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ABSTRACT

An investigation on enteropathogens in the water of Imphal river at five different sites within
greater Imphal area of Manipur was carried out as a part of water quality documentation at monthly
intervals for one year. Densities of enteropathogens were found to be high during rainy season
and low during summer and winter seasons. The degrees of survival for the different bacteria were
influenced by various environmental factors as well as anthropogenic activities.
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INTRODUCTION

The increasing anthropogenic activities in
and around the aquatic ecosystems and their
catchments areas in recent years, have contributed
to large scale mineral enrichment and incidence of
many pathogenic micro-organisms in different water
bodies. Besides, many major water bodies are being
degraded due to continuous heavy discharge of
untreated waste and surface run-off, causing
deleterious effects in flora and fauna and other
aquatic organisms (Sah et al., 2000). The distribution
pattern and periodicity of different organisms in
water solely depends upon the imprint of preceeding
environmental factors (Badge and Verma, 1982). As
such the significance of those factors as potent
ecological parameters can be appreciated by
considering the structure, physico-chemical
characteristics, flora and fauna, primary and
secondary productivities of the water bodies.

Out of the many bacteria found in water,
some are indicator of pollution and a small number
of them are pathogenic. The coliform groups of
bacteria are of great importance and include a
number of organisms (Mc Kinney, 1962), causing

different water borne diseases. Coliform bacterial
contamination in urban and rural surface water has
been a major public health concern for decades
(Burton et al, 1987). The sources for the
contamination of different water bodies (Weibel et
al, 1964, Crane et al., 1983, Tunnicliff and Brinkler,
1984) and relationship between land use and
coliform level (Faust, 1982) had already been
established.

Water qualities especially those of rivers
have been deteriorating due to disposal of garbage,
religious offerings, sewage, recreational and
constructional activities in the catchments areas.
While many pollution problems affecting water
quality are the direct result of human activity, some
are less easily isolated (Cooper and Night, 1989).
Contaminated water provides shelter to a variety of
diverse micro-organisms (Khulbe et al., 1989),
which many cause various water borne diseases.

Therefore, the present investigation has
been carried out with the objectives to assess the
degree of persistence and distribution patterns of
enteropathogenic groups of bacteria in greater
Imphal area of Imphal river.
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MATERIAL AND METHODS

Samples for the enumeration of bacteria
were collected at monthly intervals from five (5)
experimental sites within greater Imphal area of
Imphal City, Manipur (1-Koirengei, 2-Lamlong, 3-
Sanjenthong,4-Ningom Thongjao, and 5-Lilong)
during July, 2011 to June, 2012. Water samples
from different sites were collected by means of
shallow water sampler in a wide-mouthed bottle
which is pre-sterilized. Samples were chilled and
returned to the laboratory on the same day for
analysis. Total coliform and fecal coliform were
quantitatively estimated by using standard
membrane filter technique with appropriate dilutions
(APHA, 1989). Triplicate analysis was done for each
parameter. Further qualitative characterization and
verification, selective medium for subsequent
biochemical test were carried out (Buchanan and
Gibbons, 1984; APHA, 1989). For the calculation of
ANOVAR (Analysis of variance) in different
seasons, the methods of parker (1973) and Trivedi,
Goel and Trisal (1987) were used in computing the
analysis.

RESULT AND DISCUSSIONS

Coliform bacterial density at the dilution
level of 10"in the course of the river was found to
be gradually increased from January onwards
exhibiting peak value of 820.00 CFU 100" ml during
rainy season of October and lowest value of 240.00
CFU 100" ml during winter season of January
(Table-1). Similar observations was reflected in the
findings of Sharma and Bharadwaj (2000) and
Sharma and Rajput (1996) that coliform bacterial
density was found to be correlated with rainfall due
to fecal runoff from the disturbed as well as
undisturbed catchment areas. Similar observations
were also reported by Geldreich (1976), Das and
Pande (1986), Baxter-potter and Gilliand (1988),
Cooper and Knight (1989) and Rajender and Khulbe
(1998).

This trend of fluctuating density of total
coliform population depend upon many factors such
as physical chemical and environmental factors,
including rainfall temperature, oxygen profile etc
(Akpata, et al., 1993). The rainfall pattern influences
the environmental condition of the water body

Table 1: Monthly variations in the microbial populations of Imphal river (July, 2011 to June, 2012)

(Total Coliform Count x10 100! ml)

May. ‘12 Jun ‘12

Aug. ‘11 Sep. ‘11 Oct. ‘11 Nov ‘11 Dec. ‘11 Jan ‘12 Feb.‘12 Mar. ‘12 Apr.‘12

Jul. “11

Sites

420.00 480.00
510.00 536.67

626.67 682.67

342.67 400.00 410.00 450.00 347.33 290.00 238.67 298.67 310.00 350.00

1

2 389.33 482.67 524.67 512.67 379.33 273.33 257.33 347.33 380.00 462.67

3
4

520.00 610.00 820.00 420.00 376.67 346.67 437.33 456.67 530.00

482.00

733.33 730.00

660.00 658.67

561.33 458.67 671.33 426.67 384.00 297.33 381.33 359.33 517.33

756.67

680.00 458.00 470.00 607.33 360.00 296.67 240.00 312.00 318.67 420.00

5
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during which many biodegradable materials are
washed and carried down, thus explaining
increasing in high bacterial population (Hill and
Webb, 1958).The survival of bacteria in water is
directly correlated with the presence of some
organic materials and there is fluctuation in the
population with the increasing and decreasing loads
of biodegradable waste input in the water system
(Flint, 1989). On the other hand, Knox (1986)
suggested those bacteria and algae as food sources
for primary consumer such as zooplankton, benthic
invertebrates and some fishes resulting in the
decrease of bacterial density. Therefore, the results
of the present findings were also closely related
with the observations of Nwachukwu et al. (1989),
Jama et al. (1986) and McSwain and Swank (1997).

The high count in fecal coliform population
in the river might be resulted from fecal material of
both human beings and animals. The same was
reported by Sharma and Rajput (1996), Fatma et
al. (1997), Shidhu and Khulbe (1998) and Khalil
(2000) that they are mainly resulted from the
continuous contamination of human and animal
excreta. But, according to Faust et al. (1975), survival
of fecal coliform was affected by many factors like
interaction with metal, algal toxins, temperature,
dissolved nutrients, ions, organic matters,
protozoa, etc. Ranges of fecal coliform population
of 106.67 to 420.00 CFU 100" ml (Table-2) at the
dilution level of 10" was also found in close
association with Sharma and Rajput (1996) and
Sharma and Bhardwaj (2000). In the present finding,
high population of fecal coliform during rainy
seasons and low population during winter season
(Table-2) were in consistent with the observation of
Geldreich (1991), Joshi and Rajput (1992) and
Islam et al. (1993). According to Thomas and Levin
(1978) and Watnabe et al. (1981), fecal streptococci
are mainly originated from the animal excreta
because they are the normal habitat in the
gastrointestinal tracts of warm blooded animals.

It is difficult to monitor the actual
contamination sources in mixed cover watersheds
since total coliform enumeration is general in nature
and several streptococci are ubiquitous in soil and
aquatic environment (Kebbey et al., 1978; Faust,
1982). The best data application for separating
humans sources of contamination from other warm

Table 2: Monthly variations in the microbial populations of Imphal river (July, 2011 to June, 2012)

(Faecal Coliform Count x 10 100" ml)

May. ‘12 Jun ‘12

Aug. ‘11 Sep. ‘11 Oct. “11 Nov ‘11 Dec. ‘11 Jan ‘12 Feb.‘12 Mar. ‘12 Apr. 12

Jul. “11

Sites

220.00 246.67

287.33 310.00

210.00 273.33 206.67 226.67 120.00 106.67 237.33 126.67 120.00 156.67

1

2 289.33 316.67 310.00 247.33 143.33 119.33 259.33 159.33 130.00 169.33

3
4

340.00 360.00
370.00 349.33
314.67 326.67

328.67 420.00 376.67 149.33 126.67 346.67 186.67 168.67 280.00

326.67

270.00 347.33 349.33 246.67 189.33 297.33 133.33 139.33 216.67

330.00

263.33 236.67 310.00 219.33 160.00 240.00 126.67 126.67 169.33

401.33
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blooded sources of contamination may be fecal
coliform (FC): fecal streptococci (FS) ratio over time
(Cooper and Knight, 1989). According to Geldreich
(1976), Baxter-potter and Gilliland (1988), the ratio
less than 1.0 indicated warm blooded animal
pollution while ratio of 4.0 or more suggested
domestic waste pollution. During the study period
66 percent of all the samples had a ratio greater
than 4.0 while 50 percent had a ratio greater and
1.0 (Table-4). These ratio indicated that domestic
waste pollution is common than the warm blooded
animal pollution.

According to Cooper and Knight (1989)
coliform count could not be linked statistically with
physical parameters because variability of indicator
bacteria masked relationships as shown by large
site-to-site fluctuations in bacterial count. He also
stated that coliform counts did not vary with
incremental changes in stage (+ 0.1m) or with
instream suspended sediment concentrations,
which were excellent indicators of rainfall and run-
off. In the present study, it was observed that during
summer there were insignificant variations of
coliform count, which might be due to low rainfall
activity. This is in agreement with the findings of
Robbins et al., (1972) that all coliform indicator
groups were significantly higher in rainy season
than the preceding summer or following winter.
Robbins et al., (1972) also indicated that coliform
concentrations were overshadowed by large-scale
hydrologic events but most water quality parameters
did not produce statistically significant equation for
predicting bacterial pollution.

In the rainy season coliform bacterial
population were found to be significantly fluctuating.
This might be due to input of allochthonous material
by influx of rainwater and soil, which impart
significant variation of bacterial population. In the
present study, analysis of variance of the critical
value of ‘F’ at 5% level during rainy season revealed
significant effect on the density of total coliform
(P<0.05) and fecal coliform (P<0.05), while fecal
streptococci revealed insignificant effect (P<0.05).
However, significant differences were observed in
summer and winter at the level of p<0.05 to P<0.01
for all the bacteria except faecal coliform which
shown insignificant differences during winter
(P>0.05). Their significance differences indicated

Table 3: Monthly variations in the microbial populations of Imphal river (July, 2011 to June, 2012)

(Faecal Streptococci Count x 10 100" ml)

May. ‘12 Jun ‘12

Aug. ‘11 Sep. ‘11 Oct. ‘11 Nov ‘11 Dec. ‘11 Jan ‘12 Feb.‘12 Mar. ‘12 Apr.‘12

Jul.“11

Sites

47.33
63.33
87.33
82.00
73.33

52.00
61.33
82.00
87.33
62.00

31.33
35.00

27.33
30.00

31.33
37.33
46.00
42.67
39.33

27.33
32.00
40.00
47.33
45.33

37.33
40.00

42.00
45.33
62.00

66.67

59.33
62.00
76.00
64.00
60.00

57.33
62.00
89.33

66.07

63.33
72.00

86.67

47.33
56.67

2
3
4
5

56.67

36.67

42.67

79.33
86.67

48.00

29.33
22.00

50.00
47.33

70.00
56.00

42.00

57.33

62.00

110.00
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continuous contamination of domestic and animal
wastes along with run-off during rainy season. This
is also in agreement with the finding of Sharma
and Bharadwaj (2000). They also stated that
correlation between total coliform and rainfall was
found to be positively significant and it appears that
human inhabitation and other activities based on
land usage around the water body were responsible
for the input of indicator organisms. Cooper and
Knight (1989) also showed marked significant
seasonal and monthly differences (P<0.05) of fecal
coliform and fecal streptococci at two different
locations of Agarian hill land streams due to rainfall
pattern over the area. Hill and Webb (1958) also
reported that the variability of bacterial count at
different sites was found correlated with the sources
of pollution. They found that bacteria formed an
important link between primary producers and
consumers, so it would appear that pollution affects
the aquatic food chain. Flint (1989) reported that
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survival of E. coli in filtered water was due to the
presence of some organic materials. It is therefore,
possible that specific bacterium survives with
specific form of organic matter and this impart in
the variability of species composition. So, the results
in the present study were closely associated with
the above observations.

Thus, from the above results it is clear that
the bacterial population had varied densities in
different seasons which was influenced by the
different environmental factors and their
persistence at different densities in the river water
throughout the study period offer an excellent
opportunity to characterize the microbial quality of
the water system and it is suggested that the river
water is not suitable even for domestic purposes
and need to be treated before use from hygienic
point of view.

Table 4: Fecal Coliform : Fecal Streptococci ratio
of Imphal River from July, 2011 to June, 2012

Months Sites
1 2 3 4 5
July “11 4.43 5.11 412 3.81 3.65
Aug. ‘11 4.31 4.40 3.79 3.86 4.70
Sep. ‘11 3.60 5.00 4.70 5.25 3.81
Oct.“11 3.82 3.99 4.96 5.46 5.16
Nov. ‘11 2.86 3.16 2.41 3.70 3.83
Dec. ‘11 2.86 4.98 2.97 3.79 3.38
Jan. ‘12 8.67 8.10 8.67 6.28 5.29
Feb. ‘12 4.04 4.27 4.06 3.12 3.22
Mar. 12 4.44 4.33 4.60 4.75 5.75
Apr.“12 5.00 4.84 4.94 4.51 4.03
May ‘12 4.23 4.68 4.15 4.24 3.84
Jun. 12 5.21 4.89 412 4.26 4.45
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