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ABSTRACT
In rural areas, bacterial contamination in drinking water quality is a growing concern throughout the world.
The present study dealt with seasonal assessment of faecal contamination in rural areas of Goharganj,
district Raisen. Forty sites were sampled and analysed for T. coliform, F. coliform and F. streptococcus by
using multiple tube fermentation technique for premonsoon, postmonsoon and winter season for a period
of two years from 2018-2020. The average bacterial count (MPN/100 ml) of T. coliform was found to be 4.61,
5.31, 5.08, and for F. coliform 2.95, 3.45, 3.37 and for F. streptococcus 1.8, 2.21, 1.94 for premonsoon,
postmonsoon and winter season respectively. The highest bacterial count was found in postmonsoon season
preceded by winter and premonsoon season. This was construed as a major concern for the humans and
posed a health risk for the consumers of such contaminated drinking water. In near future, the rural areas
may have community programmes for the eradication of unhygienic practices and safe drinking water.
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Introduction
There is no denial to the fact that the challenges of
drinking water quality are getting bigger day by
day. Water quality is a major concern throughout
the world including the bacterial contamination in
drinking water as the same may lead to the waterborne disease breakout.
The presence of bacterial population is almost
everywhere but it is not necessarily harmful in all
cases, it may also be beneficial. The activities of
naturally occurring bacteria play an important role
in groundwater environment. This helps in transformation of minerals and nutrients in water, maintaining the soil fertility, and provides nutrients after

degradation of agricultural waste to the other microorganisms (Kumar et al., 2014). On the contrary, contamination of bacteria originating from the gastrointestinal tract of warm-blooded animals like domestic animals, live stocks, humans etc is of great
concern in quality of drinking water.
In rural areas, it is a general practice to collect
water directly from its source area as hand pump,
borewell or distributing channel for drinking and
other domestic purpose. The water does not pass
through any water treatment processes and this is
one of the major reasons for microbial contamination in drinking water in rural areas (Ye et al., 2013).
The contamination occurs due to variety of
sources such as improper systems of waste water
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treatment, inadequate septic systems in rural areas
and leakage of sanitary sewer water in open ground
etc. However, in rural areas, the contamination is
more severe and characterised by improper treatment of animal and human waste, high livestock
density and application of livestock waste directly to
the land without proper treatment (Oun 2014).
The number and variety of microbial agents that
might be present in groundwater due to faecal contamination is not ascertainable. In practice, the routine monitoring of these microorganisms in drinking
water is not possible, thus use of indicator bacteria is
the best way to detect the presence of potential
pathogenic microorganism.
The coliform group which includes total
coliforms and faecal coliforms, is an indicator microorganism to detect the faecal contamination. A third
group of bacteria, the faecal streptococci, has also
been advocated as an indicator of faecal pollution
(Slanetz and Bartley, 1964; Cohen and Shuval, 1973).
The objective of the present study was to evaluate
the faecal contamination in groundwater in rural
areas of Goharganj, to find out the suitability for
drinking and domestic purpose, and to identify the
possible causes of contamination.
Study Area
The study area is located in Raisen district of

Madhya Pradesh. This district lies between the
north latitude 22° 47´ to 23° 33´and east longitude
77° 21´ to 78° 49´ and is having geographical area of
8395 square kilometres. The climatic condition is
normal. The maximum temperature is 42°C and
minimum is 5°C. The average rainfall is about 1200
mm in normal conditions. The major soil types are
black soil, light red and thick red soil and major
water bearing structures are weathered based salts,
fractured sand stones and granular sand. Agriculture is the main occupation and most of the cultivable area depends on seasonal rain on irrigation.
This district does not have any perennial river and
thus depends on other sources of irrigation like dug
wells, tube wells/borewell and ponds etc.
In the present study, twenty villages were selected from rural areas of tehsil Goharganz (except
Mandideep industrial area). Two sites were selected
from each village and total forty sites were selected
for this study.

Methodology
The water samples were collected in autoclaved
sterilized borosilicate glass bottles after pumping
out the water for about 5-10 minutes or until temperature got stabilized. After collection of water,
ample air space]was left in the bottle (at least 2.5 cm)

Fig. 1. Showing location of different sampling sites
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to facilitate mixing by shaking before examination.
The sampling bottle was kept closed until it was
filled.
The samples were preserved in ice box and transported to laboratory within three hours of sample
collection. The microbial study was carried out for T.
coliforms, F. coliforms and F. streptococci for three seasons, postmonsoon, premonsoon and winter. Multiple tube fermentation technique (APHA, 2017)
method was used for these parameters. The results
of this fermentation technique were reported in
terms of Most Probable Number (MPN) of organisms present and estimated from the table using the
number of positive tables in the multiple dilutions.
The results obtained were compared with the drinking water standards as per Bureau of Indian Standards (IS 10500: 2012).

Results and Discussion
Coliforms include a wide group of bacteria detected
on the basis of lactose fermentation with gas and
acid formation, when incubated at 35 °C for 48 hrs.
It includes all gram negative, all facultative anaerobic, rod shaped and non-spore forming (APHA,
2017).
T. coliform is found not only in intestine of warmblooded animals including humans but also in soil,
vegetations, water surfaces throughout environment. These bacteria are not harmful but indicate
the presence of disease-causing bacteria and raise
awareness regarding recent faecal contamination to
water resource. sAccording to WHO, 1996 guidelines and Indian Standard of drinking water, Total
coliform and Thermotolerant coliform bacteria must
not be detectable per 100 ml of drinking water.
T. coliform ranged between 1.8-11, 2-12, 2-11 with

average count of 4.61, 5.31 and 5.07 MPN/100 ml in
premonsoon, postmonsoon and winter season respectively. The highest value was observed as 12.0
in postmonsoon following winter and summer season as shown in Table 1 and seasonal variation of T.
coli in different sites is given in Table 2.
Faecal coliforms are subset of coliforms also known
as thermotolerant coliforms due to ability to grow at
45.5 °C. These bacteria give more specific indication
of presence of faecal matter in comparison to T.
coliforms. Faecal coliforms range was found 1.8-6.1,
1.1-9.1, 1.8-8.2 with average count of 2.81, 3.29, 3.17
in premonsoon, postmonsoon and winter season
respectively. Out of these three seasons, highest bacterial count was observed as 9.1 in postmonsoon
season as shown in Table 1 and seasonal variation of
F. coli in different sites is given in Table 2.
F. streptococci group has a large number of species
of the genus Streptococcus, normally found in gastrointestinal tract of warm-blooded animals. So, the
faeces of humans and animals contain a number of
streptococcal bacteria. Therefore, this group of bacteria has also been advocated as an indicator of faecal pollution (Slanetz and Bartley, 1964). F. streptococcus was generally more resistant to natural water
environment and purification process and at points
distant from the original source of pollution were
often indicators of faecal nature of pollution (Cohen
and Shuval, 1973). The range of F. streptococcus
(MPN/100ml) was found 1.8-3.7 and 1.8-2.0 in
postmonsoon and winter season respectively, but no
significant range was observed in premonsoon season. It was analyzed from results as given in Table 1,
the maximum bacterial count of F. streptococcus 2.05
was present in postmonsoon season, 1.9 and 1.8 was
followed by winter season and premonsoon season
respectively and seasonal variation in different sites

Table 1. T. coli, F. coli and FS microbial counts in different seasons
Bacteria

Season

T. coliform

Premonsoon
Postmonsoon
Winter
Premonsoon
Postmonsoon
Winter
Premonsoon
Postmonsoon
Winter

F. coliform

F. streptococcus

Range
(MPN/100ml)

Average
(MPN/100ml)

1.8-11
1.8-12
1.8-11
1.8-6.1
1.1-9.1
1.8-8.2
1.8-3.7
1.8-2

4.61
5.31
5.07
2.81
3.29
3.17
1.8
2.05
1.90
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is given in Table 2.
The present study found support from concurrent findings observed in Nanded district,
Maharashtra (Wavde and Shaikh, 2008),
Khorramdarreh in Iran (Amini et al., 2012), Arusha
in Tanzania (Elisante and Muzuka, 2016), Vellore in
Tamil Nadu (Ahamed et al., 2018), Thrissur in
Kerala (Aneesha et al., 2019).
The presence of F. coliform and F. streptococcus in
gastrointestinal tract of humans and warm-blooded
animals provided a better evaluation for faecal contamination in the drinking water. Their presence indicated contamination from the septic tank waste,
improper waste management and proximity of latrines to bore wells (Megha et al., 2015). Thus, these
factors were attributed as leading contributor to the
faecal contamination in groundwater of sampling
sites.
The other important cause of coliform contamination in groundwater was livestock agriculture applied to the land without proper treatment. Rural
areas lacked advanced treatment to the livestock
waste which contributed to the contamination of
groundwater from animal waste (Kumar et al.,
2014). The microbial contamination was also attributed to the inappropriate application of manure to
the soil and through this, microbes directly leached
into the groundwater. The rate of application of

manure exceeded the moisture holding capacity of
soil which increased the risk of preferential to shallow groundwater and composting of manure
(McAllister and Topp, 2012).
The average value of T. coliform, F. coliform and F.
streptococcus in different seasons demonstrated that
highest count of bacteria was observed in
postmonsoon season and low count was found in
premonsoon season. It is a fact that in postmonsoon
season, water level rises up due to percolation of
huge amount of recharge water. This water carries a
large count of bacteria along with it due to over
flooding of domestic sewage, sanitary waste water,
leachate from dung mounds and also from agricultural fields where manure is applied. The percolation of huge recharge water is favoured by its fractured sandstone and granular sandstone, and heavy
rainfall in any area(Alwashali et al., 2014). The study
area was attributed with the weathered/vesicular
basalts, fractured sandstone and granular sand being the major water bearing hydrogeological structures that favoured the percolation of recharge water (Central Ground Water Board, 2013).
Besides this, sampling sites located near the polluted rivers has more potential to contaminate the
groundwater (Khullar, 2017). Betwa river carries the
industrial waste and domestic sewage from
Mandideep industrial area and Kaliyasot river car-

Table 2. Seasonal variation of T. coli, F. coli and FS at different sites
Sr. Name of villages
No.

T. coli (MPN/100ml)
Pre
Post
Win

F. coli (MPN/100ml)
Pre
Post
Win

Pre

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

3.18
3.10
4.10
1.95
5.18
5.02
4.20
7.00
3.35
3.38
3.83
5.55
6.90
3.90
4.78
3.18
9.88
3.88
6.93
3.00

2.00
1.86
2.43
2.00
3.05
1.93
2.82
3.40
1.90
3.06
2.46
3.93
3.45
2.32
3.90
2.00
4.75
2.25
3.60
3.10

1.8
-

Ashapuri
Bangrasiya
Beelakhedi
Bhojpur
Bisen and Khera
Daat and Khera
Dahod
Dhankhera
Hajli
Khil and Kheda
Magarpooch
Mendua
Mundla
Nurganj
Padoniya
Parkhedi
Polaha
Samardha
Samnapur
Tamot

4.48
4.63
3.83
2.28
5.78
5.90
4.62
6.68
4.68
4.83
3.75
4.05
7.63
4.93
7.93
3.75
9.55
3.48
8.83
4.70

3.75
3.43
4.45
2.38
4.20
5.18
4.70
7.03
3.65
4.80
4.43
4.58
8.03
3.85
7.70
3.00
8.83
4.33
8.60
4.58

1.80
3.10
2.80
2.00
3.65
2.75
3.02
3.90
3.70
3.33
2.43
2.82
5.55
3.00
4.82
2.56
5.07
1.85
4.30
3.27

1.80
2.95
3.70
1.80
3.22
2.00
2.82
4.23
3.15
1.80
1.86
2.75
6.63
1.90
5.32
2.70
5.60
2.37
3.45
3.32

FS (MPN/100ml)
Post
Win
2.00
1.90
2.50
1.80
-

2.00
1.80
1.90
-
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ries domestic sewage of Bhopal and adjoining area,
and both meet near to Bhojpur village (Vishkarma et
al., 2013). It was observed that sampling sites of
Bhojpur, Mundla, Samnapur, Dhankhera located
near Betwa river, sampling sites of Samardha,
Mundla near Kaliyasot river, Bishan Khera near
Basni river, and Magarpooch, Parkhedi near Godra
river were also found contaminated.
The reduction in depth of water table also plays
an important role in providing more opportunity to
amplify the contamination. Due to rise up of water
table in postmonsoon season, there are more
chances to contact of groundwater with recharge
water in lesser time. The tubewells or borewells penetrated in shallow acquifers were found with more
bacterial contamination in comparison to deep
acquifers (Khan and Ahmad, 2012). The study area
received an average 1200mm rainfall and due to this
heavy rainfall, the depth of groundwater was reduced in postmonsoon season (Central Ground
Water Board, 2013). Likewise, the presence of water
logging area as Dahod reservoir (Dahod) may also
reduce the depth of water table near sampling sites.
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vironment (Kumar et al., 2014). The aforesaid observations found its support in the present investigation where the highest bacterial count was observed
in postmonsoon followed by winter, instead of
premonsoon season.

Conclusion
The findings of this seasonal study indicated that
postmonsoon season has more contamination in
comparison to other two seasons. Therefore, there
are greater chances of the high risk of gastro-intestinal illness and also outbreak of waterborne epidemics in post monsoon season. Thus, it is necessary to
protect the groundwater sources from faecal contamination by regular water quality monitoring, by
improving the sanitation facilities.The studies have
further emphasised to develop better strategies for
the preventive measures to control the faecal contamination and to educate the residents about personal and domestic hygiene.
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