

16.6 

±1.15 

S4 
8.00 

±1.73 

8.33 

±0.57 

6.66 

±0.47 

6.66 

±0.57 

7.66 

±1.15 

7.66 

±1.15 

7.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±0.57 

6.33 

±0.57 

6.00 

±0 

8.00 

±1.73 

7.33 

±0.57 

7.33 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

14.6 

±1.15 

S5 
9.33 

±0.57 

7.33 

±0.57 

7.00 

±0 

7.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±0.57 

9.00 

±1 

6.00 

±0 

8.33 

±0.57 

6.66 

±1.15 

6.00 

±0 

11.00 

±1 

8.00 

±1.73 

8.66 

±1.15 

10.66 

±0.57 

8.66 

±1.15 

7.00 

±0 

15.6 

±0.57 

S6 
10.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.33 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±0.57 

7.00 

±0 

6.00 

±0 

8.66 

±0.57 

7.66 

±0.57 

8.00 

±1.00 

6.00 

±0 

6.33 

±0.57 

6.00 

±0 

20.0 

±1.73 

S7 
7.00 

±0 

7.00 

±0 

6.33 

±0.47 

7.00 

±1.73 

6.66 

±1.15 

6.00 

±0 

7.66 

±0.57 

7.00 

±0 

6.00 

±0 

7.33 

±0.57 

7.00 

±0 

6.00 

±0 

10.33 

±0.57 

10.33 

±0.57 

7.00 

±0 

6.66 

±0.57 

6.00 

±0 

6.00 

±0 

15.6 

±0.57 

S8 
7.00 

±0 

7.66 

±1.15 

6.00 

±0 

7.00 

±1.00 

8.66 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

8.00 

±1.00 

6.00 

±0 

6.00 

±0 

8.33 

±1.52 

8.33 

±0.57 

7.00 

±0 

7.00 

±0 

6.33 

±0.57 

6.00 

±0 

13.3 

±1.15 

S9 
6.66 

±0.57 

6.66 

±0.57 

6.00 

±0 

7.00 

±0 

7.00 

±0 

6.00 

±0 

6.33 

±0.57 

6.66 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

8.00 

±1 

8.00 

±1 

6.00 

±0 

7.00 

±0 

6.33 

±0.57 

6.00 

±0 

16.6 

±1.15 

S10 
6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.33 

±1.15 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

16.0 

±0 

S11 
7.66 

±1.15 

8.00 

±1.00 

6.33 

±0.47 

6.00 

±0 

7.00 

±0 

6.00 

±0 

6.66 

±1.15 

6.33 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.66 

±1.15 

7.33 

±0.57 

7.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

14.3 

±1.52 

S12 
7.33 

±0.57 

7.00 

±0 

6.00 

±0 

7.66 

±0.57 

6.00 

±0 

6.00 

±0 

7.66 

±0.57 

7.00 

±0 

6.00 

±0 

7.00 

±1.00 

7.33 

±0.57 

6.00 

±0 

8.33 

±0.57 

7.66 

±0.57 

7.00 

±0 

6.66 

±1.15 

6.66 

±0.57 

6.00 

±0 

16.0 

±1 

S13 
7.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

7.00 

±0 

7.00 

±0 

6.00 

±0 

7.66 

±0.57 

6.66 

±1.15 

6.00 

±0 

8.00 

±1 

7.00 

±1 

7.00 

±0 

7.00 

±0 

6.00 

±0 

6.00 

±0 

18.0 

±1 

S14 
7.00 

±0 

7.66 

±0.57 

6.00 

±0 

7.33 

±0.57 

7.33 

±0.57 

6.00 

±0 

7.66 

±0.57 

7.33 

±1.15 

6.00 

±0 

7.00 

±0 

7.00 

±1.00 

6.00 

±0 

8.00 

±0 

7.33 

±1.52 

6.00 

±0 

7.66 

±0.57 

7.00 

±0 

6.00 

±0 

15.6 

±1.52 

S15 
8.00 

±1.00 

6.66 

±0.57 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.00 

±0 

6.33 

±0.57 

6.00 

±0 

8.00 

±1.00 

6.00 

±0 

6.00 

±0 

9.00 

±1 

7.00 

±1 

7.00 

±0 

7.33 

±0.57 

7.00 

±0 

6.00 

±0 

16.3 

±1.52 
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Discussion 

 The antibacterial properties of medicinal plants depend upon the 

phytoconstituents, concentration of phytoconstituents/phytochemicals and bioactive 

principles and their synergistic as well as antagonistic actions ((Brinkhaus et. al., 

2005; Arulmozhi et. al., 2007; Archana et. al., 2011; Umashanker and Srivastava, 

2011; Mirzaei-Aghsaghali, 2012; Mahima et. al., 2012; Midrarullah et. al., 2014). 

Such phytoconstituents possess different mechanisms of antibacterial activity against 

bacteria (Table 2.3) than conventional antibiotics and could therefore be of use in the 

treatment of resistant bacteria (Ojewole, 2005; Abreu et. al., 2012). The six plants 

under our study also revealed the presence of some phytochemical compounds (Table 

4.6a).  

 The results of antimicrobial assay in this study revealed more consistent 

antibacterial activity by the methanolic and ethanolic extracts of the plants against 

tested isolates as compared to aqueous extract. This finding may be rationalized in 

terms of the polarity of the compounds being extracted by each solvent and, in 

addition to their intrinsic bioactivity, by their ability to dissolve or diffuse in the 

different media used in the assay. Susceptibility of pathogens varied to solvent extract 

and aqueous extract. This indicates the involvement of more than one active 

principles of biological significance (Ming et. al., 2005; Sharma et. al., 2009) in 

antibacterial action. 

 Several studies have shown the antibacterial activity of P. guajava (Burkill, 

1966; Biazzi, 1996; Tanaka et. al., 1998; Abdelrahim et. al., 2002; Sharma, 2005; 

Gutierrez et. al., 2008), A. rivularis (Aligiannis et al. 2001; Manandhar, 2002; 

Adhikary et. al., 2011; Adhikary et. al., 2012), C. speciosus (Ariharan et. al., 2012), 

H. javanica (Kumarappan et. al., 2005), H. wallichii (Gurung, 2002; Limbu and Rai, 

2013) and R. arboreum (Laloo et. al., 2006; Sonar et. al., 2012; Nisar et. al., 2013)  

on diarrhoea and dysentery causing E. coli. Antimicrobial activity by P. guajava on 

different members of bacterial families such as Enterobacteriaceae, Vibrionaceae, 

Micrococcaceae and Propionibacteriaceae (Robbers et. al., 1997; Vieira et. al., 2001; 

Chomnawang et. al., 2005; Qadan et. al., 2005). 

 In our study methanolic extract of the plants exhibited higher degree of 

antibacterial activity (Table 4.6b) in comparision to ethanolic and aqueous extracts 

which is in accordance with the findings of (Parekh and Chanda, 2007; Goncalves et. 

al., 2008, Egharevba et. al., 2010; Adhikari et. al., 2012; Ismail et. al., 2012). This 
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may be because more polyphenols such as flavonoids is extracted by methanol (Pietta, 

2000; Medini et. al., 2014).  

 Aqueous extracts showed least activity in this study. This might have resulted 

from the lack of solubility of the active constituents in aqueous solutions (Chanda and 

Parekh, 2007) or may be because the active compound(s) may be present in 

insufficient quantities in the crude extracts to show activity with the dose levels 

employed (Taylor et. al., 2001). In addition, microorganisms show variable sensitivity 

to chemical substances related to different resistance levels between strains (Cetin and 

Gurler, 1989). Alternatively, even if the active principle is present in high enough 

quantities, there could be other constituents exerting antagonistic effects or negating 

the positive effects of the bioactive agents (Jager et. al., 1996). In the present study 

negligible inhibitory activity with aqueous extract was observed in most of the plants 

which may be due to loss of some active compounds during extraction process of the 

sample or there may be lack of solubility of active constituents in aqueous solution 

(Sampathkumar, et. al., 2008). Alternatively, active compounds may be present in 

insufficient quantities in the crude extracts to show activity with the dose levels 

employed (Taylor, 2013). 

 Chemicals in P. guajava were shown to bind to E. coli, preventing its adhesion 

to the intestinal wall and thus preventing infection and resulting diarrhoea (Rodriguez 

et. al., 2001) or through the inhibition of intracellular calcium release (Olajide et. al., 

1999). Quercetin,  a polyphenolic compound has been reported to have antimicrobial 

action (Habbu et. al., 2009) found in P. guajava and R. arboretum and has been 

attributed to be responsible for the spasmolytic and antidiarrhoeal effects of the leaf 

extract (Lozoya et. al., 2002; Belemtougri et al, 2006). Quercetin relaxes smooth 

muscles and inhibits bowel contraction, probably by inhibiting intracellular calcium 

release from the sarcoplasmic reticulum (Morales et. al., 1994). Antibacterial activity 

of rhizome extract of C. speciosus may be due to the presence of diosgenin, an 

alkaloid which is the precursor for the synthesis of steroidal hormone (Ariharan et. al., 

2012). Kumarappan et. al., (2005) concluded that the antidiarrheal activity of H. 

javanica may be attributed to a reduction in peristaltic activity. 

 The phytochemicals detected in the studied plants either individually or as a 

group may be responsible for antibacterial activity. Some of the phytochemicals may 

have effects on the cell wall; others may be responsible for the interference of 

prokaryotic metabolic activities like protein synthesis, membrane function and others
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Table  4.6c.  Post hoc test for pair wise comparison of bacterial isolates against the tested medicinal plants 

Isolates  S8 S10 S1 S2 S3 S7 S9 S11  S12 S14 S15 S4 S13 S5 S6   

A rivularis  8.5 8.6 8.6 8.8 8.8 8.9 9.0 9.0  9.1 9.1 9.3 9.5 9.5 9.6 10.6   

S8 8.5                   

S10 8.6 .7877                  

S1 8.6 .7877 1.0000                 

S2 8.8 .4198 .5904 .5904                

S3 8.8 .2826 .4198 .4198 .7877               

S7 8.9 .1798 .2826 .2826 .5904 .7877              

S9 9.0 .1081 .1798 .1798 .4198 .5904 .7877             

S11 9.0 .1081 .1798 .1798 .4198 .5904 .7877 1.0000            

S12 9.1 .0613 .1081 .1081 .2826 .4198 .5904 .7877 .7877           

S14 9.1 .0613 .1081 .1081 .2826 .4198 .5904 .7877 .7877  1.0000         

S15 9.3 .0080 .0166 .0166 .0613 .1081 .1798 .2826 .2826  .4198 .4198        

S4 9.5 .0016 .0036 .0036 .0166 .0329 .0613 .1081 .1081  .1798 .1798 .5904       

S13 9.5 .0016 .0036 .0036 .0166 .0329 .0613 .1081 .1081  .1798 .1798 .5904 1.0000      

S5 9.6 .0006 .0016 .0016 .0080 .0166 .0329 .0613 .0613  .1081 .1081 .4198 .7877 .7877     

S6 10.6 5    .68E-10 2.16E-09 2.16E-09 2.90E-08 1.02E-07 3.47E-07 1.14E-06  1.14E-06 3.63E-06 3.63E-06 .0001 .0006 .0006 .0016    

                    

 

Isolates  S1 S11 S5 S15 S8 S10 S7 S12 S14 S2 S4 S9 S3 S13 S6     

C speciosus  7.9 8.3 8.7 8.7 8.8 8.8 8.8 8.9 9.1 9.1 9.2 9.2 9.3 9.4 9.6     

S1 7.9                    

S11 8.3 .2118                   

S5 8.7 .0257 .3173                  

S15 8.7 .0257 .3173 1.0000                 

S8 8.8 .0134 .2118 .8022 .8022                

S10 8.8 .0067 .1346 .6165 .6165 .8022               

S7 8.8 .0067 .1346 .6165 .6165 .8022 1.0000              

S12 8.9 .0032 .0814 .4528 .4528 .6165 .8022 .8022             

S14 9.1 .0006 .0257 .2118 .2118 .3173 .4528 .4528 .6165            

S2 9.1 .0006 .0257 .2118 .2118 .3173 .4528 .4528 .6165 1.0000           

S4 9.2 .0003 .0134 .1346 .1346 .2118 .3173 .3173 .4528 .8022 .8022          

S9 9.2 .0003 .0134 .1346 .1346 .2118 .3173 .3173 .4528 .8022 .8022 1.0000         

S3 9.3 .0001 .0067 .0814 .0814 .1346 .2118 .2118 .3173 .6165 .6165 .8022 .8022        

S13 9.4 1.47E-05 .0014 .0257 .0257 .0468 .0814 .0814 .1346 .3173 .3173 .4528 .4528 .6165       

S6 9.6 1.81E-06 .0003 .0067 .0067 .0134 .0257 .0257 .0468 .1346 .1346 .2118 .2118 .3173 .6165    
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Isolates  S8 S11 S4 S10 S1 S3 S15 S9 S2 S7 S14 S12 S5 S6 S13 

H wallichi  7.8 8.3 8.4 8.5 8.6 8.8 8.8 8.9 9.1 9.1 9.2 9.2 9.5 9.5 9.5 

S8 7.8                

S11 8.3 .0996               

S4 8.4 .0552 .7825              

S10 8.5 .0288 .5811 .7825             

S1 8.6 .0142 .4082 .5811 .7825            

S3 8.8 .0029 .1692 .2707 .4082 .5811           

S15 8.8 .0029 .1692 .2707 .4082 .5811 1.0000          

S9 8.9 .0005 .0552 .0996 .1692 .2707 .5811 .5811         

S2 9.1 .0001 .0142 .0288 .0552 .0996 .2707 .2707 .5811        

S7 9.1 .0001 .0142 .0288 .0552 .0996 .2707 .2707 .5811 1.0000       

S14 9.2 2.13E-05 .0066 .0142 .0288 .0552 .1692 .1692 .4082 .7825 .7825      

S12 9.2 2.13E-05 .0066 .0142 .0288 .0552 .1692 .1692 .4082 .7825 .7825 1.0000     

S5 9.5 1.88E-07 .0002 .0005 .0012 .0029 .0142 .0142 .0552 .1692 .1692 .2707 .2707    

S6 9.5 1.88E-07 .0002 .0005 .0012 .0029 .0142 .0142 .0552 .1692 .1692 .2707 .2707 1.00   

S13 9.5 1.88E-07 .0002 .0005 .0012 .0029 .0142 .0142 .0552 .1692 .1692 .2707 .2707 1.00 1.00  

 

Isolates  S1 S11 S8 S10 S4 S3 S9 S2 S14 S7 S12 S5 S15 S13 S6 

H javanica  7.6 8.1 8.3 8.5 8.6 8.7 8.7 8.8 8.9 9.0 9.1 9.2 9.2 9.6 10.1 

S1 7.6                

S11 8.1 .0944               

S8 8.3 .0127 .4009              

S10 8.5 .0025 .1626 .5752             

S4 8.6 .0010 .0944 .4009 .7792            

S3 8.7 .0004 .0515 .2633 .5752 .7792           

S9 8.7 .0004 .0515 .2633 .5752 .7792 1.0000          

S2 8.8 4.87E-05 .0127 .0944 .2633 .4009 .5752 .5752         

S14 8.9 1.61E-05 .0058 .0515 .1626 .2633 .4009 .4009 .7792        

S7 9.0 5.09E-06 .0025 .0264 .0944 .1626 .2633 .2633 .5752 .7792       

S12 9.1 1.54E-06 .0010 .0127 .0515 .0944 .1626 .1626 .4009 .5752 .7792      

S5 9.2 4.50E-07 .0004 .0058 .0264 .0515 .0944 .0944 .2633 .4009 .5752 .7792     

S15 9.2 4.50E-07 .0004 .0058 .0264 .0515 .0944 .0944 .2633 .4009 .5752 .7792 1.00    

S13 9.6 5.76E-10 1.54E-06 4.87E-05 .0004 .0010 .0025 .0025   .0515 .0944 .1626 .1626   

10.1 8.96E-14 5.76E-10 3.43E-08 4.50E-07 1.54E-06 5.09E-06 5.09E-06 4.87E-05 .0001 .0004 .0010 .0025 .0025 .0944  S6 
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Isolates  S1 S10 S11  S8  S14  S4  S2 S3 S9 S12 S15 S13 S5 S7 S6 

P gunjava  8.1 8.5 9.1  9.3  9.3  9.3  9.4 9.5 9.7 9.8 9.9 10.0 10.8 10.8 11.1 

S1 8.1                    

S10 8.5 .2782                   

S11 9.1 .0101 .1299                  

S8 9.3 .0028 .0522 .6638                 

S14 9.3 .0028 .0522 .6638  1.0000               

S4 9.3 .0014 .0313 .5146  .8279  .8279             

S2 9.4 .0007 .0181 .3852  .6638  .6638  .8279           

S3 9.5 .0003 .0101 .2782  .5146  .5146  .6638  .8279         

S9 9.7 .0001 .0028 .1299  .2782  .2782  .3852  .5146 .6638        

S12 9.8 2.79E-05 .0014 .0839  .1936  .1936  .2782  .3852 .5146 .8279       

S15 9.9 4.75E-06 .0003 .0313  .0839  .0839  .1299  .1936 .2782 .5146 .6638      

S13 10.0 1.89E-06 .0001 .0181  .0522  .0522  .0839  .1299 .1936 .3852 .5146 .8279     

S5 10.8 6.02E-11 1.33E-08 1.17E-05 .0001  .0001  .0001  .0003 .0007 .0028 .0054 .0181 .0313    

S7 10.8 6.02E-11 1.33E-08 1.17E-05 .0001  .0001  .0001  .0003 .0007 .0028 .0054 .0181 .0313 1.00   

S6 11.1 2.02E-12 5.46E-10 7.31E-07 4.75E-06 4.75E-06 1.17E-05 2.79E-05   .0001 .0003 .0007 .0028 .0054 .5146 .5146  

               

 

Isolates  S11 S4 S8 S2  S10  S1  S7  S12 S3 S9 S14 S13 S15 S6 S5 

R arboreum  8.1 8.2 8.2 8.3  8.5  8.6  8.6  8.8 8.9 9.0 9.1 9.3 9.3 9.8 10.3 

S11 8.1                    

S4 8.2 .7721                   

S8 8.2 .7721 1.0000                  

S2 8.3 .3856 .5626 .5626                 

S10 8.5 .1493 .2479 .2479 .5626               

S1 8.6 .0841 .1493 .1493 .3856 .7721             

S7 8.6 .0841 .1493 .1493 .3856 .7721 1.0000           

S12 8.8 .0101 .0219 .0219 .0841 .2479 .3856  .3856          

S3 8.9 .0044 .0101 .0101 .0444 .1493 .2479  .2479  .7721        

S9 9.0 .0018 .0044 .0044 .0219 .0841 .1493  .1493  .5626 .7721       

S14 9.1 .0007 .0018 .0018 .0101 .0444 .0841  .0841  .3856 .5626 .7721      

S13 9.3 .0001 .0003 .0003 .0018 .0101 .0219  .0219  .1493 .2479 .3856 .5626     

S15 9.3 .0001 .0003 .0003 .0018 .0101 .0219  .0219  .1493 .2479 .3856 .5626 1.00    

S6 9.8 1.36E-08 5.35E- 5.35E- 7.43E-07 8.79E-06 2.83E-05 2.83E-05 .0007 .0018 .0044 .0101 .0444 .0444   

   08 08                 

S5 10.3 9.50E-12 4.26E-11 4.26E-11 8.02E-10 1.36E-08 5.35E-08 5.35E-08 2.61E-06 8.79E-06 2.83E-05 .0001 .0007 .0007 .1493  

Numbers in bold mean significant (p <0.001)
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 Two way ANOVA analysis of variance revealed that inhibitory effect shown 

by plant extracts is highly significant (p<0.001) (Appendix H). Pairwise comparision 

of different extracts from A. rivularis, C. speciosus and H. wallichii revealed that 

inhibition showed by aqueous and methanol was not significant (p>0.001). On the 

other hand, pairwise comparision of different extracts from H. javanica, P. guajava 

and R. arboreum revealed that inhibition shown by all the extracts was highly 

significant (p<0.001) (Appendix I). Similarly the degree of inhibition shown by 

isolates is highly significant (p<0.001) (Table 4.6c). 

 

4.4.2. MIC value determination of the antidiarrhoeal medicinal plant extracts 

against the selected coliform isolates 

Results 

 MIC values of the medicinal plant extracts (ethanolic and methanolic) against 

the coliform isolates were determined by agar cup diffusion method. The values are 

represented as µg mL
-1

 of extract residue. Extracts that failed to produce inhibition 

zone in screening test were not considered for MIC. Inhibition zone of diameter more 

than 9 mm was considered to be active against the coliform isolate.  

 Both extracts of all the six plants exhibited MIC value of ≥50 µg mL
-1

 (Table 

4.6d). 

 MIC value of methanolic extract of P. guajava ranged from 50 µgmL
-1

 against 

six coliform isolates (S3, S9, S11, S13, S14 and S15) to 250 µg mL
-1

 against isolates 

S4, S5 and S12 tested. MIC value of methanolic extract of H. wallichii ranged from 

50 µg mL
-1

 against S1, S7 and S14 to 1000 µg mL
-1

 against S4 coliform isolate.  MIC 

value of C. speciosus ranged from 50 µg mL
-1

 against S3 and S4 to 500 µg mL
-1

 

against coliform isolates S1, S2, S4, S5, S7, S8 and S12. 

 Methanolic extract of P. guajava was observed to be more potent among the 

six medicinal plants studied. This may be attributed to the fact that more polyphenols 

such as flavonoids are extracted by methanol (Pietta,  2000; Medini et. al., 2014) or 

methanol extract dissolved better in 10% DMSO than other solvents (Komolafe, 

2014).
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 Table  4.6d.  MIC value of tested  traditional antidiarrhoeal medicinal plant extracts against the selected coliform isolates  

(µg mL
-1

) 

A. rivularis C. speciosus H. wallichii H. javanica P. guajava R. arboreum       Plants  

 

Isolates Met. Eth. Met. Eth. Met. Eth. Met. Eth. Met. Eth. Met. Eth. 

S1 500 1000 500 ND 50 10000 ND ND 100 10000 10000 10000 

S2 ND 1000 500 10000 100 1000 50 1000 100 10000 ND ND 

S3 ND ND 50 100 ND ND ND ND 50 100 500 ND 

S4 10000 10000 500 100 1000 ND 250 ND 250 10000 ND ND 

S5 50 50 500 ND 250 1000 250 250 250 1000 50 250 

S6 10000 ND ND ND ND ND 10000 1000 100 500 ND ND 

S7 50 1000 500 1000 50 10000 10000 10000 100 250 50 ND 

S8 10000 500 500 500 ND ND 100 ND 100 500 10000 ND 

S9 500 1000 100 1000 ND 500 ND ND 50 1000 50 ND 

S10 ND ND ND 1000 ND ND ND ND ND ND ND ND 

S11 1000 1000 ND 250 500 ND ND ND 50 1000 ND ND 

S12 100 50 500 ND 250 500 500 500 250 10000 250 10000 

S13 500 ND ND ND 250 50 100 500 50 50 1000 ND 

S14 100 100 50 250 50 50 500 50 50 50 500 50 

S15 1000 50 ND ND ND ND 50 ND 50 1000 50 250 
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 Sharma (2005) reported MIC value of ethanolic extract of P. guajava and R. 

arboreum to range from 200 µg mL
-1

 - 500 µg mL
-1

 and from 100 µg mL
-1

 - 400 µg 

mL
-1

 respectively against coliform isolates. 

 The results confirm the antimicrobial properties of these medicinal plants and 

can be used in case of outbreak of intestinal diseases in the area. The study 

scientifically proves the importance of plant products in development of potent 

antibacterial agent which may reduce the development of antibiotic resistance in 

pathogenic strains of enteric bacteria. 

 The presence of phytochemicals which are reported to show antibacterial 

activity have also been found in the plants studied (Table 4.6a) suggesting their use in 

the management of enteric diseases. Further investigation involving isolation, 

identification and clinical trials of the plants may help in the development of novel 

antidiarrhoeal phytomedicines. 
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Plate 4.5.  Inhibition zones on coliform lawns using test antibiotics (Dodecadiscs Icosa      

Universal-2; Hi-Media)  
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Plates 4.5. Inhibition zones on coliform lawns using test antibiotics (Dodecadiscs 

Icosa Universal-2; Hi-Media) 
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4.5. Similarity percentage of proteins of selected coliform isolates in Native 

PAGE 

 Similarity percentage values of protein bands in native PAGE has significant 

role in determining the homology between the organisms including others (Sharma, 

2005). Such values are calculated on the basis of protein banding pattern of the 

organisms in polyacrylamide gel electrophoresis (Plate 4.7). 

Result 

 The similarity percentage among the ten isolates selected for the study is 

represented in (Table 4.7). Highest similarity (92.3%) was observed between S1 and 

S2. Similarity between the coliform isolates S5 and S6 was the lowest (33.3%). Out of 

ten isolates subjected to the electrophoretic pattern of protein in native PAGE more 

than 50 % isolates showed more than 50% similarity in general also supporting the 

observations of previous experiments like biochemical and carbohydrate fermentation 

tests for determining the nature of faecal coliforms. Similar results have also been 

reported earlier from natural drinking water sources in Darjeeling (Sharma, 2005).  

 

Table  4.7. Similarity percentage of protein bands in native PAGE 

Isolates S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

S1 100 92.3 75 66.6 75 58.3 66.6 60 66.6 83.3 

S2  100 69.2 69.2 69.2 46.1 76.9 66.6 66.6 76.9 

S3   100 80 70 50 75 60 53.3 72.7 

S4    100 88.8 50 50 46.6 60 72.7 

S5     100 33.3 50 46.6 40 81.8 

S6      100 75 73.3 80 58.3 

S7       100 73.3 66.6 66.6 

S8        100 86.6 60 

S9         100 53.3 

S10          100 

 

Discussion 

 Native PAGE is one of the most powerful techniques for studying the 

composition and structure of native proteins, since both the conformation and 

biological activity of proteins remain intact during this technique (Davis, 1964). In 

this study similarity percentage range of 33.3% to 92.3% was observed (Table 4.7) 
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which supports the observations of previous experiments like carbohydrate 

fermentation, antibiotic sensitivity determined properties of the coliform isolates. 

 More than 50% of the isolates exhibited similarity percentage of more than 

50% suggesting the homology of whole protein banding property among the coliform 

isolates. Variation in similarity percentage among the coliform isolates may be 

attributed to the variation of their sources. All the coliform isolates are not necessarily 

indigenous flora as their presence in water indicates the current contamination. 

Tourists from different places of the country and abroad visit Darjeeling, there is 

possibility that these people may be another source of faecal contamination and hence 

the observation of similarity percentage. More extensive and careful study of the 

whole cell protein of the coliform isolates of the lake waters may provide valuable 

information on typing of strains and formulating appropriate clinical guidance during 

enteropathogenic outbreaks in the areas.  

 

4.6. Plasmid profile of selected coliform isolates 

 Plasmid analysis is one of the useful methods used for differentiation among 

bacterial strains (Tanner et. al., 1996; Neuwirth et. al., 1996; Walia et. al., 1988). 

Result 

 According to morphological and physiological properties, it was determined 

that the local isolates belonged to E. coli species. Plasmid profiling of the coliform 

isolates carried out in submarine gel electrophoresis demonstrated that out of 15 

selected coliform isolates 11 isolates contained single band plasmid DNA (Plate 4.8). 

Although 13 (87%) of these isolates showed multidrug resistance (Table 4.5b). The 

resistance pattern was not same in all the cases i.e. some of them showed resistance to 

one group of antibiotics and others responded to different groups (Table 4.5b). 

Plasmids of different molecular sizes ranging from 2-3 kb to 6.5 kb and maximum 26 

kb have been reported in E. coli (Jan et. al., 2009). Danbara et. al., (1987) have also 

reported the plasmid size between 3.9kb and 50kb in E. coli strains isolated from 

patients suffering from traveler’s diarrhoea. 

 

Discussion 

 In this study, isolates were screened for the presence of plasmids. Plasmids 

generally harbour antibiotic resistant genes. There was no correlation between 

plasmid occurrence and multiple antibiotic resistance for all of the isolates because 
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some of the isolates (S3, S12, S13 and S14), without plasmid in the present study 

showed multiple antibiotic resistance. Similar result was also observed by others 

(Walia et. al., 1988; Pardesi et. al., 2007; Celebi et. al., 2007; Jan et. al., 2009; 

Farshad et. al., 2012; Cumhur and Ismet, 2014). This may be because the multidrug 

resistant determinants are located in chromosomal DNA instead of plasmid (Nsofor 

and Iroegbu, 2013; Cumhur and Ismet, 2014) or may be due to experimental 

technique variations. Overuse of antibiotics creates antibiotic pressure in an 

environment that allows resistant strains to dominate over the sensitive strains (Nsofor 

and Iroegbu, 2013).  

 Prevalence of MAR as well as MDR coliform strains in this study suggested 

the existence of a reservoir of antibiotic resistance genes in the lake waters that could 

be transferred to the pathogenic bacteria (horizontal as well as vertical) in the 

environment signifying serious public health concerns. Therefore we underline the 

periodic need for monitoring the presence of resistant bacteria in these lakes for 

preventing water borne epidemics in the area. 
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 Plates 4.6a. Nutrient agar  plates of coliform isolates  (caption in inset) showing 

inhibition zone in response to medicinal plant extracts. Antibiotic streptomycin at the 

centre of the plate 
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Plates 4.6b. Nutrient agar pour plate of coliform isolates showing inhibition zone in 

response to ethanolic extracts of the medicinal plant  

 

AR=Astilbe rivularis, CS= Costus speciosus, HW= Heracleum wallichii, HJ = Hydrocotyl javanica, 

PG= Psidium guajava, RA= Rhododendron arboreum  

 

 

 

 
Plates 4.6c. Nutrient agar pour plate of coliform isolates (caption in inset) showing 

inhibition zone in response to methanolic extracts of the medicinal plant  

For description of isolates please refer Table 4.4a 
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Plate 4.7. Electrophoretic pattern of selected colifrom isolates in native PAGE 

Lane S1 to lane S10 denotes the respective lanes for the isolates 

For description of isolates please refer Table No. 4.4a 

 

 
 

Plate 4.8. Plasmid profile of E. coli isolates 

Lane S1 to S15  denotes the respective lanes for the isolates 

For description of isolates please refer Table No. 4.4a 
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SUMMARY AND CONCLUSION 

 

 The present thesis entitled “Microbiological Quality of Water of Some 

Important Lakes of Tourist Importance in Darjeeling Hills” was conducted for a 

period of two years (March 2011 to January 2013).  

The important findings of this study are as follows: 

• Physico-chemical parameters like temperature, DO and pH were measured. Low 

atmospheric temperatures were recorded in November - January months and high in 

July- September months during both years of study in all the three lakes. DO 

concentration did not show consistent result in the investigated lakes.  The highest DO 

values were observed during monsoon (July-September) in Mirik and Jorepokhari 

Lakes whereas in Nakhapani Lake during post monsoon (November- January) season. 

The lowest values were recorded during winter in Mirik and Jorepokhari lakes and 

during summer in Nakhapani Lake.  

• Low counts of TBC, TC, FC and FS were observed during post monsoon months 

(November- January) with sharp increase during Monsoon (July). Mirik Lake showed 

highest total bacterial counts followed by Jorepokhari Lake and Nakhapani Lake 

clearly reflecting higher pollutant input and anthropogenic activities in and around the 

lake in comparison to the other two lakes. High FC/FS ratio in two of the lakes under 

the study showed very high FC/FS ratio confirming the faecal contamination of 

human origin. The bacteriological results from this study did not comply with the 

national (BIS, 2011) or international guidelines for drinking water set by WHO 

(2004) standard.  

• Occurrence of 60% MAR and 93.3% MDR coliform isolates exhibited very high level 

of faecal pollution of the lake waters. Prevalence of such resistant isolates in the lake 

waters is an indication of the presence of opportunistic pathogens.  

• Extracts of six traditionally used anti-diarrhoeal medicinal plants i.e., A. rivularis, C. 

speciosus, H. javanica, H. wallichii, P. guajava and R. arboreum showed the 

potentiality to inhibit the growth of the selected coliforms promising the efficacy of 

these plants in time of emergency in being cheap and easily available. Methanolic 

extract of P guajava showed the highest anti-microbial potential.  

• Native gel electrophoresis of the selected ten isolates showed more than 50% 

similarity in general probably reflecting variation of their sources. 



113 

 

• Submarine gel electrophoresis of the selected 15 coliform isolates exhibited the 

presence of plasmid in 13 isolates all of which were resistant to at least 3 different 

families of antibiotics tested with. 

 It can be concluded that the tested physico chemical parameters of the lake 

water samples have marginally crossed the acceptable limits but the bacteriological 

parameters exceeded the threshold values determined by the National and 

International agencies. The faecal coliform population was found to be of human 

origin.  

Since quality of water is critical in disease prevalence, the lakes should be 

protected and regularly monitored for the formulation of action plan to prevent 

disease epidemics. Occurrence of high population of indicator organisms in the 

investigated lakes is indicative of improper practices such as poor waste disposal and 

dumping of wastes and other anthropogenic activities in and around the lakes.  

 The investigation generated some important baseline data on the pollution 

status of the lakes. These data would be helpful in planning for future policy decisions 

on using the lakes as an eco-tourist center and proper management of the surrounding 

catchment areas around the lakes traditional medicinal plants can be used as 

immediate control measure in case of epidemics as well as in the places still to be 

covered by medical facilities.  

 

RECOMMENDATIONS 

 

• This study considered only three lakes in Darjeeling Hills, however a large 

number of other freshwater resources particularly spring and streams are also 

used for water consumption. Therefore, it is recommended to replicate such 

studies in these freshwater resources too. 

• Only a few selected physico-chemical parameters were considered, other 

parameters such as heavy metals and nutrients such as the phosphates and 

nitrates should also be determined. 

• Only indicator organisms were studied, therefore, prevalence of pathogenic 

bacterial strains transmitted through water consumption should also be 

studied. 
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• Only six medicinal plants were used in this study.  More locally found plants 

may also have the anti-microbial potential against the entero-pathogens, 

therefore the potentiality of other plants should also be explored. 

• Possibility of vertical as well as horizontal transfer of antibiotic resistance 

property among the intestinal pathogen population calls for an urgent attention 

to realize the health risks and likely epidemic in the population using the lake 

waters for drinking and other purposes. 

• Further awareness and educational programmes at community, regional and 

national levels is needed for the prevention as well as control of pollution of 

water bodies. 
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                             Appendix A 

 Media used 

All the media were dehydrated culture media obtained from HI-Media Laboratories 

Pvt. Ptd., India except otherwise stated. Reconstitution of dehydrated media was done 

according to the direction given on the label.  

The composition (gmL
-1

) is listed below: 

1. Nutrient-Broth/Agar  Medium  

Beef Extract     3.00 

Peptone           5.00 

Sodium Chloride    5.00 

pH was adjusted to 7.2 before sterilization. 

For solidification 1.5 % (w/v) agar was added. 

2. Lauryl Tryptose Broth 

Tryptose     20.00 

Lactose     5.00 

Sodium Chloride    5.00 

Dipotassium Phosphate   2.75 

Monopotassium phosphate   2.75 

Sodium Lauryl Sulphate   0.10 

Final pH was adjusted to 6.8±0.2 before sterilization. 

3. Eosine Methylene Blue Agar 

Peptic digest of animal tissue   10.00 

Dipotassium phosphate   2.00 

Lactose     10.00 

Eosin-Y     0.40 

Methylene Blue    0.065 

Agar      15.00 

Final pH was adjusted to 7.1 before sterilisation 

4. Glucose Azide Broth 

Peptone     10.00 

Yeast extract     3.00 



 

 

b 

Sodium chloride    5.00 

Dipotassium phosphate   5.00 

Dextrose     5.00 

Sodium azide     0.25 

Bromo cresol purple    0.03 

Final pH (at 25ºC) adjusted to 6.7±0.2 before sterilization 

 

5. Gram staining reagents: Gram’s Crystal Violet, Gram’s Iodine, Gram’s 

Decolouriser and Gram’s Saffranine (HiMedia  Laboratories, Mumbai, India). 
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         Appendix B 

Preparation of solutions and reagents for native PAGE 

I. Preparation of solutions for native PAGE (Bollag et. al., 1996): 

1. Solution A (Acrylamide stock solution in distilled water) 

a. 30 % Acrylamide 

b. 0.8 % Bis-acrylamide  

2. Solution B (4X Separating buffer) 

a. 1.5 M Tris-HCl (pH 8.8) 

3. Solution C (4X Stacking buffer) 

a. 0.5 M Tris (pH 8) 

4. 10% Ammonium persulphate 

5. Electrophoresis buffer, 1000mL (pH 8.8) 

a. 3.0g Tris 

b. 14.4 g Glycine 

c. 1000 mL distilled water 

6. 5X Sample buffer (10 mL) 

a. 3.1 mL 1 M Tris-HCl (pH 6.8) 

b. 5 mL glycerol 

c. 0.5 mL 1% bromophenol blue 

d. 1.4 mL distilled water 

II. Preparation of 8% separating gel for native PAGE for protein profile (For 10 mL) 

a) 4.8 mL distilled water 

b) 2.7 mL Solution A 

c) 2.5 mL Solution B 

d) 50 µL 10% Ammonium persulphate 

e) 5 µL TEMED 

III. Preparation of 5% stacking gel for native PAGE for protein profile (For 4 mL) 

a. 2.3 mL distilled water 

b. 0.67 mL Solution A 

c. 1.0 mL Solution C 

d. 30 µL 10% Ammonium persulphate 

e. 5 µL TEMED 

IV. Preparation of stain for native PAGE for protein profile 

1. Coomassie Gel Stain (1000 ml) 



 

 

d 

a. 1.0 g Coomassie Blue R-250 

b. 450 mL methanol 

c. 450 mL distilled water 

d. 100 mL glacial acetic acid 

2. Coomassie Gel Destain (1000 ml) 

a. 100 mL methanol 

b. 100 mL glacial acetic acid 

c. 800 mL distilled water 
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         Appendix C 

Preparation of solutions and reagents for plasmid isolation 

I. Preparation of solutions for isolation of Plasmid DNA (Janarthanan and 

Vincent, 2007) 

1. Solution I (100 mL) 

a) 50 mM glucose: 1.8 ml from 50% glucose 

b) 25 mM Tris-HCl pH 8.0 : 2.5 mL from 1M Tris-HCl pH 8.0 

c) 10 mM EDTA pH 8.0 : 2.0 mL from 0.5 M EDTA pH 8.0 

d) Water : 93.7 mL 

2. Solution II (100 ml) 

a) 1% SDS : 10mL from 10% SDS 

b) 0.2 N NaOH : 20mL from 1 N NaOH 

c) Water : 70 mL 

3. Solution III (100 mL) 

a) 3 M K
+
 : 60 mL from 5 M potassium acetate 

b) 5 M Acetate : 11.5 mL glacial acetic acid 

c) Water : 28.5 mL 

4. Tris-acetic acid-EDTA buffer (TE) (100 mL) 

a) 10 mL Tris-HCl pH 8.0 : 1 mL from 1 M Tris-HCl pH 8.0 

b) 1mM EDTA : 0.5 mL from 0.5 M EDTA pH 8.0 

c) Water : 98.5 mL 

 

II. Preparation of Stock solutions for isolation of Plasmid DNA 

1. 50% Glucose (200 mL): 100g of glucose was dissolved in 150 mL of distilled 

water    and the volume was made upto 200 mL and autoclaved. 

2. 1 M Tris-HCl pH 8.0 (500 mL): 60.55 g of Tris was dissolved in 400 mL of 

distilled water. pH was adjusted to 7.5 with conc. HCl and the volume was 

 made to 500 mL. 

3. 0.5 M EDTA pH 8.0 (100 mL): 16.8 g of anhydrous disodium salt of EDTA was 

dissolved in 70 mL of distilled water. pH was adjusted to 8.0 using NaOH. The 

volume was made upto 100 mL and autoclaved. 

4. 10% SDS (100 mL) (w/v): 10 g of SDS was dissolved in 100 mL of distilled 

 water and  heated gently. The volume was made upto 100 mL. 



 

 

f 

5. 1 N Sodium hydroxide (100 mL): 4g of NaOH was dissolved in 100mL of 

distilled water. 

6. 5M Potassium acetate (500 mL): 245.5 g of potassium acetate was dissolved in 

400 mL of distilled water. pH was adjusted to 5.5 with glacial acetic acid and the 

volume was made to 500 mL. 

 

III. Preparation of solutions for Agarose Gel Electrophoresis of plasmid DNA 

 1. Electroporesis buffer 

a. 50X stock TAE buffer 

b. Tris base : 242 g 

c. Glacial Acetic Acid : 57.1 mL 

d. 0.5 M EDTA : 100 mL 

e. The volume was made upto 1000 mL and diluted to 1X for use. 

2. TAE working buffer (IX concentration) 

a. 40 mM Tris Acetate pH 8.0 

b. 1mM EDTA pH 8.0 

  3.  5X stock TBE buffer 

a. Tris base : 54 g 

b. Boric acid : 27.5 mL 

c. 0.5 M EDTA : 20 Ml 

 The volume was made upto 1000 mL,  pH was adjusted to 8.0 and 

 diluted to 1X for use. 

 

IV. Sample buffer (50 mL) 

a. 0.1M EDTA pH 8.0 : 2.0 mL of 0.5 M stock 

b. 0.01M Tris-HCl pH 8.0 : 0.1 mL of 1 M stock 

c. 0.25 % bromophenol blue : 25 mg 

d. 50 % Glycerol : 45 mL 

e. 2.9 mL of distilled water. 

V. Ethidium bromide solution: 10 mg of Ethidium bromide was dissolved in 1 mL 

of 1X TAE buffer. 
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            Appendix D   

Abbreviations and acronym 

ARA   Antibiotic Resistance Analysis 

APHA   American Public Health Association 

APS   Ammonium Persulphate 

BIS   Bureau of Indian Standards 

CDCP   Centers for Disease Control and Prevention 

CPCB   Central Pollution Control Board 

CFU   Colony Forming Unit 

DALY   Daily Adjusted Life Years 

DMSO   Dimethyl Sulfoxide 

DO   Dissolved Oxygen 

EDTA   Ethylene Diamine Tetra Acetate 

EMB Agar  Eosine Methylene Blue Agar 

EU   European Union 

FC   Faecal Coliforms 

FS   Faecal Streptococci 

GAB   Glucose Azide Broth 

gm   Gram 

GoI   Government of India 

HPC   Heterotrophic Plate Count 

ha   Hectare 

hrs   Hours 

ICMR   Indian Council of Medical Research 

Km   Kilometer    

L   Litre 

LTB   Lauryl Tryptose Broth 

M   Meter 

MDR   Multi Drug Resistant 

MST   Microbial Source Tracking 

MAR   Multiple Antibiotic Resistant 

MF   Membrane Filter 

mg   Milligram 

mgL
-1

   Milligram per Liter 



 

 

h 

MIC   Minimum Inhibitory Concentration 

MPN   Most Probable Number  

mL   Milliliter 

mL
-100

   Per Hundred Milliliters 

mm    Millimeter 

MPN   Most Probable Number 

MUG   4-Methyl Umbelliferyl-β-D Glucuronoide 

msl   Meter Above Sea Level 

NA   Nutrient Agar 

NB   Nutrient Broth  

ND   Not Detected 

NWDQS  National Drinking Water and Quality Standards 

ONGP   O-Nitroohenyl-β-D-Galactopyranoside 

º
C   Degree Celsius 

PAGE   Polyacrylamide Gel Electrophoresis 

pH   Potential Hydrogen 

rpm   Rotation Per Minute 

TBC   Total Bacterial Count 

TC   Total Coliforms 

TEMED  N, N, N , N’, - Tetramethyl Ethylenediamine 

UN   United Nations 

UNICEF  United Nations of Childrens’ Educational Fund 

UN-DESA  United Nations Department of Economic and Social Affairs 

UNW-DPCD  UN-Water Decade Programme on Capacity  Development 

USEPA  United States Environment Protection Agency 

w/v    Weight by Volume 

WHO   World Health Organization 

WRI   World Resource Institute 

WHO-SEARO World Health Organization-South East Asia Regional Office 

WBSAPCC  West Bengal Sate Action Plan on Climate Change 

µL   Micro Liter 

µM   Micro Meter 

µg L
-1

   Micro Gram Per Litre 

vscM
-1

   Volts Per Centimeter 
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Appendix E 

Table 1. One way ANOVA showing means of bimonthly variation (p<0.001) in the physico-chemical 

and microbiological parameters of the studied lakes during March 2011-January 2013 

 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1880.152 5 376.030 75.703 .000 

Within Groups 625.864 126 4.967   Air Temperature 

Total 2506.015 131    

Between Groups 1860.250 5 372.050 14.738 .000 

Within Groups 3180.682 126 25.244   Water Temperature 

Total 5040.932 131    

Between Groups 301.811 5 60.362 13.011 .000 

Within Groups 584.549 126 4.639   DO 

Total 886.361 131    

Between Groups 96.033 5 19.207 6.487 .000 

Within Groups 373.086 126 2.961   pH 

Total 469.119 131    

Between Groups 37892903.523 5 7578580.705 17.650 .000 

Within Groups 54101651.955 126 429378.190   Total Coliform 

Total 91994555.477 131    

Between Groups 21599527.038 5 4319905.408 9.967 .000 

Within Groups 54613199.591 126 433438.092   Faecal Coliform 

Total 76212726.629 131    

Between Groups 1254792.129 5 250958.426 5.071 .000 

Within Groups 6235991.591 126 49491.997   Faecal Streptococci 

Total 7490783.720 131    

Between Groups 134.726 5 26.945 11.029 .000 

Within Groups 307.843 126 2.443   Total Baterial Count 

Total 442.569 131    
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Appendix F 

Table 2. Post hoc tests for the Physicochemical and microbiological parameters of 

the investigated lakes during March 2011-January 2013 

 

F.iii. Water Temperature 
 

Subset for alpha = 0.05 Month N 

1 2 

November 22 2.57727  

January 22 3.26227  

March 22 3.33818  

May 22  5.58159 

July 22  5.58364 

September 22  6.69000 

Duncan
a 

Sig.  .274 .109 

F.i. Air Temperature 

Subset for alpha = 0.05 Month 

N 1 2 3 4 5 

January 22 12.955     

November 22  15.091    

March 22   18.773   

May 22    20.773  

July 22     22.500 

September 22     23.273 

Duncan
a
 

Sig.  1.000 1.000 1.000 1.000 .252 

 

F.ii. Water Temperature 

Subset for alpha = 0.05 Month N 

1 2 3 

January 22 12.86   

November 22 15.27 15.27  

March 22 15.36 15.36  

May 22  16.41  

September 22   22.45 

July 22   22.77 

Duncan
a
 

Sig.  .122 .484 .834 



 

 

k 

 

 

F.iv. pH 

Subset for alpha = 0.05 Month N 

1 2 3 

March 22 5.5886   

May 22 6.0605   

July 22  7.2105  

January 22  7.2755  

November 22  7.5818  

September 22  8.0214  

Duncan
a 

Sig.  .365 .158  

 

F.v. Total Baterial Count 

Subset for alpha = 0.05 Month N 

1 2 3 4 

January 22 1.845    

November 22 1.973    

March 22 2.505 2.505   

May 22  3.082 3.082  

September 22   3.782 3.782 

July 22    4.695 

Duncan
a 

Sig.  .191 .223 .140 .055 

 

 

F.vi.  Total Coliform 

Subset for alpha = 0.05 Month N 

1 2 3 4  

      

January 22 535.41    

November 22 851.27 851.27   

March 22  953.77   

May 22  1199.82 1199.82  

September 22   1465.59  

July 22    2213.91 

Duncan
a
 

Sig.  .112 .098 .181 1.000 



 

 

l 

 

F.viii. Faecal Streptococci 

Subset for alpha = 0.05 Month N 

1 2 

January 22 11.59  

November 22 25.09  

September 22 66.00  

March 22 116.77  

May 22 146.14  

July 22  302.00 

Duncan
a 

Sig.  .075 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 22.000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F.vii. Faecal Coliform 

Subset for alpha = 0.05 Month N 

1 2 3 

January 22 149.86   

November 22 284.86   

March 22 440.27 440.27  

May 22 513.50 513.50  

September 22  717.55  

July 22   1396.64 

Duncan
a 

Sig.  .097 .191 1.000 
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              Appendix G  

Table 3. Preliminary phytochemical analysis of plant extrcats (Harborne, 1996) 

Test for alkaloids: Of each extract 2 mL was acidified with a few drops of dil.HCl 

and then 1mL of Dragendorff reagent was added. The appearance of orange to red, 

reddish-brown precipitate indicates the presence of alkaloids. 

Test for tannins: To 2 mL of each extract, a few drops of 10% lead acetate were 

added. The appearance of white precipitate indicates the presence of tannins.  

Test for saponins:  To 1 Ml of each extract taken in a measuring jar, 9 mL of dH2O 

was added and shaken vigorously for 15 seconds and extracts were allowed to stand 

for 10 minutes. Formation of stable foam (1cm) indicates the presence of saponins. 

Test for steroids: Chloroform 10 mL was added to 2 mL of all the three plant 

extracts. To these extracts, 1 mL of acetic anhydride was added, then, 2 mL of 

conc.H2SO4 

wasadded along the sides of the test tube. Colour formation at the junction is noted. T

he appearance of blue-green or red colour indicates the presence of   steroids. 

Test for triterpenoids: The test for triterpenoids is same as that for steroids. The 

appearance of red, blue-green, pink or violet colour at the junction indicates the 

presence of triterpenoids. 

Test for cardiac glycosides: To 1 mL of each extract, a few drops of glacial acetic 

acid and ferric chloride, and 3-4 drops of concentrated Sulphuric acid were added. 

The appearance of blue-green colour indicates the presence of glycosides. 

Test for phenols:  To 1 mL of sample extract few drops of 5% FeCl3 was added 

colour change ranging from purple, red, green, bluish black indicate presence of 

phenols. 

Test for flavonoids:  To 1 mL  of sample few drops of dil. NaOH was added a yellow 

colour is observed to it few drops of dil. HCl was added and after addition a 

colourless solution was seen indicating presence of flavonoids. 

 

 

 

 

 

 



 

 

n 

                         

Appendix H 

 Table 4. Results of the two-way ANOVA for plant extracts and isolates 

A rivularis SS df MS F p-value 

Extract 2,715.44 3 905.148 1581.81 2.90E-96 

Isolate 47.31 14 3.379 5.91 1.07E-08 

Interaction 173.89 42 4.140 7.24 6.81E-18 

Error 68.67 120 0.572   

Total 3,005.31 179    

C speciosus SS df MS F p-value 

Extract 2,857.91 3 952.637 1440.96 6.75E-94 

Isolate 29.91 14 2.137 3.23 .0002 

Interaction 159.42 42 3.796 5.74 2.55E-14 

Error 79.33 120 0.661   

Total 3,126.58 179    

H wallichi SS df MS F p-value 

Extract 2,897.97 3 965.991 1774.27 3.48E-99 

Isolate 39.31 14 2.808 5.16 1.61E-07 

Interaction 155.44 42 3.701 6.80 6.84E-17 

Error 65.33 120 0.544   

Total 3,158.06 179    

H javanica SS df MS F p-value 

Extract 2,948.55 3 982.850 1862.24 2.03E-100 

Isolate 60.53 14 4.324 8.19 4.57E-12 

Interaction 118.53 42 2.822 5.35 2.66E-13 

Error 63.33 120 0.528   

Total 3,190.95 179    

P guajava SS df MS F p-value 

Extract 2,318.07 3 772.689 880.28 1.67E-81 

Isolate 115.80 14 8.271 9.42 9.71E-14 

Interaction 148.60 42 3.538 4.03 1.20E-09 

Error 105.33 120 0.878   

Total 2,687.80 179    

R arboreum SS df MS F p-value 

Extract 2,915.09 3 971.696 1965.23 8.58E-102 

Isolate 64.58 14 4.613 9.33 1.29E-13 

Interaction 167.24 42 3.982 8.05 1.12E-19 

Error 59.33 120 0.494   

Total 3,206.24 179    

Numbers in bold indicate highly significant values (p<0.001) 
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Appendix I 

Table 5. Post hoc test for pairwise comparison of different extracts from tested 

medicinal plants 

A rivularis  Ethanol Aqueous Methanol  Streptomycin 

  6.2 7.1 7.4 15.8 

Ethanol 6.2      

Aqueous 7.1 4.30E-08     

Methanol 7.4 5.72E-13 .0276    

Streptomycin 15.8 9.72E-92 1.28E-86 1.56E-84   

C speciosus  Ethanol Aqueous Methanol       Streptomycin 

  6.2 6.8 6.8 15.8 

Ethanol 6.2      

Aqueous 6.8 .0015     

Methanol 6.8 .0004 .6980    

Streptomycin 15.8 9.36E-88 9.21E-85 2.16E-84   

H wallichi  Ethanol Aqueous Methanol  Streptomycin 

  6.0 6.8 6.9 15.8 

Ethanol 6.0      

Aqueous 6.8 6.60E-06     

Methanol 6.9 5.69E-07 .5688    

Streptomycin 15.8 1.42E-93 1.24E-89 3.92E-89   

H javanica  Ethanol Aqueous Methanol  Streptomycin 

  6.0 6.5 7.0 15.8 

Ethanol 6.0      

Aqueous 6.5 .0028     

Methanol 7.0 1.66E-09 .0007    

Streptomycin 15.8 1.36E-94 4.00E-92 3.70E-89   

P gunjava  Ethanol Aqueous Methanol  Streptomycin 

  7.0 7.5 8.2 15.8 

Ethanol 7.0      

Aqueous 7.5 .0079     

Methanol 8.2 2.94E-09 .0003    

Streptomycin 15.8 1.28E-76 1.45E-73 4.52E-69   

       
R arboreum  Ethanol Aqueous Methanol  Streptomycin 

  6.1 6.5 7.0  15.8 

Ethanol 6.1      

Aqueous 6.5 .0033     

Methanol 7.0 1.20E-09 .0005    

Streptomycin 15.8 6.72E-96 1.57E-93 1.51E-90   

Values in bold indicate highly significant  (p<0.001)
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Appendix J 

List of instruments used 

• Laminar air flow cabinet (MSW-161, Macro Scientific Works, New Delhi) 

• Orbital shaking incubator (MSW-232, Macro Scientific Works, New Delhi) 

• Digital Balance (Sartorius, Germany) 

• Hot air oven (MSW-211, Macro Scientific Works, New Delhi) 

• Spectrophotometer (Shimadzu, UV-1700, Japan) 

• Sonicator (Labsonic M, 100 W, Sartorius, Japan) 

• Cooling centrifuge (REMI, C-30 BL, India) 

• Refrigerator (Samsung, India) 

• Rotary evaporator (Ricon, India) 

• Micropippets (Tarsons, India) 

• Vortex mixer (REMI, India) 

• Digital camera (SONY, Japan) 
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                Appendix K 

Publications  

1. Sharma, B.C., Rai, B., Kalikotay, S., Tamang, B. and  Rai, R. (2012). 

Bacteriological quality of Mirik Lake waters, Darjeeling District, West 

Bengal.NBU J. Plant Sci. 6(1):31-33. 

2. Sharma, B. C. and Rai, B. (2012). Incidence of multi-drug resistance in 

Escherichia coli strains isolated from three lakes of tourist attraction 

(Mirik Lake, Jorepokhari Lake and Nakhapani Lake) of Darjeeling 

Hills, India. 2(2):108-114. 
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