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Abstract

Current studies were performed to evaluate the physico-chemical characteristics and therapeutic potential of Chutrun thermal
springs located in the North-west of Shigar Valley, Gilgit-Baltistan (Pakistan). Thermal springs with different mineral con-
tents have been used by people for bathing and health purposes since old timings. The mineral water of these springs contains
elements like sodium, potassium, calcium, magnesium as chlorides, fluorides, sulphates, phosphates and bicarbonates which
may be responsible for cure of various diseases. Chutrun hot springs have 7.21-7.8 pH, 40-42° C Temperature, 300-310 ppm
TDS, 3.1-6.7 ppm DO, 278-285 ppm hardness, 1.62-2.42 ppm turbidity, 250-260 ppm alkalinity, 500-516 ppm conductiv-
ity, 12—-18 ppm sodium, 3.8—4.1 ppm potassium, 80—82 ppm calcium, 20 ppm magnesium, 9.6—12 ppm chlorides, 3.4-3.9
fluorides, 260-282 bicarbonates and 80-85 ppm sulphates. Absence of E.Coli and faecal coliforms indicated that waters
from thermal springs are free from organic wastes contaminations. Water from thermal springs of Chutrun was unsuitable
for drinking purposes due to the presence of high fluoride content and also small amount of total coliforms which may be
due to the presence of environmental bacteria and non-protective measures during sampling but it was found suitable for

bathing and other body contact activities.
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Introduction

Hot groundwater containing an elevated temperature rises
from the earth surface for the production of thermal springs.
Usually, these thermal springs arise from fissure of earth
crust and its deep faults. The main reasons for high tempera-
ture of thermal springs are exothermic reactions, geothermal
energy and disintegration reactions of radioactive elements.
The geothermal waters are rich in dissolved solids and vari-
ous minerals like alkali metals, alkaline earth metals, car-
bonates, bicarbonates, sulphates, trace elements and gases
(Bisht et al. 2011; Mohanty et al. 2014).

According to reports, water from thermal springs con-
tains some rectifying effects for the treatment of various
diseases, e.g., atopic dermatitis, cardiovascular diseases,
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inflammatory arthritis, ankylosing spondylitis, rheumatic
disease, asthma and rhino sinusitis. Moreover, it is com-
monly believed that soaking in hot spring helps to treat joint
pains and strained muscles (Lele and Deshmukh 2016; Liang
et al. 2015). Absorption of minerals through soaking is frac-
tional, and the amount absorbed into the body is concentra-
tion dependent (Lopez et al. 2002).

There are 7000 enzymatic processes involved in human
body metabolism which requires minerals and trace ele-
ments, out of which over 80 essential nutrients and miner-
als are found in hot mineral water. Balneology, the practice
of using thermal/hot mineral water for the treatment and
cure of diseases, also has a long history (Luime et al. 2004).
Absorption of minerals through soaking in hot springs is
trivial and it depends upon concentration of minerals in hot/
thermal springs. It varies depending upon the minerals and
its chemical form in hot springs (Javed et al. 2009).

Animals are believed to discover the medicinal proper-
ties of thermal springs through curing their feet, wounds, or
maintaining their body temperature. Afterwards, mankind
began to explore the therapeutic properties of hot springs.
Medical hydrology is today a modern branch of medicine.
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In 1986, thermal springs were declared as an alternative
source of treatment to get good physical and mental health.
Thus emerging as a new discipline, medical hydrology has
been accepted as complementary medicine by World Health
Organization (Reyes et al. 2015). Thermal springs are natu-
ral sources which, if probed optimally, have the potential to
make considerable contribution in certain pragmatic ways.
However, some studies have suggested that geothermal water
may contain toxic elements such as arsenic and mercury,
hence care should be exercised regarding appropriate and
precise use of thermal springs (Olivier et al. 2008).

Current studies were performed to investigate the phys-
ico-chemical characteristics and therapeutic potential of
Chutrun Thermal Springs in Shigar Valley, Gilgit-Baltistan
(Pakistan) as these springs have been used by the people for
the cure of many diseases since from the long times.

Materials and methods
Study area

Chutrun Thermal Springs in Shigar Valley were subjected
to physico-chemical and therapeutic investigations. Shi-
gar Valley is located in Northern part of Pakistan. In the
north-western suburbs of Shigar Valley at a distance of
approx. 46 kms, lies Union Council of Tisar having an
approximate population of 450-500 members. Tisar is
famously referred to as Chutrun, owing to the hot water

springs located in the village. Chutrun is a combination of
two words of native language “Chu” meaning “water” and
“trun” meaning “hot”. Chutrun comprises of four different
springs located within an area of approximately 100 m.
Figures 1 and 2 represent the pictorial view of both the
thermal springs.

Chutrun latitude and longitude

Latitude (DMS) =36 40'33" N; Longitude (DMS) =75
26"26" E; UTM Zone=43 S

Elevation = 8023 Ft

The area with harsh and lofty mountains typically rep-
resents the Karakorum Range. It also maps the Baltoro
Glacier which is largest out of arctic regions being 56 Kms
long which peculiarly defines the weather of the area of
study (Agheem et al. 2011, 2004; Blauwet et al. 1997).

Sampling

Water samples were collected from four thermal springs
of Chutrun in polyethene screw capped bottles in March
2018. The sample bottles were washed with tap water fol-
lowed by rinsing with distilled water before collecting
the samples. All precautions were taken during sampling,
transportation and storage.

Fig. 1 Chutrun Hot Springs, Shigar Valley, Gilgit-Baltistan
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Fig.2 Bathing area
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Figures 3 a-d: Graphical-representation of some important physico-chemical parameters of Chutrun Thermal Spring 1 (a), Spring 2 (b), Spring

3 (c) and Spring 4 (d)

Analysis

Temperature of each sample was measured at the time of its

collection. Calibrated instruments were used to measure pH
(HANNA pH210), Conductivity, TDS JENWAY 4320) and
Turbidity (HANNA HI 93,703). Titration methods were used
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to measure the alkalinity, bicarbonate (acidimetric), chlo-
rides (argentometric), calcium and magnesium (complexo-
metric). Sodium and potassium were measured by Flame
photometer (DV710W). Atomic absorption spectrometer
(Vario 6) was used to measure the concentration of zinc,
copper, manganese (flame mode), arsenic (hydride mode)
and calorimeter (HACH DR2800) for iron and fluorides;
sulphates (DR/890) and nitrates were measured using spec-
trophotometer (SECOMAM UV Line 9400).The statistical
method MPN (most probable number) was used for micro-
biological analysis (Rice et al. 2012). The measured values
of samples were compared with the standard quality param-
eters of WHO and PSQCA for drinking water.

Results and discussions

Physico-chemical analyses of thermal springs are shown in
Tables 1, 2, 3; some important physico-chemical parameters
of Chutrun thermal Springs 1-4 have been graphically rep-
resented by Fig. 3a—d. The temperature of springs ranges
from 40 to 42 °C during the month of March. The pH, EC,
DO, alkalinity, turbidity, hardness and TDS values observed
during analysis met the standard values given by WHO and
PSQCA.

The concentration of cations, anions and their stand-
ard values are represented in Table 2 while Table 3 dis-
plays the statistical data (mean, median, mode, standard
deviation) applied on chemical parameters of Table 1; it is
worth mentioning that no standard value is set for bicar-
bonates. The concentration of ions was within the permis-
sible limits, except fluorides which were 2—3 times higher

Table 1 Physico-chemical

. parameters Temp Temp PH DO  TDS Turbidity EC Hardness  Alkalinity
analyses of thermal springs Air (°C) Water (°C) - ppm  ppm NTU wSfem  yom ppm
Standard - - 6.5-8.5 10 1000 <5 NGV 500 600
(Porteous
et al. 2013)
Spring1 15 42 7.25 6.64 306 2.2 510 280 252
Spring2 15 41 7.35 6.7 308 175 514 278 252
Spring3 14 40 7.8 3.7 310 1.62 516 285 260
Spring4 14 42 7.21 3.1 300 242 500 280 250
Application of Statistics
parameters Temp Temp PH DO TDS Turbidity EC Hardness ~ Alkalinity
Air (°C) Water (°C) - ppm  ppm NTU wSlem - Hom ppm
Mean 14.5 41.25 7.40 5.035 306 1.997 510  280.75 2535
Median 14.5 41.5 7.3 517 307 1975 512 280 252
Mode 14,15 42 - - - - - 280 252
Minimum 14 40 7.21 3.1 300 1.62 500 278 250
Maximum 15 42 7.8 6.7 310 242 516 285 260
SD 0.5 0.83 0235 1.65 374 0325 6.16 2.58 3.84
Table 2 Chemical analysis of thermal springs 1-4
Tons Nat K+ Ca™ Mg™ Zn™ Cu*™® Mn As Fe HCO,~ SO/ F  CI° CO;” NOy”
ppm PP PP ppm  ppm  ppm  ppm  ppb  ppm  ppm ppm  ppm  ppm ppm  ppm
Std 160 75 200 100 15 1 0.5 50 0.3 NGV 400 1.5 250 NGV 10
(Porteous et al.
2013)
Spring1 12 39 80 20 BDL BDL BDL 054 BDL 260 85 36 9 BDL BDL
Spring2 14 4 82 20 BDL BDL BDL 052 BDL 262 82 39 12 BDL BDL
Spring3 18 41 82 20 BDL BDL BDL 0.61 BDL 282 80 35 10 BDL BDL
Spring4 12 41 80 20 BDL BDL BDL 0.81 BDL 260 85 34 10 BDL BDL
”Mﬁ;mféw @ Springer
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Table 3 Application of statistics Statistics Na* K+ Cat? Mg+ As HCO,™ S0, - cr-
on chemical parameters of
thermal springs 1-4 Mean 14 4025 81 20 0.620 266 83 3.6 10.25
Median 13 4.05 81 20 0.575 261 83.5 3.55 10
Mode 12 4.1 80,82 20 - 260 85 - 10
Minimum 12 39 80 20 0.52 260 80 34 9
18 4.1 82 20 0.81 282 85 39 12
SD 2.45 0.083 1.58 0.00 0.115 9.27 2.12 0.187 1.09
Table 4 Microbiological analysis WHO and PSQCA can be used for drinking purposes. The
Samples Total Coliforms Faccal E.Coli data shows that thermal springs of Chutrun (Shigar Val-
(MPN/100 ml) Coliforms ley) are suitable for bathing and body contact activities,
. . . but not fit for drinking due to high content of fluorides.
Standlarzdo(lpsorteous Negative Negative Negative  There are two main benefit areas of bathing in hot mineral
S;;ig | ) 6 e e springs above 42 °C, temperatl'lre and minerals. Tempe.ra—
Spring 2 6 v e Fure of water causes th.e Physwal F:ffects of k?ody which
Spring 3 6 e e improves oxygen flow in tissues, dilate the skin, increase
. flow rate of sedating substances and relaxes muscles
Spring 4 6 —ve —ve

in concentration than the standard range. Microbiological
analyses are shown in Table 4.

Table 5 shows a comparision between various physico-
chemical parameters of some renowned thermal springs of
the world.

Chemical composition of thermal springs has its own
beneficial effects on human health; the water from these
springs can increase metabolism, improve blood circula-
tion, sooth muscles, accelerate healing and detoxify the
body’s lymphatic system soaking (Verhagen et al. 2004).
The water from these thermal springs contains mineral
contents within limits of drinking water standards laid by

(Dabbs 2009; Gutenbrunner et al. 2010).Chemical effects
are due to the minerals, and other substances in the water
are transferred to the skin and blood streams through the
process of osmosis (Ghersetich and Lotti 1996). Then,
utilized by body cells. Osmotic qualities, i.e., minerals
concentration, the pH level and the minerals chemical
forms in water affect the transdermal carrier effects of
any mineral water. The temperature of Chutrun springs
ranges from 40 to 42 °C. Bathing in thermal springs
containing calcium and magnesium is not only vital for
growth, but also helps to maintain bones, cures for dis-
eases of veins, neuritis, arthritis, bronchial infections and
menstrual cramp (Altman 2000). It also promotes skin
and converts blood sugar to energy (Mennuni et al. 2014).
The Chutrun hot springs contain calcium(80—-82 ppm)and

Table 5 Physico-chemical comparison between Chutrun hot springs and world’s renowned thermal springs

Parameters Chutrun Manghopir Selangor Kusatsu (Japan)  Limpopo Arkanasas Ranong
(Pakistan) (Pakistan) (Malaysia) (Kotake et al. (South Africa) (USA) (Thailand)
(Shigar) (Javed et al. (Hamzah et al. 1999) (Olivier et al. (Lund 1996) (Sudjaroen et al.
2009) 2013) 2011) 2017)
Temperature 40-42 47 36.1-67.90 60-67 26-67.5 32-62 61.5-65.3
PH 7.21-7.8 7.2-7.6 7.14-8.98 2 7.35-9.70 4.52-7.70 7.56-7.74
TDS (ppm) 300-310 2180-2188 228-376 s - 104.7-1385 - 210-230
Sodium (ppm) 12-18 544-555 37-81.91 53.70 10.5-156.3 4 10.2-13.8
Potassium (ppm) 3.8-4.1 21-25 1.7-56.81 16 0.99-4.25 1.5 150-189
Calcium (ppm) 80-82 80-84 3.75-19.77 72 1.31-13.73 45 18.7-20.6
Magnesium (ppm) 20 56 0.2-0.6 39 0.00-27.6 4.8 0.36-0.51
Chlorides (ppm) 9.6-12 584-599 7.06-20.66 343 19.4-168.97 1.8 18.3-23.2
Fluorides (ppm) 34-39 - 4.0-4.2 12 0.18-6.50 0.2 0.12-0.89
Sulphates (ppm) 80-85 437-442 0.15-1.51 611 2.98-53.17 8 8.1-12.1
Bicarbonates (ppm)  260-282 395-494 60-108 - - 165 4.3-5.7
ﬁf&ﬁmﬁﬁw @ Springer
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magnesium(20 ppm). It has been suggested, that sulphates
are healthy digestion in terms of improvement of con-
stipation symptoms, promote enzyme activity in redox
processes and cellular respiration(Bothe et al. 2017).
The sulphates in Chutrun hot springs are between 80 and
85 ppm. Researchers proved that bathing in bicarbonate
water also prevents nervous system imbalances and car-
diovascular diseases and helps to improve circulation to
the body’s extremities. European balneologists are also
believed to use bicarbonate waters for bathing to cure
mild atherosclerosis and hypertension (Bojadgieva et al.
2002; Mennuni et al. 2014). Chutrun hot springs contain
260-282 ppm bicarbonates. In geothermal hot springs,
fluorides concentration above 1 mg/Lit have the medici-
nal value. (Dojlido and Best 1993). Fluorides contents in
Chutrun hot springs are 3.4 to 3.9 ppm. It protects and
prevent tooth decay, bone mineralization and develop-
ment. (Ambarkova et al. 2012; Quattrini et al. 2016). For
drinking purpose, the values of Fluorides in all Chutrun
thermal springs found above the permissible limit given
by WHO and PCSQA. Due to high-concentration, of fluo-
rides above, 1.5 mg/L waters of these thermal springs
are not recommended for portable use. The high intake
of fluoridated water may have carcinogenic effects and
some toxic effects from dental fluorosis to skeletal fluo-
rosis (Wang et al. 2004). Chutrun hot springs contain
12-18 ppm of potassium, 12—-18 ppm of sodium and
between 9 and 12 ppm of chlorides which are found in
low amount. But according to medical balneotherapists,
small amounts of therapeutic minerals absorbed into the
body through skin also have a significant therapeutic
value (Javed et al. 2009; ur Rahman and Bilal 2017). The
other analysed trace elements, i.e., zinc, copper, manga-
nese and iron concentrations are below detection limits
except arsenic (0.5-0.81 ppb) which is a toxic element,
present in less amount. Carbonates were not detected due
to weak alkaline nature of Chutrun hot springs. Accord-
ing to WHO and PSQCA, total coliforms, faecal, coli-
forms and E. Coli, should be negative for, drinking water.
Faecal, Coliforms and E. Coli, both are found negative
which indicated the absence of contamination caused
by fertilizers and other organic wastes but positive for
total coliforms having same values of all samples which
may be due to environmental bacteria and non-protective
measures during sampling.

Similar studies on world’s renowned thermal springs,
i.e., Ikogosi (Nigeria), Selangor (Malaysia), Arkanasas
(USA), Southern/Northern part of Limpopo (South
Africa), Kusatsu (Japan), Ranong (Thailand), Shrgalijuut
(Mongolia) and Monghopir (Pakistan) have shown the
presence of 4.3-494 mg/L bicarbonates, 0.15-442 mg/L
sulphates, 0.00-982.62 mg/L chlorides, 0.12-12 mg/L
fluorides, 0.00-56 mg/L magnesium, 2.06—-84 mg/L
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calcium, 0.67-189 mg/L potassium and 0.67-621.99 mg/L.
sodium; they possessed TDS value of 104.74-2188 mg/L,
pH 2.0-9.7 and the temperature of 26.0-90.50 °C (Hus-
sain 2020). Recent studies have suggested the effectiveness
of Nigerian thermal springs for the treatment of chronic
health conditions and muscoskeletal disorders (Olayinka
2020).

There are common practices of natural therapy modal-
ities such as balneotherapy and thermal therapy for the
treatment of pains and chronic aches all over the world.
Studies on thermal springs of Nepal have also reported
some cases of outbreaks of infection from common spring
baths so it is necessary to provide awareness regard-
ing safety of the people seeking treatment. (Vaidya and
Nakarmi 2020).

Conclusions

Groundwater containing minerals and temperature above
40 °C is called hot mineral spring. All four thermal springs
in Chutrun (Shigar Valley) are classified as Hot springs
with weak alkaline nature having almost same amount of
physical and chemical parameters due to same geological
and environmental conditions around springs which found
suitable for bathing and unsuitable for potable use. Physi-
cal effects being result of water temperature, improves
oxygen flow in tissues, dilate the skin, increase flow rate
of sedating substances and relaxes muscles. The major
ions present are responsible for the therapeutic potentials
of these hot springs are calcium, magnesium, potassium,
fluorides and bicarbonates which are found curative for
acid base balance in blood, bone mineralization, diseases
of veins, arthritis, cardiovascular diseases and positive
effect on digestive tract. Absence of faecal coliforms
and E. coli indicated contamination free environment
of thermal springs. Chutrun hot springs are found fit for
Balneotherapy.
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