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Abstract: A study was conducted to investigate the water quality of

seven important lakes in North India during the periods of sum-
mer, monsoon and winter seasons. All of these studied lakes are
important recreational spots of India. Water samples were ana-
lyzed for various bacteriological parameters including total vi-
able count (TVC), total coliform (TC), faecal coliform (FC) and
faecal streptococci (FS). Also physico-chemical parameters like
pH, conductivity, total dissolved solids (TDS), dissolved oxygen
(DO), biological oxygen demand (BOD) and chemical oxygen
demand (COD) were assessed. Total viable count exceeded the
maximum permissible limits in all the lakes irrespective to dif-
ferent seasons. The high most probable number (MPN) values
and presence of faecal coliforms and streptococci in the water
samples suggests the potential presence of pathogenic microor-
ganisms which might cause water borne diseases. A direct effect
of season and human activities on the pollution status was ob-
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served in all the lakes. The over all objective of this work was to
investigate the incidence of these indicator organisms, coliform,
faecal coliform, faecal streptococci and physiochemical param-
eters during different seasons in important north Indian lakes.

Povzetek: V clanku so predstavljeni rezultati raziskave kakovosti

vode sedmih pomembnih jezer v severni Indiji, ki so potekale
v poletnem, monsunskem in zimskem ¢asu. Vsa raziskana jez-
era predstavljajo pomembna rekreacijska obmocja v Indiji. V
vzorcih vode so bili doloceni razli¢ni bakterioloski parametri,
kot so stevilo bakterijskih kolonij (TVC), skupni koliformi (TC),
fekalni koliformi (FC) in fekalni streptokoki (FS), doloc¢eni pa
so bili tudi fizikalno-kemijski parametri kot so pH, elektri¢na
prevodnost, celotna suspendirana snov (TDS), raztopljeni kisik
(DO), biokemijska potreba po kisiku (BOD) in kemijska potreba
po kisiku (COD). Stevilo bakterijskih kolonij presega maksi-
malne dovoljene vrednosti v vseh jezerih v vseh opazovanih ob-
dobjih. Visoko najbolj verjetno Stevilo bakterij (MPN) in prisot-
nost fekalnih koliformov in streptokokov v vzorcih vode nakazu-
jejo potencialno prisotnost patogenih mikroorganizmov, ki lahko
povzrocijo obolenja. Tudi neposredni ucinek sezon in ¢loveske
dejavnosti na stanje onesnazenja je bil opazen v vseh jezerih.
Glavni namen opravljenih raziskav je bil dolo¢iti obseg indika-
torskih organizmov, koliformov, fekalnih koliformov in fekalnih
streptokokov ter spreminjanje fizikalno-kemijskih parametrov v
razli¢nimi letnih ¢asih v pomembnih jezerih v severni Indiji.

Key words: coliforms, seasons, physiochemical, lake water, India
Kljuc¢ne besede: koliformi, sezone, fizikalno-kemijski, jezerska voda,

Indija

INTRODUCTION

India is rich in surface water resourc-
es. Nearly 80 % of rural residents rely
on untreated ground water for potable
water supplies. Rivers and lakes are
the major sources of fresh water sup-
ply, but almost 70 % of India’s surface

water resources and ground water re-
serves have been contaminated (Rao &
MamATHA, 2004).

Lake Riwalsar is eutrophic in nature
and is situated in lesser Himalayas,
surrounded by middle Shivalik rocks
with a catchments area of 4.8 km?, the
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surface area is 0.5 km? with maximum
depth of 6.5 m. The lake Parashar is a
high altitude lake with a catchment area
of 8.9 km?; the surface area is 0.23 km?
with a maximum depth of 5.3 m. The
Sukhna Lake is at the foot hills of Shiv-
alik hills, the surface area is 3.0 km?,
the maximum depth is 9 m and catch-
ments area is 14.9 km?. The water flow-
ing into the lake is heavily loaded with
silt. Dul Lake is eutrophic in nature at
foot hills of Himalayan range, which
surrounds it on three sides. The catch-
ments area is 316 km?; surface area
being 18 km? with maximum depth of
6 m. Lake Nainital is also eutrophic,
a high altitude lake, situated in a val-
ley surrounded by low and high hills.
The total length of the drainage basin is
about 42 km and lake has a catchments
area of 11.8 km?. The lake receives rain
water and waste water from 24 perma-
nent and temporary inlets coming from
different sources and inhabited areas.
The area of the lake is 0.46 km? and
maximum depth is 26 m. The Bhimtal
Lake is surrounded by high hills, with
a catchments area of 12.3 km? and the
surface area of the lake is 0.42 km?.
Maximum depth of the lake is 24.7 m
and is of eutrophic nature. Lake Nauku-
chiatal is also surrounded by Himalay-
an hills. The lake has catchments area
of 14.8 km?, the surface area being
0.90 km? and maximum depth is 41.2
m and is of eutrophic nature (Central
Water Commission, 2007).

RMZ-M&G 2010, 57

In sub rural areas, water of lakes or
ponds is sufficient to fulfill the water
requirements of that area. In the present
study, we collected water samples from
important lakes of North India and ex-
amined to understand the outcome of
seasonal variations on water quality.
These lakes have different meanings to
different people because they serve with
different functions, such as drinking wa-
ter to area residents nearby, recreation
value, food protection for downstream
residents, habitat for wild life, irriga-
tion and water power generation. Some
of these lakes are considered to be sa-
cred. However, human activities have
affected the water quality of the lakes.
This type of eutrophication is called as
‘cultural’ eutrophication. The human
activities include religious activities,
tourism, bathing, washing, open defeca-
tion, cultivation, stone crushing, road
construction, fishing, surface drainage,
irrigation, drinking water uptake, raft-
ing, discharges of industrial wastes and
domestic wastewaters, and other similar
activities.

Microorganisms are widely distributed
in nature, and their abundance and di-
versity may be used as an indicator for
the suitability of water (OKPOKWASILI &
Axuiosl, 1996). The use of bacteria as
water quality indicators can be viewed
in two ways, first, the presence of such
bacteria can be taken as an indication
of faecal contamination of the water
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and thus as a signal to determine why
such contamination is present, how seri-
ous it is and what steps can be taken to
eliminate it; second, their presence can
be taken as an indication of the potential
danger of health risks that faecal con-
tamination posses. The higher the level
of indicator bacteria, the higher the level
of faecal contamination and the greater
the risk of water-borne diseases (PipEs,
1981). A wide range of pathogenic mi-
croorganisms can be transmitted to hu-
mans via water contaminated with faecal
material. These include enteropathogen-
ic agents such as salmonellas, shigellas,
enteroviruses, and multicellular para-
sites as well as opportunistic pathogens
like Pseudomonas aeroginosa, Klebsiel-
la, Vibrio parahaemolyticus and Aerom-
onas hydrophila (Hodegkiss, 1988). It is
not practicable to test water for all these
organisms, because the isolation and
identification of many of these is seldom
quantitative and extremely complicated
(CarnEROSS et al., 1980; World Health
Organization (WHO), 1983). An indirect
approach is based on assumption that
the estimation of groups of normal en-
teric organisms will indicate the level of
faecal contamination of the water supply
(WHO, 1983). The most widely used in-
dicators are the coliform bacteria, which
may be the total coliform that got nar-
rowed down to the faecal coliforms and
the faecal streptococci (KisTEMANN et al.,
2002; PatHAK & GoraL, 2001; HARwWOOD
et al., 2001). Concurrently, contamina-
tion of water by enteric pathogens has

increased worldwide (IsLam et al., 2001;
PatHak etal., 1991; CrauN, 1986). How-
ever, to the best of our knowledge, no re-
port is available on the bacterial as well
as physiochemical parameters analysis
of seven important lakes in North India.
The overall objective of this work was
to investigate the incidence of these in-
dicator organisms, coliforms, faecal col-
iforms and faecal streptococci in rela-
tion with physiochemical parameters of
north Indian lakes in different seasons.

MATERIALS AND METHODS

Collection of water samples

The lakes of the North Indian region
were intensively surveyed to select dif-
ferent sites for sample collection from
various lakes. Seven North Indian lakes
which are renowned for recreational and
tourism activities were selected (Table 1,
Figure 1). Access to the individual sites
was accomplished by way of boat. All
the samples were collected just below
the surface of lake water by plunging
the open end of each sterile bottle before
turning it upright to fill. Samples were
collected during the summer, monsoon
and winter seasons. Each lake was divid-
ed into four sampling sites and samples
were collected in triplicate from each
site, and were transported in ice boxes
at 3 °C and brought to the laboratory for
analysis (Soop et al., 2008). The results
presented in the tables are average of all
the four sites of a particular lake.
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Table 1. Lakes of North India selected in the study

Altitude Latitude and -
Lake State (from sea level) longitude Significance
. . 30°15°N Tourism,
Riwalsar Himachal Pradesh 754 m 779 50°E Religious
. 30°12°N Tourism,
Prashar Himachal Pradesh 754 m 770 47 E Religious
. 30°50°N Tourism,
Sukhna Punjab and Haryana 365 m 76° 43° F Recreational
. 34° 18N Tourism,
Dul Jammu and Kashmir 1583 m 74° 91 F Recreational
0 > Tourism,
Nanital Uttarakhand 1938 m 29 34, N Recreational,
79°23’E S o
Irrigation, Drinking
. 29°21’N Tourism,
Bhimtal Uttarakhand 1371.6 m 79° 34° F Recreational
. 29°32’N Tourism,
Naukuchiatal | Uttarakhand 1219 m 79°21°E Recreational
N
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Figure 1. Map of study area of north Indian lakes
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Bacterial analysis

The bacterial population (total viable
count, TVC) in different samples was
estimated by inoculating nutrient agar
plates with 0.1 mL of suitable dilu-
tions. The results were expressed as
colony forming units (cfu)/mL, enu-
merated after 48 h of incubation. The
water quality was determined by the
standard most probable number (MPN)
method. Coliforms were detected by
inoculation of samples into tubes of
MacConkey broth and incubation at
(37 £ 1) °C for 48 h. The positive tubes
were sub cultured into brilliant green
bile broth (BGBB) and were incubat-
ed at (44.5 £ 1) °C. Gas production in
BGBB at (44.5 £ 1) °C was used for
the detection of faecal coliform after
48-h incubation. Faecal streptococci
were detected by inoculation of water
samples into Azide Dextrose broth and
incubation at (37.5 £ 1) °C for 2448 h
(APHA, 1999). All the culture media
were obtained from Hi-Media Pvt.
Ltd., Mumbai, India.

Physiochemical analysis

Physicochemical parameters including
total dissolved solids (TDS), conduc-
tivity and pH were analyzed on site at
the time of sample collection by water
analysis kit (Model LT-61, Labtronics,
Guelph, Ontario, Canada) as per manu-
facturer instruction. Other parameters
1.e. dissolved oxygen (DO), biological
oxygen demand (BOD) and chemi-
cal oxygen demand (COD) were per-

formed in laboratory by standard titri-
metric method (ApHa et al., 1999).

The data were analyzed statistically by
using analysis of variance (ANOVA) to
find out significance at 5 % levels. In
figures, error bars indicate standard er-
ror of the mean, where error bars are not
visible; they are smaller than the marker.

REsuLTS

The TVC values showed a regular trend
(Figure 2). The values increased in sum-
mer season, thus generally highest counts
were observed, intermediate in winter sea-
son and least in monsoon season, for each
lake. The highest TVC was noted in the
Dul lake water samples, where the values
were as high as 189 x 106 cfu/mL in sum-
mer and the lowest values were recorded
in case of Naukuchiyatal lake in monsoon
season where values were 28 x10° cfu/mL.

The total coliform count was high in all
water samples (Figure 3), values ranged
from 16/100 mL to 135/100 mL. The
highest MPN (135/100 mL) was record-
ed during summer from Dul lake hav-
ing peak tourist season. The least count
MPN (16/100 mL) was obtained in mon-
soon from Naukuchiatal with less tour-
ist or human activities. Even the water
samples during less human activities in
monsoon and winter seasons were found
not suitable for drinking as per the Bu-
reau of Indian Standards (BIS), (1991).

RMZ-M&G 2010, 57
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Figure 2. Total viable count (TVC) of different lake s amples
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Figure 4. Faecal coliform (FC) count per 100 ml of water sample
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Results for FC and FS counts have also
shown a similar trend to TVC and TC,
1.e. higher in summer season, interme-
diate in winter season and least dur-
ing monsoon season. (Figures 4 & 5).
Highest FC count was observed in Dul
lake (39, 32, 35)/100 mL and the lowest
count (9, 2, 5)/100 mL was observed in
Naukuchiatal lake during summer, mon-
soon and winter seasons, respectively.
Lake Nainital and Bhimtal have also
shown higher number of FC after Dul
lake. Similar trend was also observed in
FS, the higher count (26, 20, 24)/100 mL
in Dul Lake followed by Nainital (24,
20, 22)/100 mL during summer, mon-
soon and winter seasons, respectively,
while the least count (7, 2, 5)/100 mL
was observed in lake Naukuchiatal.

Conductivity and TDS in all the sites
were found to be well with in the
minimum prescribed limits (APHA
et. al. 1999) (Table 2). The TDS value
for water samples ranged from 24.1
mg/L to 198.9 mg/L. The TDS values;
though within minimum permissible
limits showed a regular trend of in-
creasing value during winter, monsoon
and summer samples (except for Riw-
alsar and Sukhna lakes). Conductivity
of samples ranged from 0.035 S/cm to
0.46 S/cm. pH value showed a decreas-
ing trend during summer season but
for monsoon and winter it was nearly
same, though the values were found to
be neutral for most of the samples, but
overall the pH increased with decrease
in temperature i.e. in winter season.

Table 2. Physicochemical characteristics of lake water samples

Seasons

Sampling
area Summer Monson Winter
(Lakes) . . .

TDS | Conductivity | pH | TDS | Conductivity | pH | TDS | Conductivity | pH
Riwalsar 139.9 0.207 7.3 1130.8 0.194 7.2 | 131.90 0.217 7.1
Prashar 27.7 0.041 6.3 | 24.9 0.037 59 | 24.10 0.035 7.1
Sukhna 133.1 0.198 6.7 |126.3 0.187 7.1 |126.70 0.189 7.4
Dul 147.7 0.222 6.6 |132.7 0.197 7.8 | 99.00 0.147 7.8
Nainital 190.5 0.460 7.8 |188.3 0.460 7.9 | 186.60 0.450 8.0
Bhimtal 198.9 0.200 7.6 |178.6 0.180 7.7 | 164.20 0.160 7.9
Naukuchiatal | 133.7 0.130 7.4 11334 0.130 7.6 |132.20 0.120 7.6

TDS mg/e at 200 mg/kg; Conductivity (2M) (S/cm)

Values are average of triplicate
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Figure 6. Dissolved oxygen (mg/l) from lake water samples
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The DO values ranged from 13.2—
16.8 mg/L in summer samples, 16.4—
24.2 mg/L in monsoon samples and
17.1-24.4 mg/L in winter samples
(Figure 6). Lake Prashar showed a
remarkable increase in DO in winter
season. Though, in general the DO
content of all the lakes show a uni-
form trend with varying seasons i.e.
least during summer and highest dur-
ing winter and intermediate in mon-
soon season. However, all the sam-
ples were found to be saturated with
oxygen and were fit for bathing, wild
life and irrigation with respect to the
amount of dissolved oxygen.

The BOD value for most of the wa-
ter samples were above the permissible

RMZ-M&G 2010, 57

limits (Figure 7), except that in Sukhana
(winter), Naukuchiatal (winter) where
BOD values were low, thus making wa-
ter fit for drinking and other purposes.
Samples in monsoon season have high
BOD values and thus, the water was
not fit for drinking. Considerably higher
COD values were recorded in the mon-

soon season in all sites of study area, the

COD ranged from 3.2 mg/L to 42.5 mg/L

in all samples (Figure 8).

DiscussioN

In the present study, all the TVC values
were found to be high in all the water
samples from all the lakes. The bacte-
rial load increased with increasing hu-
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man activities during summer season,
thereby indicating the direct effect of
human activities on the bacterial pop-
ulation. Relatively very high values
of TVC were observed in Dul Lake
(Jammu & Kashmir), which may be
accounted by the fact that here Shika-
ras (house boats) on the lake are very
common and find a special attraction
amongst large number of tourists from
India and the world. The results of the
present study draw support from the
findings of Soob et al., (2008), (RapHA
& SEENAYYA, 2004) who have worked
on the bacteriological water quality of
Gangetic river system and Husainsa-
gar lake respectively and have reported
that the places with greater popula-
tion influx experience a comparatively
higher bacterial load.

The TC count in Dul lake in summer
season was also highest; which indi-
cates that the lake water is being con-
taminated form direct human activities
(i.e. bathing, excreting in the house
boats, small boats being used to sale
eatables). During monsoon and winter
period, fewer tourists visit the place,
therefore less human activities results
in fewer microbial counts. Surface wa-
ters may become a carrier of disease
producing bacteria when it comes in
contact with human and animal infec-
tive materials. These lakes are being
visited by a lot of foreign and Indian
tourists every year. NIEwoLak (2000)
has also attributed the repeated in-

crease of TVC and TC to the increase
of the amount of pollution from drain-
age catchment in a study carried out on
river water quality of Wigry national
park, Poland.

As per the general observations, highest
faecal coliform and faecal streptococci
counts were found in summer season
samples of Lake Dul, Nainital followed
by Bhimtal, which is again indicative
of the fact that the water sample is be-
ing contaminated from direct human
activities. Lake Nainital and Bhimtal
being on hill station is favorable tour-
ist spot during summer season. Low
count of FC and FS were observed in
lake Naukuchiatal, this might be be-
cause 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. GELDRE-
icH (1970) has reported out that FC:
FS higher than 4.0 points to pollution
originating from people, but in present
study the values were found to be be-
low 2 thereby suggesting an alternative
source of pollution i.e. from grazing
animals.

With respect to the physicochemical
parameters, in all the lake water sam-
ples the DO was found to increase with
decrease in human activities during
monsoon and winter seasons, during
which the DO was highest. The hu-
man activities include visits of tourists,
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washing, bathing, grazing of animals
near the lake or in catchments area etc.
In all the lake samples the BOD var-
ied from 3.6 to 15.3 mg/mL. During
monsoon the highest BOD and COD
was observed in lake Dul followed by
Nainital and Bhimtal and during winter
BOD decreased, lowest BOD and COD
was observed in lake Naukuchiatal.
Earlier, Soop et al., (2008) have studied
water quality of Ganga in Uttarakhand
Himalayas, India and have reported a
high level of BOD due to introduction
of organic matter into the system as a
result of anthropogenic activities. Also
these values showed a proportional
relation with human activities i.e. the
fewer the human activities (in winter),
the better the water with respect to
physicochemical parameters. Higher
BOD values in most of the water sam-
ples suggest that either these lakes are
rich in organic matter or organic mat-
ter is being introduced in the lakes by
anthropogenic activities (Tuant et al.
2005), since, BOD provides a direct
measurement of state of pollution. Re-
lationship between BOD, COD and mi-
crobial count was found inversely pro-
portional, implying that at high organic
loading rates, the ecosystem retards the
growth of aerobic microorganisms and
favors the growth of anaerobes; our
findings draws support from MTtur &
NAkaMURS (2006).

The use of coliform bacteria as a meas-
ure of the faecal contamination of

RMZ-M&G 2010, 57

lakes and streams has been in practice
for many years. Our study gives an
indication of the extent of relation of
microbial pollution and physiochemi-
cal parameters; any further addition
of wastes may deteriorate the existing
hygienic quality in the area. These re-
sults suggest that increase of popula-
tion of coliforms in a lake environment
are directly proportional to the degree
of sewage and human waste pollution,
which is refected by BOD and COD
levels. San et al. (2000) have stressed
on the point that the pollution in rivers
and water bodies from industries may
adversely affect aquatic life of water
bodies’ as well human health in the vi-
cinity of rivers/lakes.

Lake Naukuchiatal was found to be safe
with respect to bacteriological as well
as physicochemical parameters. This
can be accounted by the fact that out
of all the other lakes, Lake Naukuchi-
atal is least visited by the tourists and is
not a very famous recreation spot, but
urbanization, visits of local inhabitants
and grazing animals in nearby area re-
sulted in introduction of some amount
of organic matter. Tuant et al. (2005)
have stated that in many developing
countries, increasing agricultural activ-
ities, urbanization and industrialization
leads to ever increasing contamination
of streams/rivers and lakes/reservoirs,
which are usually the main sources of
drinking water. This clearly highlights
the fact that natural stagnant water re-



38

SHARMA, P., Soop, A., SHARMA, S., BisHT, S., KuMAR, V., PANDEY, P., GusalN, M. P., Gusam, O. P.

sources; though find special attraction
for tourism and recreation activities,
this practice degrades the quality of
water.

In this study, we have collected water
samples from lakes of different size
and depths, but in order to represent the
results in a simplified way, the results
of various samples of a particular lake
have been presented in a composite
manner. In a broad view, the lakes with
higher catchments area, soil cover and
land use are more polluted, owing to
more anthropogenic activities. McLEL-
LAN et al. (2001) stated that faecal pol-
lution indicator organisms can be used
to a number of conditions related to the
health of aquatic ecosystems and to the
potential for health effects among in-
dividuals using aquatic environments.
The presence of such indicator organ-
isms may provide indication of water-
borne problems and is a direct threat to
human and animal health. Our studies
on microbial ecology and physiochem-
ical analysis in the north Indian lakes
in relation to pollution have clearly re-
vealed that there is significant presence
of bacterial indicators of faecal pollu-
tion the situation is serious and alarm-
ing. Presence of bacterial indicators of
faecal contamination in lakes clearly
revealed the bacteriological status of
the water at that site. For this reason,
monitoring of microbial contamination
in lakes should be an essential compo-
nent of the protection strategy in that

area area. The base line data generated
on bacteriological water quality of lakes
may serve as biomonitoring standard
and comparisons for other lakes and
may be useful for all scientists, deci-
sion makers and resource managers
working with environmental planning
and management of such areas.

CONCLUSIONS

The rationale of this study was to
evaluate the impact of season and hu-
man activities on the pollution status
of seven important north Indian Lakes.
This study revealed that north Indian
lakes are threatened by high influx of
pollutants and enteric pathogenic con-
tamination and it can be concluded that
Dul Lake is most polluted and the Lake
Naukuchiatal is the least. The constant
surveillance of these water bodies with
respect to the bacterial indicators and
physicochemical parameters provides
us with the opportunity of true micro-
biological monitoring of the area as
well as proper management actions
could be applied in order to improve
the quality of these lakes and conse-
quently reduce public health risk.

Acknowledgments
The authors are grateful to the Manage-
ment of Sardar Bhagwan Singh (P. G.)

Institute of Bio-Medical Sciences and

RMZ-M&G 2010, 57



Bacterial indicators of faecal pollution and physiochemical assessment of ...

39

Research Balawala, Dehradun, (UK),
India for providing research facilities
required to carry out this work.

REFERENCES

APHA, AWWA, WEF. (1999): Standards
for Examination of Water and
Wastewater, 20th ed. American
Public Health Association, Wash-
ington DC USA.

Bureau of Indian Standards (1991): Indian
standard specification for drinking
water. IS: 10500, Indian Standard
Institute.

CAIRNEROSS, S., CARRUTHERS, I., CURTIS,
D., Feacuem, R., BrabLEY, D. &
Barpwin, G. (1980): Evaluation
for Village Water Supply Plan-
ning. Wiley, Chichester, p. 277.

Central Water Commission (2007): Water
& Related Statistics, India.

Craun, G. F. (1986): Water Borne Disease
in the United States. CRC Press,
Boca Raton, FL.

GELDREICH, E. E. (1970): Applying bacteri-
ological parameters to recreational
water quality. J. American Water
Work Asso. V. 62, pp.113—116.

Harwoob, V. J., BROWNELL, M., PERUSEK,
W. & WhiteLock, J. E. (2001):
Vancomycin-resistant Enterococ-
cus sp. isolated from waste water
and chicken feces in the United
States. Appl. Environ. Microbiol.
V. 67, pp. 4930-4933.

HobEeckiss, 1. J. (1988): Bacteriological
monitoring of Hong Kong marine
water quality. Environ. Int. V. 14,
pp. 495-499.

RMZ-M&G 2010, 57

Istam, M. S., Smbika, A., KHan, M. N.
H., GoLpAR, M. M., SADIQUE, M.
A., KaBIR, A. N. M. H., Hug, A. &
CoLweLL, R. R. (2001): Microbio-
logical analysis of tube-well wa-
ter in a rural area of Bangladesh.
Appl. Environ. Microbiol. V. 67,
pp- 3328-3330.

Kistemann, T., CraBen, T., Koch, C.,
DANGENDORF, F., FISCHEDER, R.,
GEBEL, J., VAcATA,V. & EXNER, M.
(2002): Microbial load of drinking
water reservoir tributaries during
extreme rainfall and runoff. Appl.
Environ. Microbiol. V. 68, pp.
2188-2197.

Mrtui, G. V. S. & Nakamurs, Y. (2006):
Physiochemical and microbiologi-
cal water quality of lake Sagara in
Malagarasi wetlands. J. Eng. Appl.
Sci. V. 1, No. 2, pp. 174-180.

McLELLAN, S. L., DaNIELS, A. D. & SAL-
MORE, A. K. (2001): Clonal popu-
lations of thermotolerant entero-
bacteriaceaes in recreational water
and their potential interference
with fecal Escherichia coli counts.
Appl. Environ. Microbiol. V. 67,
pp- 4934-4938.

Nieworak, S. (2000): Bacteriological
monitoring of River water quality
in North area of Wigry National
Park.. Pol. J. Environ. Studies. V.
9, pp- 291-299.

OkprokwasiL, G. C. & AkuioBl, T. C.
(1996): Bacteriological indicators
of tropical water quality. Environ.
Tox.. Water Qual. V. 11, pp. 77-81.

Parnak, S. P. & Gorar, K. (2001): Rapid
detection of Escherichia coli as an
indicator of faecal pollution in wa-
ter. Indian J. Microbiol. V. 41, pp.



40 SHARMA, P., Soop, A., SHARMA, S., BisHT, S., KuMAR, V., PANDEY, P., GusalN, M. P., Gusam, O. P.

139-151.

Patnak, S. P.,, Mataur, N. & Dev, B.
(1991): Effect of socio biological
activities on microbial contamina-
tion of river water in different rea-
sons. Environ. Pollu. Res. Land
Water. pp 245-254.

Pipes,W. O. (1981): Bacterial indicators of
pollution. CRC Press Inc., Boca
Raton, FL, p. 242.

RapHA, S. & SeeEnNavya, G. (2004): Eco-
logical aspects of highly polluted
and eutrophicated Husainsagar
Lake sediments and its impact on
mineralization of organic matter.
Asian J. Microbiol. Biotechnol.
Environ. Sci. V. 6, 367-371.

Rao, S. M. & Mawmatha, P. (2004): Wa-

& LANCE V. A (2000): Assessment
of water pollution in the Narayani
River, Nepal. Int. J. Ecol. Environ.
Sci. V. 26, pp. 235-252.

Soob, A., SINngH, K. D., PANDEY, P. & SHAR-

MA, S (2008): Assessment of bac-
terial indicators and physicochem-
ical parameters to investigate pol-
lution status of Gangetic river sys-
tem of Uttarakhand (India). Ecol.
Indicators. V. 8, pp. 709-717.

Tuani, M. N., BALOGUN, S. A. & ADELEYE,

M. A (2005): Chemical and micro-
biological assessment of water and
bottom-sediments contaminations
in Awba lake (U.I), Ibadan, SW-
Nigeria. RMZ-Mate. & Geoenvi-
ron. V. 52 (1), pp. 123-126.

ter quality in sustainable water World Health Organization (1983): Guide-

management. Curr. Sci. V. 87, pp.
942-946.
San, J. P, San, S. K., AcHArYA P., PANT D.

lines for Drinking Water Quality,
Vol. 3. World Health Organiza-
tion, Geneva.

RMZ-M&G 2010, 57



