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Abstract

The present study describes the water quality scenario of some freshwater springs of South Kashmir during the two-year period
(2013-2015) because of rising pollution risks endangering water resources globally. The accessibility to quality drinking water
has become a challenge and is receiving renewed attention. A total of 96 samples from twelve springs were collected and
analyzed for major drinking water quality parameters. Piper trilinear and Durov diagram depicted dominance of Ca—-Mg—
HCO; hydrochemical facies and simple dissolution and mixing process. Water quality was falling in very good to excellent
class and well within the desirable limits of WHO thereby indicating huge potential for meeting rising drinking water demand.
The principal component analysis (PCA) revealed the generation of three components (PC1, PC2, and PC3) with higher
eigenvalues of 3 or more (3—6) explaining 40, 21, and 17% of the overall variance in water quality data sets, respectively. The
components obtained from PCA indicate that the parameters responsible for variations are mainly related to discharge, temper-
ature, and dissolved oxygen (natural), nutrients (agriculture), and cation and anions (lithology). The results suggest that the
hydrochemistry of springs is jointly controlled by lithology and anthropogenic inputs.

Keywords Ecosystem health - Spring - Himalaya - Drinking water - Threatened - Water pollution

Introduction

Springs have recently attained an extraordinary importance
due to the role they play in meeting the increasing drinking
water demands (Bhat et al. 2020). Water shortage because of
climate change and rising water demand across the globe has
increased (Wegener et al. 2010; Burek et al. 2016), and fresh-
water scarcity is increasingly perceived as a global systemic
risk (Mujumdar and Tiwari 2019). Water, an increasingly
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stressed resource, is witnessing a worldwide increase in con-
sumption, especially from the last four decades largely due to
a blend of rising human population growth, socio-economic
development, and changing consumer choices and trends
(WWDR 2019). Water is very vital for human life and overall
development and catches more attention globally as 20% of
the population is experiencing high water stress and another
about 40% is facing severe water scarcity. This stress is bound
to increase as demand for water progresses and the impacts of
projected climate change intensify. Safe drinking water and
proper sanitation have been considered a basic right of an
individual as they are essential for healthy living and main-
taining the dignity of humans (WWDR 2019). But, at the
same time, a substantial percentage of the human population
does not have an access to safe water to meet basic hygiene
and domestic requirements. The increasing demand for scarce
water resources has further intensified the competition not
only between humans and their environment but also between
different socio-economic sectors (Kurian 2017). Anthropogenic
factors in the form of rising human population growth and
subsequent urbanization are prominent in contributing to a rap-
id surge in the demand for various uses like drinking, sanitation,
agriculture, energy production, industry, and environmental
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protection. Water and its judicial use and management is con-
sidered as one of the great challenges of the future.
Groundwater being valuable, but facing continuous depletion,
has a major role in meeting the demands of various sectors
besides overall economic development and food security.
Spring water utilization offers an array of services to people
but with some costs like reduction in water quality (Howell
et al. 1995). Population growth, urbanization, and unplanned
application of agrochemicals and discharge of untreated sewage
water are directly or indirectly impacting the quality and quan-
tity of surface and subsurface freshwater resources, and accord-
ingly there is a high demand for safe water for drinking, sani-
tation, agriculture, and environmental protection (FAO 2011a,
b; WWAP 2012, 2015). But it seems that the sustainability of
freshwater supply is critically susceptible due to the widespread
diminution of groundwater, pollution of surface water, and cli-
mate change impacts (IPCC 2007; Gleeson et al. 2012). Access
to safe drinking water supply is one of the fundamental needs
for human survival, which should be acceptable, affordable,
and physically accessible (Sogbanmu et al. 2019; UN 2012).
The main drivers responsible for water quality crisis globally
are attributed to rising human population growth, urbanization,
land-use change, industrialization, food production practices,
increased living standards, and poor waste water management
(UNEP 2016). Springs have proved to be indispensable in the
livelihoods of mountain communities throughout the world,
including people living along the Himalayan foothills (Tambe
et al. 2011; Risko 2018; Bhat and Pandit 2018). Continuing
water scarcity, climate change, and human contamination place
these hidden reserves at high risk in terms of their sustainability
(Griebler et al. 2010). Springs stand underrepresented in scien-
tific literature and are legally overlooked despite the numerous
benefits and services they offer thereby neglecting the necessity
to look deep into the various stressors and threats of spring
ecosystem health (Barquin and Scarsbrook 2008; Nelson
2008; Unmack and Minckley 2008).

Springs have attained recently extraordinary impor-
tance due to the recognition of the role they play in eco-
system services especially in the scenario of climate
change threat predicted for the Himalayas besides meeting
the drinking water demands (IPCC 2014; Gupta and
Kulkarni 2017). Even though springs have a critical role
in water security, their role in the upliftment of socioeco-
nomic profile and overall development is rarely debated at
the policy and governance levels, including lack of wider
scientific recognition (Springer et al. 2008; Kreamer et al.
2014; Gupta and Kulkarni 2017). The destruction of the
natural habitat of springs is also because they are insuffi-
ciently covered by protective legislation (Nelson 2008;
Cantonati et al. 2012). The rapid pace of industrialization,
urbanization, and agricultural development has resulted in
over-exploitation and contamination of groundwater
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resources in many parts of India (Singh and Singh 2002;
Murtaza et al. 2019; Ustaoglu et al. 2020).

Springs act as principal sources of drinking water for mil-
lions of rural and urban populations in the Hindu Kush
Himalayas (HKH) besides agriculture and ecosystem services
(Gupta and Kulkarni 2017). There is a growing indication that
springs are desiccating or their discharge is dipping and the
quality of spring water is worsening throughout the HKH
(Tiwari 2000). As a result of this water stress, communities
are facing unprecedented daily distress. The importance of
freshwater springs in society also reflects its deep connection
with the establishment and existence of human populations in
various parts of the world very adjacent to the springs
(Fatchen 2000; Sada and Sharpe 2004). In the Himalayan
region, springs are the primary sources of water for millions
of people for meeting their drinking, domestic, and agricultur-
al needs. Springs in the region have been reportedly drying up
leading to water stress to local communities (Tiwari 2000;
Jeelani et al. 2014). A lot of emphasis has been attached to
springs from hydrogeology, ecology, hydrobiology, socio-
culturally, and spiritually, but very little about ecological eco-
nomics (Nabhan 2008; Phillips et al. 2009) despite the fact
that they contribute markedly to urban water supply around
the world (Petric 2010). Springs ecosystems in valleys are
facing various types of threats dominated largely by encroach-
ments and are imploring detailed exploration as they remain
data-deficient systems throughout the Himalaya (Kumar et al.
2017; Bhat and Pandit 2018; Mishra and Kumar 2020). The
magnitude of this problem is not precisely known given that
there is a dearth of scientific studies at a large scale (Hoffsten
and Malmgqvist 2000; Bhat and Pandit 2018). It is now exten-
sively endorsed that human activities may threaten the quality
and quantity of spring waters at a massive scale ahead.

Water quality index (WQI) is considered as an effec-
tive grading technique for measuring water quality for
human consumption (Akter et al. 2016; Ustaoglu et al.
2020). A variety of water quality parameters are included in
a mathematical equation to get a distinct number to demon-
strate the overall water quality, determining its suitability for
human consumption (Tyagi et al. 2013; Ochuko et al. 2014).
Water quality index involves selection of parameters, quality
function, and significance of parameter and combination
through a mathematical equation (Tyagi et al. 2013).
Principal component analysis (PCA), a multivariate statistical
technique, allows complete assessment of the potential
sources responsible for the differences in water quality and
environmental status of the study area by dealing with large
and complex multivariate data sets (Muangthong and Shrestha
2015; Ustaoglu and Tepe 2019). Principal component analysis
reduces the dimensionality of the large and complex data sets
without losing the possible variation present in the data set
(Paliy and Shankar 2016).
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The population of Kashmir Himalaya, like other parts of
India, has been witnessing enormous growth, and the supply
of drinking water poses a great challenge due to the limited
water infrastructure of mountain settlements (Wescoat Jr et al.
2016). While the springs used to suffice the water demand in
the recent past, people have started to face increasing water
shortages of water since the early 2000s, although the govern-
ment has improved the water distribution network. Because of
the diminishing accessibility of freshwater in various regions
of the world, a global water crisis is predicted if suitable mon-
itoring, water conservation, and adaptation measures are not
undertaken appropriately and adequately. Springs being high-
ly individualistic and relatively self-contained are globally
threatened by human activities despite their hydrogeological
and ecological relevance, and the aquifers that support springs
(Cantonati et al. 2015).

Therefore, one of the most pressing issues the world faces
is the management of freshwater resources, among which
springs have become a focal point because of their geological,
ecological, scientific, cultural, and societal importance besides
burgeoning demands for drinking, irrigation, industrial, fish-
ery, and recreational purposes in different parts of the world,
including the Kashmir Valley (Glazier 2014; Bhat and Pandit
2018). Despite having such importance, they are also insuffi-
ciently covered by protective legislation and policy frame-
work, often ensuing destruction and degradation of their nat-
ural settings (Cantonati et al. 2012). Keeping in view the
above-noted scenario, hydrochemical assessment of twelve
freshwater springs in four districts of South Kashmir, India,
was carried out for suitability and appropriateness of drinking
water quality standards for life-supporting demand of
humankind.

Material and methods
Study area

The high-altitude valley of Kashmir is an intermountain de-
pression existing between lesser and greater Himalaya. It is of
tectonic origin that covers a total area of about 4920 km?. The
valley of Kashmir is 135 km long and 45 km broad at its
middle, lying as an oval bowl between the Zanskar range to
the north and Pir Panjal Range to the south (Raza et al. 1978).
The valley is surrounded by high mountains on all sides which
remain snow-clad for most of the year. The valley abounds in
snow-fed, spring-fed streams, rivers with a network of their
tributaries, and numerous freshwater lakes. The Kashmir val-
ley harbors hundreds of springs of different magnitudes that
attract the tourists and thereby play an important role in the
socio-economic upliftment of the local population. The valley
of Kashmir is gifted with plentiful lovely lakes, swamps,
springs, and streams. Hydrogeologically, both porous and

fissured formations occur in the Jhelum basin. Groundwater
arises underwater table and confined environments in uncon-
solidated alluvial and Karewa formations in the valley. These
formations form multi-layered aquifers and have prolific
yields. Groundwater occurs in perched condition and gives
rise to springs in the phreatic zone water table. Occurrence
and movement of groundwater is largely controlled by princi-
pal inter-granular porosity in the yielding sedimentary quater-
nary alluvium and Karewa formations (CGWB 2009). Among
these freshwater bodies, springs locally called “Nag” have
either historical background or fascinating myths after them.
They have broad distribution and emerge both in plain areas
and at high altitudes. The water in the majority of the springs
is cold in summer and warm in winter and as such are regarded
as sacred. In addition to their religious significance, these
freshwater ecosystems offer water for drinking and irrigation,
apart from other desired uses. A total of 12 perennial springs
from four districts representing South Kashmir (Anantnag,
Kulgam, Shopian, and Pulwama) were selected for the present
study (Fig. 1). A total of three springs were selected from each
district, which in most of the springs are surrounded by large
tracts of agricultural and horticulture fields with large trees
comprising of Populus, Ulmus, Acacia, Juglans, and
Platanus. The characteristic features of the selected springs
along with their names are summarized in Table 1. The
springs under investigation show marked seasonal variations
in discharge with the change in seasons. The springs show
peak discharge in spring-summer seasons and lean discharge
in autumn-winter seasons. The substantial variation in dis-
charge and temperature plays an important role in mineraliza-
tion of underlying rock, which in turn profoundly influences
the water quality.

General hydrogeology of the study area

Geologically, the study area is occupied by rocks of underly-
ing Agglomerate Slates and Panjal Trap Formation of Permo-
Carboniferous age overlying Triassic Limestone Formation
(Tyagi et al. 1964; Bhusan et al. 1972). These rock types are
distributed widely in the valley floor and are exposed in pe-
ripheral elevated parts. The rocks of the Agglomerate Slates
and Panjal Trap formation are observed in Dubjan-Aharbal
Section Shopian, Dhamhal-Chimar Section Kulgam, and in
lower sections of the peripheral parts of Anantnag apart from
the occurrence of Triassic Limestone. These older rock types
in the study area are overlain by Karewa Sediments of
Quaternary age. The Karewa sediments are fluvial-glacial in
nature and are widely distributed on the valley floor.
Lithologically, Lower Karewa deposits are gently inclined
and better exposed to the Pir Panjal flank and have an uncon-
formable contact with the almost horizontal Upper Karewas,
which are better exposed to the Himalayan flank. The best
exposed Lower Karewa sections are along the River

@ Springer
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Fig. 1 Map showing different springs from four districts of South
Kashmir. Martandnag, SP1; Becharinag, SP2; Patulehnag, SP3;
Nagbalnag, SP4; Chilnagin, SP5; Hablishnag, SP6; Kharnag, SP7;

Rembiara between Dubjan—Hirpora—Krachipatra and along
River Romushi between Ichhagoz and Romu (Bhat and Bhat
2014). Lower Karewas are further characterized by mud-
stones, unconsolidated sandstones, lignite beds, and conglom-
erate horizons. Upper Karewas are laminated clay-stones,
sandstones, and some conglomeratic layers but without lignite
beds. The Karewa sediments as a whole are capped by loess
deposits associated with dark humid layers commonly known
as “Palaeosols” famous for saffron cultivation. The Upper
Karewa (greenish sand and gray clay with calcareous lami-
nae), Lower Karewa (bluish gray clay and conglomerates with
coarse to fine sand and alternate gray sand clays), fluvio-
glacial boulder bed and Alluvium (clay, silt and sand) of
Quaternary and Tertiary age (Plie-Pleistocene) age lie beneath
the valley floor with alternate bands of sand, silt, gravel, and
clay interspersed by glacial boulder beds. This formation is
essential from the groundwater point of view and sustains the
water supply in the area (Wadia 1975). Groundwater

Astannag, SP8; Batnagin, SP9; Takibalnag, SP10; Batnag, SP11;
Khushednag, SP12

occurrence and movement is primarily controlled by the pre-
dominant inter-granular porosity of the soft sedimentary qua-
ternary alluvium formations and the Karewa formations. This
unconsolidated sedimentary deposit is the largest multi-layer
aquifer system. Unconsolidated sediments consisting of
fluvio-glacial, Karewas (lacustrine deposits), the recent allu-
vium, terrace deposits, and alluvial fan deposits constitute the
porous aquifer system. A prolific aquifer system is formed by
sediments that consist of sand, gravel, cobbles, pebbles, and
boulders interlaced with thick clay beds (CGWB 2009).

Sample collection and analysis

Spring water samples were obtained in high-density polyeth-
ylene (HDPE) bottles on a seasonal basis for two years from
March 2013 to February 2015 from the twelve springs
(Table 1 and Fig. 1), three from each of four districts, namely
Anantnag district (SP1, SP2, and SP3), Kulgam district (SP4,

@ Springer
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Fig. 2 (a)-(q) Contour maps depicting spatial distribution of spring water quality parameters

SP5, and SP6), Shopian district (SP7, SP8, and SP9), and ensure data quality consistency (Wetzel and Likens 2000;
Pulwama district (SP10, SP11, and SP12). The samples thus ~ APHA (American Public Health Association) 2012).
obtained were subjected to analysis in the laboratory using  Parameters, like water temperature and discharge, were deter-
standard methods and following standard procedures to  mined on the spot at sampling sites. The dissolved oxygen
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Fig. 2 (continued)

(DO), total alkalinity, free carbon dioxide (CO,), total hard- by the titrimetric method in the laboratory. Moreover,
ness (TH), magnesium hardness, and chloride were estimated ammonical nitrogen, NO3 SO42_, PO43_, total phosphorus,
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and dissolved silica were examined using the standard
methods recommended by the American Public Health
Association (APHA 2012). The concentrations of the cations
(i.e., Na and K) were measured with the aid of a flame pho-
tometer. Furthermore, water quality index (WQI) had been
calculated to evaluate the suitability of spring water quality
for drinking purposes (Gebrehiwot et al. 2011). All statistical
studies were done employing a computer program of Origin
8.1 and RockWare Ag-Qa (1.5). Geographic Information
System (GIS)-based water quality mapping in the form of
visually communicating contour maps that were developed
using Arc GIS version 9.0 software (Fig. 2a—q) to delineate
the spatial distribution of water quality parameters
(Hoseinzadeh et al. 2016).
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Water quality degradation is a problem growing in complexity
as prosperity expands and new contaminants emerge
(Damania et al. 2019). The relative constancy of water tem-
perature across the springs indicates the thermal stability ow-
ing to the lesser amount of solar radiation reaching the water
due to shade and thermally buffered water emanating from the
underlying rock (van der Kamp 1995; Grasby et al. 2000;
Glazier 2014). Based on water temperature, springs under
investigation fall under cold water springs (Nathenson et al.
2003; Bhat and Pandit 2010a; Glazier 2014). The variation in
annual air temperatures seems behind the sinusoidal pattern in
spring water temperatures with maxima in summers and min-
ima in winters (Liu et al. 2007). Spatio-temporal variability in
pH shows a characteristic relation between precipitation, rock
water interaction, biological activity, and organic matter de-
composition (Hem 1992; Wetzel 2001; Ojha and Mandloi
2004; Oki and Akana 2016). The pH of springs, which
approached towards neutrality during spring and summer sea-
sons, is due to an increase in flow owing to rapid snowmelt in
the upper areas that do not get enough time to percolate
through the soil before reaching the spring and followed by
increasing photosynthetic activity (Clayton 1998). The elec-
trical conductivity (EC) values of the spring water varied from
185 to 698 uS/cm (Table 2) and fell well within the desirable
limits of the WHO (Table 3). The spring waters were alkaline
with moderate to high electrical conductivity, which is typical
for water on carbonate bedrock (Jeelani 2008). Lower electri-
cal conductivity during the summer season is attributed to the
dilution effect caused by the increased discharge due to snow-
melt and rainfall runoff (Jeelani 2008; Moore et al. 2008). The
DO values show variation within almost anoxic conditions at
SP4 to a maximum of 9.3 mg/L (Table 2). A total absence of
DO from the Nagbalnag spring is possibly due to the effect of
mineral turbidity caused by the large amount of clay particles
stirring up the underlying rock, the biogeochemical process
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SP1, Martandnag; SP2, Becharinag; SP3, Patulehnag; SP4, Nagbalnag; SP5, Chilnagin; SP6, Hablishnag; SP7, Kharnag; SP8, Astannag; SP9, Batnagin; SP10, Takibalnag; SP11, Batnag; SP12,

Ammonical-nitrogen (pg/L)
Khushednag

Nitrate-nitrogen (pg/L)
Ortho-phosphate (pg/L)
Total phosphorus (pg/L)
Dissolved silica (mg/L)

Table 2 (continued)

Sulfate (mg/L)
Chloride (mg/L)
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Table 3 Ranges of the various
physicochemical parameters of Parameters Observed ranges WHO and BIS standards
the spring waters
Desirable Permissible
pH 7.4-7.8 6.5-8.5 6.0-9.0
Conductivity (ps/cm) 185-698 750 1400
Total dissolved solids (mg/L) 124-467 600 2000
Dissolved oxygen (mg/L) 093 - -
CO, (mg/L) 4.8-13.3 - -
Total alkalinity (mg/L) 61.6-282 300 600
Chloride (mg/L) 6.9-50.4 250 500
Total hardness (mg/L) 75-208 300 600
Calcium (mg/L) 44-125 75 200
Magnesium (mg/L) 32-127 30 100
Sulfate (mg/L) 1-20 200 400
Nitrate (pg/L) 292-3678 45,000 10,000
Ammonia(pg/L) 46.5-896 - -
Ortho-phosphorus(pg/L) 34-1321 - -
Total phosphorus(pg/L) 260-13,252 - -

including the precipitation of calcite and sulfate flowing over
carbonate karst terrain, and higher ammonical-nitrogen inter-
fering with the solubility of oxygen (Constable et al. 2003).
Lower DO concentration recorded during summer is due to
temperature increase that has a stronger effect on organic mat-
ter decomposition and dominates over the photosynthetic ac-
tivity besides that warm water relatively hold less oxygen than
cold water (Goldman and Horne 1983; Metcalf and Eddy
1979; Kumar et al. 1996; Joshi and Kothyari 2003). Total
hardness ranged between 75 and 208 mg/L, which showed
that the concentration lies below the permissible limit. The
major source of Ca®* and Mg®* in valley groundwater might
be lacustrine deposits as sedimentary rocks like limestone,
gypsum, and dolomite are in rich sources of calcium in the
spring water (Wadia 1975; Barakat et al. 2018). Results show
that almost all the samples fall in the category of hard to very
hard. The springs were characterized by low chloride concen-
tration ranging from 6.9 to 50.4 mg/L, which is also within the
desirable limit recommended by the WHO (250 mg/L)
(Table 3). The concentration of NH4-N in the samples ranged
from 46.5 to 896 ng/L (Table 2) and was below the limit
prescribed by the WHO (Table 3). The presence of ammonia
is normally indicative of slight sewage and animal waste pol-
Iution (Paramsivam and Srinivasan 1981; Bhat and Pandit
2018). Chloride usually exists as chloride salts (NaCl,
CaCl,, MgCl,) and is typically connected with leaching from
sedimentary rocks and other evaporative minerals (Berzas
et al. 2009; Pradhan and Pirasteh 2011). Natural sources in-
clude underlying rock-water interactions, seawater intrusion,
and minor atmospheric contributions. Human activities—
related sources include road salts, domestic sewage, and

agricultural chemicals (EPA 1994; Rout and Sharma 2011).
The relatively maximum concentration of chloride recorded at
Astannag spring in both years of investigation is characterized
by sluggish water movement which allows extended rock-water
interaction that underlies the studied spring (Hem 1992). The
previous studies on the limnological aspects of some important
springs of South Kashmir have reported chloride concentration in
the range of 11-51 mg/L, which corroborates with the results of
the present study (Jeelani 2005; Bhat et al. 2010; Bhat and Pandit
2018). The concentration of NO5-N in the samples ranged from
292 to 3678 pg/L (Table 2) which in comparison to the WHO
limit of 50 mg/L fell well below (Table 3). The chemistry of the
water samples depicted the fonic ratio as Ca®* > Mg** > Na*>K*
and HCO; >CI >SS0, >NO*".

Spring water chemistry is controlled by several features
like geology, chemical weathering of the diverse rock varie-
ties, recharge water quality, and impact of allochthonous pol-
lution whose resultant interaction leads to complex water
quality (Singh and Singh 2002). Temperature is an important
factor in the functioning and development of aquatic systems.
The temperature of the majority of springs was recorded in a
range of 13.3—-17 °C. Among the springs, the SP1 spring was
having the highest discharge throughout the study period with
an average value of 1610 L/s because of its karstic nature
(Jeelani 2008). The pH of most springs is basic (pH range:
7.4-7.8) which is due to limestone-rich lithology of the valley
and sedimentary terrain thereby liberating Ca®*, Mg?*, and
alumina-silicates into the solution (Coward et al. 1972;
Jeelani 2008; Kurwadkar and Venkatramanan 2013; Barakat
et al. 2018). Higher conductivity indicates the presence of
dissolved minerals (WHO 2011). The lower concentration of
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DO oxygen might be due to a rise in biological activity, res-
piration of organisms, and the augmented rate of decay of
organic matter (Joshi and Kothyari 2003). The absence of
oxygen at SP4 is owing to a large amount of clay particles
and a higher concentration of ammonia which might interfere
with the solubility of oxygen (Lone et al. 2012). The nitrifica-
tion process consumes a large amount of oxygen (Constable
et al. 2003). The large concentration of free carbon dioxide at
SP2 is a result of the decay of organic matter, which yields a
high amount of CO, (Verma et al. 2012). Dissolution of car-
bonic acid (H,COs) is also the source of HCOj3 ions (Ramesh
and Jagadeeswari 2012). Except springs like SP7 (43.6 mg/L)
and SP8 (50.4 mg/L) having a relatively higher concentration
of chloride, the rest of the springs witnessed the very low
concentration that were well within permissible limits and as
reported earlier also (Bhat and Pandit 2018; Hameed et al.
2018). Higher concentrations were found to be caused due
to some impurities added to springs by different anthropogen-
ic activities like industrial, municipal wastes, and agricultural
activities (Dinka et al. 2015) that are usually localized in na-
ture. Sulfate in carbonate rocks may be derived from the dis-
solution of sulfate minerals (primarily gypsum and anhydrite)
or oxidation of pyrite (Nikanorov and Brazhnikova 2012).
The concentration of sulfate in the spring waters may be con-
trolled by a study state dissolution process which perhaps gets
influenced by biochemical processes (Herojeet et al. 2013).
The reason for low sulfate values in the studied springs may
be attributed to rock formation being impregnated with a low
concentration of CaSO,4 which is also reflected in the water
chemistry especially when the water is issuing from under-
ground sources (Cole 1983). Previous studies on
hydrochemical characterization of spring water in Kashmir
valley have reported sulfate concentration in the range of 4—
86 mg/L (Jeelani 2010; Bhat and Pandit 2018; Hameed et al.
2018; Bhat and Pandit 2020). Lower sulfate concentration at
Nagbalnag is due to the undersaturation of water for gypsum
and anhydrite (Klimchouk 1996; Jeelani and Shah 2006).
The leaching of nitrate with the percolating water adds
nitrate into springs. Sewage and wastes rich in nitrates cause
pollution of springs (Sirajudeen and Mohamed 2013) and
apart from the decomposition of organic matter and agricul-
ture activities have been observed to contribute to the nitrate
enrichment in spring waters (Elhatip 1997: Bhat and Pandit
2018). Nitrate is highly leachable and readily moves through
the soil profile. In addition to fertilizers applied in agricultural
and horticulture lands, nitrate becomes available from
decaying plants and animals through microbial activity
(Bremner 1965). The previously reported values on nitrate-
nitrogen of some important freshwater springs of South
Kashmir vary over a range of trace-8 mg/L (Jeelani 2010)
and 0.01-3 mg/L (Bhat and Pandit 2018). In the study area,
higher values of ammonical-nitrogen were recorded at SP4.
The occurrence of ammonia at a high level than geogenic

@ Springer

levels is an essential marker of fecal pollution or strata rich
in humic substances (Li et al. 2011). Phosphate may occur in
spring water as a result of dissolution from surrounding rocks,
but most phosphorus finds its way through domestic sewage,
detergents, and agricultural effluents with fertilizers
(Murhekar 2011). Normally, the water of springs contains a
meager amount of phosphorus concentration because of the
low solubility of natural phosphate minerals and the compe-
tency of soils to hold phosphate (Devendra et al. 2014). The
contour maps showed spatial distribution of spring water qual-
ity spread over four districts of Kashmir Valley (Fig. 2a—q).
From the above-mentioned results, there is a comprehensive
picture arising that by and large, the drinking water quality of
springs is still fine. Therefore, in the interest of safeguarding
the further deterioration of spring water quality, it is recom-
mended that such springs having a huge potential for drinking
water supply should receive the highest priority in the man-
agement of the springs.

Statistical analysis
Analysis of variance and Tukey’s box plot

Analysis of variance (ANOVA) and Tukey’s box plot were
employed to see the significance level existing and operating
between various parameters. The outcome inferred that some
hydrochemical parameters have significant as well as non-
significant variation. Results revealed that hydrochemical pa-
rameters interpreted in terms of box plot showed overall pat-
terns of variation in water quality. The values were dispersed
within quartiles in almost all the parameters with few outliers
notably in case of water temperature, discharge, pH, conduc-
tivity, DO, bicarbonate alkalinity, chloride, total hardness,
nitrate-nitrogen (Fig. 3). The analysis further observed F
values having significance in observed variation for each pa-
rameter at a 5% level of significance.

Cluster analysis

Cluster analysis revealed SP4 (Nagbalnag) (cluster A) and
SP12 (Khushednag) (cluster C) different from the rest of the
springs but SP5 (Chilnagin) and SP6 (Hablishnag) (cluster B)
exhibited a similarity of 75% while SP7 (Kharnag) and SP8
(Astannag) (cluster D) showed a similarity of 45%. SP3
(Patulehnag), SP9 (Batnagin), SP10 (Takibalnag), and SP11
(Batnag) (cluster F) depicted a least similarity of 18% while
SP1 (Martandnag) and SP2 (Becharinag) (cluster E) showed a
similarity of 30%. Besides, cluster analysis inferred that SP4
and SP12 were different from other selected springs based on
discharge, dissolved oxygen, sulfate, ortho phosphorus, and
total phosphorus (Fig. 4).
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Fig. 3 Box plot showing range and mean of physicochemical variables along with ANOVA (Dissimilar letters showing significant variation)

Principal component analysis the variation in water quality parameters. The SP4 is dis-
tinct and unique from other springs with the highest over-
all ammonical-nitrogen, total, and ortho-phosphorus. Also
notable is SP10 with higher concentration of hardness
causing elements along with conductivity. SP5 and SP6
have a similar overall concentration of different water

quality parameters from the rest of the springs. SP7and

The principal component analysis (PCA) plot helped to
visualize the water quality pattern of the twelve springs.
The first two principal components (PC) are responsible
for 61% of these variations suggesting the relative impor-
tance of the first two principal components in describing
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Fig. 3 (continued)

SP8 is similar in terms of chloride concentrations.
Discharge and sulfate did not change much from the ori-
gin and their variation was minimal as compared to other
parameters (Fig. 5). PCI1, explaining 40% (eigenvalue,
6.0) of the total variance, has strong positive loadings
on conductivity, dissolved oxygen, chloride, nitrate-
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nitrogen, and strong negative loading on water tempera-
ture, ammonical-nitrogen, total phosphorus, ortho-
phosphorus and silica. The inverse relationship between
temperature and dissolved oxygen is a natural process
because warmer water holds less oxygen (Prathumratana
et al. 2008). Positive loadings on conductivity, dissolved
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Fig. 5 PCA scatter plot of water
quality parameters of twelve
springs based on the first two
principal components. Sampling
points indicated as red color
circles. TH, total hardness; TA,
total alkalinity; CH, calcium
hardness; MH, magnesium

hardness; CL, chloride; NN,
nitrate nitrogen; DO, dissolved
oxygen; FC, free carbon dioxide;
Dis, discharge; TP, total
phosphate; OP, orthophosphate;
Wt., water temperature; Dsil,
dissolved silica; AN, ammonical

Principal Component 2

2 —

-4 —

nitrogen; Sul, sulfate

T T T
-2 0 2 4

Principal Component 1

oxygen, chloride, nitrate-nitrogen at PC1 are chiefly due
to seasonal changes in dilution, solubility, and oxidation
(Shrestha and Kazama 2007). Furthermore, PC1 has
strong negative loadings on water temperature,
ammonical-nitrogen, total phosphorus, ortho-phosphorus,
and dissolved silica indicating that wherever there is low
water temperature there would be less concentration of
these variables. This factor also represents the contribu-
tion of non-point source pollution like agricultural activi-
ties and washing of clothes. PC2, explaining 21% (eigen-
value, 4.0) of the total variance, has moderate positive
loadings on free carbon, total alkalinity, and pH. This
factor represents the natural relation between free carbon
dioxide, alkalinity, and pH (Kazama and Yoneyama 2002;
Hill and Neal 1997). Furthermore, PC2 has a strong pos-
itive loading on total hardness, calcium, and magnesium
hardness. This factor explains the weathering of limestone

(dolomite) in the underlying aquifer. The principal source
of hardness causing constituents are present in many sed-
imentary rocks, the most common being limestone and
chalk (Jeelani et al. 2011). The observations from PCA
analysis revealed that water temperature, DO, ammonical-
nitrogen, total phosphorus, ortho-phosphorus, and silica
were predominantly contributing to water quality varia-
tions of springs (Fig. 5).

Water quality evaluation

The WQI categorized springs understudy into four classes
viz., marginal, fair, good, and excellent for drinking water
purposes (Fig. 6). Springs like SP1 (Martandnag), SP2
(Becharinag), SP3 (Patulehnag), SP11 (Batnag), and SP9
(Batnagin) fall in good water quality while SP7 (Kharnag),
SP8 (Astannag), and SP10 (Takibalnag) are in the excellent
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Fig. 7 Piper trilinear diagram showing composition of different ions in twelve different springs

water class. Furthermore, SP5 (Chilnagin), SP6 (Hablishnag),
and SP12 (Khushednag) showed fair water quality. SP4
(Nagbalnag) is the only spring that has marginal water quality
(Fig. 6).

The categorization of springs into four groups from
marginal to excellent drinking water quality through
WQI reflects that almost all the springs are fit for drinking
purposes except SP4 which has marginal water quality

due to presence of a huge load of ammonia, phosphates
and slit which makes its color milky (Fig. 7). Similar
observations have been almost reported on various springs
of Kashmir (Jeelani 2010; Bhat and Pandit 2010b; Bhat et
al. 2010; Bhat and Pandit 2018; Hameed et al. 2018). The
samples analyzed from the spring waters were observed to
be well within the WHO (2011) limits. Furthermore, this
study concludes that the water of studied springs is good

Fig. 8 Durov expanded plot
depicting hydro chemical
processes involved in springs
under study (Lloyd and Heathcoat
1985)
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for drinking purposes based on chemical parameters.
However, to draw a concrete conclusion on the potability
of spring waters, there is a need to have further studies on
the identification and impact of pesticides, fertilizers, and
discarded drugs on the water quality which at this point is
beyond the scope of the study.

Piper trilinear diagram

To have some insights on the types of water prevalent in the
study area of springs, the analytical data obtained from the
water samples of the springs were plotted on Piper (1944)
tri-linear diagram. Hydrochemical signatures thus obtained
provided the information on overall ionic composition to com-
prehend rock water interaction. As is evident from the Piper
trilinear diagram (Fig. 7), ions got concentrated on the left
quadrant of the diamond plot of Piper diagram thereby indi-
cating the dominance of Ca- HCOj; dissolution (Piper 1953;
Langguth 1966) with following ionic sequence: Ca®*>
Mg**>Na*">K" and HCO; > Cl™ > SO,* >NO; >P0O,>".
The ionic chemistry of water samples further revealed that the
water chemistry originates from dissolution of carbonate rocks
with shallow aquifers (Jeelani 2008).

Water types and processes by Durov diagram

The plotted points in the expanded diagram (Fig. 8) fall into
two fields (Durov 1948), suggesting CaMg-HCO3; dominance
along the simple dissolution or mixing hydrochemical pro-
cess. Due to the dominance of bicarbonate alkalinity, the pH
of all springs is on the alkaline side which dilutes the impact of
various acids being released while the decomposition of or-
ganic matter in springs and immediate catchment occurs. The
electrical conductivity of most of springs lies in the range of
drinking water standards (Fig. 8). SP7 and SP8 springs lying
on the extreme right of Durov Diagram fall in the TDS range
of 400-500 mg/L. Globally, groundwater is the source of
drinking water to 50% of the global population and 43% of
all water consumed for irrigation (FAO 201 1a, b). Throughout
the world, 2.5 billion populations solely depend on ground-
water for their basic requirements (UNESCO 2012). In the
Kashmir Himalayan region, natural springs are the major
source of water for drinking purposes in hilly areas and sec-
ondary sources in plain areas. However, several studies have
indicated that the changing climate in the Himalayas will in-
crease water scarcity in the future (Birch 2014). Summing up
the highlights of the study, it is evident that the quality aspects
of the water from the spring are of excellent and good quality.
But, it is equally important to have further studies regarding
coliform, metal, and pesticide pollution to reach at better and
holistic understanding of the water quality of the springs.
Therefore, a good database on various aspects of the
Kashmir Himalayan springs can be a better supplement for

@ Springer

policymakers and conservationists in the State of Jammu
and Kashmir.

Conclusion

From our findings, it is observed that springs in the Kashmir
offer a fair to excellent water quality class besides other de-
sired uses. However, historical lack of effective management
practices may further jeopardize their ecological health unless
extensively studied, monitored, and appropriately managed,
which have the potential to offer the solution to water crises
for the burgeoning population. These springs can be very
helpful in fulfilling the rising demand for access to safe drink-
ing water and hygiene because of rising pollution scenario and
threats operating at various levels of surface water resources.
Future explorations on springs must look at risks operating at
various scales to safeguard the sustainability of these systems
closely tied to continued human existence and cultural
wellbeing. The present study was restricted to water quality
evaluation and with only few springs in light of some impor-
tant of physicochemical characteristics, but there is an urgent
need to have a thorough study on how fertilizers, pesticides,
and heavy metals have impacted the spring water quality.
Furthermore, studies on coliform bacteria involving an ade-
quate number of springs spread throughout the valley of
Kashmir merit an attention to offer some useful insights on
the overall quality of water from the springs.
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