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ABSTRACT:

This study describes for the first time physico-chemical characteristics of five hot springs viz; Sinkosh, Singha,
Bhurung, Ratopani and Paudwar hot springs located in Myagdi district, Nepal. Of these hot springs Sinkosh,
Ratopani and Paudwar are reported first time in this study. The water samples were analyzed for physical
characters, major cations (Ca®*, Mg®*, Na* and K*),and major anions (CI", SO4%, NO*, and HCO¥) and some
trace elements e.g. Cu®*, Fe?*, F", Hg*", Se?, B*, As®*, Cd** and NH*". Physico-chemical results were compared
with WHO and National Drinking Water Quality Standard (NDWQS) of Nepal. For balneotherapy suitability
were compared to European Union (EU) and United States (US) spas standards. Temperature of the hot springs
varied from 42.3 to 65.3 0C.The pH of the water samples in study area was slightly acidic to neutral (6.6 to 7.2)
and electrical conductivity1462 to 2368 uS/cm. Piper diagram showed Na® CI type water quality in all hot
springs except Ratopani that shows "mixed" (Ca**-Mg®*-CI")type water. Durov diagram revealed that, Bhurung
and Ratopani hot springs water is in simple dissolution or mixing type, whereas Singha, Sinkosh and Paudwar
hot springs possesses reverse ion exchange type. Schoeller diagram showed almost similar relative tendency of
water in all the five hot springs. The hot springs water was above the permissible standard for drinking water, so
water can be used only after certain treatment. On the other hand, all of the parameters were within the
acceptable standards for balneotherapy.
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1. INTRODUCTION
Geothermal springs are associated with various intrusion, tectogenesis and radioactivity [1]. Hot
heat sources, such as active volcano, magma springs with low to intermediate temperature are
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also found in the areas where a recent volcanic or
tectonic activity is unknown. Most of these are
well discharged hot water springs and are known
as “Natural Spring”[2]. Springs are the natural
outlet through which ground water emerges at the
surface as concentrated discharge from an aquifer
[3]. In context of Nepal, there are quite a number
of natural hot water springs stretching between the
Himalayan and mountain regions. Hot springs
occur in all the major valleys of central Nepal.
These are commonly found where two tectonic-
geomorphic settings come together. Central Nepal
valley has one such major Garben structure
located in the Thakola or Mustang area that
contributes the upper reaches of the Kali Gandaki
river at altitudes of 3500-4000 m. The second
setting for hot springs is along steep reaches of
major streams in deeply incised valleys, generally
near 1000-1550 m altitude [4].

More than twenty eight geothermal manifestations
have been identified in different parts of Nepal
which are confined to three distinct tectonic and
structural features that characterize the Himalayas
in general, the first group lies beyond the higher
Himalayas and north of the Main Central Thrust
(MCT) in the geological formation similar to the
Tibetan region of China. The second group of
thermal spring lies close to the MCT whereas the
third group falls on the Main Boundary Fault
(MBF) in the Siwalik region. The MBF was
developed as a result of continent collision of the
Indian plate with the Eurasian plate [5].Hot spring
water is increasingly being used for industrial
processing, agriculture, aquaculture, bottled water
and extraction of rare elements. Moreover, with
the increasing popularity of spas and growing
importance attached to practice of using natural
mineral water for the treatment and cure of
disease, thermal springs are becoming centers of
balneology [6]. Among all the hot spring of Nepal,
the Singha and Bhurung hot spring located in
Myagdi district are more popular. Many patients
suffering from various disorders, e.g. arthritis,
skin conditions, gastrointestinal and bowel
associated diseases visit these hot springs in
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search of cures of their conditions. The localities
of these hot springs also have been considered as
holy places for religious activities in the region
and some of them also serve as hospitals for the
rural poor. People from distant places visit Singha
hot spring located in Singha Village Development
Committee (VDC) in the belief that the water of
hot spring is panacea for many diseases.

The thermal springs around Myagdi district are
well known and are being used for many years for
balneology; however, the origin and the structure
of these hydrothermal systems are not known.
Human activities in the above hot spring is
increasing due to growth in human population,
increasing tourist in the area, urbanization and
increase demand for water, which in turn had led
to an increase in the water pollution and a
decrease in water quality of the area. Given the
above, we have undertaken this study that
involves the physico-chemical analysis of water
sample collected from the five different hot spring
of Myagdi district to analyze the fitness of the
spring water for drinking based on National
Drinking Water Quality Standard of Nepal [7],
WHO guidelines [8] and for balneotherapy based
on global famous guidelines of European Union
(EU) and United States (US) spas [9].

2. MATERIALS AND METHODS

2.1.Study Area

Myagdi district is the hilly district in Dhaulagiri
zone, located in western part of Nepal (Fig. 1A)
between longitude 83° 08 to 83° 93 and latitude
28° 20" to 28° 48’. Along with it the natural
resources, and cultural heritage, the adventure,
trekking/hiking trails of Ghorepani and Poon hills
are major attraction of the region[10]. Several hot
springs, (locally termed as “tatopani”), viz
Ghorepani, Bhurung, Singha, Chhumrung, Dana,
Darmija, Dokhola and Dhadkharka have been
reported earlier from the

district [11, 12]. Paudwar and Ratopani hot
springs located in Narchyang VDC and Sinkosh
hot spring located in Mudi VDC of Myagdi
district are reported first time in this study.
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Fig.1A. Geological Map of Myagdi district, Nepal.
Circles showing the hot spring located in study area
(administrative boundary, source: Survey of Nepal)
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Fig.1B Hillshade image of the study area located in
Myagdi district, Nepal. (Source: Aster gdem).

Table 1: Graphical Location (coordinates) and description of the study area

Sampling | GPS location Elevation | Site description

Site Northing Easting

Sinkosh 2834.801° | 083%23517 | 1903M Spring water from source is connected to a pipe outlet for bathing and consuming.

Singha 28%22.067° | 083"30.149 | 898M Spring water collected in well and drain through an outlet for consumption and ponds
are made for spa therapy.

Ratopani 28%28.702 083%38.473 1170M Spring oozing out from the cracks of rocks was collected in small graveled pound for
balneotherapy.

Bhurung | 28°29.742° | 083%39.242" | 1183M Spring water is collected in cemented well and with help of motor pump hot water is
collected and used for balneotherapy.

Paudwar 28%30.013 083%39.340 1235M Spring water from source directly collected into small cemented pond.

2.2.Sample collection

Samples from five hot springs (Bhurung, Singha,
Sinkosh, Paudwar and Ratopani) were collected in
October 2013, location of the sampling springs are
indicated in Fig. 1(A and B) and their respective
co-ordinates in Table 1. Water samples were
collected from the channels close to the source in
cleaned polyethylene bottles (Fig. 2A). One bottle
was untreated and was used for anion analyses and
the second bottle was acidified with ultrapure
nitric acid such that the pH of water was < 2 and
this sample was used for major cations analyses.
After sampling, the lids of the containers were
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immediately replaced to minimize contamination
and loss of gases.

Fig 2A: Spring water collected aseptially in a
polyethylene bottle from Sinkosh hot spring.
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Fig 2C: Sulfur deposits at Bhurung hot spring.

2.3.Physico-chemical Analysis

The physico-chemical parameters like
temperature, pH, electrical conductivity (EC) and
turbidity were determined on the field due to their
unstable nature. Color, total organic carbon
(TOC), total dissolved solid (TDS), total
suspended solid (TSS), biological oxygen demand
(BOD), chemical oxygen demand (COD) and
concentration of certain elements such as Iron
(Fe*), Copper (Cu*), Sodium (Na*), Potassium
(K"), Magnesium (Mg"), Calcium (Ca*), Fluoride
(F) were determined at Water Engineering and
Training Centre (P.) Ltd. Kathmandu, Nepal.
Total hardness, Chloride (CI), bicarbonate (HCO3
), ammonia (NH,"), Sulphate (SO4%), Mercury
(Hg?), Cadmium (Cd**), Arsenic (As**), Boron
(B, Nitrate (NOs) Selenium (Se*) were
measured in the environment laboratory of Nepal
Academy of Science and Technology (NAST),
Lalitpur, Nepal as per American Public Health
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Association [13] standard procedure . Methods of
analysis of these elements are summarized in
Table 2.

2.4. Data analysis

Graphical techniques that have been developed for
the presentation of chemical components of water
helps in the compilation and presentation of
chemical data in a convenient manner for visual
inspection and variety of data presentation
techniques have been developed for showing the
major chemical constituents in classic graphical
representations [14]. Piper [15], Durov [16] and
Schoeller [17] diagram were constructed for
analyzing the chemical characteristics of water
sample.

3. RESULTS

The physico-chemical characters of the spring
water are described in three categories; physical,
chemical and graphical representation. The
chemical analyses of the groundwater showed
large variations in ion concentrations.
3.1.Physical Characteristics

The physico-chemical data of hot springs is
summarized in Table 2. Hot springs were
transparent with clear bottom, however, algal mats
were found floating on the surface (Fig. 2B).
Moreover a striking physical feature observed was
sulfur like odor of the water and sulfur deposits at
the site (Fig. 2C). Temperature of hot spring water
was observed to vary from 42.3 to 62.3 °C. The
variation in the spring temperature may be due to
the rate of ground water flow because as the
groundwater flows to a spring, its composition and
temperature may change depending on the
materials through which the water flows, the
length of time the water below the surface and the
geological setting [18]. Spring water samples were
found of neutral pH. Electrical conductivity in the
study area ranged from 1462 to 2368 uS/cm. EC
was high at Paudwar hot spring which may be due
to the highest concentration of salt of sulphate,
bicarbonate, calcium, sodium ions [19]. It is also
reported that, EC is dependent on temperature [20]
and interestingly the relation was seen in this
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study too. Turbidity is the cloudiness of water
caused by a variety of particles and also related to
the content of diseases causing organisms in
water, which may come from soil runoff [21].
The results indicate that the turbidity of all the
samples studied was below the maximum standard
limit of 5 NTU. Total dissolved solids (TDS)
varied from 141 to 1832 mg/l and total suspended
solids (TSS) in the entire
hotspringsampleswasbelow1.0mg/l. Total organic
carbon (TOC) was found in range of below 0.1 to
0.46 mg/l and this low concentration is enough to
support  the growth of  thermophilic
chemoautotroph’s. Study done at Fire hole pool,
Yellow stone TOC was only 2ppm (0.002 mg/l)
and this supported the presence of bacteria
because it is unlikely to produce organic carbon
from surrounding vegetation or soil as the

geothermal water comes from deep holes [22].
Biochemical oxygen demand (BOD) and
Chemical oxygen demand (COD) of the entire hot
spring were below the WHO standard value. Total
hardness of water varied from 178 to 858 mg/|
which may be due to the presence of calcium and
magnesium as bicarbonate salts [23].
3.2.Chemical analysis

The collected water samples were cnemically
analyzed for the major cations (Na* , K*, Ca*" and
Mg*") and major anions (CI", SO,* , NO; and
HCO5 ) in addition to Fe**, F, Hg®", Cd*", As*,
Se”, B*, Cu® which are naturally very variable
due to local geological, climatic and geographical
conditions. The distribution of major cations and
anions in Myagdi district is briefly summarized in
Table 2.

Table 2: Physico-chemical analysis of water sample from hot springs of Myagdi district, Nepal

Hot springs Criteria
; NDW (EU
S:N. | Parameters Method Unit Sinkosh | Singha R_atopa Bhurun | Paudwar | og WHO and US
ni g Spa)
1. Color 2120B,APHA 21" EDITION Hazen | <5.0 <5.0 <5.0 <5.0 <5.0 5(15) <15 -
Digital pH 0 29-35
2. | T _ 42. 2 7.4 7 : - -
emperature meter(HACHSension!) C 3 50 5 60 65.3 oc
Digital pH 6.5-
3. pH meter(HACHSensionl) - 6.69 6.95 7.28 6.74 6.87 85 6.5-85 | 7.2-76
Turbidity HAN_A. HI98713 ISO NTU 3.71 1.14 2.8 2.03 1.38 5(10) >5 -
Turbidimeter
5. Conductivity Digital HANA H18633 puS/cm | 1462 2115 1975 2235 2368 1500 2500 >2,308
6. TDS 2540,APHA, 21 EDITION mg/l 822 852.0 141 738 1831 1000 1000 >1500
7. TSS 2540,APHA, 21 EDITION mg/l <1.0 <1.0 <1.0 <1.0 <1.0 - - -
8. TOC 4500,APHA, 21% EDITION mg/I <1.0 0.23 0.46 0.46 0.23 - - -
9. COD 5220B,APHA, 21" EDITION mg/I 3.0 2.0 12.0 2.0 1.0 - 250 -
10. BOD 5210B,APHA, 213 EDITION mg/l 0.75 0.46 3.0 0.44 0.2 - 30 -
150-
11. Hardness 2349, APHA 21%EDITION mg/l 858 178 364 364 588 500 500 -
. 4500-NH,
12. A : | 1. 1. . 1. . 1. . -
mmonia APHA 21%EDITION mg/ 6 8 0.6 6 3.0 5 0.50
13. Iron 3111B,APHA, 21" EDITION mg/l 11.8 0.43 0.22 1.06 0.16 0.3(3) | 0.3 >1.0
14. Cadmium 3111B, APHA, 21¥EDITION | mgl/l 0.00003 | 0.0016 | 0.0005 | 0.00003 | 0.00004 | 0.01 0.003 3x10°
>0.
15. Selenium 3114C,APHA, 21" EDITION mg/I >0.005 50 00 >0.005 | >0.005 | >0.005 - 0.01 3x10°
16. Copper 3111B,APHA, 21" EDITION mg/I 0.006 0.02 0.03 0.003 0.08 1 2 5x10°
17. Mercury 3111B, APHA, 21¥EDITION | mg/l 0.0460 | 0.0240 | 0.0350 | 0.0170 | 0.0560 0.001 | 0.006 7x10-°
18. | Arsenic 3114C, APHA, 21¥EDITION | mg/l 0.0012 | 0.3168 | 0.4072 | 0.0037 | 0.0019 0.05 0.01 6x10°
. 4500F-D,APHA, 21 0.5-
19. Fluoride EDITION mg/I 13 49 0.99 1.2 23 15 15 >1
20. Boron 3111B,,APHA, 21% EDITION mg/l 1.7 7.3 0.1 0.3 0.98 - 24 0.08
Punam Yadav, et al. 703
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21. | Sodium 3111B,APHA, 21NEDITION | mg/l | 325 270 272 1920 | 9905 - 200 >200
22. | Potassium 3111BAPHA, 21TEDITION | mg/l | 194 364 |64 55.3 2738 - 50 0-90
23. | Calcium 3500-Ca,APHA, 21" EDITION | mg/l | 46.4 512 | 336 865 156.9 200 100 >150
24. | Magnesium 4500Mg, APHA,21%EDITION | mg/l | 21.2 301 | 44 212 181 50 >50
25. | Sulphate 4500-S04,APHA, 21 mg/l | 301.08 | 23.08 |31.26 |6253 |33234 |250 | 250 >200
EDITION

26. | Bicarbonate | 2323, APHA 215EDITION mg/ll | 374 365 | 331 423 472 - - >600
27. | Chloride 4500CI, APHA 215EDITION | mg/l | 142 47144 | 27526 | 680.18 | 291.1 250 | 250 >200
28. | Nitrate 4500NO3, APHA 21"EDITION | mg/l | 0.00 2 2 0 0 50 50 -

TDS: Total Dissolved Solid; TSS: Total Suspended Solid; TOC: Total Organic Carbon; BOD: Biological
Oxygen Demand; NTU: Nephelometric Turbidity Unit; NDWQS: Nepal Drinking Water Standard; WHO:
World health organization; EU & USspa: European and United States Spa. Values in parenthesis refers the
acceptable values only when alternative is not available.

3.3.Hydrochemical characters

Hydrochemical characters of water samples were
analyzed according to major ionic compositions
by Piper, Durov and Schoeller graphical diagrams

A: Ca¥ Trpe
B: Mg Type
s sy | C:Na"K* Trpe
A sasans vetenng | 2 No dominant Type

¥ Brurung Mot png

Postem Hotipang | HCO}‘ T}'p?

. ) g &%, i
using Geochemist Workbench student edition N f F: 50 Type
Voo G: CF Type
11.0.3 software [24]. A% H: No dominant Type
( “;A)Vv’ I: Mixed Ca?* M1 Type
. . Y/ J: Ca** HCOy Type
3-.3-1- PI[.)?I’ Dlagr_am _ _ 7 o A& 10008 >0N€""’A"ao- K K:Na* CF Type
Piper’s trilinear diagram provides convenient 2RO WOV % LB L: Mixed Ca¥Na'HCOy Tope
WIAYA:AVAN \ JE FANAN con O
LeonKON o Q' 9, LN P\ eacr Trpe

method to classify water types based on their ionic
composition. The diagram include two triangles,
one for cations and other for anions, both fields

Y,
Fe¢ N: Na*HCO; Type

are combined to show a single point in a diamond- <ot = 4 Na® K*HCO, Type
shaped field [25].
Water is divided into four basic types according to Fig 3: Piper trilinear diagram, showing

their placement near the four corners of the
diamond [26] and further into seven fields
(designated with alphabets from A to G) using
[27] classification. Using the classification scheme
described in fig. 4, all samples belong to Na* K*
Cl" SO,* type (field 3) demonstrating majority of

hydrochemical facies of water sample collected from
hot springs of Myagdi district, Nepal.

3.3.2. Durov diagram
Durov diagram provides more information on
evolutionary trends and hydrochemical facies by

samples Na*- CI" type (saline type, field K) expect
Ratopani hot spring that shows “mixed” Ca?*-
Mg®*- CI' (field 1) type.

The anion triangle shows CI type water at
Ratopani, Singha and Bhurung whereas Sinkosh
and Paudwar hot spring shows no dominant type.
Similarly, cation triangle shows Na* K* type in the
entire hot spring except Ratopani hot spring,
which shows no dominant type (Fig. 3).
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helping to identify the water types and also
display some possible geochemical processes that
could help in understanding quality of
groundwater and indicate mixing of different
water types, ion exchange and reverse ion
exchange processes [28]. The diagram consists of
2 ternary diagrams where the cations and anions
are respectively plotted. Centre square plots total
cation vs. total anion concentrations. The two
expanded version includes TDS and pH data
added to the sides of the plot to allow further

704

1: Ca® Mg¥ CF SO, Tape
2: Co¥ Mg® HCOy Type
3: Na* K* CF $O,* Type




Physico-Chemical Analysis of Hot Springs of Myagdi District, Nepal for the Balneotherapy and Drinking Purposes

comparisons [29]. The Ratopani and Bhurung hot
spring were plotted in field 4 and 5 of Durov
diagram (Fig. 4) indicates simple dissolution or
mixing type water based on [30] classification.
The mixing phase in Ratopani and Bhurung hot
springs may be due to inland river water intrusion
thus influencing the chemical composition of the
hot springs. The mixing phenomena are with Ca?*-
HCOj5 (fresh water) and Na'-ClI™ (seawater) which
indicates the salinization processes [31] however,
in case of Ratopani and Bhurung the mixing
should be with fresh recent recharge water
exhibiting simple mixing with no dominant major
anion or cation [32] as seen in Piper diagram
Fig.3. Addition to this, Singha, Sinkosh and
Paudwar hot springs, in field 7and 8 shows
reverse ion exchange of Na*-Cl~ water which can
be due to the presence of salty formations. The pH
part of the plot reveals that water in study area is
neutral and TDS of water samples except Paudwar
was below 2000 mg/l which lies in the range of
drinking water standards.

indicating rechar ging water in
lisme stones, sundstones and other
aquifers

Field 2: HCO, and Mg® or Ca?
Na* indiscriminate

Field3: HCOy and Na*
dominant indicating jon-exchange
waters

Fieldsdand & Indicatewaters
exhubiting simple dissolution or
mixing

Fieldo: Indicatesa probable
mixing mfluence

Fields "and 8: Indicatereverse
100 Flllb\llﬂ!l ctions

Field?: Represents end point

waters

Fig 4: Durov diagram showing variation in major ion
chemistry, pH and TDS of hot springs located in
Myagdi, Nepal.

3.3.3. Schoeller Diagram

Schoeller diagram represents major ion analyses
in meg/l and demonstrates different hydro-
chemical characters on the same diagram. From
such diagram samples with similar patterns can be
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Fiedd 1: HCOy and Ca dominated

easily discriminated and also allows to make a
visual comparison of the composition of different
water [33]. The diagrams show concentration
ranges in the vertical direction and the
constituents along the horizontal axis. Singha,
Sinkosh and Paudwar hot spring water samples
show Na® and Cl concentrations more than 10
meq/l in Schoeller diagram (Fig. 5), Piper diagram
also showed higher concentration of these ions,
therefore these water are categories as non-
suitable and not acceptable for drinking purposes
[34]. The average concentrations of ions in
Myagdi hot springs water showed almost similar
relative tendency as Na* > Ca?* > Mg®> K* and
HCO; > CI'> SO,* (Fig. 5).

50

% Sinkosh Hot spring
Singha Hot spring
¥ Ratopani Hot spring
* Bhurung Hot spring

Paudwar Hot spring

magA
[
I

02

01

Fig 5: Schoeller diagram of water sample collected
from hot springs located in Myagdi district, Nepal

4. DISCUSSION

4.1. Assessment of water quality for drinking
purpose

Clean water is absolutely essential for healthy
living and the adequate supply of fresh and clean
drinking water is a basic need for all human
beings [35]. Based on the WHO and NDWQS
guidelines (Table 2) pH , EC, turbidity,
conductivity, COD, BOD, Ca**, Mg*, NO5", Cu*,
Cd*, Se”, of all analyzed hot springs were found
within permissible limits, whereas TDS, total
hardness, NH,", Na*, K*, SO,”, CI", F, Fe*, B,
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Hg*, As®* have concentrations higher than the
standard in some of the springs. Total hardness
was slightly above the WHO limit in Sinkosh and
Paudwar hot springs. TDS was within limit except
Paudwar hot spring (1831 mg/l). High level of
TDS in drinking water may cause stiffness of the
joints, gall stones, hardening of arteries and
sometime blockage of arteries in severe
conditions[36]. Ammonia was above the
permissible limit in all the samples. Ammonia in
drinking-water is not of immediate health
relevance, but it reduces free chlorine to form
chloramines as a disinfectants and nitrification
might lead to toxic levels of nitrite which are
likely to give rise to taste and odour complaints
[37]. Fluoride concentration was high in Singha
and Paudwar Hot Spring (>1.5 mg/l). Chronic
ingestion of fluoride much greater than 1.5 mg/l is
linked with development of dental flourosis,
skeletal flourosis and cancer [38]. Chloride was
above the permissible limit in all the hot spring
except Sinkosh. Chloride toxicity has not been
observed in humans except in the special case of
impaired sodium chloride metabolism because
study shows that healthy individuals can tolerate
the intake of large quantities of chloride but it is
corrosive to metal pipes and thus increase
concentration of metal ion in drinking water and
gives salty taste to water and beverages [39]. Iron
level in Sinkosh hot spring was found more than
the permissible limit of 0.3 mg/l.  Chronic
consumption of large amounts of iron can lead to
hemochromatosis [40]. Boron concentration was
above the WHO permissible limit (2.4 mg/l) in
Sinkosh, Singha and Paudwar hot spring. Acute
overdose of boron has caused several
complications such as congestion of the brain and
meninges, liver enlargement, vascular congestion,
fatty changes, swelling [41]. Arsenic was above
the WHO and NDWQS safety limit in Ratopani
(0.4 mg/l) and Singha (0.31mg/l) hot springs.
Inorganic arsenic compounds are highly toxic
while organic arsenic compounds are less harmful
to health. Long-term exposure to arsenic may
cause  gastrointestinal ~ symptoms,  severe
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disturbances of the cardiovascular and central
nervous systems, and eventually death [42]. Na*
concentration above 200 mg/l may give offensive
taste to water and also result in nausea, vomiting,
diarrhoea, hyperkalaemia, shortness of breath,
hypertension, heart disease, and stroke [43]. Na*
level in Sinkosh, Singha and Paudwar hot spring
was above the WHO standard. K* level were also
above the permissible limit. S0,% level was within
the limit of WHO guideline but as per NDWQS
guideline Sinkosh and Paudwar exceeds the limit.
The presence of sulfate in drinking water at
concentrations exceeding permissible limit is
associated with diarrhea in adults and infants [44].
Mercury level were found above 0.006 mg/ml in
all the study area. Mercury exposure may give rise
to lung damage and chronic poisoning may lead to
neurological and psychological symptoms, such as
tremor, changes in personality, restlessness,
anxiety, sleep disturbance and depression [45].
Present study found certain elements higher than
the permissible limit this may cause deterioration
of the physical specifications of water such as
color, odor and taste.

4.2.Assessment  of  water

Balneotherapy

Balneotherapy is a medical specialty utilizing the
effects of medicinal water and the core elements
of this therapy is the use of (natural) mineral
waters and gases for treatment [46, 47]. Effects of
Balneotherapy are divided into mechanical,
thermal and chemical categories where the
mechanical effects allows patient to mobilize
joints and strengthen muscles, thermal effect
causes superficial vasodilatation and chemical
effect depends on the solutes in water [48].
Temperature of entire hot spring water was above
42° C but as per the EU and US spa criteria the
spring temperature should be within 29-35° C.
Study says that immersion in water at 42°C for 10
minutes resulted in oxidative stress by increasing
the levels of lipid peroxides and decreasing the
activities of glutathione peroxides in erythrocytes
[49]. Also bathing in hot water (42°C or higher for
10— 15 minutes) induces a marked increase of

quality  for
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blood viscosity and an enhancement of the blood
coagulation system. But some balneologists also
suggested that warm spring (37-39° C) soaking is
more beneficial than thermal therapy and dilution
methods can be applied in for desired temperature
and concentration of some chemical constituents
by mixing with fresh or mineral diluted water
[50]. This mixing process is practiced at Bhurung
hot spring too. The ideal pH for spas is between
7.2 and 7.6 and the study area pH is also at neutral
pH except Sinkosh hot spring showing slightly
acidic pH (6.6). Both acidic and alkaline water can
cause irritation to skin and eyes. Balneotherapy in
acidic hot spring water may be useful for
controlling the acute flares in skin, acute
dermatitis, and also for treatment of leprosy and
syphilis in former days [51]. All the analyzed
components in the hot spring water were found
within the standard acceptance limit for
balneotherapy.

5. CONCLUSION

The chemical constituent of Sinkosh, Bhurung,
Ratopani and Paudwar were slightly above the
WHO and NDWQS standard for drinking water,
so this water can be used for drinking purpose
after certain treatment. The concern is mainly for
Singha hot spring as the locals of that area are
using the spring water for drinking purpose
though fluoride, boron and arsenic is drastically
higher in its water than of the standard limits.
Purification of water is must for Singha hot
spring. For balneotherapy, the chemical and
physical specification of all the spring water
matches the spas criteria thus can be expressed as
natural heritage of Nepal. Hot spa established
nearby the spring will also support the tourism
industry of the area. It is recommended for the
regular examinations of their seasonal discharges
and also for the development activities to protect
the spring from contamination.
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