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Abstract: Many people around the world struggle to get good drinking water and generating safe drinking water is
thus very important for human development. Moreover, Water- borne diseases are recognized to be a great concern
in many provinces over the globe. Studies concerning all forms of freshwater resources with special inference on
the various contributing factors in water-borne diseases epidemiology and water pollution assume significance in
this perspective. Thermotolerant coliforms including Escherichia coli were enumerated from the river water
samples by employing the Manual on Analysis Microbiology. The same manual was also used to analyse the Total
Coliforms. Statistical analysis of data was carried out by SPSS software version 20. The prominent role of major
contributing factors in context with the chance of water pollution in terms of Total coliforms and thermotolerant
coliforms has been validated. The seasonal changes in the quality of water with an increase in coliform counts
during the monsoon season may affect the water treatment system set up for public distribution of drinking water.
The findings can be used as a significant element in various activities that focus on the sustainable use of freshwater
and diminishing the risk of waterborne diseases.
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Introduction

Water scarcity has been noted as a swiftly growing  water consumption rates made keeping water use
concern over the globe, however, little is known  at a sustainable level more difficult (Gosling and
about how it has extended over time (Mekonnen  Arnell, 2016). During the past few years, it is
and Hoekstra, 2016). The increasing population evident that freshwater scarcity is fetching a way
rate and climate change followed by changing of threat to the existence and sustainable
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development of the human population. Annual
reports by World Economic Forum (Risks, 2015)
have verified the water crisis as one of the major
global risks with special inference on its impact
over the human population.

Beyond the common factors behind the
instigation of water scarcity, it is also critical to
consider the contributing
including the presence of microbial consortia in
freshwater as a prominent pollutant. For instance,
the human populations will usually be under the
threat of severe water-borne diseases once they
consume the microbial consortia contaminated

various elements

water. In this point of view, the coliform bacteria,
specifically Escherichia coli has been witnessed to
be a significant candidate in water contamination
studies (Ashbolt, 2004). Usually, the coliforms are
unlikely to cause illness, but their occurrence in
drinking water indicates that pathogens could be
present in the system. The presence of coliforms in
water may thus indicate the presence of potential
pathogens that can cause water-borne disease.

One of the prime of bacterial
contaminants especially the coliforms worldwide
is the wastes generated by dense human
settlements which find their destination in surface
waters (Edokpayi et al, 2017). Flowing water
bodies provide a suitable environment for the
multiplication of microorganisms in the wastes
due to the availability of nutrients they receive
from surface runoff (Jamieson et al, 2004). In
addition to the availability of nutrients, following
bacteriological parameters have been taken up in
this context; Total Coliforms (TC) and
Thermotolerant coliforms (T-coli). Moreover,
sewage discharges in freshwaters thus become the
major source of fecal contamination (Grabow,
1996). Achankovil River is one of the major rivers

sources

in Kerala on which a large number of people
depend as their freshwater source. There are
many pump houses along the river for purifying
the river water for public supply. According to
ENVIS Centre, Kerala (2021), the current water
requirement of river basins for domestic use is
38Mm3. Various temples including 'Achan Kovil'

along the river are used by a large number of
devotees during the
pilgrimage. People also use the river water
directly for bathing, washing utensils, bathing
animals, etc. Bacterial contamination of river

famous Sabarimala

water can therefore cause direct health issues to
the people who live in the basin. For this reason,
vigilant assessment and monitoring are required
to manage river pollution to avert any imminent
bacterial outbreak. Based on the above mentioned
facts and perspectives, the current investigation
has been intended to find out the contributing
factors in context with the chance of water
pollution based on Total coliforms and
thermotolerant coliforms during the Pre-

monsoon, Monsoon and Post-monsoon seasons.
Materials and Methods
Sample Collection:

Surface water samples were collected once a
month in the morning hours from eight stations
along Achankovil River. Samples were collected in
sterilized glass bottles, kept in an icebox and
brought to the Cashew Export Promotion Council
of India (CEPCI) laboratory, Kollam for analysis.
The stations covering
physiographically upstream, midstream and
downstream of the river. Achankovil (AKL) and
Konni (KON) belongs to upstream, Omalloor
(OMR), Konathumoola (KML), Kaippuzha (KPZ),
and Attuva (ATV) belongs to midstream region
and Pallippad (PPD) and Veeyapuram (VPM)
comes under downstream portion. Station
locations finalized by GPS readings are depicted in
Figure 1.

were selected

Analytical Parameter:

Water samples brought to the CEPCI laboratory,
Kollam were analyzed for Total Coliforms (TC)
and Thermotolerant coliforms.

Analytical Methods:
Total Coliforms:

Total coliforms are gram-negative, rod-shaped,
non-spore-forming aerobic and facultative
bacteria that ferment lactose at 35-37°C with the
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Fig. 1: Location Map of Achankovil River Basin.

production of acid and gas within 24-48 h of
incubation. They can grow in high concentrations
of bile salts. Total Coliforms were analyzed
following Manual on Analysis Microbiology
(MOAB/AP/DW2) by 5 tube MPN method (Edberg,
1990) using MacConkey broth double strength
(DS) and Single Strength (SS) and Brilliant Green
Lactose Bile broth-2% (BGLB) and Butterfield's
Phosphate buffer solution (pH 7.2) (BIS, 1981).
The gas formed in the inner vial of MacConkey
broth indicated a positive presumptive test and
gas production in BGLB broth tubes on the
transfer of inoculum from presumptive tubes after
incubation at 36 + 1°C for 24 to 48 h indicated
confirmation of total coliforms.

Thermotolerant Coliforms:

Thermotolerant coliforms and E. coli were
enumerated from the river water samples by
employing the Manual on Analysis Microbiology
(MOAB / AP / DW 3) by 5 tube MPN method (BIS,
1981). They were confirmed on gas production
after inoculating positive presumptive tubes on
MacConkey broth into BGLB 2% broth tubes and
incubating at 44.5+0.5°C for 24 h.

E. coli were confirmed after the BGLB positive
tubes were inoculated into tryptone broth and
incubated at 44.5+0.5°C for 24 h. Positive tubes
were confirmed for Indole production by the
formation of pink colour in Tryptone broth on the
addition of Kovac's reagent and formation of
yellow colour for negative tubes.

Data Analysis:

Statistical analysis of data was carried out by SPSS
software version 20. ANOVA (Two-way) was done
to appraise the significant difference in analysed
factors.

Results
Total Coliforms:

Thermotolerant coliforms and E. coli are the
subsets of the total coliform group that ferments
lactose at higher temperatures. During lactose
fermentation, coliforms produce b-galactosidase
enzyme. Though the total coliforms were generally
viewed as belonging to the genera Escherichia,
Klebsiella, Citrobacter and Enterobacter, the group
includes a more heterogeneous range of genera
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Table 1: Monthly Total Coliform counts (MPN/100 ml) in Achankovil River basin

Months Stations
AKL KON OMR KML KPZ ATV PPD VPM

Oct 1600 1600 1600 1600 1600 1600 1600 1600
Nov 1600 1600 1600 1600 1600 1600 1600 1600
Dec 1600 300 1600 1600 1600 1600 1600 900
Jan 1600 1600 500 1600 1600 1600 1600 1600
Feb 1600 1600 1600 1600 1600 1600 1600 1600
Mar 1600 1600 1600 1600 1600 1600 240 1600
Apr 1600 1600 1600 1600 1600 240 350 1600
May 1600 1600 280 1600 1600 1600 1600 1600
Jun 1600 1600 1600 1600 1600 1600 1600 1600
Jul 1600 1600 1600 1600 500 1600 1600 1600
Aug 1600 1600 1600 1600 900 1600 1600 1600
Sep 1600 1600 1600 1600 1600 1600 1600 1600
Total [1600+0 |1492+375 | 1398+473| 1600+0 |1450+361 | 1487+393 | 1383+509 15421202
mean

F value 0.761

p value 0.621

AKL-Achankovil, KON-Konni, OMR-Omalloor,
Pallippad, VPM-Veeyapuram

including Serratia and Hafnia (WHO, 2017).
Bureau of Indian Standard stipulates that there
should not be any coliform bacteria in 100 ml of
drinking water (BIS, 2012). This group comprises
both fecal and environmental species which can
also survive and grow in water distribution
systems, especially when biofilms are present. The
monthly and seasonal variation in MPN values of
total coliform count is shown in Tables 1, 2 and
Figures 2, 3, respectively.

Thermotolerant Coliforms:

The presence of thermotolerant coliforms (fecal
coliforms) in water indicated fecal contamination.
Fecal coliforms are considered indicators of the
likely occurrence of pathogens in freshwaters and
the possibility of waterborne diseases. Since, it is
difficult to detect potential pathogens such as
Salmonella sp., Shigella sp., diarrheagenic E. coli,
Giardia lamblia, Cryptosporidium parvum and

KML-Konathumoola, KPZ- Kaippuzha, ATV-Attuva, PPD-

enteric viruses from water, fecal coliforms such as
thermotolerant coliforms, enterococci and E. coli

are employed as the prime indicators of fecal
contamination (USEPA, 2002). Monthly and
seasonal MPN of thermotolerant coliforms is
shown in Tables 3, 4 and Figures 4, 5.

In order to combat the threatening effects as
reported in this investigation, the authors have
provided the
awareness towards the population inhabited in
the study area (Fig. 6). Pie diagram shows the
number of people involved in each station for the

significant ways concerning

awareness class. Awareness class were delivered
to representatives of Panchayath members,
Kudumbasree CDS members, social members and
local inhabitants. A pamphlet prepared in
vernacular language that contains the causes,
and mitigation of river

impacts pollution

especially in terms of Microbial pollution was
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Table 2: Seasonal mean Total Coliforms (MPN/100 ml) in Achankovil River basin

Stations Seasons Annual mean Fvalue | pvalue
PRM MON POM
AKL 1600+0.00 1600+0.00 1600+0.00 16000
KON 1600+0.00 1600+0.00 1275+650 1492+375
OMR 1270+660 1600+0.00 1325+550 1398+473
KML 1600+0.00 1600+0.00 1600+0.00 16000 0.761 0.621
KPZ 1600+0.00 1150+548 1600+0.00 1450+361
ATV 1260+680 1600+0.00 1600+0.00 1487+393
PPD 948+755 1600+0.00 1600+0.00 1383+509
VPM 1600+0.00 1600+0.00 1425+350 15424202
Total mean 1435+445 1544227 | 1503+316
F value 0.893
p value 0.414

PRM-Pre-monsoon, MON-Monsoon, POM- Post-monsoon
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Fig. 2: Monthly Total Coliform counts in Achankovil River basin.
1800
= 1600 & PRM
&
S 1400 = MON
3
% 1200 = POM
2 1000
AKL KON OMR KML KPz ATV PPD VPM

Fig. 3: Seasonal mean Total Coliforms in Achankovil River basin.
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Table 3: Monthly Thermotolerant Coliform counts (MPN/100 ml) in Achankovil River basin

Stations
Months AKL KON OMR KML KPZ ATV PPD VPM
Oct 1600 1600 1600 1600 1600 1600 1600 1600
Nov 110 45 426 1600 170 1600 1600 80
Dec 220 9 1600 900 22 1600 1600 9
Jan 130 1600 500 1600 300 1600 1600 1600
Feb 27 500 1600 1600 1600 1600 1600 1600
Mar 145 1200 1600 1600 500 1600 240 1600
Apr 50 900 1600 50 900 240 212 1600
May 1600 500 170 1600 500 500 1600 1600
Jun 1600 1600 1600 1600 1600 240 1600 27
Jul 130 1600 1600 240 80 350 300 280
Aug 1600 1600 1600 200 90 500 1600 900
Sep 1600 1600 900 300 220 1600 1600 1600
;Zt:; 734+766 | 1063+644 | 1233.0+565 | 1074+679 | 632+631 |1086+640 | 1263+611 | 1041+726
F value 1.507
p value 0.179

AKL-Achankovil, KON-Konni, OMR-Omalloor, KML-Konathumoola, KPZ-Kaippuzha, ATV- Attuva, PPD-
Pallippad, VPM-Veeyapuram

Table 4: Seasonal mean Thermotolerant Coliforms (MPN/100ml) in Achankovil River basin

Stations Seasons Annual
PRM MON — Mean F value P value
AKL 4561765 1233+735 515+725 734+766
KON 775+340 16000 8144908 1063+644
OMR 12434715 14254350 10324657 1233.0£56
KML 1213775 585+678 1425350 107451679 1.507 0.179
KPZ 8754519 498+738 5234727 632+631
ATV 985+718 673+627 1600+0 1086+640
PPD 9134793 12754650 1600+0 1263+611
VPM 1600+0 702+702 8224899 1041+726
Total mean 1007648 999+674 1041170
5
F value 0.041
p value 0.960

PRM-Pre-monsoon, MON-Monsoon, POM- Post-monsoon
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Fig. 5: Seasonal mean Thermotolerant Coliforms in Achankovil River basin.
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Fig. 6: Awareness among the inhabited population.
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distributed among the participants. A total of 300
people were participated from 8 stations.

Discussion

The present investigation has clearly validated the
prominent role of major contributing factors
context with the chance of water pollution, total
coliforms and thermotolerant coliforms
monthly and seasonal variation perspective. As
found in this investigation, a previous study by
Bagade and Belagali (2013) also reported TPC,
that including all forms of microorganism’s
variation between different sites in Karnataka
state of India which revealed the chance of water
contamination by different kinds of microbial
populations including Yeast cells, Rhizopus, Mucor,
Streptococcus spp, Penicillium, Fusarium, Bacillus
spp.,  Monococcus  spp., fecal Coliforms,
Actinomycetes, and E. coli.

in a

Since the number of bacterial pathogens
present in fecal matter is considerably low and
testing for all probable pathogens in drinking
water is difficult and expensive, analysis of total
coliforms which are present in large numbers in
the fecal matter provides an easy and inexpensive
way to understand the bacterial contamination in
water. Total coliform counts in the present study
were generally higher with negligible variation
among stations. The lowest monthly Total
coliforms (240MPN/100ml) was recorded from
both Attuva station in April and Pallippad station
in March whereas many stations recorded the
maximum MPN value (1600MPN/100ml) in
Comparatively, the higher
seasonal count was noted during monsoon and
lowest at pre-monsoon. This revealed that organic
wastes and sewage were drawn at many stations

different months.

temporally along the length of the river by surface
runoff. The presence of coliforms at Achankovil,
the upstream station might also be due to
contamination contributed from the tourism
activities at Kumbavaratti and Manalar waterfalls
near the sampling site and contamination from
wild animals apart from the natural population.
However, two-way ANOVA did not show variation
among stations or seasons.

An earlier study by Jalal and Sanalkumar
(2012) in the Achankovil River basin reported an
increase in total coliforms from monsoon (0.6x103
CFU/ml) to post- monsoon (6.6x103 CFU/ml)
season. Compared to the present values, higher
values (46000 MPN/100 ml) of total coliforms
associated with the Sabarimala pilgrimage were
reported from the Pampa River (Sajudeen, 2013).
Varying counts of total coliforms compared to the
present study were reported from other parts of
the country also. Comparatively lower TC values
were reported from Bhima River (120 MPN/100
ml) in Karnataka State, Indrayani River, Pune (12-
22 MPN/ml) and Chenab River (1 to 240
MPN/100 ml) (Jagtap, 2014; Dutta and Khajuria,
2016). TC counts between 1136 and 1880
CFU/100 ml were reported from Densu River,
Ghana (Karikari and Ansa-Asare, 2009). According
to the Bureau of Indian Standard (BIS, 2012) and
the WHO (1997) that stipulate an acceptable
limit/guideline value of nil total coliforms per 100
ml drinking water, the river water is unfit for
human consumption without adequate treatment.
WHO (2000) cites examples of recreational
standards for total coliforms in bathing waters as
<500 MPN/100 ml in 80% of the samples in
Europe, 1000 MPN/100 ml in Japan, and
<1000/100 ml in 80% of the samples in the USA.
Considering these standards, the values obtained
indicated that most of the sites under study are
unfit for While considering the
abovesaid facts and the findings from this
investigation it is clear that the seasonal changes
in the quality of water with an increase in coliform
counts during monsoon season may affect the
water treatment system set up for public
distribution for drinking water. This implies that
proper disinfection and monitored treatment is

recreation.

required for using Achankovil River water for
drinking purpose.

Though the thermotolerant coliforms usually
present in human and animal feces belong to the
genera Escherichia, Citrobacter, Enterobacter, and
Klebsiella, they may consist of bacterial species
such as Enterobacter cloacae and Citrobacter
freundii, which are inhabitants in soils and waters

369



rich in nutrients and decaying vegetative matter
(Hachich et al, 2012). Monthly thermotolerant
coliform counts in the present study varied from
the lowest (9 MPN/100 ml) at Konni and
Veeyapuram in December to the highest of MPN
(1600 MPN/100 ml) at many stations in different
months. Higher seasonal value was noted during
post-monsoon compared to the other two seasons
might be because of the influence of Sabarimala
pilgrimage during the same. Two-way ANOVA did
not show any variation among stations or seasons.
Considering the BIS standard that stipulates zero
thermotolerant coliforms per 100ml drinking
(BIS, 2012), consumption of
Achankovil River water poses risk to human
health. According to the guidelines set by WHO
(2004) for fecal indicator bacteria in bathing
waters, the Achankovil River water at most of the
times was not fit for even bathing purposes during
the study period.

water direct

The fecal coliform, especially the Escherichia
coli, is noted to be a historical organism usually
used for the fecal pollution detection in water
environments. Precisely, the presence of E. coli
validates the possible contamination water
resources by more harmful pathogens of human
origin. The E. coli is noted to be one of the most
prevalent animal pathogens responsible for a wide
spectrum of illness. The primary origin of the
pathogen may mainly consist of water sources that
are contaminated with fecal matter (Olsen et al,
2002). Such kinds of circumstances are primarily
contributing to the emergence of various illness
including cholera, typhoid and dysentery over the
globe. Due to these reasons, as illustrated in the
Fig. 6, the authors have conducted an awareness
camp for the inhabitants in the current study area
based on the findings from the investigation. Such
kinds of awareness among the population will
help the scientific community as well as the
environment and the inhabitants of the
corresponding region to combat the threatening
effects instigated by the pathogens of microbial
consortia towards humans (Ramirez et al., 2019).
While considering a worldwide perspective, it was
estimated that about 2 million people are under

the threat of infections every year. Previous
investigation has also validated the prominent
role of fecal coliforms like Escherichia coli in the
development and propagation of waterborne
illness (Gimelli et al, 2018). Considering the
findings of this study, above discussed facts and
BIS standard that stipulates zero thermotolerant
coliforms, it was found that direct consumption of
water from the study area poses risk to human
health. Disinfection and treatment are highly
required before considering the river water for
the potable purpose. Moreover, the awareness
camp conducted in the study region based on the
above-discussed facts and findings could definitely
be recognized to be the prominent and initial
approach for the practical implementation of
research concepts for better health.

Conclusion

In this study the prominent role of major
contributing factors instigating the threat to the
human population through water-borne diseases
has been investigated. The poor sanitation
measures opened the way for the augmenting
population of microbial consortia. The presence of
Thermotolerant coliforms like E. coli in water
resources offers an indication concerning the
possible existence of other kinds of pathogenic
microorganisms including the hepatitis and
salmonella. Hence, research targeting the
aforesaid concerns could be recognized as the
prime way to combat the threats instigated by the
microbial consortia in human population,
especially the water-borne illness such as typhoid,
cholera and dysentery. The results from this
investigation can be treated as a significant
element in various challenges that focus on the
preservation of freshwater thereby maintain
reducing the water scarcity and better health of
the human population.
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