Environ Monit Assess (2023) 195:441
https://doi.org/10.1007/s10661-023-11025-y

®

Check for
updates

Evaluation of physicochemical and microbiological
parameters, and their correlation in Himalayan Spring
Water Systems: A case study of District Kulgam of Kashmir

Valley, India, Western Himalaya

Fahim Un Nisa - Rashid Umar

Received: 17 December 2022 / Accepted: 13 February 2023 / Published online: 4 March 2023
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract Total coliforms, E. coli, and fecal strepto-
cocci are the important indicators linked to the human
health. This study investigated presence of these indi-
cator bacteria in the Himalayan springs at various
locations in the district Kulgam of Kashmir valley. A
total of 30 spring water samples were collected from
rural, urban, and forest areas during post-melting sea-
son 2021 and pre-melting season 2022. The springs
in the area originate from the alluvium deposit,
Karewa, and hard rock formations. The physicochem-
ical parameters were found within the acceptable lim-
its. However, nitrate and phosphate were found above
the permissible limit at few sites, thus indicating
the presence of anthropogenic activities in the area.
Majority of the samples during both the seasons were
found highly loaded with total coliforms with maxi-
mum limit of greater than 180 MPN/100 ml. E. coli
and fecal streptococci were found in the range of less
than 1 to more than 180 MPN/100 ml. The results of
Pearson correlation of physicochemical parameters
with indicator bacteria showed that chemical oxygen
demand, rainfall, spring discharge, nitrate, and phos-
phate are the main factors affecting the concentration
of indicator bacteria in the spring water at each site.
Principal component analysis showed the most influ-
encing factors of water quality in most of the spring
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sites are total coliforms, E. coli, fecal streptococci,
rainfall, discharge, and chemical oxygen demand. The
results of this study showed that the spring water is
unfit for drinking purpose because of high concentra-
tion of fecal indicator bacteria.
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Introduction

Demand for drinking water has raised over time due
to poor quality or lack of freshwater, particularly in
highly populated, arid, and semi-arid parts of the
world (Chen et al., 2019; Singh et al., 2019). Due to
this, 40% and 20% of the global population is pres-
ently under critical and high water strain respectively
(Guppy & Anderson, 2017). Also, the availability of
safe water resources is crucial to human health and
growth (WHO, 2017). Water is also a highly effec-
tive means of disease transmission (Wen et al., 2020).
According to the WHO (2019) 4.6% of global disa-
bility-adjusted life-years (DALYs), that is the sum
total of years of life lost because of mortality (YLLs)
and number of years lived with a disability (YLDs)
and 3.3% of global deaths is due to water quality.
Globally, contaminated water causes deaths due to
gastrointestinal illnesses like cholera, typhoid, dys-
entery, and diarrhea (Singh et al., 2019). People in
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the developing countries bear a prominent burden of
diarrheal disease and other crippling, life-threatening
illnesses as a result of lack of access to potable water
(Singh et al., 2019; Sobsey et al., 2008). Due to inad-
equate access to drinking water and inadequate health
care systems, developing countries are particularly
adversely affected (WHO, 2018). The quality of raw
water at the source, the method used to purify it, and
the distribution system are the three key factors that
have substantial impact on the quality of drinking
water in the distribution network (Ikonen et al., 2017).
These three components influence the physicochemi-
cal properties and microbiological makeup of drink-
ing water (Singh et al., 2019). Many of the pathogens
in water bodies come from animal and human wastes.
The public is exposed to these pathogens through
oral contact. The goal of evaluating the microbiologi-
cal quality of drinking water resources should be to
safeguard people from diseases because of its use that
may comprise pathogens such as viruses, bacteria,
and protozoa that cause water-borne diseases (Wen
et al., 2020). Microbiological indicators of drinking
water quality are typically one of the particular group
or species of bacteria that can pass into water through
feces but are simpler to assess than the entire range
of microorganisms that are harmful to human health
(Bosch, 2007; Saxena et al., 2015; Wen et al., 2020).
The majorly used indicators are total coliforms (TCs),
fecal coliforms, Escherichia coli (E. coli), enterococci
(intestinal enterococci or fecal streptococci) and bac-
teriophages. The microbiological investigation of
drinking water quality is established on the correla-
tion between indicator microorganisms and pathogens
(Saxena et al., 2015).

Spring is one of the important freshwater resource
which have gained more significance and attention
in recent years as a result of their crucial role in sup-
plying the expanding need for drinking water (Bhat
et al., 2020; India Water Portal, 2022). In Kashmir,
which is a NW-Himalayan union territory of India,
spring serves as one of the important freshwater
source for drinking in urban and mainly in rural areas
(Bhat et al., 2020; Jeelani et al., 2011). Most of the
potable water used for drinking and domestic pur-
poses in rural areas of Kashmir comes from springs
without the required filtration or treatment. A num-
ber of publications are present on hydrochemistry,
isotope hydrology, limnochemistry of spring water in
Kashmir valley (Jeelani & Bhat, 2012; Jeelani et al.,
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2011, 2015, 2017; Bhat et al., 2014; Bhat & Jeelani,
2018; Bhat & Pandit, 2010, 2018, 2020; Bhat et al.,
2010, 2020, 2021, 2022; Lone et al., 2021). How-
ever, little data is present on bacteriological quality of
spring water systems in the valley.

Taking into consideration the aforementioned sce-
nario, the present study investigates microbiological
and physicochemical characteristics of springs in SW
district Kulgam of Kashmir valley. The main goals of
this study are to (a) to evaluate the physicochemical
and microbiological parameters of spring water, (b) to
identify the correlation between microbiological and
physicochemical parameters, and (c) to identify the
fundamental parameters affecting the water quality at
each spring site.

Study area

The study area is a part of Kulgam district, SW part of
Kashmir valley, India. It lies between 33° 36’ 30°’N
to 33° 49" 30”°N latitudes and 74° 55" 0’ t075° 10’
0"’ E longitudes. It covers an area about 317 Sq km
(Fig. 1). The area is drained by Vishaw River which
is the main tributary of Jhelum River. The elevation
of the study area varies from 1544 to 2700 m above
mean sea level comprising alluvial plains, Karewa
hills, and Pir Panjal Traps (Mir & Bhat, 2017).

The average annual temperature and rainfall in Kul-
gam is 13.7°C and 922 mm respectively. Precipitation
is typically lowest in the month of November, with a
long-term average of 30 mm, while the wettest month
is March, with a long-term average of 145 mm. The
district has an average temperature of 23.2°C, with
January being the coldest month and July being the
hottest (Mir & Bhat, 2017). The location wise total
rainfall data during the sampling period, i.e., post-
melting 2021 and pre-melting 2022 was downloaded
from Center for Hydrometeorology and remote sens-
ing (CHRS, 2022).

Springs in the Kulgam

Kashmir valley, the Indian Western Himalayan region
due to the undulating landscape and high relief have
aquifers that are smaller, both in thickness and dimen-
sions. High magnitude of deformation in the Himalaya
resulting in profound folding, faulting and development
of fracture zones that causes loss of aquifer intercon-
nection in the mountain belts (Mahamuni & Kulkarni,
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Fig. 1 Location of springs sampled in the study area

2012). Under the existing conditions a great number of
springs are created in the Himalaya mountain ranges
(Mahamuni & Kulkarni, 2012). Springs represents the
transition from groundwater to surface water (Brune,
1975). The district Kulgam is the SW Himalayan part
of the Kashmir valley possess numerous springs that
serve as the vital source for drinking water and other
uses. In Kulgam, the alluvium deposits and Karewa
Formation dominate the spring water systems (Jeelani
& Bhat, 2012; Bhat et al., 2010, 2020, 2022). During
the field survey, a spring from hard rock Formation of
Pir Panjal Traps was also sampled (Table 1).

The location of springs and their sample identity
(ID) is shown in the Table 1. The springs from alluvial
deposits, Karewa and hard rock Formations were sam-
pled from the rural, urban and from forest blocks. The
spring site S27 was sampled from hard rock, however,

T
75°10'0"E

spring sites S26 and S30 were sampled from Karewas
in the forest blocks and rest of the alluvial and Karewa
springs were sampled from rural and urban areas.
The discharge of each location was measured by the
volumetric method during post-melting 2021 and pre-
melting 2022 field works (Stevens et al., 2011). On
the basis of flow rate, springs in the study area falls
in the fifth order (1-10 I/s) and sixth order (0.1-1 1/s)
classifications (Meinzer, 1923). Discharge of springs
measured during post-melting and pre-melting sea-
sons is shown in Table 1. The flow rate was high dur-
ing post-melting season due to the high temperature
that melts the snow and hence increase the discharge
as snow melt is the main source of recharge (Jeelani &
Bhat, 2012; Bhat et al., 2014; Jeelani et al., 2017; Bhat
& Jeelani, 2018). However, in the district Kulgam dur-
ing the pre-melting season (2022) rainfall increases
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Table 1 Springs of district Kulgam with sample ID and discharge measured during post-melting and pre-melting season

S. No Locations Spring Type Sample ID Discharge(l/s) Post- Discharge (I/s)
melting (2021) Pre-melting
(2022)

1 Srandoo Spring Alluvial S1 0.7 0.5

2 Jadipora Spring Alluvial S2 0.9 0.8

3 Kulpora Spring Alluvial S3 stagnant stagnant
4 Nanibugh Spring Alluvial S4 1.0 0.9

5 Ashmuji Spring Alluvial S5 24 0.1

6 Matalhama Spring Alluvial S6 1.5 2.0

7 Qouimuh Spring Alluvial S7 1.1 1.9

8 Redwami Spring Alluvial S8 0.8 1.4

9 Mishpora Spring Alluvial S9 1.2 1.6

10 Nagbal Spring Alluvial S10 1.2 1.6

11 Kathpora Spring Karewa S11 1.0 0.5

12 Yaripora Spring Karewa S12 13 1.2

13 Khanpora Check Spring Karewa S13 1.5 0.5

14 Matibugh Spring Karewa S14 1.6 0.7

15 Kadder Spring Karewa S15 1.8 2.0

16 Khee Jogipora Spring Alluvial S16 0.3 0.3

17 Shegenpora Spring Karewa S17 0.5 0.5

18 Katrasoo Spring Alluvial S18 1.2 1.4

19 Parigam Spring Alluvial S19 0.6 0.8

20 Kharbari Spring Alluvial S20 0.6 0.9

21 Kulgam Spring Alluvial S21 1.2 1.2

22 Arigatnoo Spring Alluvial S22 1.2 1.3

23 Chumbgund Spring Alluvial S23 1.5 1.2

24 Such Spring Karewa S24 1.6 1.6

25 Chansar Spring Karewa S25 1.5 1.4

26 Dardgund Spring Karewa S26 1.3 1.5

27 Aakhal Spring Pir Panjal S27 1.0 1.2

28 Chowgam Spring Karewa S28 0.3 0.6

29 Babapora Spring Alluvial 529 1.2 1.7

30 Sopat Spring Karewa S30 stagnant stagnant

the discharge instantly at few locations. The results
of discharge measurements of springs of different
stratigraphic units in the study area showed no such
prominent difference (Table 1). On the basis of tem-
perature, the ranges are given in Table 2, the springs
in the study area are classified in the cold (< 12°C),
normal (within 12.2°C of the mean ambient tempera-
ture) and warm spring systems(>12°C of ambient
temperature but<37.8°C) (Alfaro & Wallace, 1994).
The temperature of springs that emanates from shal-
low aquifers is within the 12.2°C of the mean ambient
temperature and may fluctuate seasonally (Springer
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et al., 2008). Moreover, warm spring waters of tem-
perature > 12.2°C are linked to very large aquifers
with prolonged flow paths (Springer et al., 2008). On
the basis of spheres of discharge, the spring systems
in the study area falls in the category of limnocrene
originating from lentic pools as shown in the field
photograph of study area in (Fig. 2a) and rheocrene
lotic channel floor, flowing spring emanating directly
into one or more stream channels as shown in Fig. 2e,
f (Hynes, 1970; Meinzer, 1923; Springer et al., 2008;
Stevens et al., 2021). The springs in the study area are
flowing consistently and falls in the class of perennial
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Table 2 Comparison of water quality of spring water systems in District Kulgam with BIS and WHO for drinking water purpose

Parameters Post-melting Pre-melting BIS WHO

(2021) (2022)

Min Max  Min Max  Desirable Permissible Desirable Permissible
pH 6.8 8.1 6.4 8 6.6-8.5 NR 7 8.5
EC(uS cm™) 78.7 656 59.3 435 _ _ _ _
TDS (mg 17!) 47.9 401 36.2 226 500 2000 500 1500
Salinity (mg 171 36.7 317 27.7 209 _ _ _ _
Temperature °C 12 23 8 20 _ _ _ _
DO (mg17Y) 6.8 8.4 7 8.9 6 8 >5 _
BOD (mg 17" 2.6 3.6 2.5 34 4 _ 3 _
COD mg 17} 25 34 24 33 150 200 _ _
Nitrate (mg 171) 0 756 23 57.1 45 NR 45 _
Phosphate (mg 1Y 0 1.5 0.001 12 _ _ 0.1 1
Total Coliforms (MPN/100 ml) 3 >180 13 >180 O 0 0 0
E. coli (MPN/100 ml) 3 161 <1 >180 O 0 0 0
Fecal Streptococci (MPN/100 ml) <1 >180 <1 24 0 0 0 0
Discharge (I/s) Stagnant 2.4 Stagnant 2 _ _ _ _
Rainfall (mm) 0 12 0 19.2 _ _ _ _

*Comparison of pH, EC, TDS, Nitrate, Total coliform, E. coli, and fecal streptococci with BIS (2012) and WHO (2017) and of DO,
BOD, and COD with BIS (1991) and WHO (2011). Phosphate with WHO (1999)

*NR no relaxation

springs (Meinzer, 1923). The surrounding ecosystems
of the spring systems in the study area are terrestrial
like forest and woodlands and freshwater (Ientic and
lotic). On the basis of pollution indicators, the springs
in the study area falls in the polluted—biological clas-
sification (fecal coliforms) (Springer et al., 2008).
Most of the Kulgam’s population is dependent on
surface water resources, mainly spring water for their
domestic use. The district has different types of water
resources including rivers, streams, waterfalls, springs,
wetlands, ponds, and glaciers. The springs are locally
called as “nag” and are open to the environment flow-
ing from alluvial deposits like the limnocrene spring at
site S2 (Fig. 2a). Many of these springs are regarded as
blessed for example the springs at sites S16 and S30,
and are protected from any biotic interferences. The
S16 is an alluvial and S30 is a Karewa spring which is
located in the middle of forest (Fig. 2b). Some springs
are maintained by Rural Development Panchayat Raj
through the Integrated Watershed Management Pro-
gramme for example spring site S1 flowing through
alluvial deposit and fall into the category of com-
munity reservoirs (Fig. 2c). Pipes are inserted in the
spring orifices at several locations like in the spring

site S8 and water is then delivered to household for
domestic use and to a certain extent, for the irrigation
purposes (Fig. 2d). The rheocrene springs in the study
area flowing through the alluvial deposits, serves the
important source of drinking water at the sites S9 and
S25 (Fig. 2e and f).

Materials and methods
Sampling procedure

Water samples were collected from each site in 200-ml
pre-sterilized bottles for microbial analysis. A separate
set of samples for DO, BOD, COD and phosphate was
also collected in 1L high density polyethylene(HDPE)
bottles. The samples were collected by completely
immersed bottles into water and were opened at a
depth of 30 cm with its mouth facing the current in
order to avoid any type of contamination. The bottles
were filled by holding them diagonally immersed. The
two set of samples were delivered to the laboratory
within 6 h, in ice cooled conditions and protected from
light for further investigation. Another set of samples
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Fig. 2 (a) photograph of alluvial limnocrene spring in the
middle of agricultural fields (b) spring considered blessed
by locals (c) spring a type of community reservoir (d) pipes

was collected for major ion (nitrate) analysis following
the standard procedures.

Physicochemical analysis

The temperature of spring samples was measured on
site using a calibrated alcoholic thermometer. The
pH, electric conductivity (EC), total dissolved sol-
ids (TDS), and salinity were also measured on site.
A potable pH meter (Hanna HI2002-02) was used for
pH measurement and a potable conductivity meter
(Hach SensION) was used for the measurements
of EC, TDS, and salinity. Nitrate was determined
by spectrophotometer in the Geochemical Labora-
tory at the Department of Geology, Aligarh Muslim
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inserted in the spring for distributing water for domestic use (e
and f) rheocrene springs

University (AMU) following the standard methods
of (APHA, 2017). The analysis of dissolved oxygen
(DO), biochemical oxygen demand (BOD), chemical
oxygen demand (COD), and phosphate was carried
out in the Mycology laboratory at the Department
of Microbiology, Sher-i-Kashmir Institute of Medi-
cal Sciences, Kashmir Srinagar (SKIMS). Winklers
method was used for the estimation of dissolved oxy-
gen (DO), 2 ml of manganous sulfate and standard
potassium iodide solution (0.0125N) were added to
the water samples at the time of collection in order
to allow the formation of precipitate. The DO in all
water samples was later determined in the laboratory
as per the standard methodologies of (APHA, 2017).
BOD in the water samples was calculated as the
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difference between initial DO of sample and blank
and final DO of sample and blank measured after
5 days of incubation at 20°C in BOD incubator. The
COD in the water samples was determined by adding
0.4 g of mercuric sulfate in reflux tubes marked as
sample and blank, 10 ml of sample and distilled water
was added in sample and blank tubes respectively
and then 15 ml of COD acid was added to both types of
reflux tubes. The reflux tubes were connected to con-
denser and were allowed to reflux for 2 h at 150°C.
The standard method of (APHA, 2017) was followed
to calculate the COD of all samples. Phosphate in the
water samples was determined by chlorimeter follow-
ing the standard methods of (APHA, 2017).

Microbiological analysis

For microbial analysis multiple tube fermentation
technique was followed (Senior, 1989). The analysis
was done in the Mycology Laboratory at the Depart-
ment of Microbiology (SKIMS). Total coliform
(presumptive coliform) count was done by using the
double strength and single strength MacConkey broth
as an indicator medium. The inoculated medium
was incubated aerobically at 37°C for 24 h. The
most probable number (MPN) of positive and nega-
tive reactions of indicator bacteria in 100 ml of the
water sample was estimated by the MPN statistical
tubes (Senior, 1989). Eijkman test was performed to
investigate the presence of E. coli in water samples
by using the brilliant-green bile broth as an indica-
tor medium (Senior, 1989). In this test 5-ml steri-
lized tubes of brilliant-green bile broth with inverted
Durham tubes and 5 ml tubes of tryptone water were
inoculated with a drop of presumptive positive cul-
ture and were incubated in thermostatically controlled
water-baths at 44.0+0.25°C. Kovac’s reagent was
added to the tryptone water cultures for the indole
ring formation. The E. coli count in the water samples
was confirmed and the combination of positive and
negative results for gas and indole formation at 44°C
was read off from the MPN statistical table (Senior,
1989). The presence of fecal streptococci was deter-
mined by heavy inoculation of positive presumptive
cultures into 5 ml sterile glucose azide broth incu-
bated at 44-45°C (Senior, 1989). The presence of
fecal streptococci was confirmed by subculturing of

each positive glucose azide culture on bile aesculin
azide agar plates and incubated at 44-45°C for few
hours. The results of confirmed tubes of fecal strepto-
cocci were estimated by reference of the MPN statis-
tical tables (Senior, 1989).

Data treatment

Chemical and microbiological parameters were sta-
tistically analyzed. The statistical evaluation of these
data can help to clarify the key elements influencing
the water quality. To comprehend the vast amount of
data, multivariate statistical methods have been used.
Using a large number of inter-correlated variables
that have been transformed into independent vari-
ables, principal component analysis (PCA), a pattern
recognition approach, may explain variance within a
vast volume of variables. PCA reduces the data to the
key factors affecting the water quality by screening
the most essential parameters representing the com-
plete data set.

PCA was performed using the Scikit-learn library
of Python programming ecosystem with the goal of
reducing and interpreting a multivariate data set into
its primary components. A correlation study was
carried out to determine how the various physico-
chemical factors are related to indicator bacteria. A
significant correlation between the parameters was
developed using Pandas library of Python which has
in build option for calculating Pearson correlation.
At a 5% level, the significance of the correlation of
physicochemical parameters with bacterial parame-
ters was examined. Pearson’s correlation analysis was
used to determine the degree of linearity between two
variables. The correlation coefficient varied from — 1
to+1 and the linearity was disregarded when the
correlation coefficient was between—0.1 and+0.1.
When the correlation coefficient was between +0.1
and+0.3, there was a mild or weak positive/nega-
tive linear correlation, there was a moderate positive/
negative linear correlation when it was between+0.3
and +0.7 and there was a strong positive/negative lin-
ear correlation when it was between+0.7 and + 1.0.
Finally, for plotting graphs, figures etc. matplotlib
library of Python programming, Arc GIS version 10.3
and Core]DRAW technical suite 2021 was used.
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Results and discussion
Springs in Kulgam

The springs in the study region are emanating mainly
through alluvial deposits and Karewa Formation and
one of them flowing through the hard rock at location
S27. The discharge measurements of springs showed
that the flow rate was high during the post-melting
season (2021) due to the high temperature that melts
the snow and thus accelerates the flow rate. In the pre-
melting season (2022), the rainfall increases discharges
instantly at few sites as shown in (Table 1). The results
of discharge measurements of alluvial, Karewa and
hard rock springs showed no prominent difference in
flow rate. On the basis of flow rate, the springs in the
study area falls in the fifth order (1-10 I/s) and sixth
order (0.1-1 1/s) classes. The temperature measure-
ments showed that the springs are cold, normal and
warm types (Table 2). The springs with temperature
of 12.2°C and>12.2°C are emanating from shallow
and large aquifers respectively. On the basis of spheres
of discharge, the spring types are limnocrene and rheo-
crene types, flowing perennially. The surrounding eco-
systems of springs are terrestrial, lentic and lotic. On
the basis of pollution indicators like fecal coliforms the
springs are polluted biological types.

Physicochemical parameters

The range of physicochemical parameters during post-
melting (2021) and pre-melting (2022) is shown in
Table 2. The results of physicochemical evaluation of
springs in the study area showed prominent seasonal
variation (Table 2). The values of pH varied from 6.8
to 8.1 and 6.4 to 8 in post-melting and pre-meting
seasons respectively and lie within the permissible
limits of 8.5 (BIS, 2012). The EC in the post-melting
was found in the ranges of 78.7uS/cm and 656 pS/cm
however in the pre-melting season the values varied
between 59.3pS/cm and 435puS/cm. Salinity in spring
showed variation from 36.7 to 317 mg/l and 27.7 to
209 mg/l during post-melting and pre-melting sea-
sons respectively. The TDS values ranged from 47.9
to 401 mg/l in post-melting season and from 36.2 to
226 mg/l during pre-melting season and are within
permissible limits of 2000 mg/l and 1500 mg/1 of BIS
(2012) and WHO (2017) respectively. The DO in
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springs lie within permissible limits of 8 mg/l (BIS,
1991; WHO, 2011) and varied between 6.8 to 8.4 mg/l
and 7 to 8.9 mg/l during post-melting and pre-melting
seasons respectively. DO values > 6 mg/1 indicates that
the springs are not contaminated with organic wastes
(Kumar & Kumar, 2013; Rawat & Joshi, 2019).
BOD and COD lie within the permissible of 4 mg/l
and 200 mg/1 respectively (BIS, 1991; WHO, 2011).
In post-melting season, BOD was found in the range
of 2.6 to 3.6 mg/l and in pre-melting season the val-
ues varied from 2.5 to 3.4 mg/l. The concentration
of COD varied from 25 to 34 mg/l and 24 to 33 mg/l
during post-melting and pre-melting seasons respec-
tively. However, nitrate and phosphate were found
above the permissible limit of 45 mg/l (BIS, 2012;
WHO, 2017) and 1 mg/l (WHO, 1999) respectively
at few spring sites. In the post-melting season high
concentration of nitrate was found at S14, S13, and
S17 with values of 75.6 mg/l, 52 mg/l, and 47 mg/l
respectively and that of phosphate concentration was
1.5 mg/l at S14, 1.2 mg/l at S13 and 1.1 mg/l at S17.
The values of nitrate and phosphate concentration in
the pre-melting season was 57.1 mg/l and 1.2 mg/l
respectively at spring site (S14). The strong positive
correlation between nitrate and phosphate (Fig. 5a and
b) during both the seasons indicates the same source
of nitrate and phosphate in the spring water. The pos-
sible sources of nitrates and phosphates in the study
area indicate surface runoff and profound leaching
from agricultural fields and soils, surface drains, and
domestic sewage (Bhat et al., 2022).

Microbiological spring water quality

The coliforms are members of the Enterobacteriaceae
which comprised Enterobacter and E. coli, the typical
intestinal organisms and incidental pathogens viz Citz-
robacter, Klebsiella, Leclercia genera and Kluyvera
and few members of the genus Serratia (Figueras &
Borrego, 2010). Majority of the water samples during
post-melting season (2021) contained total coliform
count> 180 MPN/100 ml except Mishpora spring (S9),
Chumgund spring (S23), Dardgund spring (S26),
and Akhal pring (S27) with total coliform count
of 161 MPN/100 ml, 43 MPN/100 ml and 3 MPN
/100 ml respectively (Fig. 3a). In the pre-melting sea-
son (2022) the total coliform count ranges from 13
MPN/100 ml to> 180 MPN /100 ml (Table 2, Fig. 3b).
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Fig. 3 Distribution of Total coliforms, E. coli and Fecal streptococci in springs. Post-melting season (a) and Pre-melting season (b)

However, there are few limitations in the common
use of coliforms as indicator microorganisms as these
indicators can also be found in the natural environ-
ment (Verhille, 2013). Hence, contamination of spring
water by presumptive bacteria is not an absolute evi-
dence that contamination is through fecal matter. In
order to confirm the spring water contamination is due

to the fecal material, differential coliform test (Eijkman
test) was performed for the detection of E. coli. As it
is present in animal and human feces, usually not pre-
sent elsewhere in the environment. Moreover, it is eas-
ily accessible, specific, affordable, fast, and sensitive
to detect and is the best and familiar indicator micro-
organism to report the public health risks related to the

@ Springer



441 Page 10 of 19

Environ Monit Assess (2023) 195:441

consumption of contaminated drinking water (Odonkor
& Ampofo, 2013). The results showed that the E. coli
falls in the range of<1 to 161 MPN/100 ml and<1
to> 180 MPN/100 ml during post- melting (2021) and
pre-melting (2022) respectively (Table 2). The results
showed that all the water samples were contaminated
with E. coli (Fig. 3a and b), except Akhal spring (S27)
with E. coli count< IMPN /100 ml during both the sea-
sons. The Akhal spring is present in the middle of forest
and far away from many of the contamination sources
that are responsible for polluting springs in the study
area. Figure 4 shows the various pathways and sources
that are existing in the study area for contamination of
springs. The Matalhama spring (S6) and Kadder spring
(S15) are highly contaminated with E. coli count of 161
MPN/ 100 ml during post-melting (2021). The highest E.
coli values of>180 MPN /100 ml and 161 MPN /100
ml was found in Redwani Spring (S8) and Matibugh spring
(S14) respectively during pre-melting season (2022) as
depicted in Fig. 3a and b. The Matalhama spring and

Redwani spring are located close to the contaminated
streams, the overflow of these streams during rainfall
contaminate the springs and leads high contamination
loading. The high contamination of E. coli in these
spring sites is due to the various conditions prevailing
in the surroundings of sprigs as shown in the Fig. 4.
The existence of fecal streptococci in the water
confirms that the contamination is due to the human
and animal feces (Senior, 1989; Saxena et al., 2015;
Rochelle-Newall et al., 2015). Fecal streptococci have
sanitary significance. They exhibit a close correla-
tion with the health risks (gastrointestinal symptoms)
because of using contaminated drinking water. They
are always existing in the feces of warm-blooded ani-
mals, unable to increase in number in water resources
contaminated by sewage and are not present predomi-
nantly as coliforms. These organisms have slower
die-off rate in water than that of coliforms and their
persistent pattern is identical to that of possible
waterborne bacterial pathogens (Layton et al., 2010;

Fig. 4 The possible sources of microbial contamination of spring water systems in the study area
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Saxena et al., 2015). The results showed that the fecal
streptococci was present in the ranges of <1 to> 180
MPN/ 100 ml and < 1 to 24 MPN / 100 ml during post-
melting (2021) and pre-melting (2022) respectively
as shown in the Table 2. In the post-melting season
(2021) Jadiporsa spring (S2), Qouimuh spring (S7),
Redwani spring (S8), Mishpora spring (S9), Kath-
pora spring (S11), Yaripora spring (S12), Shgenpora
spring (S17), and Aakhal spring (S27) showed low-
est fecal streptococci count with < IMPN/100 ml and
Matalhama spring (S6) with highest limit of > 180
MPN /100 ml because close to the spring Matalhama
there is flowing a stream that contaminates it and
leads the highest total coliform count in the spring.
During pre-melting season (2022) <1 MPN/100 ml
fecal streptococci count was shown by the Srandoo
spring (S1), Jadipora spring (S 2), Kulpora spring
(S3), Nanibugh spring (S4), Ashmuji Spring (S5),
Mishpora spring (S9), Such spring (S24) and Aakhal
spring (S27) however fecal streptococci count of 24
MPN/100 ml was found in the Qouimuh spring (S7)
as shown in the bar diagram (Fig. 3b).

From the results, it can be concluded that there
is no prominent seasonal change in the total coli-
form count of spring water in the study area. How-
ever, E. coli and fecal streptococci showed slight
dynamic seasonal variations in the count. The rainfall
increases the contamination level of indicator micro-
organisms in the water resources due to the mixing of
runoff water with the fecal matter with water sources
at some level (Byeon et al., 2011; Seo et al., 2019;
Singh et al., 2019). The study area received rainfall in

both the seasons and hence gives dynamic variations
in the E. coli and fecal streptococci count (Table 2).
The evaluation of indicator microorganism exhibited
that the springs in the study area are contaminated
with indicator microorganisms (Table 2). The pres-
ence of indicator microorganisms depicts the fecal
contamination of potable water with pathogens and
hence its quality degradation (Saxena et al., 2015).
Overall, it is concluded that the spring water in
the study area is not safe for drinking purpose. The
typical water borne disease includes; cholera, typhoid,
hepatitis A and E, giardiasis, amoebiasis, dracunculiasis,
bacillary dysentery, acute diarrhea (Gastro Enteritis),
E. coli diarrhea, enteric fever, paratyphoid fever,
hookworm, roundworm, and whipworm (Nwabor et al.,
2016). The causing agents of these water borne diseases
are bacteria, parasite, virus, and protozoa. The mode
of transmission is through feces/urine, cutaneous, and
anal and that of infection is oral (Nwabor et al., 2016).
Among the above-mentioned diseases hepatitis A and E
(Viral), acute diarrhoeal (Gastro Enteritis) and enteric
fever (bacteria) were reported in the district Kulgam and
their mode of transmission and infection is feces and oral
respectively (Table 3). The data of different diseases has
been collected from the Chief Medical Office (CMO),
Kulgam, Kashmir and from a study published by (Kadri
et al., 2018). The water borne disease data (Table 3)
of the district Kulgam depicted that the drinking water
resources are microbiologically contaminated. This data
also supported the results of present study that the water
resources are contaminated in the study area. According
to the sanitary inspection risk score by WHO (2017) if

Table 3 Water borne

Mode of Mode of Year Total cases Male/Female
transmission infection

) R Disease
disease data of district
Kulgam. (Data source:
Chief Medical Office Hepatitis E
Kulgam, Kashmir, and Jaundice
Kadri et al., 2018) .
Hepatitis A
Hepatitis E
Hepatitis A
Hepatitis E

Acute diarrhea (Gastro Enteritis etc.)

Enteric Fever

Acute diarrhea (Gastro Enteritis etc.)

*Kadri et al. (2018); **
CMO

Enteric Fever

Feces Oral 2015 18 *8/10
Feces Oral 2016 8 *2/6

Feces Oral 2016 32 *13/19
Feces Oral 2016 82 *45/37
Feces Oral 2017 31 *13/18
Feces Oral 2017 16 *9/7

Feces Oral 2018 669 **344/325
Feces Oral 2018 65 **31/34
Feces Oral 2020 602 *#311/291
Feces Oral 2020 41 **24/17
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the indicator microorganisms exist in the range of<1
it indicates low risk and no action is needed. If the
ranges are between 1 and 10, then there is intermediate
risk and low action priority is required. The ranges of
11-100 and>100 indicates high risk: higher priority
and very high risk: urgent action required respectively.
The springs in the study area falls in the intermediate
risk to urgent risk score and needs urgent action. The
residents of the district protested several times and
appealed local government for safe potable water access
(Daily Excelsior, 2019; Greater Kashmir, 2020; Kashmir
Reader, 2020).

Correlation analysis

Correlation between microbial indicators and physico-
chemical parameters of the spring water during both
the seasons can be seen in the correlation plots (Fig. 5a
and b). The total coliform, E. coli and fecal strepto-
cocci showed weak to moderate positive correlation
with each other as can be seen in the Pearson correla-
tion plots (Fig. 5a and b) during both the seasons and
indicates same possible source of fecal waste of these
bacteria in the water. The three indicator bacteria in
the post-melting and pre-melting season showed weak
to moderate positive correlation with COD and rain-
fall expect E. coli which showed weak negative cor-
relation with rainfall during the post-melting season
(2021). Weak to moderate negative correlations of
total coliform was found with pH, temperature, dis-
charge, DO, and BOD in both post-melting and pre-
melting seasons. Total coliform recorded weak posi-
tive and negative correlation with salinity during the
post-melting season and pre-melting season respec-
tively. The weak positive correlation of total coliform
was found with nitrate and phosphate during both
the sampling seasons and this can be observed in the
Fig. 5a and b. E. coli and fecal streptococci exhibited
weak negative correlation with the DO, BOD, nitrate
and phosphate in the post-melting season and weak
positive correlation with discharge of spring water in
both the seasons. The weak positive correlation of E.
coli with pH and salinity was found in both the post-
melting and pre-melting seasons. Fecal streptococci
shows weak negative correlation with salinity and pH,
and weak positive correlation with temperature in the
post melting season. However, it shows weak to mod-
erate positive correlation with salinity, pH, nitrate and

@ Springer

phosphate during the pre-melting season (Fig. 5a and
b). The E. coli showed weak negative correlation with
temperature in both the sampling seasons but fecal
streptococci exhibited weak positive and negative cor-
relation with temperature during post-melting season
and pre-melting season respectively.

The positive correlation of fecal indicator bacteria
with COD and rainfall was also reported by Byeon et al.
(2011). Singh et al. (2019), Seo et al. (2019). Rainfall
washout different wastes from agricultural fields, soils,
domestic waste dumps etc. and the leached material has
ability to adsorb in water resources and cause positive
correlation with the concentration of indicator bacteria
(Seo et al. 2019). The rainfall increases the discharge
rate of spring systems and also carried various wastes
from different places thus by this way discharge showed
positive correlation with the bacterial concentration.
The negative correlation of BOD with total coliforms
and fecal coliforms was also reported by Seo et al.
2019. The results of correlation showed the predomi-
nant physicochemical factors that affects the bacte-
riological quality of spring water in the study area are
COD, rainfall, nutrients, and discharge (Fig. 5a and b).

Principal component analysis (PCA)

Principal component analysis is one of the multivari-
ate statistical methods that is most commonly used
presently. It is a statistical technique that generally
goes with the common name of factor analysis and
has been largely used in the fields like pattern recogni-
tion which includes analysis of multivariate hydrogeo-
logical data as well (Rawat & Joshi, 2019). Using a
smaller number of “summary indices” that are easy to
present and understand, PCA is a statistical technique
that condenses the information of huge data tables
(Rawat & Joshi, 2019; Yang et al., 2020). The fun-
damental information can, for example, be measure-
ments presenting the characteristics of spring samples
as is the case in our study. By turning a set of values
for correlated variables like spring water characteris-
tics into a set of values for linearly uncorrelated vari-
ables, PCA is used to reduce the number of param-
eters. Old parameters are changed into new ones.
These new parameters indicate that since the major-
ity of the information is included in the first few new
parameters, it is acceptable to eliminate less important
ones and instead choose the most significant ones,
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Fig. 5 Pearson correlation plots between indicator microorganisms and physicochemical parameters during post-melting (a) and
pre-melting (b)

which results in dimensionality reduction. In conclu- PCA was employed to ascertain the physicochemi-
sion, PCA’s basic principle is to minimize the number cal and microbiological parameter profile of springs
of variables in a data set while maintaining as much during post-melting and pre-melting seasons. Dur-
accuracy as possible (Rawat & Joshi, 2019). ing post-melting (2021), PC1, PC2, PC3, and PC4
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accounts for about 24%, 18%, 14%, and 11% varia-
tion respectively. All parameters show considerable
participation in both PC1 and PC2. PC1 includes high
positive loading of DO and BOD followed by moder-
ate positive loading of pH and rainfall, and have weak
positive loading of temperature and discharge. More-
over, PC1 also showed high negative loading of COD
and total coliform followed by moderate negative
loading of E. coli, fecal streptococci, nitrate and phos-
phate, followed by weak negative loading of salinity.
PC2, on the other hand, showed high positive loading
of parameters like salinity, phosphate and nitrate, fol-
lowed by medium positive loading of pH and BOD
then mild positive loading of temperature and DO. In
addition to this, PC2 also showed high negative load-
ing of fecal streptococci followed by medium nega-
tive loading of rainfall and E. coli. PC2 is found to
have mild negative loading of variables like COD,
total coliform and discharge. Parameters like DO,
BOD, pH and temperature control the water quality
of sites S8, S11, S26, S27, S29, and S30. The water
quality of S12, S13, S14, S16, and S17 is chiefly
influenced by parameters like salinity, phosphate and
nitrate. Parameters like COD, total coliform, E. coli
and fecal streptococci showed influence on water
quality of sites S1, S2, S3, S5, S7, S18, S19, S20, and
S28 while the water quality of sites S4, S9, S15, S21,
S22, S23, S24, and S25 depicted dependence mostly
on parameters like rainfall and discharge (Fig. 6al, a2
and Table 4).

During pre-melting (2022), PC1, PC2, PC3, and
PC4 account for about 26%, 21% 11%, and 9% vari-
ation respectively. All parameters show considerable
participation in both PC1 and PC2. PCI1 includes
high positive loading of variables like nitrate, COD,
total coliform, and phosphate followed by moderate
positive loading of E. coli and fecal streptococci, and
weak positive loading of salinity and rainfall. Moreo-
ver, PC1 also showed high negative loading of BOD
followed by moderate negative loading of DO, tem-
perature and pH, followed by weak negative loading
of discharge. PC2, on the other hand, exhibited high
positive loading of parameters like salinity and pH
followed by medium positive loading of phosphate,
temperature, nitrate, fecal streptococci, BOD and E.
coli and mild positive loading of DO. In addition to
this, PC2 also showed high negative loading of total
coliform followed by medium negative loading of
rainfall and mild negative loading of variables like
COD and discharge. Parameters like nitrate, phos-
phate, E. coli, and fecal streptococci control the water
quality of sites S8, S12, S13, S14 and S28. The water
quality of S11, S15, S17, S21, S26, S27, S29, and S30
is mainly influenced by parameters like BOD, DO,
temperature and pH. Only discharge showed influ-
ence on water quality of sites S4, S5, S9, S22, S24,
and S25 while the water quality of sites S1, S2, S3,
S6, S7, S10, S16, S18, S19, S20, and S23 depicted
dependence mostly on parameters like total coliform,
rainfall, and COD (Fig. 6bl, b2 and Table 5).

Table 4 Loading of 13

: Variables PC1 PC2 PC3 PC4

water quality parameters

on 4 significant component T.C ~0.338087 —0.074525 ~0.206261 ~0.156803

g::ﬂii;ﬁ%iﬁ?&i 4 E. coli ~0.212377 —0.170800 ~0.070238 0.565267

during post-melting season F.S ~0.172519 —0.260934 —0.040276 0.509071

(2021) DO 0.426616 0.103185 —0.250849 0.137145
BOD 0.420087 0.173842 0.150191 0.066379
COD —0.387809 —0.117243 0.112800 0.136314
Salinity —0.085996 0.537651 0.164730 0.272898
pH 0.255987 0.228099 -0125,517 0.360166
Nitrate —0.280349 0.459227 —0.258479 —0.100894
Phosphate —0.238665 0.499116 —0 224,637 —0.0086437
Temp 0.131388 0.108208 0.515958 0.209823
Discharge 0.090314 —0.044904 —0.513837 0.286638
Rainfall 0.260881 —0.166565 —0.402852 ~0.119595
%variance 23.864033 18.444791 14.318979 11.730948
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Fig. 6 Biplots of principal component analysis of spring water across the study area. a, and a,, and b, and b, plots of spring sites
and water quality parameters during post-melting (2021) and pre-melting (2022) respectively

The PCA analysis showed that the water quality
of most of spring sites in the study area are influ-
enced largely by the indicator bacteria, COD, rainfall,
and nutrients. Rainfall is the important parameter as
it causes the change in pH, increase the flow rate of

spring and wastes from various sources to the springs.
Rainfall influences the water quality directly and indi-
rectly and hence is the important parameter (Byeon
etal., 2011; Singh et al., 2019; Seo et al., 2019).
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Table 5 Loading of 13

: Variables PC1 PC2 PC3 PC4

water quality parameters

on 4 significant component T.C 0.354944 —0.199945 0.022596 —0.079741

;aar:::’iz;f;)’lrez%ﬁ’&“é q E. coli 0.252891 0.272214 0.364939 —0.080619

during pre-melting season .S 0.251972 0.224701 0.085247 0.599151

(2022) DO —0.293242 0.083315 0.518836 —0.274299
BOD ~0.353123 0.197898 0.184766 —0.2523547
COD 0.390766 —0.065939 —0.021435 0.047215
Salinity 0.125515 0.481269 —0.115917 0.093023
pH —0.255986 0.428478 —0.090661 0.207913
Nitrate 0.336047 0.332089 0.029332 —0.28005
Phosphate 0.295351 0.375146 0.054565 —0.337682
Temp ~0.267617 0.310961 —0.334979 0.192209
Discharge —0.047848 —0.027250 0.643187 0.442392
Rainfall 0.170330 —0.145970 0.062126 0.100092
%variance 26.154730 20.87858 10.90498 8.986444

Conclusions

The present study assessed the presence of total coli-
form, E. coli and fecal streptococci bacteria in the
Himalayan springs during the post-melting season
2021 and pre-melting season 2022. The springs were
sampled from the rural, urban and forest areas. The
spring systems in the district kulgam are flowing
mainly from the alluvial deposits, Karewa Formation,
and hard rock Formation of Pir Panjal Traps. The
evaluation of physicochemical characteristics showed
that all the parameters are within the permissible lim-
its except nitrate and phosphate at sites S13, S14, and
S17, which is related to the agricultural and domes-
tic activities in the spring catchment. The springs
are found largely contaminated with total coliforms
and highly to moderately contaminated with E. coli
and fecal streptococci during both the seasons this is
because of the various sources of contamination like
contaminated streams, polluted surroundings, latrine
trenches etc. that are present in the vicinity of spring
water systems. The correlation between physico-
chemical parameters and indicator microorganisms
was derived by Pearson correlation analysis and the
major controlling physicochemical parameters that
controls the concentration of fecal indicator microbes
were determined. The results of correlation analy-
sis demonstrated that the rainfall, discharge, COD,
nitrate and phosphate are the main influential param-
eters for the concentration of total coliform, E. coli
and fecal streptococci. The rainfall is found one of
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the important factor in controlling the microbiologi-
cal quality of springs as it influences the water quality
by accelerating the problem of fecal contamination
in springs both directly and indirectly by increas-
ing the discharge. The PCA analysis showed that the
water quality of most of the spring sites is influenced
largely by the indicator bacteria, COD, rainfall, nitrate
and phosphate. The results obtained revealed that the
spring water in the study area is not safe for drinking
water purpose. The water borne diseases data such as
hepatitis A and E, jaundice, acute diarrhoeal (gastro
enteritis), and enteric fever of the district collected
from existing literature of (Kadri et al., 2018) and
CMO Kulgam, Kashmir also supported the results
of present investigation that the water resources are
contaminated microbiologically in the research area.
The springs in the study area falls in the intermedi-
ate to urgent risk score and needs urgent action like
keeping surrounding ecosystem of spring water sys-
tems healthy, fencing and roofing around spring water
in order to avoid contamination by animal feces,
continuous monitoring and data collection of micro-
biological parameters should be definitely regulated
for better water quality management. Chlorination,
combined flocculation/disinfection and filtration
should be practiced before consumption. In order
to ensure the safe potable spring water supplies, the
sand gravel filters should be installed at source sup-
plies as they can sieve out microbes like protozoa and
bacteria. The coagulation process by using aluminum
sulfate (alum) can be employed to purify the water
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by removing the non-settling particles through the
floc formation and the flocs formed can be removed
through filtration. Proper boiling of spring water at
household level before consumption should be done.
At the local level springs should be maintained by
preventing the possible animal and human wastes.
Public awareness programs should be executed by
government organizations. Persistent research can
present valuable information on the appropriate pos-
sible management plans of coliform occurrence not
only in spring water but also in other water resources.
This study may help in prospecting the future water
quality management of Himalayan springs.
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