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ABSTRACT

Availability of clean and safe water is a critical indicator of overall health as well as developmental status.
Because of growing population and developing economy safe water availability has come under severe
constraints. This is true for, Sikkim, AN east Himalayan State of Sikkim, despite being rich in fresh water.
Water quality remains an intensely researched area because of its criticality as also because of its varying
impact across time and geography. Microbial contamination in Sikkim is yet to be studied specifically,
despite a few existing studies. Historically, the state has experienced a large number of deaths of particularly
infants and young children during the monsoon season due to diarrhea, typhoid or other water borne
diseases. This study had been undertaken to identify pathogenic micro-organisms in the water streams of
the state, particularly near human-habitation. The study concludes that 13 species of microbial species
abound the streams of water in Sikkim and which are being used regularly by human inhabitants. Escherichia
coli and klebsiella  spp. are found most frequently. The study also reports seasonal variations with monsoon
season showing highest microbial contamination and the premonsoon the least. Escherichia coli, klebsiella
spp, Citrobacter spp and Enterobacter are prevalent during monsoon season and during post-monsoon
phase Salmonella spp, Salmonella spp, Proteus spp and Providencia are more common. There is a strong
correlation across seasonal variations and thus it gives prospects to forecast monsoon counts on the basis of
premonsoon counts and fow which a regression model has been developed.
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Introduction

Water is a unique and vital substance that we have
and which plays a critical role in meeting day-to-day
requirements of human existence. Across the world,
necessity of fresh water will continue to increase
considerably over the coming decades to meet the
needs of rapid increased populations, growing eco-
nomics, way of consumption and living style
(Shrivastava et al., 2021). Around 780 million popu-
lations do not get the fresh and safe water and
around 2.5 billion people do not getting proper sani-
tation, results around 6 to 8 million people die every
year due to waterborne diseases and disaster

Rahmanian et al. (2015). One of the most critical fac-
tor defining human healthcare and development
matrix is availability of clean and safe drinking wa-
ter (Anonymous, 2017; Gift et al., 2020). Availability
of safe water has come under tremendous constrains
because of exploding population, anthropogenic ac-
tivities and trends towards increased urbanization
(Fronczyk 2016; KC et al., 2020). This is particularly
concerning for the developing countries such as In-
dia (Anonymous 2018; Paul et al., 2020). In India this
crisis has deepened because of presence of antibiotic
resistant bacteria in drinking water (Casanova et al.,
2016;  Singh et al., 2016; Ram et al. 2020) and Blasco
et al. (2008). Many microbial communities survive in
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water and given favorable conditions these grow
exponentially and can create a severe health issues
(Ikonen et al., 2017). Human and animal fecal con-
tents are primarily responsible for the microbial con-
tamination of fresh water in India (Khurana et al.,
2008). Diarrhea, caused by microbial contamination,
is one of the leading causes of death and morbidity
in under-five children (Srivastava et al., 2021). As
disease and deaths due to microbial contamination
of water continues to increase continuous research
across geography and time remains relevant and
critical.

Sikkim is a small state in the eastern Himalaya,
India. It borders Tibet in north and northeast,
Bhutan in the east, Nepal in the west and west Ben-
gal in the south, Sikkim is also known for its
biodiversity (Subba et al., 2021).  Total area of Sikkim
is 7,096 sq. km with total population 6.11 Lakhs.Out
of total population 25.15% people live in urban areas
whereas 74.85 % people live in the rural areas
(Subba et al., 2021). Rural habitations of Sikkim pri-
marily depend upon spring water (also called as
dhara) and it is one of the foremost source to meet
the basic needs in daily life such as drinking and
other domestic purposes. Generally it is considered
that spring is natural and freshwater for drinking
and other domestic purposes but steadily increase
the contamination of water through various sources
such as improper discharge of human and animal
excreta in nearby water sources, leaching of drain-
age, runoff water, soil erosion and landslide which is
common in Sikkim due to geological condition and
intensity of heavy rainfall. Therefore for the good

health of community and prevention of numerous
waterborne diseases, consumption of water is free
from bacterial contaminants. Due to heavy rainfall it
may increase the pollutants load and reaches to the
water bodies.

This paper explores the presence of pathogenic
microbial content of water springs in the state of
Sikkim, specially focusing on the seasonal varia-
tions.

Methodology: The study is conducted in rural
areas of East Sikkim, India from August 2015 - July
2017. A total of 54 spring water samples, nine
sample from each area during monsoon, post-mon-
soon and pre- monsoon. A liter of water sample for
analysis of physical parameters are collected in ster-
ile air tight container from the selected sources. Each
sample bottle is labelled with full details of the se-
lected source of spring water at the time of sample
collection. The analysis is performed within 24 hours
of sample collection. Pathogenic microbial contents
have been identified. .

Result and Discussion

Phase-1 results

Findings of Phase-1 has been provided in Table 1.
From the table it is evident that the most common
microorganisms that pollute stream-water in Sikkim
are Escherichia coli and Klebsiella  spp. Least common
ones are Providencia and Morganellamorganii. Singh et
al. (2019) in their study also found Escherichia coli to
be highly prevalent. In terms of season monsoon
emerges as the time of highest number of micro-or-

Table 1. Phase-1

Organisms Monsoon Postmonsoon Premonsoon Total
Phase-I Phase-I Phase-I

Escherichia coli 32 27 20 79
klebsiellaspp 31 24 24 79
Citrobacterspp 12 4 2 18
Shigellaspp 3 6 3 12
Salmonella spp 6 9 5 20
Proteus spp 6 7 1 14
Pseudomonas spp 5 5 3 13
Acenitoacter 3 1 5 9
Enterobacter 4 2 2 8
Providencia 1 4 1 6
Morganellamorganii 2 2 1 5
Serratia 2 1 5 8
Aeromonashydrophilia 1 1 7 9
Total 108 93 79 280
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ganisms and winters (post monsoon) as having rela-
tively lower number of water-borne micro-organ-
isms. An interesting observation is that whereas Es-
cherichia coli, Klebsiella spp, Citrobacter spp and
Enterobacter are found in higher numbers during
monsoon, during post-monsoon phase Salmonella
spp, Salmonella spp, Proteus spp and Providencia are
more common during post-monsoon season. Fur-
ther, Serratia and Aeromonas hydrophilia are more
common during summer season (pre-monsoon).
Monsoon being the time of highest water-borne mi-
croorganisms is confirmed by the traditional beliefs
of Sikkim, with Lepchas, the earliest inhabitants of
Sikkim calling the months of Blung (June-July) and
Numkum (July-August) as dreaded months when
most children die of diarrhea and corresponding
dehydration.

Phase-2 results

Table 2 provides the details of second phase and
which has been undertaken in. From this table it can
be seen that details are very similar to the ones that
were noted for the first phase. Escherichia coli and
Klebsiella spp remain most prevalent water-borne
micro-organisms. Also again we find that intensity
of presence of microorganisms is highest during
monsoon, followed by post monsoon and least dur-
ing pre monsoon season.

Correlation across seasons

One question that we explore is that is the preva-
lence of various microorganisms across seasons cor-
related. To find answer to this we measured correla-
tion coefficient across the three seasons. The results
are provided in the Table 3. Pearson Correlation co-
efficients across Monsoon and Pre-monsoon is 0.966;

Table 3. Correlation across seasons

Correlations

Monsoon Pre-monsoon Post-monsoon

Monsoon Pearson Correlation 1 .966 .935
Sig. (2-tailed) 0 0

Premon-soon 1 0.942
Sig. (2-tailed) 0

Table 2. Phase-2

Organisms Monsoon Postmonsoon Premonsoon
Phase II Phase II Phase-II Total

Escherichia coli 31 28 24 83
klebsiellaspp 31 27 26 84
Citrobacterspp 11 5 4 20
Shigellaspp 6 8 4 18
Salmonella spp 6 6 4 16
Proteus spp 4 6 2 12
Pseudomonas spp 9 6 3 18
Acenitoacter 3 2 1 6
Enterobacter 5 4 2 11
Providencia 2 3 2 7
Morganellamorganii 2 1 0 3
Serratia 2 2 4 8
Aeromonashydrophilia 1 2 3 6
Total 113 101 78 292

Table 4. Model Summary

Model R R Square Adjusted R Square F-value p-value

1 .935 .874 .869 167 0

a. Predictors: (Constant), Pre-monsoon
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between Monsoon and Post-monsoon is 0.935 and
between Pre-monsoon and post-monsoon is 0.942. A
very strong correlation therefore exists across sea-
sons and which is confirmed by significance values
that are below 0.001. Such a strong relation implies
that relative percentage of such micro-organism re-
mains more or less steady.

Regression Model

Such a strong correlation calls for developing a re-
gression model for predicting the prevalence of mi-
croorganisms during monsoon season on the basis
of their counts in pre-monsoon season. To explore
this a regression analysis has been undertaken with
monsoon-count being the dependent variable and

pre-monsoon count as the independent variable.
Before developing a regression equation, goodness
of forthcoming model needs to be assessed. These
are given in Table 4. From the table we find that
value of R2 is 0.874 and which is very high and im-
plies that proposed model will explain 87.4 % of the
variations. The fitness of model is denoted by high
F-value and which is 167. Fitness of model is con-
firmed by corresponding p-value which is almost
zero.

Having confirmed the fitness the next step is to
develop regression model. Table 5 provides the de-
tails of regression model.

From the analysis it transpires that value of con-
stant is 1.24 and that of independent variable (pre-

Table 5. Coefficients

Model Unstandardized Coefficients t-value p-value
B Std. Error

1 (Constant) 1.24 .926 1.34 .193
Pre-monsoon 1.228 .095 12.927 0

a. Dependent Variable: Monsoon count

Chart 1. Acute Diarrheal Disease Trends

Chart 1. Typhoid Fever Trends
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monsoon count) is 1.228. Corresponding t-values are
1.34 (which is on the lower side) and 12.927 and
which implies strong significance. The regression
equation, therefore, can be written as:

Monsoon count of micro-organisms = 1.24 +
1.228*pre-monsoon count.
e. Correlation across Phase: From the result of
Phase-1 and phase-2 there appeared to be a strong
correlation. To test this Pearson correlation coeffi-
cient across two phases is also calculated and is
found to be 0.975 – again depicting a strong correla-
tion. This needs to be corroborated using studies
much longer across time. This conclusion may or
may not be generalizeable.

f. Trends in Prevalence of water borne diseases:
We studies the prevalence of diseases caused by the
pathogenic micro-organisms in the state of Sikkim.
Chart-1 depicts the recorded cases of Acute Diar-
rheal from the study area from 2015 to 2019. There is
a distinct upward trend in the prevalence of the dis-
ease perhaps as a consequence of rising population
and increased anthropogenic activities This calls for
a greater action on part of civil authorities to run
sensitization campaigns and use effective preventive
and curative measures. Chart 2 provides details of
the trends of typhoid fever as recorded in the state
for the same period. Again an increasing trend is
perceptible calling the healthcare workers to initiate
strong measures to control such a trend.

Conclusion

Safe drinking water is recognized as a fundamental
need in modern societies. Sikkim still has a large
number of people depending on water streams for
water supply and which has been suspected of far
from being clean and safe supply of water. Histori-
cally, the state has experienced a large number of
deaths of particularly infants and young children
during the monsoon season due to diarrhea, typhoid
or other water borne diseases. This study had been
undertaken to identify pathogenic micro-organisms
in the water streams of the state, particularly near
human-habitation. The study concludes that 13 spe-
cies of microbial species abound the streams of wa-
ter in Sikkim and which are being used regularly by
human inhabitants. Escherichia coli and Klebsiella
spp. are found most frequently. The study also re-
ports seasonal variations with monsoon season
showing highest microbial contamination and the

premonsoon the least. Escherichia coli, Klebsiella spp,
Citrobacter spp and Enterobacter are prevalent during
monsoon season and during post-monsoon phase
Salmonella spp, Salmonella spp, Proteus spp and
Providencia are more common. There is a strong cor-
relation across seasonal variations and thus it gives
prospects to forecast monsoon counts on the basis of
premonsoon counts. As monsoons are dreaded for
death of infants due to polluted water, this could
provide ample warning for the healthcare providers
and civil authorities to take preventive measures.
Towards the end the researchers identified the
trends in prevalence of Acute Diarrheal disease and
typhoid in Sikkim, through hospital records. It is
evident that numbers are increasing and which a
cause of concern is particularly in the context of cli-
mate change. A warmer climate could cause water-
borne diseases to become more frequent, including
cholera and diarrhoeal diseases (Hales et al., 2003).
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