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From the dissolution of carbonate rocks. The high concentration of bicarbonate
and calcium, along with the alkaline pH (8.7), indicates the spring’s therapeutic
potential for managing kidney stones (especially uric acid stones) through urine
alkalinization. Comparison with the secondary The Ahmad Kar mineral spring in
Zarineh City, Kurdistan Province, despite local beliefs in its therapeutic properties,
particularly for kidney stone dissolution (lithotripsy), has not yet been
scientifically investigated. This study was conducted to examine the
hydrochemical characteristics and evaluate the wellness-tourism potential of the
spring using a mixed (quantitative and qualitative) method. Sampling was
performed from the main and secondary springs during the dry and wet seasons of
2024 (1403 Persian calendar), and physicochemical parameters (temperature, pH,
electrical conductivity, anions, and cations) were measured. In the qualitative part,
semi-structured interviews were conducted with the local community. The results
showed that the water type of both springs is calcium-bicarbonate (Ca-HCOs),
resulting spring revealed a dilution phenomenon of 50-65% and increased
turbidity, emphasizing the importance of protecting the main source. Interviews
also confirmed local knowledge about the stone-dissolving property and the
differentiation of stone types. It is concluded that the Ahmad Kar spring has
significant potential for the development of health tourism; however, scientific
planning, water resource management, and clear evidence-based explanation of its
therapeutic properties are essential.
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Expanded Abstract

Introduction

Mineral and thermal springs are globally
recognized as key manifestations of complex
water-rock-tectonic interactions. They play a

fundamental role in understanding
hydrogeological ~ systems,  water  quality
assessment, and geothermal characteristics.

Hydrochemical studies indicate that spring water
parameters (pH, temperature, EC, major ions)
directly reflect parent rock type, recharge source,
flow paths, and water-rock interaction intensity.
Processes such as ion exchange, carbonate
dissolution, and mineral precipitation determine
the chemical facies of spring waters (Chalise et
al., 2023a). Beyond geochemical importance,
mineral springs have gained attention in health
and wellness tourism. A systematic review by
Protano et al. (2024b) shows that bathing in
thermal mineral waters may have soothing effects
on certain skin conditions, but these should not be
considered  definitive medical treatments.
Long-term monitoring of thermal waters
(Schiffer et al., 2021) and hydrochemical
assessments using graphical methods (Como et
al., 2023b) are essential for sustainable resource
management.

The core science is hydrogeology, which studies
the origin, movement, and quality of groundwater
(Bhattacharjee et al., 2022). A mineral spring
forms when groundwater travels through
geological formations, dissolves minerals, and
emerges under gravity or tectonic pressure (Banks
& Banks, 2021). Pathways are controlled by faults
and fractures (Jolie et al, 2021). The final
chemical composition results from water-rock
interaction, dissolving Ca*', Mg?*", Na', K",
HCOs~, SO4*, and ClI- (Marques et al., 2020).
Piper diagrams help classify waters and identify
geochemical trends (Kumar et al., 2023), and
geothermometers (e.g., silica) estimate reservoir
temperature (Verma & Santosh, 2021).

From a therapeutic perspective, balneology
studies the healing properties of mineral waters
(Naumann & Sadaghiani, 2021). Effects include
physical factors (temperature, hydrostatic
pressure, buoyancy) (Tinti et al., 2023), muscle
relaxation and pain reduction (Kamioka et al.,

o

2023), and specific ionic effects: bicarbonate for
gastrointestinal symptoms (Schneider et al.,
2021), magnesium as a muscle relaxant (de Baaij
et al., 2022), and trace elements such as lithium
affecting metabolism (Mota et al., 2023).
Therapeutic potential assessment requires precise
identification of these compounds, with the caveat
that these are complementary, not curative.
Wellness tourism provides a framework for
economic and social utilization (Rogerson & Sen,
2023), ranging from medical tourism (surgery) to
wellness tourism (relaxation, natural resources)
(Smith & Puczko, 2021). Ahmad Kar spring falls
under balneotourism.  Destination  success
depends on primary attractions (water quality,
landscape), support facilities (hotels, therapy
centers), and key infrastructures (access, security)

(Garcia-Alvarez et al.,, 2022). Sustainable
development principles, local community
participation (Aquino et al, 2024), and

preservation of the resource are essential (Kim et
al., 2022).

Iran is rich in mineral springs (Mirhoseini et al.,
2015). Hydrochemical studies in Iran (Sharifi et
al., 2016; Alimoradi et al., 2020b; Alijani et al.,
2025) have focused on geochemistry, isotopes,
and environmental impacts (Shayesteh et al.,
2023). However, Kurdistan Province, especially
Zarineh City and the Ahmad Kar spring, remains
understudied. Most previous research has either
been purely hydrochemical or focused on health
tourism in well-known areas (Khazaee Pool et al.,
2024a; Esfandyari et al., 2023b). The present
study aims to fill this dual gap by simultaneously
investigating hydrochemistry and
wellness-tourism potential, providing reliable
scientific data for sustainable use of this valuable
natural resource.

Materials and Methods

This study used a mixed (quantitative and
qualitative) approach, combining objective
laboratory data with subjective local knowledge.
The study area is the Ahmad Kar mineral spring
in Zarineh City, Kurdistan Province, NW Iran
(36°N, 46-47°E), about 3 km from Zarineh city,
near Ahmad Kar village. The region is
characterized by limestone and karst formations
(Aghaei, 2010). Two sampling points were
selected: the main spring (A) and a secondary
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spring (B) approximately 2 km downstream.
Sampling was conducted in 2024 (1403 Persian
calendar) following standard surface and
groundwater sampling guidelines (Sop et al.,
2017). Polyethylene bottles pre-washed with
dilute nitric acid were used. Physical parameters
(temperature, pH, electrical conductivity) were
measured on-site. Major anions (Cl, SO+,
HCOs7) and cations (Ca?**, Mg?*, Na') were
analyzed in the laboratory according to APHA
(2017) standard methods. Quality control
included duplicate samples and internal standards.
Data were processed using ArcGIS (mapping) and
SPSS (descriptive statistics). For the qualitative
part, a ethnographic approach was employed. Ten
semi-structured interviews were conducted with
local residents and elders (snowball sampling
until theoretical saturation, Guest et al., 2006).
Interview questions focused on oral history,
therapeutic beliefs (especially lithotripsy claims),
observed changes in water quality/flow, and
views on tourism development. Interviews were
recorded, transcribed verbatim, and analyzed
using conventional qualitative content analysis
(Creswell & Plano Clark, 2018b). Codes were
grouped into categories (e.g., “therapeutic
beliefs,” “environmental concerns,”
“development expectations”), and meaningful
patterns extracted. Validity was ensured through
member checking and inter-coder agreement.
Finally, quantitative and qualitative findings were
integrated using a parallel convergent design
(Creswell & Plano Clark, 2018b) to achieve a
comprehensive understanding.

Results and Discussion

1. Quantitative findings: Hydrochemistry,
genesis, and therapeutic potential
Physicochemical results are summarized in Table
1. The main spring (A) shows: T=17°C, pH=8.7
(alkaline), EC=1489 uS/cm, TDS=952 mg/L,
total hardness=740 mg/L (very hard), Ca*=207
mg/L, Mg*>=33 mg/L, Na*=57 mg/L, HCOs =442
mg/L, CI'=57 mg/L, SO+ =65 mg/L, NO;=3
mg/L, turbidity=2 NTU. The secondary spring (B)
shows: pH=7.28, EC=556 uS/cm, TDS=345
mg/L, Ca**=70 mg/L, HCO:=242 mg/L,
turbidity=62 NTU.

Hydrochemical analysis and genesis: Both
springs are of calcium-bicarbonate (Ca-HCOs)

\fa

type (Piper diagram), characteristic of karst
carbonate dissolution: CaCOs; + H20 + COz <
Ca** + 2HCO;  (Marques et al., 2020). The
geological  setting  (Sanandaj-Sirjan  zone,
extensive carbonate rocks) supports this
interpretation. Ahmad Kar spring is the outlet of
an active, mature karst groundwater system.

Comparison between main and secondary
spring: A significant dilution (50-65%) of all
concentration parameters (EC, TDS, hardness,
Ca, HCOs) in spring B indicates mixing with
low-mineralization surface or subsurface water.
The sharp increase in turbidity (2 to 62 NTU)
suggests input of suspended particles. This
provides scientific validation for the local belief
that the unique properties belong only to the main
source. Reduced ion concentration likely reduces
therapeutic effects, highlighting the importance of
protecting the spring’s recharge area (Como et al.,
2023a).

Therapeutic potential assessment: The unique
composition of the main spring (alkaline, rich in
bicarbonate and calcium) makes it a candidate for
balneological management of kidney stones. The
alkaline pH (8.7) and high bicarbonate (442 mg/L)
can alkalinize urine after absorption and renal
excretion, which is ideal for preventing and even
helping dissolve uric acid stones because uric acid
solubility increases exponentially with pH
(Rodgers, 2017). Moreover, bicarbonate-rich
waters may promote urinary citrate production, a
natural inhibitor of calcium crystallization
(Ticinesi et al., 2018).

2. Qualitative findings: Indigenous knowledge
and its alignment with modern science
Interviews with three key local informants (a
traditional herbalist, a pharmacist, a long-term
user) revealed rich empirical knowledge
overlapping with quantitative findings.

Theme 1: Strong belief in lithotripsy mechanism
of “breakdown and expulsion” — Participants
described a physical process of “crushing,”
“making small,” and “facilitating passage” of
stones. This description closely aligns with the
scientific mechanism of urine alkalinization
leading to gradual stone matrix breakdown and
increased urine volume facilitating expulsion.
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Theme 2: Experience-based diagnosis and
distinction between stone types— Participants
noted that the water “does not work for everyone”
and, importantly, explicitly stated that it “does not
break oxalate stones.” This indigenous
observation precisely matches modern medical
knowledge: calcium oxalate stones are not
sensitive to urine pH changes (Coe et al., 2016),
whereas uric acid stones are.

Theme 3: Consumption considerations and place
sanctity — The belief that the water’s property
remains even after transport (if properly stored)
and the emphasis on consuming it at the source,
fasting, reflect cultural-experiential dimensions.
Fasting consumption may relate to faster
absorption.

Qualitative conclusion and convergence: Local
therapeutic belief is not a myth but an
experience-based knowledge system refined over
generations. Its accuracy in distinguishing
differential responses based on stone type is
remarkable. This convergence of indigenous and
academic knowledge enhances the spring’s
cultural value and provides a strong foundation for
responsible, evidence-based wellness tourism
development (Esfandyari et al., 2023a).

3. Geological and hydrological influence on water
quality — Geological map (Figure 3 left) shows
five different formations around the spring,
mainly limestone-sandstone, dolomitic limestone,
orbitolina-bearing limestone, mudstone,
gypsum-sandstone, and metamorphic rocks.
Dissolution of these formations affects spring
quality. Hydrological map (Figure 3 right)
indicates a general slope toward the east and
northeast, allowing water infiltration through
different layers and injection of various minerals
into the spring.

Conclusions
This mixed-methods study investigated the
hydrochemical characteristics and

wellness-tourism potential of the Ahmad Kar
mineral spring in Zarineh City, Kurdistan
Province. Despite strong local beliefs in its
therapeutic properties, especially for kidney stone
dissolution, no previous comprehensive scientific
study had validated these claims. The main spring

A

(A) and a secondary downstream spring (B) were
sampled and analyzed.

Both springs are Ca-HCOs type, originating from
karst carbonate dissolution. The main spring
exhibits high bicarbonate (442 mg/L), high
calcium (207 mg/L), and alkaline pH (8.7),
indicating significant balneological potential for
managing kidney stones — particularly uric acid
stones through urine alkalinization and
increased citrate production. The downstream
spring showed 50-65% dilution and increased
turbidity, emphasizing the need to protect the
main source from mixing or contamination.

Qualitative interviews revealed sophisticated
local knowledge: the lithotripsy mechanism was
described as “breakdown and expulsion,” and
importantly, local informants distinguished
between stone types, noting ineffectiveness
against oxalate stones — a finding fully consistent
with modern medical understanding. This
convergence of indigenous and academic
knowledge provides a strong evidence base for
sustainable health tourism development.

The Ahmad Kar spring has significant potential
for wellness tourism, but scientific planning,
water resource management, and transparent,
evidence-based communication of its therapeutic
properties (including limitations) are essential.
Future research should focus on trace element
analysis, microbiological assessment, and
actionable plans for sustainable health tourism
development.
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Figure 1- Map of the study area in Kurdistan Province and Iran.

Gl diges 50,8 oolaiwl 3.8, G s dul b ascds ioo
il s Jite ofileyl 4 olewd slajJUl
oo 5 (PH) 55,0 Jeuslly « (T) Los Jols (2303
iy 0,19) ol slosgeil paizmas 3 (EC) 5o 50
B i (i speed®) (ol bl (Sl Se
o lulin) b gilae 2okl sla by, ads s S
WL 5 OF gy 3 bl sla g P LS ) e
oS 58 gl (F JS5) by plonil (APHA, 2017)
Al eolatwl Sl o laibiul § 6,155 sladiges I daosls
ArcGIS slo,l58le 5 5l oolaul b Jol> glaosls eolys o
sl )bl glaelons g 43375 gl SPSS 5wt g gl

(Y JSs) wads (5300 5 Glire Bzl ¢ S5ke)

Of

GG gy 9 Sgo
Geili Ban b g (a5uel) (o5 5 90,505, b Ghogly ]
arol> Sluyod g 23 S o b aBilel cue sboools
99 50yl G oubd By, ad 2l (b (e
S gleesls el gpslaer edes isu
S sleosls Ll (_g)ﬂ@.? 5 (olosiis uun)
Gz g golr S pgai B Cwlond (aailesle (Kps 10)

L0 &l Saes! Sase dei
S g Sl gome deie Ol (ide opl )kl aml>
VE-f JL.» 49 6)‘“5):‘43943 Ogs QT wou,qb 59 @yb douiz
51yl paiges o lastiwl sla fosdlygiws bl 5.0l alol

obsll sl 5l sweiny s e sbao]



VP F lawo oF oylouds (oo JLw c(65al 9359 00
Hydrogeology, Volume 10, No. 2, 2025

00 Clld g of digod g

¥ oali deier 5 55 s Ao —Y S

Figure 2- Ahmad Kor spring, control spring No. 2, and the collected water sample.
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Table 1- Results of the physicochemical analysis of water from the main Ahmad Kar spring (A) and the downstream
secondary spring (B).

Parameter Unit Main Secondary Iranian Standard Limit Initial
Spring (A) Spring (B) (ISIRI 1053) Interpretation
Temperature o Typical ambient
17 17 - temperature for shallow
(L)) C
groundwater.
(A) Highly alkaline,
exceeds standard; (B)
pH - 8.7 7.28 6.5-8.5 Neutral to slightly
alkaline.
Electrical (A) Very high
Conductivity S /cm“ 1489 556 - mineral content; (B)
(EQ) Moderate mineralization.
Total m Both within limit;
Dissolved Solids L 952 345 1000 higher in A due to high
(TDS) & solute concentration.
Total m (A) Very hard,
Hardness (as L 740 260 500 exceeds standard; (B)
CaCO;) g Near hard threshold.
Calcium m Concentratio.n ip A=
(Ca*) o/l 207 70 300 3x B; both within
standard.
. (A) Slightly exceeds
Magnesium m 33 21 30 standard; (B) Within
(Mg*) gL limit.
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Sodium (Na*) o/l 57 42
Bicarbonate m N —
(HCO:) o/l ~442 ~242
Chloride m
(CD) g/L 37 27
Sulfate m
(SO:>) oL 63 65
Nitrate m 3 2
(NOs) g/L

200 Both within standard.

Dominant anion in
both samples;
concentration markedly
higher in A.

250 Both within standard.

250 Both within standard.

Very low values
indicate no significant
nitrate pollution
(agricultural/wastewater).
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