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Abstract Water contamination with faecal matter
is usually the main cause of microbial waterborne
diseases. Such diseases are an alarming situation for
small cities in developing countries like India. In
this research, to check the microbiological status of
drinking water in Solan, Himachal Pradesh (India),
water samples were collected from baories/stepwells
(n=14), handpumps (n=9), and the municipal water
distribution system (MWDS) (n=2) in alternative
months of the year (covering three main seasons). In
6 months, 150 samples were collected, and they were
all examined for the presence of total coliforms and
other bacterial pathogens. The associations between
the isolates’ ecological and seasonal prevalence were
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also examined. The coliforms were detected by the
Most Probable Number (MPN) method, whose range
was noticed from the 2-540/100-ml MPN index. The
colony forming unit (CFU) count for different sam-
ples at the base log 10 value ranged from 3.03 to 6.19.
Different genera isolated and identified were Escheri-
chia coli, Salmonella enteric subsp. enterica, Pseu-
domonas spp., Klebsiella spp., and Staphylococcus
aureus. Overall, 74% of the isolates identified in water
samples were from the Enterobacteriaceae family. E.
coli was about 42.67% (n=102), followed by Salmo-
nella enterica subsp. enterica 20.92% (n=50), Staph-
ylococcus aureus 13.38% (n=32), Pseudomonas spp.
12.55% (n=30), and Klebsiella spp. 10.46% (n=25)
amongst the total of 239 isolates. The seasonal impact
and the dependency of the occurrence of bacteria on
one another were determined to be insignificant in the
Spearman correlation test. These results showed that
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external factors (anthropogenic activities) are mainly
responsible for the presence of these bacteria in water
resources. The occurrence of bacterial isolates has
been noticed in all water samples, irrespective of col-
lecting site or season.

Keyword Water resources - Most Probable
Number - Bacterial contaminants - E. coli - Seasonal
impact

Introduction

Water means life to all living forms, and drinking
clean water is important for human health. Due to
anthropogenic activities, drinking water is getting pol-
luted and contaminated day by day, which leads to the
occurrence of many infectious and life-threatening
diseases (Qadri & Faiq, 2020). In addition to the scar-
city of potable water (Sharma et al., 2008), waterborne
diseases is another major issue to be resolved in devel-
oping countries like India. Lack of safe drinking water
exposes people to the threat of diseases such as diar-
rhoea, dysentery, cholera, gastroenteritis, typhoid, and
chemical intoxication (Agbabiaka et al., 2010; Gumbo
et al., 2015). Amongst waterborne diseases alone,
diarrhoea is taking about 1 million lives worldwide
annually (Levallois & Villanueva, 2019).

The United Nations General Assembly recently
proclaimed 2005-2015 as the worldwide decade for
action, “Water for Life” (WHO, 2011). Water, clean-
liness, and health are interconnected (Pouramin et al.,
2020). All the pathogens present in water are dif-
ficult to analyse, so there must be some indicators to
be detected for public health protection. All mammal
faeces are known to contain Escherichia coli at con-
centrations of 10 log 97! (Edberg et al., 2000). Accord-
ing to World Health Organization (WHO) and Food
and Agricultural Organization (FAO) allowable limit
for potable water is 1.0 X 10? CFU/ml (Fardami et al.,
2019). For water treatment safety, E. coli was chosen
as a biological indicator in the 1890s, and later on,
various methods for coliforms detection were devel-
oped, which became part of drinking water regulations
(Edberg et al., 2000).

Solan is situated at 30.92°N, 77.12°E (lower hills)
of H.P. The main source of drinking water is Ashwani
Khud and the Giri River, whose supply is not sufficient
for the whole town and its nearby areas, especially
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during the summer (Chauhan & Bhardwaj, 2017).
Therefore, people are mostly dependent on local bore-
holes (natural surface and underground water sources)
and handpumps for potable water (Singh et al., 2021).
These are the main water sources used by native peo-
ple for domestic activities. Variations in seasonal pre-
cipitation, interflow, runoff, groundwater flow, and
piped in and outflows have a significant impact on river
flow and, consequently, the amount of pollutants in
the water resources (Pandit et al., 2020). E. coli 0157
caused an outbreak of gastroenteritis amongst 5 staff
members and 42 hostel students of Government Girls
College, Solan District, in June—July 2015 (Chawla.,
2017). Bacterial pathogens like E. coli and Vibrio spp.
have been identified in faecal samples of diarrhoea
patients at Solan regional hospital, as reported in pre-
vious studies (Thakur et al., 2018). Maximum num-
bers of E. coli presence in water resources are noticed
during the rainy season (Singh et al., 2021). The
National Health Profile (NHP) has reported 2.34 per-
cent (3,14,463) of diarrhoeal disease cases in Himachal
Pradesh out of 1,34,16,748 cases in the country in
2017, which was reduced to 2.27 percent (3,00,183)
out of around 1.3 crore cases (1,31,94,775) in 2018.
The objective of the study was the investigation of sea-
sonal effect on the microbial density and diversity in
water samples from different water resource sites of the
Solan City.

Materials and methods
Study area

Solan is a small city and district headquarter of Solan
District of Himachal Pradesh in India. It is also
known as Mushroom City of India. The location of
city is between 30°50'30"” to 30°52'00"N latitude and
77°08'30" to 77°11'30" longitudes, spread over an
area of 210 km?. The district receives average annual
rainfall about 1200 mm, mostly during monsoon
season (July to September). Snowfall also occurs at
higher reaches in winters with mild winter showers
(Chauhan & Bhardwaj, 2017).

Sample collection procedure

A total of 25 samples were collected, consisting of
14 samples from baories (stepwells), 9 samples from



Environ Monit Assess (2023) 195:930

Page3 of 12 930

................

-----------

77.01 7.1
M '

o %0 mam

" N \
— o

) Saban (Shads Aves)

[Ty

o 25 S km
| m—

T - T
77.01 77.11

Fig. 1 Location of the water sampling sites

handpumps, and 2 samples from municipal water dis-
tribution systems (before and after treatment). The GPS
locations of sampling sites are shown in Fig. 1 (Sup-
plementary Table S1). The water samples collected
from baories are labelled as B1, B2, B3,... B14; from
handpumps, H1, H2, H3,... H9; and from the munici-
pal water distribution system (MWDS), T1 and T2.
Sampling was done on alternate months of the year to
cover different seasons (winter, summer, and monsoon),
i.e. from November 2018 to September 2019. For the
microbiological analysis, 500 ml of water was collected
in narrow-mouthed, clean, sterilized neutral glass bottles
(autoclavable) of 500-ml capacity (Nienie et al., 2017)
(Supplementary Fig. S1). Sampling bottles were treated
with 0.5 ml of 10% sodium thiosulfate prior to sterili-
sation to neutralize the residual chlorine (SD & Panda,
2012). Immediate after collection, the samples were
transported to the laboratory in ice bags and, until pro-
cessing, kept in a refrigerator at 4 °C (APHA, 2017).
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Assessment of total coliforms and other pathogens

Coliform analysis was done by performing the Most
Probable Number (MPN) test (Abdelrahman & Eltahir,
2011). The MPN test consists of a preliminary test, a
confirmatory test, and a complete test. Pure culture
techniques of microbiology, i.e. serial dilution fol-
lowed by spread plate and streak plate methods, were
performed for the isolation and identification of other
pathogens in water (Haque et al., 2019). These plates
were incubated for 24 to 48 h and observed for bacterial
growth. Colonies were counted on the colony counter,
and colony forming units (CFU) were calculated for
each sample. Further, bacterial colonies with specific
characteristics were streaked on different media, like
MacConkey agar, Deoxycholate Citrate agar (DCA),
Mannitol Salt Agar (MSA), Eosine-Methylene-Blue
(EMB) agar, and Thiosulfate-Citrate-Bile Salts-Sucrose
(TCBS) agar (HiMedia). Pure cultures were identified
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by Gram’s staining and biochemical characterization
according to Bergey’s Manual of Determinative Bac-
teriology (Yadav et al., 2019). Sub-culturing was per-
formed every 15 days for the preservation of isolates.

Bacterial identification using 16SrRNA sequencing

For genomic DNA extraction, 5 ml of overnight
grown culture was spun at 13,000 rpm for 1 min and
pellet was dissolved in 500 pl of extraction buffer
(0.5 M EDTA, 5 M NaCl, 10 mM Tris HCI, pH
8.0) and 50 ul 10% SDS. Five microliters of 20 mg/
ml proteinase-K was added and incubation for 2—4 h
in water bath at 65 °C was given until clear solution
occurred. Further extraction was followed with phe-
nol-CHCl3-isoamyl alcohol (25:24:1) and ethanol
precipitation. To the lysate, equal volume of PCI was
added, mixed well, and centrifuged at 10,000 rpm for
5 min. Upper aqueous layer was collected carefully in
new Eppendorf. Of the 5 M sodium acetate, 1/10 pl of
5M sodium acetate and 2.5 volume of absolute etha-
nol to the collected aqueous phase were then added to
it and the mixture was incubated overnight at —20 °C.
Centrifugation at 12,000 rpm was done for 20 min at
room temperature and supernatant was discarded. The
DNA pellet was washed with 1 ml ethanol (70-100%)
and centrifuged at 12,000 rpm for 5 min. The super-
natant was discarded and DNA pellet was air dried
and then dissolved in 80 ul TE buffer and stored
at—20 °C for further use (Chakraborty et al., 2018).
Polymerase chain reaction (PCR) amplification
was performed using a 16STRNA characterization set
of forward and reverse primers, i.e. F: (5' ACGGTC
TTGCTGTCACTTATAZ3') and R: (5" TACACATAT
GTTCTTCCCTAATAA 3'). The PCR mixture reac-
tion consist of 5 ul of 5xbuffer, 2 ul MgCl,, 0.5 ul
of each deoxynucleoside triphosphate, 0.25 pl of
Taq DNA polymerase (Thermo Scientific, Lithu-
ania), and 0.5 pl of each primer pair (Thermo Scien-
tific, Lithuania). The reactions were run in a thermal
cycler (Applied Biosystems Thermal Cycler, version
2.09) with the following cycling conditions: 94 °C
for 3 min, 35 cycles of denaturation at 94 °C for 20 s,
annealing for 30 s at 52 °C, extension at 72 °C for
30 s, and final extension at 72 °C for 7 min. PCR
products were visualized after electrophoresis in 1.5%
agarose gels in 1 X TAE buffer and ethidium bromide
staining (Varela et al., 2015). The amplified products
were purified using the Gene Jet PCR Purification kit

@ Springer

(Thermo Scientific, Lithuania). The PCR product was
sequenced using Sanger sequencing method at Euro-
fins Genomics (Applied Biosystems, India).

Statistical analysis

Statistical analysis was done using the Statistical
Package for Social Science (SPSS software Ver-
sion 20). To explain spatial and temporal variations
between different water sources and seasons, the val-
ues (mean and SD) were computed, analysed, and
presented as mean standard deviation (Naseema et al.,
2013). Each experiment was set up in triplicate for all
analyses of water samples. A statistical analysis of the
data (Spearman’s rank-order correlation) was applied
to know whether there was a relationship between
bacterial parameters seasonally.

Results and discussion
MPN index per 100 ml of water sample

The overall range of coliforms/100 ml observed was
2-540 (Table 1). The MPN index value for most of the
sampling sites was highest during the rainy season,
followed by summer and winter. Metallic sheen-col-
oured E. coli was observed on eosine-methylene-blue
agar (EMB agar) (Supplementary Fig. S2).

The highest MPN value was recorded for the water
samples collected from Shoolini Mata Mandir Baori
(B1) in the rainy season, followed by water sam-
ples collected from MWDS (T1) before chlorination
treatment in the summer season. The water samples
of both these sites were recorded with unacceptable
MPN values in all the seasons. The MPN results were
beyond the acceptable limit for all the water samples
collected in the month of July (rainy season), whereas
the water samples with low MPN values were
recorded in the winter season. The WHO’s accept-
able MPN index/100 ml of water is 2.2, whereas it
is 0/100 ml for potable water, according to the Envi-
ronmental Protection Agency (EPA) (Alemayehu &
Mulugeta, 2017).

The high MPN value for maximum water samples
confirms the faecal contamination of water resources
(Lukubye & Andama, 2017). The presence of Escher-
ichia coli is conclusive proof of faecal contamination.
All the water samples did not fulfil the criteria for
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Table 1 MPN Sample no MPN index/100 ml

index/100 ml for water

samples in different seasons Winter Summer Rainy

November January (2019) March (2019) May (2019)  July (2019)  September
(2018) (2019)

Bl 14 24 38 49 540 24
B2 6.8 6.8 9.3 17 22 9.3
B3 4.0 4.0 17 39 27 17
B4 9.3 9.3 20 17 11 20
B5 6.8 <2 4 17 140 24
B6 4.0 2 12 17 39 20
B7 6.0 2 17 17 32 24
B8 6.0 6.8 9.3 7.8 22 17
B9 4.0 11 39 11 39 21
B10 12 9.3 17 14 32 6.8
Bl11 2.0 4 20 26 110 6.1
B12 6.0 4 24 14 11 17
B13 11 4 17 17 110 12
B14 12 7.8 21 14 26 21
H1 6.8 4 9.2 11 94 14
H2 <2 9.3 12 13 27 6.1
H3 2.0 12 6.8 17 27 12
H4 2.0 7.8 11 9.3 49 17
H5 6.8 4 4 7.8 14 9.3
H6 9.3 12 9.3 9.2 17 17
H7 7.8 6.1 11 14 21

The values in bold are H3 9.3 1 9.3 17 17

exceeding the satisfactory H9 12 11 12 17 26 9.3

level of MPN index/100 ml, Tl 1 12 39 170 17 140

showing the non-potability ™ 99 6.8 39 39 140 33

of water samples

drinking water except Shilli road baori, Kathed baori,
and Basaal baori and amongst handpumps: Meridean,
Kotho, Shilli road, and Chambaghat in winter sea-
son only. Hence, the water from all these resources is
not suitable for drinking until it is treated well, e.g.
boiled, chlorinated, and filtered.

The high value of the MPN index during the mon-
soon season is due to the rain event and the favour-
able temperature for microorganism growth (An &
Breindenbach, 2005). Rainwater flowing through the
surrounding populated areas where sewage disposal
systems are not well planned will carry the micro-
bial load and contaminate the surface water (baories
water) easily by mixing with it. The low MPN value
in the winter is due to the fact that low temperatures
in hilly areas are quite unfavourable for microbial
growth (Koloren & Kaya, 2012). The MPN index
value has also been found to be significantly high for

handpump water samples that are located in areas that
are heavily populated and where chances of sewage
leakage from septic tanks are also high (Goyal et al.,
1977; Bain et al., 2014). The presence of Escheri-
chia coli is conclusive proof of faecal contamination.
Human waste produces chemical impurities like chlo-
ride and nitrate as well as microbial contamination.
Through the medium, these pollutants move and even-
tually come into touch with the groundwater (Pujari
et al., 2007). Surface water sources are no doubt more
likely to be contaminated than groundwater sources.
Surface water quality is frequently affected by envi-
ronmental and climatic circumstances, as well as the
presence of animal and/or human faeces within the
catchment region (Koloren & Kaya, 2012). Drinking
water must be devoid of coliforms and faecal coli-
forms (WHO, 2011). Stagnation, a low level of resid-
ual chlorine, belated or inappropriate checks, and the
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dechlorination property of the desalination system
could all contribute to elevated MPN values in some
samples (Yari et al., 2018).

Isolation and identification of bacterial isolates

Screening of bacterial isolates was done by serial
dilution followed by the spread plate method, and
after incubation, plates were observed for colony
forming units. The mean value range of CFU for the
winter season was 3.03-5.72, and the standard devia-
tion was 0.04—-1.30 (Table 2). The standard devia-
tion for the summer season was 0.05-0.76, with a
mean value of 4.18-6.19. The mean CFU range for
the rainy season is 3.03-5.53, with a standard devia-
tion of 0.07-1.33. The CFU values were high for the
summer season and rainy season as compare to win-
ter season. The CFU enumerates all coliforms as well
as non-coliforms present in samples. Highest CFU
value (6.19) was recorded for Shilli road baori dur-
ing summer season and lowest CFU value (3.03) was
recorded for Forest road handpump in rainy season.
All the water samples were exceeding the permissi-
ble CFU value for drinking water according to WHO
drinking water guideline which is zero colony form-
ing units (cfu/100 ml) (Lapworth et al., 2020). The
bacteria were further isolated and identified based
on Gram’s staining and biochemical and molecular
characterization shown in Tables 3 and 4, respec-
tively (Supplementary Table S2 and Supplementary
Fig. S3).

A difference in the density of the bacterial CFU
count was noticed, which was highest for the winter
and summer seasons (for 19 sampling sites), followed
by the summer and rainy (monsoon) seasons (12
water sampling sites), and the minimum difference
was found for the winter and rainy seasons (07 sites)
(Table 2). However, during the summer, the increased
concentration of viable counts (VC) may be due to
lower water levels, a high concentration of organic
matter, a lower number of bacterivores, and optimal
growth-supporting nutrients that stimulate bacterial
development. A greater load of indicator bacteria is
likewise linked to a higher temperature. When water
temperatures rose above 15 °C, the occurrence of
total coliforms increased considerably. The tempera-
ture is a significant controlling element in bacterial
development. Bacterial activity is noticed highest
above 15 °C and lowest below this. The variation in
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Table 2 Microbial density of different water resources for dif-
ferent seasons

Site no Winter Summer Rainy
Mean +SD Mean +SD Mean +SD

B1 437+£0.04 a 5.80+0.60 b 5.24+1.06 ab
B2 449+0.81a 540+0.19a 553+1.04a
B3 3.80+0.60 a 5.70+0.65 be 4.28+0.73 a
B4 3.52+0.69a 4.28+0.11a 3.86+0.58 a
B5 4.13+0.76 a 6.19+0.58b 522+1.33 ab
B6 443+029a 6.09+0.71 b 4.51+0.07a
B7 4.63+042a 5.63+051a 548+098a
B8 4.64+027a 5.67+0.23b 4.80+0.66 a
B9 3.56+0.38a 6.08+0.76 b 4.66+0.75c
B10 3.67+0.78 a 6.01+0.47b 512+£037c¢
B11 3.78+0.09 a 544+023b 451+£0.70c
B12 3.55+0.50a 4.80+0.33b 4.32+0.12b
BI13 390+0.71 a 6.00+0.60 b 4.55+0.86a
B14 412+0.13a 4.99+0.21b 4.76+£0.16 b
H1 335+0.28 a 4.37+£0.59b 338+0.21a
H2 3.58+0.66a 4.72+£0.52b 4.27+0.19 ab
H3 393+098a 4.50+£0.60 a 3.66+0.47a
H4 339+130a 5.05+0.17b 4.12+0.11 ab
H5 3.61+081a 4.76+0.41b 3.60+0.61 a
Ho6 303+1.14a 5.24+0.06 b 3.65+0.60 a
H7 3.67+1.11a 4.86+0.33b 336+0.36a
H8 352+053a 4.18+0.05b 3.03+0.17 ¢
H9 3.80+0.62a 4.71+0.50b 4.68+0.51b
T1 572+0.17 a 6.17+0.73 a 545+099a
T2 4.06+0.62 a 4.58+0.11a 4.34+0.16a

All analyses from sampling sites were performed in triplicate and
standard deviation were <1.3% of average. Alphabets a, b, and ¢
are indicating the ANOVA for bacterial density along the column

SD standard deviation (statistically significant coefficients p < 0.05)

growth pattern is also influenced by the environmen-
tal factors around and the microbial response (Yadav
et al., 2019). There was not a significant variation in
VC counts across seasons (p < 0.05), but differences
between locations were minor (Haque et al., 2019).
Point sources (municipal sewage), non-point sources
(contaminated runoff from various places), on-site
septic tanks, and latrines are all possible pathogen
sources in surface waterways. On-site sanitation,
which is becoming more popular in India, may be to
blame for significant bacterial pollution in drinking
water sources (Suthar et al., 2009).
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Table 3 Biochemical
characterization of isolates

Biochemical test

Result of biochemical tests

WI-1 WI-2 WI-3 WI-4 WI-5
Catalase + + + + +
Oxidase + - - + -
Capsule - + - - -
Indole + - - - -
MR + - + - +
VP - - - - +
Citrate - + - + +
Lactose AG AG - A A
Glucose AG AG AG A A
Sucrose AG AG - A A
Mannitol AG AG AG A A
T.S.I A/K/+/- - K/A/-/+ - -
Urease - + - - +
NR + + + + +
Motility + - + - -
Confirmed E. coli Klebsiella spp.  Salmonella spp.  Pseudomonas  Staphylococcus
Spp. aureus

Based on morphological, biochemical characteri-
zation, and molecular sequencing, a total of five gen-
era were identified: E. coli (WI-1), Klebsiella spp.
(WI-2), Salmonella enterica subsp. enterica (WI-3),
Pseudomonas spp. (WI-4), and Staphylococcus aureus
(WI-5). The occurrence rate of these isolates is given as
follows: out of 150 samples, a total of 239 isolates were
screened, amongst which E. coli accounted for about
42.67% (n=102) followed by Salmonella enterica
subsp. enterica 20.92% (n=50), Staphylococcus aureus
13.38% (n=32), Pseudomonas spp. 12.55% (n=30),
and Klebsiella spp. 10.46% (n=25) shown in Fig. 2. E.
coli has been isolated and identified from most of the
sampling sites, independent of the type of site (baories,
handpumps, and MWDS) (Supplementary Table S3).

Fig. 2 Prevalence pattern
of bacterial population

B E.coli mKlebsiellaspp.

Overall, the Enterobacteriaceae occurrence rate was
74%. Non-coliforms were present due to certain anthro-
pologic activities. The septic pit system is widely
employed in this area because of space constraints,
overpopulation, and a lack of a sufficient drainage net-
work, and seepage from these subterranean pits into
surrounding areas may have contaminated the hand-
pump water sources. Total coliforms and faecal coli-
forms in 100 ml of water must both be below detectable
levels, according to the WHO standard for public drink-
ing water (Ye et al., 2013). In developing regions poor
water quality, hygiene, and sanitation cause approxi-
mately 1.7 million deaths worldwide each year, primar-
ily due to infectious diarrhoea. Nine out of ten of these
deaths are in children, and almost all of them occur in

Prevalance rate of Bacterial Isolates

W Salmonellaenterica ™ Pseudomonasspp. M Staphylococcus aureus
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Table 4 16SrRNA sequence characterization of bacterial isolates

Serial no Identified bacteria (BLAST) Similarity
percentage
(%)
E. coli (MF372553.1) 98
Klebsiella spp. (MK461877.1) 93
3 Salmonella enterica subsp. enterica 97
(MH346262.1)
Pseudomonas spp. (KM253144.1) 96
5 Staphylococcus aureus (MN524176.1) 98

developing countries. Rotavirus, Campylobacter jejuni,
enterotoxigenic Escherichia coli, Shigella spp., and
Vibrio cholerae O1 are major enteric pathogens in these
children (Ashbolt, 2004).

The existence of such pathogenic microbes in the
potable water samples under investigation is signifi-
cant for public health. This could be due to poor sani-
tary procedures in the area. It could also be related
to runoff and floods into water sources from contami-
nated surface water. The existence of these organ-
isms could also be attributable to the water source’s
receptivity, which allows particles from the environ-
ment to easily enter, or to pulling water from sources
with polluted equipment. Faecal bacteria should not
be present in any water used for drinking or cleaning
(Fardami et al., 2019).

Out of a total of 150 samples, 84 were collected from
baories, amongst which the predominance of occur-
rence was E. coli (63/84), followed by Salmonella
enteric subsp. enterica (26/84), Staphylococcus aureus
(21/84), Pseudomonas spp. (13/84), and Klebsiella spp.

(10/84), whereas the occurrence rate of these isolates
from handpumps is E. coli (29/54), followed by Salmo-
nella enteric subsp. enterica (18/54), Pseudomonas spp.
(17/54), Staphylococcus aureus (5/54), and Klebsiella
spp. (11/54). Saprophytes, such as Pseudomonas spp.,
were found in a substantial number of handpump water
samples. P. aeruginosa detection has been proposed as a
way to determine the hygienic condition of potable water
(Mukhopadhyay et al., 2012). According to Fig. 3, there
were 12 water samples collected from MWDS, with the
most common being of E. coli (10/12), followed by Sal-
monella enteric subsp. enterica (6/12), Staphylococcus
aureus (4/12), Klebsiella spp. (4/12), and Pseudomonas
spp. (4/12). On the basis of this observation, the rate
of prevalence of these pathogens is high in MWDS as
compared to baories and handpumps, which is an alarm-
ing situation for the residing population.

Statistical results

Irrespective of the seasons, E. coli was present in
high numbers in all bodies of water, followed by
Salmonella enterica subsp. enterica, Staphylococ-
cus aureus, Klebsiella spp., and Pseudomonas spp.
Table 5 reveals the overall prevalence rate of bacteria
with respect to the resources site, and their interde-
pendence rate is shown in Tables 6, 7, and 8.

In the Spearman correlation test, the dependence of
the occurrence of bacteria upon one another was found
to be negligible. In the winter season, Pseudomonas
spp. have shown a positive relationship with the occur-
rence of Staphylococcus aureus. In the summer season,
a significant relationship could be seen between E. coli

Fig. 3 Occurrence of bac-
terial isolates with respect
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Table 5 Mean and standard

o ! Bacteria E. coli Klebsiella spp. Salmonella Pseudomonas S. aureus
deviation for bacterial . .
. . . Sites enterica spp-
isolates in different sites
Baories 1.5+0.59 0.24+0.48 0.62+0.73 0.31+0.52 0.55+0.63
Handpumps 1.07+0.73 0.41+£0.50 0.67+0.68 0.63+0.74 0.18+0.39
MWDS 1.66+0.52 0.67+0.82 1.00+0.89 0+0 0.67+0.82

Table 6 Spearman’s rank-order correlation of bacteria in water samples from baories, handpumps, and MWDS during the winter

season
E. coli Salmonella enterica Pseudomonas spp. Klebsiella spp. Staphylococcus

aureus

E. coli 1 -0.226 -0.175 0.086 —-0.133

Salmonella enterica 1 0.082 0.232 —0.100

Pseudomonas spp. 1 -0.129 —0.428

Klebsiella spp. 1 —-0.089

Staphylococcus aureus 1

Statistically significant coefficients (p < 0.05) are in bold

Table 7 Spearman’s rank-order correlation of bacteria in water samples from baories, handpumps, and MWDS during the summer

season
E. coli Salmonella enterica Pseudomonas spp. Klebsiella spp. Staphylococcus
aureus
E. coli 1 —0.008 —0.484 —-0.391 0.459
Salmonella enterica 1 —0.219 —0.358 0.152
Pseudomonas spp. 1 0.100 —0.261
Klebsiella spp. 1 —0.344

Staphylococcus aureus

1

Statistically significant coefficients (p < 0.05) are in bold

Table 8 Spearman’s rank-order correlation of bacteria in water samples from baories, handpumps, and MWDS during the rainy

season
E. coli Salmonella enterica Pseudomonas spp. Klebsiella spp. Staphylococcus

aureus

E. coli 1 —0.455 —0.155 —0.052 —0.005

Salmonella enterica 1 0.099 -0.073 —0.05

Pseudomonas spp. 1 —0.448 —0.170

Klebsiella spp. 1 —0.20

Staphylococcus aureus 1

Statistically significant coefficients (p < 0.05) are in bold

@ Springer
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with Pseudomonas spp. and Staphylococcus aureus,
whilst in the rainy season, Klebsiella spp. with Pseu-
domonas spp. and E. coli with Salmonella enterica
subsp. enterica have shown a significant relationship.
These results showed that external factors (anthropo-
genic activities) are mainly responsible for the presence
of these bacteria in water resources.

Conclusions

According to the study’s findings, the summer as well
as rainy season showed the most contamination of water
supplies. Water samples collected from the municipal
water distribution system (MWDS-T1) and Shoolini
Mata Mandir Baori (B1) were found most contaminated
with E. coli, Klebsiella, Staphylococcus aureus, Salmo-
nella enterica, and Pseudomonas spp. Faecal matter
is more frequently mixed with water during the rainy
season due to overcrowding and inadequate waste dis-
posal systems. The temperature range in this hill region
between 30 and 35 °C is ideal for mesophile growth and
results in the highest CFU values, which is the most ben-
eficial factor for microbial growth in the summer. Overall
dominance amongst the identified genera was observed
for E. coli, followed by Salmonella enterica and a few
Klebsiella spp.; hence, Enterobacteriaceae were present
in high percentage. In reality, regardless of the season,
the unsatisfactory MPN and VC results were found in
almost every water sample. These water supplies have a
predominance of pathogenic bacteria because they have
not been properly investigated or treated. The results of
this study indicate that these water resources should be
regularly inspected for contamination. The local residents
should be informed about the pathogen presence and the
pathogenicity they cause so that they can be cautious and
take precautions when using the water.
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