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ABSTRACT 
Water quality is closely linked to water use and to the state of economic development. Water 
pollution occurs when unwanted pollutants are discharged directly or indirectly into water bodies 
without adequate treatment. Water pollution affects aquatic flora, fauna and microbial 
population of water bodies. The direct effect of water pollution results in increased amount of 
microbial population, which could be beneficial to humans and other organisms. Present study 
deals with the study of the pollution levels, microbiological investigations of Khan river at 
Triveni, Ujjain, India. It gets contaminated due to industrial and organic wastes being discharge 
directly in the river. The physicochemical study of river Khan indicates that river water is highly 
polluted. All parameters showed higher values than the prescribed standard values. Micro floral 
study also indicates the presence of many pathogenic microbial populations namely 
Streptococcus, Staphylococcus, E.coli, Neisseria, Haemophillus influenza, Klebsiella, Shigella, 
Serratia, Salmonella typhi, Salmonella paratyphi, Pseudomonas, Proteus, which are harmful for 
the human beings and also affect aquatic flora and fauna.  
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INTRODUCTION 
The quality of life on Earth is linked 
inextricably to the overall quality of the 
environment. In early times, we believed that 
we had an unlimited abundance of land and 
resources; today, however, the resources in the 
world show, in greater or lesser degree. The 
problems associated with contaminated sites 
now assume increasing prominence all over the 
Earth and the estimated number of 
contaminated sites is significant. Aquatic 
ecosystem is the most diverse ecosystem in the 
world. The first life originated in the water and 
first organisms were also aquatic where water 
was the principle external as well as internal 
medium for organisms. Water is the resource 
that sustains all life on earth and is a key 
element of sustainable development. 
Ecosystems are also inextricably linked with 
water. Water pollution occurs when energy and 
other materials are released, degrading the 
quality of the water for other users.  Water 
pollution includes all of the waste materials that 
cannot be naturally broken down by water. A 

toxic substance is a chemical pollutant that is 
not a naturally occurring substance in aquatic 
ecosystems. Organic pollution occurs when an 
excess of organic matter, such as fertilizers or 
sewage, enters the water. When organic matter 
increases in a pond, the number of decomposers 
will increase. Water is a unique substance, 
because it can naturally renew and cleanse 
itself, by allowing pollutants to settle out 
(through the process of sedimentation) or break 
down, or by diluting the pollutants to a point 
where they are not in harmful concentrations.  
However, this natural process takes time, and is 
difficult when excessive quantities of harmful 
contaminants are added to the water.  Water 
pollution is a serious problem in India 
Groundwater reserves are contaminated by 
biological, toxic, organic, and inorganic 
pollutants.  Water quality assessment is of 
immense importance to practices involving the 
use of water bodies such as in the management 
of fisheries, water supply, pollution control, irri-
gation and sewage reservoir, impoundment and 
bioremediation to mention but a few pollution 
status of water bodies are usually expressed as 
biological and physicochemical parameters.     *Author for correspondence 
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From a human perspective, is the  fact that we 
acquire numerous diseases found in water. Some 
of these diseases represent intoxications resulting 
from the ingestion of microbially produced 
toxins. Intoxication is linked to drinking water 
which contains toxins.1-4 The majority of human 
diseases associated with water are, however, 
infectious in nature. The magnitude of human 
morbidity and mortality associated with these 
infectious diseases has led to the development of 
epidemiological surveillance studies. The 
associated pathogens include numerous bacteria.  
However, it commonly is presumed that many of 
these microorganisms which infect humans and 
are found in our aquatic resources originate from 
human sources. This human-related 
contamination can occur during either defection 
in water or recreational activities conducted in 
water. Public health concerns have resulted in the 
development of methods for studying and 
reducing the levels of pathogens in wastewater. It 
is now widely recognized that contaminated site 
is a potential threat to human health, and its 
continual discovery over recent years has led to 
international efforts to remediate many of these 
sites, either as a response to the risk of adverse 
health or environmental effects caused by 
contamination or to enable the site to be 
redeveloped for use.  

AIMS AND OBJECTIVES 
To study the pollution level of river Khan at 
different sampling stations with the help of 
different physicochemical parameters, to check 
the potability of water and the study of micro 
flora present in it. 

MATERIAL AND METHODS 
In present study physicochemical parameters 
and micro flora of the river Khan were analyzed 
at two sampling stations, which were selected 
for sample collection.5 First sampling station is 
of Khan river before confluence to Kshipra, 
second where it joins Kshipra river. 
Physicochemical parameters studied were i.e. 
pH, BOD, turbidity, MPN, TDS, Chloride, 
Total alkalinity, Total hardness and DO by 
using methods from APHA and AWWA and 
WPCF.6 (Table 1 and Fig. 1 For the study of 
microflora different types of media such as 
Nutrient agar, Chocolate agar, Blood agar, 
Mackoncy agar plates were prepared and were 
inoculated by water samples.7 These plates were 
incubated for 24 hrs. After then observed 
colonies were transferred into different media 
and broth for the identification of particular 
microbe with the help of biochemical test 
(Table 2). 

Table 1 : Study of physicochemical parameters of Khan river, Ujjain, India 

Parameters 
Khan river  

WHO 
Standard Station I Station II 

Turbidity (in NTU) 28 22 5 

pH 122 9.0 6.5-8.5 

Total alkalinity (in mg/liter) 790 520 110 

Total hardness (in mg/liter) 850 440 100 

Chloride (in mg/liter) 260 220 30 

TDS (in ppm) 1800 950 1000 

MPN (in g/liter) 1300 920 3 

DO (in mg/liter) at 350C 2.1 3.6 8 

BOD (in mg/liter) 42 26 <=5 

COD (in mg/liter) 210 128 10 
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Fig. 1 :  Physico-chemical parameters of Khan river, Ujjain, India 

Table 2 : Study of Micro flora at Khan river of  Ujjain, India 

Name of  Microbe 
Khan river 

 
Station I Station II 

Klebshilla + + 
E.Coli + + 

Pseudomonas + + 

Staphylococcus + + 

Streptococcus + + 

Proteus + - 

Shigella + - 

Neisseria + - 

Salmonella typhi + + 

Salmonella paratyphi + - 

Haemophillus influenza + + 
Serratia + + 

Note:  (+) present,(-) absent

RESULTS AND DISCUSSION 
Turbidity 
At station I the turbidity was 28 NTU which is 
more than four times higher than the standard 
value. The maximum turbidity was reported at 
station I. At station II the turbidity was 22NTU. 
Turbidity  of  water  may  be organic or inorganic  

origin. Turbidity values in indicates that station I 
is most polluted among these stations.8,9 
pH 
At station I the pH was reported  as 12.2, 
which indicated the water is highly alkaline. At 
station II the pH is 9.0, which shows the water 
is  quite lesser alkaline than station I. When the  
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pH value falls below 6.15 or rises above 8.5, 
many of the basic nutrients become died up, so 
that they are unavailable to plants and the 
overall productivity is lowered. pH was found 
to be alkaline in nature. pH is affected not only 
by the reaction of carbon dioxide but also by 
organic and inorganic solutes present in water. 
Any alteration in water pH is accompanied by 
the changes in other physico-chemical 
parameter.  pH maintenance is one of the most 
important attributes of any aquatic system 
since all the biochemical activities depend on 
the pH of the surrounding water.  
Total alkalinity 
At station I the maximum alkalinity was 
reported 790mg/l, while at station II total 
alkalinity was 520mg/l. High alkalinity in 
these water samples shows highly 
decomposition of organic matter and evolute 
CO2

 supports to increase alkalinity. The high 
alkalinity is a function of ion exchange that is 
Ca ions are replaced by Na ions and later 
contributed to alkalinity. Alkalinity may also 
be caused due to evolution of carbon dioxide 
during decomposition of organic matters. The 
alkalinity might be due to high pH. Alkalinity 
of water is a measure of weak acid present in it 
and of the ca ions balanced against them. 
Alkalinity plays an important role in 
controlling enzyme activities. Total alkalinity 
is due to salts of weak acids and bicarbonates 
to highly alkaline water are unportable. 
Alkalinity of the water source is more 
significant than its pH because it takes into 
account the principle constituents that 
influence the water’s ability to regulate the pH 
of the medium. Alkalinity increases as the 
amount of dissolved carbonates and 
bicarbonates increase. 
Total hardness 
Maximum value of total hardness was reported 
850mg/l at station I. At station II the value of 
total hardness was 440mg/l. Water hardness 
refers to the concentration of Ca and Mg. As 
calcium and magnesium bond with carbonates 
and bicarbonats, alkalinity and water hardness 
are closely interrelated and produce similar 
measured levels. The hardness of water is not a 
pollution parameter but indicates water quality 
mainly in terms of Ca and Mg expressed as 
CaCO3. The increase in hardness can be 

attributed to the decrease in water volume and 
increase in the rate of evaporation at high 
temperature.10 
Chloride 
At station I chloride value was 720ppm, which 
was the maximum value. At station II the 
chloride was 260ppm. The standard value for 
chloride in water is 30ppm. Chloride increase 
proportionately with pollution.  These are less 
important pollutants taking very less part in 
various interactions in the system. The quantity 
of these ions is affected by pH, temperature, 
presence of organic matter, other ions and 
dilution factor. 
TDS 
Maximum value of TDS was reported at 
station I as 1800mg/l. At station II TDS was 
950mg/l. NAFDA (2001) recommended 
maximum TDS value of 500mg/l in drinking 
water supply. In natural waters, dissolved 
solids are composed mainly carbonates, 
bicarbonates, chlorides, sulphates, phosphates, 
nitrates, magnesium, sodium, potassium, iron 
and manganese etc. The excess amount of TDS 
in waters disturbed the ecological balance and 
caused suffocationof aquatic fauna. 
MPN 
At station I MPN was recorded as 1300/100ml. 
At station II MPN was 920/100ml. By 
examining different volumes of sample, one-
tenth multiples of 1 mL, it is possible to make 
an approximate estimate of the number of 
coliform bacteria present in the sample through 
consideration of the relative numbers of tubes 
in the various dilutions which yield positive 
and negative results.  The estimation is in the 
form of a "most probable number index" which 
essentially is a concentration of coliform 
bacteria in the sample (expressed as the 
number of bacteria per 100 mL of sample) 
which would most probably yield the same 
combination of positive and negative tubes as 
obtained in the examination of the 
sample.  When more than 3 dilutions in a 
decimal series are examined, the results from 
only 3 of them are significant.  The highest 
dilution giving positive results in all 5 portions 
tested     and   the   next   2  succeeding   higher  
dilutions are selected.  The results of these 3 
dilutions are then used in computing the MPN 
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index.  The calculated index will equal the 
tabular index multiplied by a factor equal to 
the denominator of the highest dilution giving 
positive results in all 5 tubes.   
DO 
At station I DO was 2.1mg/l. At station II DO 
was 3.6mg/l. DO is governed by rate of 
photosynthesis, BOD, water temperature and 
carbon dioxide concentration. Low content of 
DO is sign of organic pollution, is also due to 
inorganic reductants like ammonia, nitrates, 
and other such oxidisable substances. Since 
DO in water samples depends on water 
temperature, partial pressure of the gas in 
contact with water, the concentration of the 
dissolved salts, biological activities and 
geology of river basin. Further, concentration 
of DO is inversely proportional to temperature 
at a given time. DO is negatively correlated 
with temperature, BOD and COD.  
BOD 
In present study BOD ranges between 26 to 
42mg/l. At station I BOD was recorded as 
42mg/l. At station II the BOD value was 
26mg/l. BOD is a measure of the oxygen in the 
water that is required by the aerobic 
organisms. BOD is an important parameter that 
indicates the magnitude of water pollution by 
oxidizable organic matter. The main sources of 
organic pollution include untreated domestic 
sewage, agricultural runoff, and containing 
residual fertilizers. The components of 
oxidizable matter include carbonaceous 
organic matter, nitrogenous compounds and 
chemically reducing compounds. In natural 
course the organic matters on oxidation enters 
into bio-geo-chemical cycles. BOD is measure 
of oxygen required by microbes to degrade the 
organic matter under aerobic condition. BOD 
increases inflow of the domestic waste. High 
BOD depletes the oxygen level to a critical 
condition thus indicating the pollution status of 
water, due to discharge of animal fecal wastes 
coupled with high temperature indicating 
organic pollution. BOD is the amount of 
oxygen required by the living organisms 
engaged in the utilization and ultimate 
destruction or stabilization of organic water 
.The values of BOD clearly showed higher 
concentration at pollution level. BOD is 
oxygen requirement of microorganism during 

decomposition of biodegradable organic 
matter. It represents a significant positive 
correlation with temperature and COD. 
COD 
COD determines the oxygen required for 
chemical oxidation of organic matter with the 
help of strong chemical oxidant. COD is an 
oxygen demand to decompose the 
biodegradable as well as non biodegradable 
organic waste. At station I COD value was 
210mg/l. At station II COD was 128mg/l. 
COD is a measure of the oxygen equivalent of 
the organic matter content of water that is 
susceptible to oxidation by a strong chemical 
oxidant. Thus, COD is a reliable parameter for 
judging the extent of pollution in water. The 
COD of water increases with increasing 
concentration of organic matter. COD is a 
measure of oxygen required to oxidize the 
organic matter by a strong chemical oxidant. It 
is used to measure the pollution strength of 
domestic and industrial wastes. COD gives an 
idea of concentration of substances, which may 
undergo immediate chemical oxidation. All 
organic compounds with little exception can be 
oxidized by the action of strong chemical 
oxidants under acidic condition. The 
estimation of COD is of great importance for 
water having unfavorable conditions for the 
growth of microbes, such as in the presence of 
toxic chemicals. The COD is a test, which is 
measured in terms of quantity of oxygen 
required oxidation of organic matter to 
produce carbon dioxide and water. It is a fact 
that all organic compounds with few 
exception, can be oxidized for the action of  
strong oxidizing agents under acidic condition, 
COD test is useful in pinpointing toxic 
condition and presence of biologically resistant 
substances.11 
Microflora study also shows that number of 
coliform bacteria Klebsiella, E. coli, Pseudo-
monas, Staphylococcus, Streptococcus, Proteus, 
Shigella, Neisseria, Salmonella typhi , 
Salmonella paratyphi, Haemophillus influenza, 
Serratia were observed in Khan river before 
confluence to Kshipra. Whereas Klebseilla, E. 
Coli, Pseudomonas, Staphylococcus, Strepto-
coccus, Salmonella typhi, Haemophillus 
influenza, Serratia were found at the joining 
point. Micro floral study also shows that the 
number of coliform bacteria are much more 
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than the permissible limits. The presence of 
above mentioned microbes are all 
pathogenic.12  
Many species of Streptococcus are pathogenic. 
They cause diseases such as bacterial 
pneumonia, ear infection and bacterial 
meningitis. Staphylococcus is responsible for 
many infections but it may also occur as 
a commensal. Staphylococcus can infect 
tissues when the skin or mucosal barriers have 
been breached. This can lead to many different 
types of infections including furuncles and 
carbuncles (a collection of furuncles). In 
infants, Staphylococcus infection can cause a 
severe disease –staphylococcal scalded skin 
syndrome (SSSS). Neisseria infection 
symptoms may include inflammation, redness, 
swelling, and dysuria. Neisseria can also cause 
conjunctivitis, pharyngitis, proctitis or 
urethritis,prostatitis and orchitis. Haemophillus 
influenza invasive diseases in children and half 
of invasive diseases in adults, including 
bacteremia, meningitis, cellulitis, epiglottitis, 
septic arthritis, pneumonia and empyema. Less 
-common invasive Hib infections include 
endophthalmitis, urinary tract infection, 
abscesses, cervical adenitis, glossitis, osteo-
myelitis, and endocarditis. E. coli and related 
bacteria constitute about 0.1% of gut flora, 
and fecal-oral transmission is the major route 
through which pathogenic strains of the 
bacterium cause disease. Escherichia coli is 
one of the most frequent causes of many 
common bacterial infections, including 
cholecystitis, bacteremia, cholangitis, urinary 
tract infection (UTI) and traveler's diarrhea, 
and other clinical infections such as neonatal 
meningitis and pneumonia. Klebseilla can 
cause the disease Klebsiella pneumonia. They 
cause destructive changes to human 
lungs inflammation and hemorrhage with cell 
death (necrosis) that sometimes produces a 
thick, bloody, mucoid sputum (currant jelly 
sputum). As a general rule, Klebsiella 
infections are mostly seen in people with a 
weakened immune system. Proteus organisms 
are implicated as serious causes of infections 
in humans, along with Escherichia, Klebsiella,  
Enterobacter, and Serratia species.13 They can 
cause many diseases ranging from typhoid, 
dysentery to respiratory and skin disorders.14 

Salmonellosis is a disease caused by raw or 
undercooked food. Salmonella infection 
usually appears 12–72 hours after infection, 
and includes fever, abdominal pain, gastric 
acidity, diarrhoea, nausea and sometimes 
vomiting. The illness usually lasts 4–7 days 
and most people recover without treatment. 
However, in the very young and the elderly, 
and in cases when the bacteria enter the 
bloodstream, antibiotherapy may be needed. 
The symptoms of Pseudomonas infections are 
generalized inflammation and sepsis. If such 
colonizations occur in critical body organs, 
such as the lungs, the urinary tract, and 
kidneys, the results can be fatal. It is 
implicated in hot-tub rash. Pseudomonas 
typically infects the pulmonary tract, urinary 
tract, burns, wounds, and also causes 
other blood infections. Shigella causes dysen-
tery that result in the destruction of the 
epithelial cells of the intestinal mucosa in 
the cecum and rectum. Serratia infection is 
responsible for about 2% of nosocomial 
infections of the bloodstream, lower 
respiratory tract, urinary tract, surgical 
wounds, and skin and soft tissues in adult 
patients.15,16 Outbreaks of Serratia wound 
infections and  arthritis has occurred in 
pediatric wards.  Serratia  infection has 
caused endocarditis and osteomyelitis inpeople 
addicted to heroin. These pollutants are 
harmful for the human health, aquatic flora and 
fauna therefore it must be removed or detoxify 
through bioremediation for the healthy 
environment.  

CONCLUSION 
The present investigations show that the river 
water is highly polluted and contains many 
pathogenic microbes. Water quality parameters 
are much more than their standard 
recommended values. Pathogenic microbes 
cause many diseases in humans and other 
animals. Hence the water is not fit for drinking 
or bathing purposes. Drinking contaminated 
water can expose human body to various 
water-borne diseases hence water treatment 
and improving quality of water before drinking 
is necessary. 
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