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Abstract

The municipal waste water and sewages cause pollution of river water, which is often reflected in bacteriological
parameters like total coliform, faecal coliform and faecal streptococci of water. Major Indian Rivers have shown
the presence of large numbers of total and faecal coliforms and faecal streptococci which indicates bacteriological
pollution of the river water. This type of pollution is more in rivers of Assam mainly due to discharging of municipal
waste water into nearby river systems without any treatment. Similar observation has been made in the Tunia River
also. The water quality of this river is being gradually deteriorated due to adverse impact of urban and industrial
development in Bongaigaon town. Various industrial and commercial units discharges their treated and untreated
effluents into the Tunia River. Besides, the river also receives sewages and waste water from the railway junction,
railway colony and Bongaigaon municipal area. Water samples collected from 9 sampling stations in Tunia and 2 in
Champamati River on seasonal basis. Bacteriological parameters are evaluated and results show high numbers of
total coliform, faecal coliform and faecal streptococci, indicating the presence of pathogens, which may initiate
spread of water-borne diseases in the downstream area particularly after the floods.

Keywords : Indicator organism, Total coliform, Faecal coliform, Faecal streptococci, Pathogen.

1. Introduction
Water is a potential carrier of pathogen, coliform

and other microorganisms.  Generally, pathogen,
coliform and other microorganisms are carried into
the water bodies by sewage and waste water which
are released from various sources (Rendell, 1990).
Pathogens are mainly responsible to initiate spread of
water-borne diseases in the neighbouring areas of
water bodies. Contact with patrogens can be made by
drinking water or through other activities involving
contact with water. Some bacteria are water-borne and
these are generally responsible for causing cholera,
typhoid, amoebic dysentery and gastroenteritis.

Viruses are found in water including strains which are
responsible for polio, infectious hepatitis and
coxsackie fever. Water may also contain some animal
parasites including the round worm and pork tape
worm. All these types of organisms occur in faeces,
sewage and waste water. Water also plays an indirect
but vitally important role for transmission of diseases
like malaria, yellow fever, schistomiasis and filariasis.

The Tunia River is a tributary of the Champavati
River which is flowing through the Bongaigaon Town
(CPCB 2000). The water of this river is being gradually
deteriorated due to adverse impact of industrial and
urban development of Bongaigaon Town. The river
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receives waste water, sewage, effluent and human
excreta not only from urban areas but also from
various sources. The water of the river contains
infectious agents such as bacteria, protozoa, helminth
and viruses along with faecal coliform and other
micro organisms. Bacteriological parameters are
generally of great importance in evaluation of water
quality of water sources. Microbiological studies
indicate that major Indian rivers have shown the
presence of bacterial species as an indication of faecal
contamination. Sewage loaded with human excreta
and direct human defaecation are two major sources
of faecal pollution in Indian rivers. Rivers, which
are flowing through the cities or near the urban areas,
normally have large number of bacteriological
parameters because of receiving effluent, waste
water, sewage, excreta of man and animal along with
other waste materials from various sources (The
Citizen Report, 1982).

2. Study Area
Bongaigaon is an industrial and commercial town

about 170 km away in north-west side from the
Guwahati City and situated in the North-eastern
Himalayan Sub-region of India. The town is located
at latitude of 26o28/N and longitude of 90033/ E. Urban
and industrial activities are growing after
establishment of Bongaigaon Refinery and Petro-
chemicals Ltd. (BRPL) in 1974. Now this unit is
known as Bongaigaon Refinery Ltd. (BRL) under the
Indian Oil Corporation Ltd. (IOCL). The Carriage &
Wagon Workshop (CWW) of NF Railways and
Birjhora Tea Estate (BTE) were two industrial units
before setting up the BRL. After commissioning of
BRL, major subsidiary units such as Brahmaputra
Carbon Ltd. (BCL), Assam Chemical Industries Ltd.
(ACIL), North East Gases Pvt. Ltd. (NEGPL), Indane
Bottling Plant (IBP), Bongaigoan Roller Flour Mills
(BRFM), Oil India Pumping Station (OIPS), Anjil
Plastic Industries (API), Sapphire Oil Industries Ltd.
(SOIL), Viswakarma Plastic Works (VPW) and other
small industrial units were established under private
and public sectors. This massive industrial growth
initiated urban development for setting up of various
tertiary units such as laundry, hotels, restaurants,
pathological laboratories, hospitals and nursing homes,
etc. in the bank of the Tunia River.

3. Objectives

The basic objectives of this study are:

To identify and list of sources of pollution
of the river.

To enumerate the total coliform, faecal
coliform and faecal streptococci in the river
water.

To count the FC/FS ratio and to know activities
at the river bank area.

To identify the sources of bacteriological
pollution.

To infer on most likely presence of
pathogens.

3.1. Origin of Tunia River
The Tunia River is a tributary of the Champamati

River and originated from the Bher Bher beel, which
is a wetland of about 0.393sq. km. area located at
Dhaligoan (CPCB 2000). The river is flowing through
the western side of Bongaigaon town near the BRL
complex. The length of the river is about 35.30km
with a total catchment area of about 121.60sq km.  The
flow rate of the river was found to be 20–130m3/sec of
water during the study period.

3.2 Pollution of the Tunia River
The effluent, domestic waste water, sewage and

other waste materials are made to confluence with the
Tunia River water due to industrial and urban activities
including those of the railway junction. The adverse
impacts are normally more serious because of complex
nature of receiving matters especially those from the
BRL. The refinery effluents are more complex and
hazardous because it contain oil and grease, phenolic
and other aromatic compounds which are more toxic
to the flora and fauna of the river system (PCBA,
2002).

As per the Census Report, 2001, the total
population of Bongaigaon Town is 75928 of which
15601 live in the railway colony and 60327 in the
Bongaigaon municipal area. Considering per capita
average use of water 150 litres per day it is estimated
that, the river receives about 9112m3 of domestic waste
water per day from the total population living in
Bongaigaon Town. Besides, the river also received
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about 9312m3 of effluents per day from various
industrial units. As a result, the river receives about
4253.13kg/day of total organic pollution load of which
915.96kg/day from industrial and 3337.17kg/day of urban
activities. Moreover,the river receives about 196.28kg/day

of oil and grease and 75.31kg/day of phenolic compounds
due to industrial and urban activities in the catchment
area of the river.

4. Methodology
Bacteriological parameters such as total

coliform, faecal coliform and faecal streptococci are
enumerated for this study and these organisms are
considered as indicator organisms. The presence of
pathogenic organisms can be detected by testing for
the coliform group of bacteria such as total coliform,
faecal coliforms and faecal streptococci. Although
techniques are available for identifying and
enumerating various types of pathogens commonly
transmitted by water, these methods are normally
time consuming, complex and expensive. Due to
these drawbacks, these processes are not ordinarily
used to evaluate the bacteriological quality of water.
Instead, the coliform groups of bacteria are generally
considered as reliable indicator organisms of the

hygienic quality of water. Escherichia coli (E.coli)
genus appears to be most representative of faecal
contamination with compared to other indicator
organisms. Pathogens leave the human body through
the body waste and coliforms also commonly travel
together with the pathogens. As a result, high
concentration of E.coli in the water indicates faecal
contamination and presumptive evidence for the
presence of pathogens.

Although, relevant data collected from various
secondary sources have been incorporated, the study
mainly relies on the primary data generated from the
analysis of water. Water samples for analysis of
bacteriological parameters were collected in different
seasons taking proper care in selection of the sampling
sites of the Tunia River.

5. Sampling stations
For this study, bacteriological analysis has been

performed by analysing water samples collected from
9 (nine) sampling stations (SS0-SS8) of the Tunia River
and 2 (two) sampling stations (SSbc-SSac) from the
Champamati River. The summary of sampling stations
(SS) with distance from the source are tabulated in
Table-1.

SS Location Distance from  SS0 (km) Before SS from

SS0 At source, Dhaligaon 0.00 -

SS1 NH -31 C, Dhaligaon 0.50 BRL

SS2 Kukurmari 1.00 NEGPL

SS3 New Bongaigaon 3.00 Rly. colony,  BCL

SS4 Rly. Bridge  New Bongaigaon 3.50 NBRJ, CWW

SS5 Gossaipara 4.50 Bongaigaon Town

SS6 NH – 31 Borkhata 23.50 Hilly area

SS7 Salbari 34.50 Hilly area

SS8 Champamukh 35.00 Hilly area

SSac Champamukh 35.80 Tunia River

SSbc Champamukh - -

Table-1: Summary of sampling stations

Das et al., / The Clarion (2014)
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6. Sampling programme
Water samples were collected and analysed in 4

(four) seasons for this study. Generally, one grab
sample collected from the respective sampling stations
in each month at different days of season for the year
2007, 2008 and 2009. The sampling schedule followed
is mentioned in the Table 2.

Table-2: Sampling schedule for the study period

Sl. No. Seasons Months

1 Winter December, January and
February

2 Pre monsoon March, April and May

3 Monsoon June, July and August

4 Post monsoon September, October and
November

7. Experimental works
Bacteriological parameters had been evaluated

by the method and techniques as specified in the
“Standard Methods for the Examination of Water and
Waste Water” [APHA –AWWA –WPCF – 1995].
Multiple tube fermentation technique was used to get
approximate estimate of number of coliform and other
micro organisms present in water samples. It is
expressed as Most Probable Number (MPN) (Jadhav
et al., 2008).

7.1 Pathogen indicators
The water quality of the Tunia River was

monitored for the bacteriological parameters such as
total coliform, faecal coliform and faecal streptococci.
These parameters are generally considered as reliable
indicators for the presence of pathogenic organisms in
water (Metcalf et al., 2003 and Peavy et al., 1985).
These microorganisms have acquired the following
characteristics to show as an ideal indicator organism :
1. The indicator organism must be present when

faecal contamination is present.
2. The numbers of indicator organism present

should be equal to or greater than those of the
target pathogenic organisms (pathogenic viruses).

3. The indicator organism must exhibit the same or
greater survival characteristics in the
environment as the target pathogen for which it
is an indicator.

4. The indicator organism must not reproduce
outside of the host organism.

5. The isolation and quantification of the indicator
organism must be faster than that of the target
pathogen.

6. The organism should be a member of the
intestinal microflora of warm blooded animals.

7. The indicator organism would be applicable to
all types of water.

8. The indicator  organism always be present when
pathogen are present

9. The indicator organism always be absent when
pathogen are absent

10. The indicator would lend itself to routine
quantitative testing procedures without
interference from or confusion of results because
of extraneous organisms.

11. The indicator organism impart the safety of
laboratory personnel during the time of analysis.
The most important indicator organisms are total

Das et al., / The Clarion (2014)
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SS : Sampling Stations
The location of the sampling stations and industrial
units at the Tunia River is shown in the Figure 1:
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coliform, faecal coliform and faecal streptococci may
be described as follows:

7.2 Total coliforms
The intestinal tract of human body contains a

large population of rod shaped bacteria which is known
as coliform bacteria. Each person is normally
discharging coliform bacteria within a range of 100-
400 billion in a day in addition to other kinds of
bacteria. The coliform bacteria include a number of
genera and species of bacteria that have common
biochemical and morphological attributes. Species of
gram negative rods that may ferment lactose with gas
production at 35 ± 0.5oC.  There are strains that do not
conform to the definition. The total coliform group
includes four genera in the Enterobacteriaceae family.
These are Escherichia, Citrobactor, Enterobactor and
Klebsiella. The Escherichia genus (E.coli) appears to
be most representative of faecal contamination
compared to the other groups. The thermotolerant
Klebsiella are also included in the faecal coliform group.
The group is cultured at 35 ± 0.5oC for 24 ± 2 hrs.

7.3 Faecal coliforms
The faecal coliform bacteria group was

established based on the ability to produce gas at an
elevated incubation temperature 44.5 ± 0.2oC for 24 ±
2 hrs. Faecal coliform organisms are non pathogenic
and are believed to have a longer survival time outside
the animal body than the pathogens. The number of
surviving organisms may be an indication of the time

lapse due to logarithmic die off rate of faecal coliforms.

7.4 Faecal streptococci
The normal habitat of faecal streptococci is the

intestines of man and animals and hence these
organisms are indicators of faecal pollution. The faecal
streptococci organisms are used in conjunction with
faecal coliforms to determine the sources of recent
faecal contamination of man or animals. Species such
as S. faecalis, S. faecalis var liquifacien, S. faecalis
var zymogenes, S. faecium, S. faecium var durans, S.
bovis and S. equinus are implied as faecal streptococci.
Generally, S. faecalis and S. faecium are most human
specific members of the faecal streptococcus group.

S. Bovis and S. Equinus have short survival times
outside their natural host habitats (non human warm
blooded animals) and consequently, their presence
indicates very recent pollution. The S. faecalis var
liquifaciens are generally found with vegetation in soil
and therefore has less significance as indicator of
faecal pollution.

8. Result and Discussion
The average water quality of the Tunia and

Champamati River in terms of bacteriological
parameters at various sampling stations in winter, pre-
monsoon, monsoon and post-monsoon period are
tabulated in Table-3 for total coliform, Table-4 for
faecal coliform and Table-5 for faecal streptococci
respectively.
8.1 Total coliforms

Table-3 : Total coliforms in MPN/100ml at the respective sampling stations of the Tunia and  Champamati rivers
in various seasons

Winter : Win., Pre-monsoon : Pr.M, Monsoon : Mon., Post-Monsoon : Po.M

1 SS0 5167 8100 7067 5834 4600 7067 6067 5267 5867 9434 8100 6767
2 SS1 2634 3467 2900 2634 2500 3667 2734 2634 3100 4500 4100 3267
3 SS2 4000 5267 4600 4100 3467 4600 4100 3667 4267 7067 6067 5267
4 SS3 21000 60334 34667 19000 18467 39000 25667 17667 25334 66667 39000 22667
5 SS4 54334 213334 102000 39000 34000 164000 95667 27667 90000 213334 102000 60334
6 SS5 34334 137334 6034 31334 24664 102000 51667 21000 54334 186667 95667 37667
7 SS6 25334 79334 39000 21000 20467 60334 35334 17667 34334 114667 60334 28334
8 SS7 21000 47667 28334 19000 18634 39000 22667 16334 25334 60334 39000 23334
9 SS8 17000 29000 21334 16334 14000 24667 19000 15000 21667 39000 28334 19000
10 SSac 4200 6367 5834 5267 3900 6067 5167 4200 4867 7334 6500 5834
11 SSbc 3600 5267 4600 4400 3134 4600 4100 4100 4067 5367 4700 4700

Sl.
No.

Sampling
Stations

(SS)

2007 2008 2009

Win Pr.M Mon Po.M Win Pr.M Mon Po.M Win Pr.M Mon Po.M

Das et al., / The Clarion (2014)
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Table-4: Faecal coliforms in MPN/100ml at the respective sampling stations of the Tunia and Champamati rivers
in various seasons

Table-5: Faecal streptococci in MPN/100ml at the respective sampling stations of the Tunia and  Champamati
rivers  in various seasons

The total coliform is most important parameter
which determines the quality of a water body. This
coliform is normally high in the water of the Tunia
River. The fluctuation range of total coliform is 2500–
213334MPN/

100ml during the study period.  It is observed
that there is an upward trend of fluctuation within
sampling stations SS1-SS4 due to receiving of sewages
of New Bongaigaon railway junction and waste water

of New Bongaigaon railway colony. The river also
receives human excreta directly from Katcha latrines
which are situated on the Tunia River in the New
Bongaigaon area.

The downward trend of fluctuation is also found
from the sampling station of SS4 to SS8 in order to
self purification process and natural activities of the
river along with confluence of natural water with the

1 SS0 367 700 700 500 400 800 600 434 434 934 867 600
2 SS1 267 500 467 334 267 567 467 267 300 600 567 367
3 SS2 334 600 534 500 334 667 567 334 467 700 634 500
4 SS3 1000 1600 1300 1067 934 1200 1034 867 1100 1834 1600 1334
5 SS4 1567 2900 2134 1734 1267 2634 1767 1334 1934 3034 2634 2167
6 SS5 1367 2667 1800 1467 1100 2234 1600 1134 1567 2800 2200 1934
7 SS6 1534 2900 2300 1734 1500 2634 2167 1400 1867 3034 2500 2167
8 SS7 1800 3134 2400 2034 1834 2867 2367 1734 1967 3267 2700 2367
9 SS8 2000 3300 2567 2300 1967 3000 2434 1867 2267 3667 2800 2634
10 SSac 500 800 767 700 567 767 734 567 600 1067 934 800
11 SSbc 367 700 667 600 334 667 600 467 500 800 800 634

Sl.
No.

Sampling
Stations

(SS)

2007 2008 2009

Win Pr.M Mon Po.M Win Pr.M Mon Po.M Win Pr.M Mon Po.M

1 SS0 667 1167 934 700 567 1034 800 634 834 1300 1100 800
2 SS1 567 934 734 500 400 767 600 467 567 1034 934 667
3 SS2 667 1100 900 667 567 934 734 634 767 1267 1267 967
4 SS3 4200 7067 6067 4600 3767 5267 4600 4100 4834 8100 7067 5500
5 SS4 6900 12667 9434 8100 6067 11134 8100 5800 8234 14668 11467 9434
6 SS5 6067 11134 8100 7067 5467 9434 7067 5300 6900 12667 10100 8100
7 SS6 4767 9134 7067 5500 4534 8100 5834 4367 5834 11134 8634 7067
8 SS7 4067 7867 6067 5067 3834 6367 4600 3834 5000 9434 7567 6067
9 SS8 3834 6600 5267 4200 3300 5500 4100 3600 4534 8100 6367 5267
10 SSac 867 1534 1400 1067 700 1400 1200 900 900 1734 1600 1234
11 SSbc 734 1200 1134 867 567 1100 1034 734 767 1334 1267 967

Sl.
No.

Sampling
Stations

(SS)

2007 2008 2009

Win Pr.M Mon Po.M Win Pr.M Mon Po.M Win Pr.M Mon Po.M

Das et al., / The Clarion (2014)
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river water. The total coliform is gradually diminishing
in between sampling stations SS0 and SS1 for cause
of receiving effluents from the BRL and therefore, it
indicate that industrial effluents does not  favour for
the growth of total coliforms in the river water. Heavy
growth of total coliforms is observed in every river
in Assam which is carried by domestic waste water
and sewages from the nearby urban area (PCBA
2002). The Central Pollution Control Board (CPCB)
has prescribed the limit of maximum value of total
coliforms 50, 500 and 5000MPN/100ml for Class-A,
Class-B and Class-C of water respectively (Goel et
al. 1996). Similarly, the Indian Standards Institution
(ISI) also prescribed the same limits for the surface
water (IS: 229, 1982). The total colifrom in the Tunia
River is normally high against the aforesaid
prescribed limits. Consequently, it indicate that the
water of the Tunia River is grossly polluted and hence
not even suitable for any use as indicated by the total
coliform content.

Total coliforms of the Champamati River at
sampling station SSbc is always lower than the
prescribed limit of Class-C water except in the pre-
monsoon, 2009. After confluence of the Tunia River,
the total coliforms increases at the sampling station
SSac as compared to that before confluence point SSbc

except in winter season in the study period. As a
result, the Tunia River partially deteriorated the water
quality of the Champamati River in terms of total
coliforms.

8.2 Faecal coliforms
The faecal coliform is most important

bacteriological parameter in the water of Tunia River.
This coliform group has a limitation that it has been
known to multiply in water with the environmental
factors tend to promote and may give an exaggerated
index of pollution.

The fluctuation range of faecal coliforms is 400-
14668MPN/100ml in water of the Tunia River. There is an
upward fluctuation trend within the sampling stations
SS1-SS4 because of receiving sewages of New
Bongaigaon railway junction and domestic waste
water of New Bongaigaon railway colony area. The
river also receives human excreta directly from the
katcha latrines which is located on the Tunia River at

New Bongaigaon area. The downward trend is also
observed in the sampling station SS4 to SS8 due to
self-purification process and natural activity of the
river along with confluence of natural water from the
hilly areas. The Environment (Protection) Rules, 1986
has specified the desirable and maximum permissible
limit of faecal coliform is 500 and 2500MPN/100ml for
the primary water quality criteria for organized outdoor
bathing of designated best use of water. The faecal
coliform is normally high against the above prescribed
limits in the river water and hence, the water cannot
be used for bathing or any other recreational purposes
in terms of the faecal coliform. High numbers of faecal
coliform indicates that the river water is containing
pathogenic organisms which may initiate spread of
water borne diseases in the downstream area
particularly after the floods.

8.3 Faecal streptococci
The bacteriological pollution of faecal

streptococci is initiated by both man and animal in
the Tunia River. This pollution is more severe in the
downstream area compared to other parts of the river.
The fluctuation range of faecal coliform is 267-
3267MPN/100ml in water of the Tunia River. The upward
increasing trend is observed within sampling stations
SS1–SS4 due to receiving of sewage, domestic waste
water and human excreta. The river also receives the
animal excreta as non point sources in between these
sampling stations.

Similarly, another upward increasing trend is also
observed in the sampling stations SS6–SS8 due to
animal bathing, human and animal open defecation at
the bank of the river. Generally, cows are open grazing
in the river bank area and discharge large amount of
faecal streptococci through their dung into the
neighbouring areas and finally increase the density of
faecal streptococci in the river water. On an average,
a cow discharges 31000x106 numbers of faecal
streptococci and 5400x06 numbers of faecal coliforms
within 24 hours into the environment. Similarly,
human being releases 450x106 numbers of faecal
streptococci and 2000x106 numbers of faecal coliform
in 24 hours into the environment (Metcalf et al., 1999).
By considering this value, the bacteriological pollution
is initiated by the animal in compared to the human

Das et al., / The Clarion (2014)
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being in the downstream area of the Tunia River. The
faecal streptococci count at sampling station SS5 is
lower in comparison to SS4 due to dilution by the
domestic waste water which is released by the
Bongaigaon town area along with other water of non
point sources.

The faecal streptococci count is also lower at
sampling station SS1 compared to sampling station SS0

because of industrial effluent which is discharged by
the BRL. Similar results have been observed for total
coliform and faecal coliform at the same sampling
stations. Therefore, it indicate that industrial effluent
particularly refinery effluent retard for the growth of
bacteriological parameter in the river water. The
desirable and maximum permissible limit of faecal
streptococci is 100 and 500 MPN/100ml for the primary
water quality criteria for organized outdoor bathing of
designated best use of water as per the The Environment
(Protection) Rules, 1986. The faecal streptococci is
generally high than the aforesaid prescribed limits in
the river water and consequently, the water cannot be
used for bathing or any other recreational purposes in
respect of the faecal streptococci.

8.4 Ratio of faecal coliforms to faecal streptococci
(FC/FS)
Faecal coliform and faecal streptococci are

considered as they reflect the bacterial pathogencity.
The sources of bacteriological pollution in river water
can be ascertained by using the FC/FS ratio. The ratio of
the faecal coliform (FC) count to the faecal
streptococci (FS) count in a sample can be used to
show whether the suspected contamination derives
from human or from animal wastes. It may be
mentioned that the quantity of faecal coliform and
faecal streptococci which are discharged by human
beings are significantly different from the quantities
discharged by animals. The FC/FS ratio for domestic
animals is less than 1.0 whereas ratio for human beings
is more than 4.0. The ratio in the range of 1-2, the
most likely interpretation is that the pollution derives
equally from human and animal sources. Therefore,
the FC/FS ratio may be used to ascertain the sources of
bacteriological pollution in the water of Tunia River.
By considering the faecal coliform and faecal
streptococci count, the FC/FS ratio is evaluated at the
respective sampling stations in different seasons
during the study period and tabulated in the Table-6.

Table-6: The FC/FS ratio at the respective sampling stations of the Tunia and Champamati rivers.

1 SS0 1.82 1.67 1.34 1.40 1.42 1.29 1.34 1.46 1.92 1.39 1.27 1.34
2 SS1 2.12 1.87 1.57 1.50 1.50 1.35 1.29 1.75 1.89 1.72 1.65 1.82
3 SS2 2.00 1.83 1.69 1.34 1.70 1.40 1.30 1.20 1.64 1.81 2.00 1.94
4 SS3 4.2 4.42 4.67 4.31 4.03 4.39 4.45 4.73 4.40 4.42 4.42 4.12
5 SS4 4.40 4.37 4.42 4.67 4.79 4.23 4.59 4.35 4.26 4.84 4.36 4.36
6 SS5 4.44 4.18 4.50 4.82 4.97 4.22 4.42 4.67 4.40 4.53 4.59 4.19
7 SS6 3.11 3.15 3.07 3.17 3.02 3.08 2.69 3.12 3.13 3.67 3.46 3.26
8 SS7 2.26 2.51 2.53 2.49 2.09 2.22 1.95 2.21 2.54 2.89 2.80 2.56
9 SS8 1.92 2.00 2.05 1.83 1.68 1.83 1.69 1.93 2.00 2.21 2.28 2.00
10 SSac 1.74 1.92 1.83 1.53 1.24 1.83 1.64 1.59 1.50 1.63 1.71 1.54
11 SSbc 2.00 1.72 1.70 1.45 1.70 1.65 1.73 1.57 1.54 1.67 1.59 1.53

Sl.
No.

Sampling
Stations

(SS)

2007 2008 2009

Win Pr.M Mon Po.M Win Pr.M Mon Po.M Win Pr.M Mon Po.M

The fluctuation ranges of FC/FS ratio is found in
between 1.29-4.97 in the water of the Tunia River.
The FC/FS ratio is above 4 within the sampling stations
SS3–SS5 and it indicate that the bacteriological

pollution is done by the human activities within the
stretch of the Tunia River. Generally, increasing trend
of FC/FS is observed in the aforesaid stations during the
study period.
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The downward trend of FC/FS is also found from
the sampling station SS6 to SS8 because of gradual
increase of animal activities within the stretch of
the river. By considering the FC/FS ratio along with
the river environment within the sampling stations
SS7–SS8, the most likely interpretation is that the
bacteriological pollution derives equally from
human and animal sources. Similar interpretation
is also obtained in between sampling stations SS0–
SS2 and SSbc-SSac for equal activities of human being
and animals. The FC/FS ratio at sampling station SS6

is above 3 and therefore, it indicate that decreasing
growth rate of feacal coliforms against the
increasing growth rate of faecal streptococci in the
river water.

8.5 Pathogens
Diseases such as diarrhea, bacillary dysentery,

ameobic dysentery, jaundice, fever, high fever,
vomiting, food poisoning etc are observed at the
downstream area of the Tunia River after the flood.
By considering these diseases, the water of the Tunia
River is most likely to contain the pathogenic
microorganisms such as Yersinia enterolitica,
Shigella, Balantidium coli, Leptospira, Salmonella
typhi, Cyclospora cayetanensis, Salmonella etc as
infectus agents. The flood water of the Tunia River
merges the drinking water sources such as open well,
tube well and pond during the monsoon period. As a
result, the pathogenic micro-organisms such as
bacteria, viruses, protozoa, helminths etc enter into
the human body through drinking and bathing and
finally to initiate water borne diseases after the flood
at the downstream area.

9. Findings
1. The river water contains very high numbers of

total coliform, faecal coliform and faecal
streptococci which indicate the presence of
pathogenic microorganisms in the river water.

2. The bacteriological pollution is initiated by the
human activities as reflected in the sampling
stations SS3–SS5 of stretch of the Tunia River.

3. The refinery effluent does not favour for the
growth of bacteriological and other organisms.

4. The FC/FS ratio indicate that the bacteriological
pollution derives equally from human and animal
sources all the stretch of the Tunia River except
within sampling stations SS3-SS5 of the river.

5. The water of this river cannot be used for any
recreational purposes.

10. Conclusion
To improve the situation Railways have to install

common waste water treatment plant for treatment of
waste water of New Bongaigaon railway colony area,
effluent of C&W Workshop and sewage loaded waste
water of New Bongaigaon Railway Junction.
Secondly, Bongaigaon municipal board may set up
waste water treatment plant in their premises. Thirdly,
the industrial units such as NEGPL, BCL, BRFM and
other units should install secondary effluent treatment
plant in their premises. Katcha latrines should be
banned on most priority basis. Moreover, Open grazing
of cow and other domestic animals should be restricted
at the river bank area. In addition Public participation
and public awareness programmes may be organised
for conservation of water of the Tunia River.

References

APHA–AWWA–WPCF, 1995: “Standard for the Examination of Water and Waste Water”, 19th Edition.
Washington, D.C.

Central Pollution Control Board, 2000: “The Brahmaputra Basin”, Basin sub-basin inventory of water pollution,
Ministry of Environment and Forest, New Delhi, pp-31.

Goel, P.K and Sharma, K.P., 1996: “Environmental Guidelines and Standards in India”, 1st Edition,
Technoscience Publications, Jaipur, p. 26–28.

Jadhav, H.V. and Purohit S.H., 2008: “Global Pollution and Environmental Monitoring” 1st Edition, Himalaya
Publishing House, pp. 164-196.

Das et al., / The Clarion (2014)

Volume 3 Number 1 (2014) 33-42

41



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 4
7.

29
.2

54
.2

08
 o

n
 d

at
ed

 1
4-

Ju
n

-2
02

1

Metcalf & Eddy, Inc. 1999: “Waste Water Engineering Treatment Disposal and Reuse’’, 3rd Edition, Tata
McGraw-Hill Edition, New Delhi, pp. 90-110.

Metcalf & Eddy, Inc. 2003: “Waste Water Engineering Treatment and Reuse”, 4th Edition Tata McGraw-Hill
Edition, New Delhi, pp. 104-140.

Peavy, H. S; Row, D.R. and Tchobanoglous, G. 1985: “Environmental Engineering”, International Edition,
McGraw-Hill Book Company, New Delhi, pp. 46-54.

Pollution Control Board, Assam 2002:  “Brief Environmental Status Report of Assam”, Guwahati-21.

Pollution Control Board, Assam 2002:  “An Environmental Report on Assam”, Guwahati – 21.

Rendell, F., 1990:  “Water and Waste Water Project Development”, 1st Edition Thomas Telford Publishing,
London, P.75-85.

The Citizen Report 1982:  “The State of Indian’s Environmental Centre for Science and Environment”. New
Delhi, India.

Das et al., / The Clarion (2014)

Volume 3 Number 1 (2014) 33-42

42


