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ABSTRACT

The current study provides information about physical and chemical characteristics of Tattapani thermal
spring. The presence of minerals in hot water probably reflects the geology of the area. The application of
water quality index revealed that water quality of Tattapani thermal spring was good throughout the year.
Also, the concentration of heavy metals analyzed were within the permissible limits except cadmium which
slightly exceeds the standardized value. Thus, it is important to monitor the physical and chemical
composition of thermal springs and also make a regular check on its use for recreational activities.
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Introduction

Natural geothermal springs can be found all over
the world, and the majority of them are connected to
active tectonic environments like recent uplifts or
volcanism (Diamond and Harris, 2000). Hot springs
are thought to be primarily heated by magma found
in the crust; geological phenomena such as fault
zones and active volcanic belts may be responsible
for bringing magma down to the lower layers of the
crust. The hot springs receive heat from chemical
reactions and the breakdown of radioactive ele-
ments in minerals in addition to heat from magma
(Mohammadzadeh and Kazemi, 2017). According to
Urbieta et al. (2015) hot springs nearer volcanoes
have an acidic pH, whereas hot springs near lime-
stone have a neutral or alkaline pH. The physical
and chemical attributes of water can be used in the
classification and assessment of water quality which
in turn provides a beneficial information about the
health status of any water body. Temperature, geol-
ogy and nature of rocks are the various factors on

which chemical composition of thermal water de-
pends (Rajapaksha et al., 2014).

Thermal spring waters are increasingly being
used for aquaculture, industrial processing, agricul-
ture, bottled water, extraction of rare elements and
most important is for the production of geothermal
energy (Mock, 1993; Oliveir et al., 2008). Hot water
releasing from the earth’s surface has been a subject
of wonder since dawn of human kind. Ancient civi-
lizations long held thermal springs in high regard
since they were thought to possess healing and
otherworldly abilities (LaMoreaux and Tanner,
2001). Thermal springs were also utilized as bathing
facilities in the Egyptian royal city of Tall al
‘Amarinah, which dates back to approximately 1350
BC, the ancient Indian city of Mohenjo-Daro, and
the royal palaces of Knossos in Crete, which were
constructed between 1700 and 1400 BC, according to
archaeological evidence. The past few decades have
seen an exceptional upsurge of interest in thermal
springs due to diversification in their utilisation
(Oliveir et al., 2008). Balneotherapy is becoming
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more and more popular as thermal springs’ inherent
health benefits become more apparent. These spe-
cialized habitats are rich source of minerals such as
sulphur, calcium, magnesium, chlorides, bicarbon-
ates, iron etc and plays an important role in treating
various skin disorders, bronchial infection, neuritis,
asthma, sinus, allergies and other respiratory prob-
lems (Oliveir et al., 2008; Kour, 2021).

Geothermal springs can be found mostly in Italy,
the United States, Canada, Japan, New Zealand, Ice-
land, and other countries (Rajapaksha et al., 2014).
There are about 340 thermal springs in India, and
the majority of them were formed by geotectonic
movement of rocks (Bisht et al., 2011). The three
states Uttarakhand, Himachal Pradesh, and Jammu
& Kashmir are home to the majority of India’s ther-
mal springs (Sinha and Srivastava, 2000). Jammu
and Kashmir (UT) is blessed with number of ther-
mal springs particularly in Chenab valley and Kash-
mir valley. In the Chenab valley there are about 12
known thermal springs and with temperature varia-
tions of 40-60 oC. In Jammu region, thermal springs
thermal springs remained unexplored and
unutilised. Although these thermal springs have
been widely used for drinking, bathing and curing
various health disorders by the local inhabitants.
Keeping in view, the uniqueness of these specialized
and unfamiliar natural hot water bodies an attempt
was made to study the physical and chemical pa-
rameters including heavy metals to evaluate the
water quality of Tattapani thermal spring of Paddar,
district Kishtwar (Jammu and Kashmir).

Materials and Methods

Study area

The study area is Tattapani thermal spring which is
situated at latitude 33.28985oN and longitude
75.67785oE in the Paddar subdivision of district
Kishtwar, J&K. It is a sacred spring, rectangular in
shape and lies in front of Sheshnaag temple with
many religion-based values and faith. The spring is
a major tourist attraction and people from all across
the country visit this place every year with great
amazement.

Material and Methods

Sample collection and analysis

The spring water was collected seasonally in poly-

ethylene bottles of 1 l capacity. During sampling,
sample bottles were rinsed in clear spring water sev-
eral times and then filled to the top to minimize en-
trapment of air in water spring samples. For analy-
sis of physical parameters like air and water tem-
perature mercury bulb thermometer was used while
pH value was also measured in the field using
Hanna’s digital portable meter. Other on spot mea-
surement included dissolved oxygen, free carbon
dioxide, chloride, calcium, magnesium, bicarbonates
while for nitrates, phosphates and sulphates the
water samples were brought to Limnological lab in
the Department of Zoology, University of Jammu
and analysed following the standard methods pro-
vided by (Adoni, 1985; A.P.H.A., 2012). On the other
hand, the samples for assessment of metals were
preserved with nitric acid to prevent water from any
degradation and to stop microbial growth and
brought to the lab (A.P.H.A., 1988). All the samples
thus collected were kept in refrigerator (4oC) prior to
analysis through AAS (Model no. Shimadzu, 7000).

Statistical analysis

Correlation: It was done for the data by using SPSS.

Water Quality Index (WQI)

Water Quality Index is an effective tool for measure-
ment of water quality and level of its contamination
in order to ascertain its usage for public consump-
tion, recreational and other purposes. The overall
Water Quality Index was calculated by using follow-
ing equation:

WQI = Wnqn/Wn .. 1

where, Wn stands for unit weight for the nth pa-
rameter and qn is the quality rating for the nth wa-
ter quality parameter and is calculated by:

qn = 100[Vn - Vio]/[Sn - Vio] .. 2

Here, n is water quality parameters, Vn is esti-
mated value of the nth parameter at a given sam-

Table 1. Water quality index determining the status of
water quality

WQI values Water quality status

0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very poor
>100 Unsuitable for drinking
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Fig. 1. Graphical illustration of seasonal variations in various physico-chemical parameters of
Tattapani thermal spring.
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pling station, Sn is standard permissible value of the
nth parameter and Vio ideal value of nth parameter
in pure water [i.e., 0 for all parameters except for pH
(7.0) and dissolved oxygen (14.6 mg/l).

Results and Discussion

Physicochemical parameters

The analytical results of physicochemical param-
eters of thermal spring during four different seasons
(spring, summer, monsoon and winter) and their
mean values with standard deviation are shown in
Table 2. Graphical illustration of the seasonal varia-
tions of all studied parameters is also given in Fig-
ure 1.

Air temperature

It is among one of the most essential physical pa-
rameters used to assess the quality of water. The
highest air temperature was recorded during sum-
mer season (37oC) and the lowest was (10oC) during
winter season. Maximum air temperature may be
attributed to increased day length and long photo-
periods, Earth’s rotation, vertical incident rays.
Whereas minimum air temperature results from
decrease in day length and shorter photoperiods
and oblique sunrays (Devi, 2018; Kour, 2021).

Water temperature

In natural springs, temperature remain more or less
constant, During the present study, the water tem-
perature remained high with less variations due to
clear atmosphere, intense solar radiations during
summer season (56oC). While slight decline in its
value (50oC) during winter season was observed as
water temperature was directly influenced air tem-
perature (Kour, 2021).

pH

Measuremnt of pH relates to the acidity or alkalin-
ity of the water. In the present study pH values re-
vealed that the water is slightly acidic with a varia-
tion of 6.6 during summers and 6.9 during winters.
High free carbon dioxide concentration and absence
of bicarbonates in Tattapani thermal spring may be
the reason of minimum pH values during summer
season whereas a peak observed during winter sea-
son could be ascribed to low temperature and low
rate of decomposition (Kumar et al., 1987
Rajapaksha et al., 2014 and Kour,  2021).

Dissolved oxygen

It is the most important water quality variable deter-
mining the health status of an aquatic ecosystem.

Turbulence, temperature, atmospheric pressure,
amount of chlorophyll and amount of O2 surround-
ing air are the various factors on which level of dis-
solved oxygen depends (Nduka et al., 2008). During
the investigative period, dissolved oxygen values
revealed variations and fluctuated from minimum
of 3 mg/l to a maximum of 5.2 mg/l during sum-
mer and monsoon seasons respectively (Table 2).
Shorter photoperiod, reduction in metabolic rate
and increased oxygen retaining capacity at low tem-
perature could be responsible for higher values dur-
ing winters and vice-versa for summers. Moreover,
pH also affects the level of dissolve oxygen as there
is a direct correlation between both (Welch,  1952;
Saini, 2016).

Free carbon dioxide

Free carbon dioxide is one of the most important
constituents of aquatic ecosystem and only source of
carbon which can be assimilated into the living mat-
ter of aquatic organisms. Decarbonation, hydrocar-
bon matura- tion and bacterial degradation are the
various processes which are responsible for the ad-
dition of free carbon dioxide into water (Welch, PS.
1952; Selley, RC. 1998 and Kour, M. 2021). In
Tattapani thermal spring, the concentration of free
carbon dioxide was recorded highest during sum-
mer season (158 mg/l) which may be due to absence
of carbonates, increase in decomposition rate at high
temperature and comparatively low pH which
holds inverse relation with FCO2 (Goldman and
Horne, 1983). Whereas drop in FCO2 values during
winter season (63.36 mg/l) may be at- tributed to
decreased respiratory activites and slow rate of de-
composition and inverse relationship between DO
and FCO2 (Jhingran, VG. 1978; Kumar et al., 1987;
Devi, A. 2018).

Calcium and Magnesium

Calcium and magnesium are essential minerals and
beneficial to human health in various ways. Differ-
ent types of rocks, sewage and industrial waste are
the main source of calcium and magnesium
(Vardhan et al., 2015). Both the ions showed well
marked variations with maximum concentration
during winter season to mini- mum concentration
during monsoon season - 58.87 mg/l to 28.78 mg/l
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(calcium) and 39.15 mg/l to 23.55 mg/l (magne-
sium). During the study period, less evaporation of
water due to low temperature, increased weathering
of chemical rocks beneath the spring and high solu-
bility of these ions at low temperature may be rea-
son for highest concentration of both the ions during
winter season (Wetzel, 1983; Nath and Srivastava,
2001). On the other hand, low solubility due to high
temperature of this spring could most likely be re-
sponsible for comparatively low concentration dur-
ing monsoon season (Bowen, 1986; Madhukarrao,
2012). The level of calcium in studied spring was
found within the permissible limits but the value of
magnesium was little bit higher than the standard
limits set by WHO and BIS.

Alkalinity

Alkalinity is the capacity of water to neutralize acids
and is a measure of bicarbonates along with carbon-
ates and hydroxyl ions (Jhingran, 1978; Welch,
1952). In Tattapani thermal spring, during the study
period, the carbonates remained completely absent
which may be deciphered to the presence of FCO2 as
both are inversely related to each other (Goldman
and Horne, 1983; Kour, 2021). Most of the carbon-
ates are converted into bicarbonates due to reduc-
tion in the value of pH, leading to absence of carbon-
ates. The values of bicarbonates in the collected
sample varied from maximum of 274 mg/l (winters)
to 178.30 mg/ l (summers). The characteristic rea-
sons for excess of bicarbonates possibly are geology
of the area and also decrease in water level, reduced
photosynthetic activity during winter season

(Lashari et al., 2009). Drop in the values during sum-
mer season may be accredited to the presence of
high level of FCO2 as both are negatively related to
each other and increased photosynthetic activity at
high temperature.

Chlorides

Chlorides occurs natuarally in all water bodies from
dissolution of rocks and minerals. As chloride is an
essential micronutrient for life which is found as
(NaCl and KCl) it has no harmful effect on human
health (Subramanian and Baskar, 2022). The permis-
sible limit of chloride in water is 250 mg/l as per
(BIS, 2012) maximum acceptable limit is 1000 mg/l
in case of absence of source because it can im- part
taste to the water. The winter season however, wit-
nessed least value (62.57 mg/l) of chloride and sum-
mer season showed highest values (75.08 mg/l)
which may be probably due to variation in water
temperature as both are directly related to each
other (Ahmed, 2004).

Sodium

As one of the most abundant minerals on earth, so-
dium is most commonly derived from natural salts.
The sodium ion concentration ranged from 6.99
mg/l (winters) to 7.51 (summers). It was found that
sodium content does not exceed the permissible
limit (WHO, 2011; Dash et al., 2013).

Potassium

Potassium is an important cation and an essential
nutrient for both plant and human life. The potas-

Table 2. Seasonal variations in various physico-chemical parameters of Tattapani thermal spring

Parameters Seasons Mean ± S.D
Spring Summer Monsoon Winter

Air Temp. (!) 27 37 32 10 26.5 ± 11.733
Water Temp. (!) 54 56 55 50 54 ± 2.6299
pH 6.8 6.6 6.7 6.9 6.8 ± 0.1290
DO (mg/l) 4.4 3 4.8 5.2 4.4 ± 0.9574
FCO2 (mg/l) 136.4 158 140.8 63.36 124.64 ± 41.902
Chlorides (mg/l) 69.07 75.08 73.53 62.57 70.66 ± 5.6071
Bicarbonates (mg/l) 273.28 178.30 244 274 242.39 ± 44.957
Calcium (mg/l) 53.79 42.05 28.78 58.87 45.89 ± 13.396
Magnesium (mg/l) 38.38 32.5 23.55 39.15 33.39 ± 7.2040
Sodium (mg/l) 7.3786 7.5128 7.1969 6.9998 7.2720 ± 0.2229
Potassium (mg/l) 9.3126 9.4825 9.1577 9.1169 9.2674 ± 0.1663
Sulphates (mg/l) 23.55 39.15 32.15 21.05 28.975 ± 8.2834
Nitrates (mg/l) 0.14 0.15 0.12 0.13 0.135 ± 0.0129
Phosphates (mg/l) 0.42 0.44 0.39 0.28 0.3825 ± 0.0713
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sium content of analysed water sample showed very
less variations with lowest value of 9.11 mg/l dur-
ing winter season and highest value of 9.48 mg/l
during summer season. Potassium in Tattapani
spring water was well under the permissible limit
set by WHO.

Nitrates

Nitrates are naturally occurring essential nutrient
associated with aquatic system productivity
(Lianthuamluaia et al., 2013) and the life of aquatic
flora is affected directly or indirectly by increase in
its concentration. Perusal of table showed slight
variation in nitrate levels with least value of 0.12
mg/l during monsoon season and 0.15 mg/l during
summer season. Nitrogen-rich geologic deposits,
precipitation, wild animal waste, fertilizer and sep-
tic system drainage are the various source of entry
for nitrates in spring or ground water (Lajci et al.,
2017) of nitrate concentration depicted that the
spring water is not affected by anthropogenic activi-
ties and all the values during different seasons are
far below the permissible limit set by WHO.

Phosphates

Phosphorus occurs in the form of organic phosphate
and phosphates in thermal springs. Different
sources of phosphates include geological properties
of the area, atmospheric deposition, agricultural
runoff, erosion and sedimentation (Lajci et al., 2017).
The concentra- tion of phosphate in the presently
studied thermal spring showed less variation with a
maximum value of 0.44 mg/l during summer sea-
son to minimum of 0.28 mg/l in winter season. Re-
generation and release from bottom into water may
be responsible for slight increase in phosphate con-
tent during summer season (LaMoreaux and Tan-
ner, 2001; Saravanakumar et al., 2008). Values of
phosphates for the study area are less than the per-

missible limit of 5mg/l as set by BIS and WHO.

Sulphates

Sulphur is normally present in sulphate form which
is naturally occurring anion in all natural waters,
and its concentration vary according to the terrain
through which it flows. It occurs naturally in miner-
als such as gypsum, barite and epsomite (Lajci et al.,
2017) whereas anthropogenic sources include indus-
trial effluents, sewage disposal, fertilizers run off etc.
During the study period, the sulphate content of
Tattapani thermal spring was elevated during sum-
mer season (39.15 mg/l) and lowest during winter
season (21.05 mg/l) which may be attributed to the
geology of the study area and variation in tempera-
ture. The values of sulphates are within the standard
limit of BIS and WHO.

Heavy metals

Heavy metals are natural elements of natural waters
and some of them are biologically important in the
aquatic environment when present at low concen-
trations. In the present study concentration of heavy
metals viz. lead, iron, copper, zinc, nickel, chromium
and cadmium are determined. Recent study has re-
vealed that all the elements which are assessed
showed too small variations in Tattapani thermal
spring. The values of iron, zinc and cadmium
ranged from 0.1945 to 0.1972 ppm, 0.2281 to 0.3141
ppm and 0.0053 to 0.0254 ppm respectively (Table-
3). Moreover, concentration of lead, copper, nickel
and chromium were below detection level (BDL).
The level of all the studied metals were within the
permissible limit of World Health Organization ex-
cept cadmium for which standard limit is 0.003
ppm.

Correlation analysis

Pearson correlation matrix was applied to analyse

Table 3. Seasonal variations in heavy metals of Tattapani thermal spring of Paddar, Kishtwar

Heavy metals Seasons Mean ± S.D
Spring Summer Monsoon Winter

Lead (Ppm) BDL BDL BDL BDL BDL
Copper (Ppm) BDL BDL BDL BDL BDL
Zinc (Ppm) 0.3010 0.3141 0.2281 0.2890 0.2830±0.0380
Iron (Ppm) 0.1966 0.1972 0.1945 0.1951 0.1958±0.0012
Nickel (Ppm) BDL BDL BDL BDL BDL
Chromium (Ppm) BDL BDL BDL BDL BDL
Cadmium (Ppm) 0.006 0.0254 0.002 0.005 0.0096±0.01067
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the relationship among various physicochemical
parameters and also between heavy metals viz. Pb,
Cu, Fe, Zn, Ni, Cr & Cd of Tattapani thermal spring
(Tables 4 & 5). The results showed that pH showed
positive correlation with dissolved oxygen, Ca and
magnesium whereas strongly significant negative
correlation with chlorides and sulphates. Dissolved
oxygen showed negative correlation with tempera-
ture and strong negative correlation with sodium
and potassium. Free carbon dioxide revealed a
strong significant positive correlation with tempera-
ture and negative correlation with pH and dissolved
oxygen Chlorides showed strongly significant nega-
tive correlation with pH and negative correlation
with dissolved oxygen whereas strong positive cor-
relation with temperature and free carbon dioxide.
Bicarbonates depicted significant positive correla-
tion with pH whereas negative correlation with tem-
perature, free carbon dioxide and chlorides. Cal-
cium revealed positive correlation with pH, dis-
solved oxygen & bicarbonates and negative correla-
tion with temperature, free carbon dioxide and chlo-

rides. Magnesium depicted strongly significant posi-
tive correlation with calcium and negative correla-
tion with free carbon dioxide and chlorides.

Nitrates showed positive correlation with tem-
perature, free carbon dioxide, chlorides, calcium,
magnesium and phosphates whereas negative cor-
relation with pH, dissolved oxygen and bicarbon-
ates. Phosphates de- picted strongly significant posi-
tive correlation with free carbon dioxide, tempera-
ture and negative correlation with pH, dissolved
oxygen, bicarbonates, calcium and magnesium.
Sulphates revealed strong significant negative corre-
lation with pH & bicarbonates and positive correla-
tion with temperature, free carbon dioxide, chlo-
rides, nitrates and phosphates. Sodium showed sig-
nificant positive correlation with phosphates and
significant negative correlation with dissolved oxy-
gen. Potassium reported a strongly significant nega-
tive correlation with dissolved oxy- gen and signifi-
cant positive correlation with sodium.

Among heavy metals lead (Pb) depicted negative
correlation with zinc, iron and cadmium whereas

Table 5. Pearsons correlation between heavy metals of Tattapani thermal spring

Lead Copper Zinc Iron Nickel Chromium Cadmium

Lead 1
Copper 0.899 1
Zinc -0.392 -0.7486 1
Iron -0.7872 -0.9631** 0.8693 1
Nickel 0.3963 0.7121 -0.9611** -0.8715 1
Chromium 0.6702 0.7335 -0.6441 -0.8378 0.7982 1
Cadmium -0.5586 -0.6617 0.6703 0.8012 -0.8352 -0.9894** 1

*Correlation is significant at the 0.05 level (2-tailed)** Correlation is significant at the 0.01 level (2-tailed)

Table 6. Water quality index (WQI) during spring season of Tattapani thermal spring (2020-2021)

Parameters Observed Standard Unit Quality Wnqn
Values  Values (Sn)  Weights Rating

BIS/WHO/ICMR (wn) (qn)

pH 6.8 6.5-8.5 0.219 40 8.76
Dissolved Oxygen (mg/l) 4.4 5 0.3723 106.25 39.56
Calcium (mg/l) 53.79 75 0.025 71.72 1.793
Magnesium (mg/l) 38.38 30 0.061 127.93 7.80
Chlorides (mg/l) 69.07 250 0.0074 27.62 0.204
Nitrates (mg/l) 0.14 45 0.0412 0.311 0.0128
Phosphates (mg/l) 0.42 5 0.0878 8.4 0.73752
Sulphates (mg/l) 23.55 150 0.01236 15.7 0.194
Bicarbonates (mg/l) 273.28 120 0.0155 227.373 3.529
Sodium 7.3786 200 2 3.689 7.378
Potassium 9.3126 12 2 77.605 155.21

Wn=4.84156 qn = 706.598 Wnqn = 225.1783

WQI= Wnqn/Wn = 46.509
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positive correlation with copper, nickel and chro-
mium. Iron (Fe) reported a strongly significant nega-
tive correlation with copper (Cu) and positive corre-
lation with zinc (Zn). Nickel (Ni) showed a strongly
significant negative correlation with Zn and positive
correlation with Cu & Pb. Chromium (Cr) revealed
negative correlation with Pb, Cu and Ni. Cadmium
(Cd) showed strong significant negative correlation
with Cr and positive correlation with Zn and Fe
(Table 5).

Water quality index

Water Quality Index is an effective tool for measure-
ment of water quality and level of its contamination
in order to ascertain its usage for public consump-

tion, recreational and other purposes. These indices
also turn complex water quality data into informa-
tion that is understandable and usable by the com-
mon public (Yogendra and Puttaiah, 2008).

In the present study, 11 important parameters
viz. dissolved oxygen, pH, bicarbonate, calcium,
magnesium, chloride, sodium, potassium, nitrate,
phosphate and sulphate were selected for the calcu-
lation of water quality index by using the standards
of drinking water quality given by World Health
Organisation (WHO), Bureau of Indian Standards
(BIS) and Indian Council for Medical Research
(ICMR).WQI values based on some physicochemical
parameters of water when calculated for different
seasons of Tattapani thermal spring revealed some

Table 7. Water quality index (WQI) during summer season of Tattapani thermal spring (2020-2021)

Parameters Observed Standard Unit Quality Wnqn
Values  Values (Sn) Weights Rating

BIS/WHO/ICMR (Wn) (qn)

pH 6.6 6.5-8.5 0.219 80 17.52
Dissolved Oxygen(mg/l) 3 5 0.3723 120.83 44.98
Calcium (mg/l) 42.05 75 0.025 56.06 1.401
Magnesium (mg/l) 32.5 30 0.061 108.33 6.608
Chlorides (mg/l) 75.08 250 0.0074 30.032 0.222
Nitrates (mg/l) 0.15 45 0.0412 0.33 0.0135
Phosphates (mg/l) 0.44 5 0.0878 8.8 0.772
Sulphates (mg/l) 39.15 150 0.01236 26.1 0.322
Bicarbonates (mg/l) 178.30 120 0.0155 148.58 2.302
Sodium 7.5128 200 2 3.756 7.512
Potassium 9.4825 12 2 79.020 158.04

Wn = 4.84156 qn = 694.508 Wnqn = 239.8101

WQI= Wnqn/Wn = 49.531

Table 8. Water quality index (WQI) during monsoon season of Tattapani thermal spring (2020-2021)

Parameters Observed Standard Unit Quality Wnqn
Values  Values (Sn)  Weights Rating

BIS/WHO/ICMR (Wn) (qn)

pH 6.7 6.5-8.5 0.219 60 7.74
Dissolved Oxygen (mg/l) 4.8 5 0.3723 102 37.97
Calcium (mg/l) 28.75 75 0.025 38.33 0.958
Magnesium (mg/l) 23.55 30 0.061 78.5 4.788
Chlorides (mg/l) 73.53 250 0.0074 29.412 0.217
Nitrates (mg/l) 0.12 45 0.0412 0.26 0.0107
Phosphates (mg/l) 0.39 5 0.0878 7.8 0.684
Sulphates (mg/l) 32.15 150 0.01236 21.43 2.648
Bicarbonates (mg/l) 244 120 0.0155 203.33 3.151
Sodium 7.1969 200 2 3.59 7.18
Potassium 9.1577 12 2 76.3141 152.628

Wn = 4.84156 qn = 620.966 Wnqn = 217.974

WQI= Wnqn/Wn =45.021
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variations (Tables 6, 7, 8 & 9). The values calculated
were 46.509, 49.531, 45.021 and 43.549 during
spring, summer, monsoon and winter respectively.
While, overall mean value of WQI was found to be
45.96 (Table 10). Based on WQI, water quality of
Tattapani thermal spring on the whole was good
during different seasons as well.

Conclusion

The current study provides information about
physical and chemical characteristics of Tattapani
thermal spring. The presence of minerals in hot wa-
ter probably reflects the geology of the area. The

application of water quality index revealed that
water quality of Tattapani thermal spring was good
throughout the year. Also, the concentration of
heavy metals analysed were within the permissible
limits except cadmium which slightly exceeds the
standardized value. Thus, it is important to monitor
the physical and chemical composition of thermal
springs and also make a regular check on its use for
recreational activities.
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Table 9. Water quality index (WQI) during winter season of Tattapani thermal spring (2020-2021)

Parameters Observed Standard Unit Quality Wnqn
Values Values (Sn) Weights Rating

BIS/WHO/ICMR (Wn) (qn)

pH 6.9 7.5 0.219 20 2.58
Dissolved Oxygen (mg/l) 5.2 5 0.3723 94 34.996
Calcium (mg/l) 58.87 75 0.025 78.49 1.962
Magnesium (mg/l) 39.15 30 0.061 130.5 7.960
Chlorides (mg/l) 62.57 250 0.0074 25.028 0.185
Nitrates (mg/l) 0.13 45 0.0412 0.28 0.011
Phosphates (mg/l) 0.28 5 0.0878 5.6 0.491
Sulphates (mg/l) 21.5 150 0.01236 14.33 0.177
Bicarbonates (mg/l) 274 120 0.0155 228.33 3.539
Sodium 6.9998 200 2 3.4999 6.999
Potassium 9.2674 12 2 77.228 154.456

Wn = qn = Wnqn =
4.84156  653.237 222.564

WQI= Wnqn/Wn = 45.96

Table 10. Mean water quality index (WQI) of Tattapani thermal spring (2020-2021)

Parameters Observed Standard Unit Quality Wnqn
Values Values (Sn) Weights Rating

BIS/WHO/ICMR (Wn) (qn)

pH 6.8 6.5-8.5 0.219 40 8.76
Dissolved Oxygen (mg/l) 4.4 5 0.3723 106.25 39.556
Calcium (mg/l) 45.87 75 0.025 61.16 1.529
Magnesium (mg/l) 33.39 30 0.061 111.3 6.789
Chlorides (mg/l) 70.66 250 0.0074 28.024 0.207
Nitrates (mg/l) 0.13 45 0.0412 0.28 0.011
Phosphates (mg/l) 0.38 5 0.0878 7.6 0.66
Sulphates (mg/l) 23.66 150 0.01236 15.77 0.194
Bicarbonates (mg/l) 242.39 120 0.0155 201.99 3.130
Sodium 7.2720 200 2 3.636 7.272
Potassium 9.2674 12 2Wn = 77.228qn = 154.456

4.84156 653.237 Wnqn =
 222.564

WQI= Wnqn/Wn = 45.96
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