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Medicinal water can be, like all groundwater, appenin the environment are
constantly changing, which are both natural and seadu broadly defined
anthropopressure. In the case of medicinal watens changes to lower their health
effects on the human organism are unfavorable. &pretly it is need for periodic
testing of their terms of physico-chemical paramsgteincluding mineral
composition. The aim of this study was to deterntireephysicochemical parameters
and assess the quality of 16 selected medicinatnadinvaters found health resorts
Rymanéw Zdrdj and lwonicz Zdréj, and the possibiiigply new techniques for the
determination of the elemental composition of tleter The results of the elemental
composition was undertaken using ion chromatograptuyX-ray fluorescence. For
the latter indications additionally introduced eati hydrochloric acid treatment of
the sample due to the high concentrations of adsrin the test waters. Research has
shown the presence of inter alia bar or niobiurameints that were not declared
composed of the pump-and bottlers, in higher canattons could cause such.
intestinal cramps, muscle relaxation, and in exéremases, paralysis of the
respiratory center. Their adverse effect may bepmmded by the use of inhaled
therapeutic. Over this demonstrated significanffetghces in the quantitative
composition of key elements, depending upon thenodebf determination. The
results obtained allowed the calculation of indicatof water hydrochemical and
their classification according to the Sulina Scdlke correctness of the analyzes
concentrations of elements was confirmed balanaeatidns and anions. Based on
pooled data was evaluated therapeutic propertigsraral waters and the possibility
of their use in therapy.
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1. Introduction

The healing propertie®f groundwateralready appreciatedin ancient
Greeceand Romewhere the use obathsfor health purpose®Only in the
seventeentleenturystarted to be usededical treatmentsonsisting indrinking
waterandinhalations Now, aftera period of declinef interest inbalneology
observedts new prosperity

Groundwaterdepending on the locatipdepth andpersistencedegree of
mineralization and the environmentcharacterized bydifferent medicinal
propertiesThey haveamong other thingglirect actiongoverning thaligestive
system,support the treatment ahfections andchronic respiratorydiseases
inhibit the process obsteoporosis, prevetdoth decayreduce inflammatiorof
joints, and nerve pain treat anemia,as well asenhanceoverall immunity.
However, dudo the highdegree oimineralization, most of these watessnot
suitable for everyday consumptiorand only some of them ardottled and
available forthe general public. In Poland at prestmtdeposits ofmedicinal
waters is considered to70 undergroundwater deposits of which 4 in
Podkarpacig¢l]. The spasRymanow Zdrojwonicz Zdrojandmineral waterare
derived mainly from natural sources andartificial wells. Because of the
compositionand proportions omineralsthey belong tahe waterschloride -
sodiumbicarbonateandwater. In addition tokrenoterapiwaterthey are usetbr
medicinal baths inhalation and so-called wrappings Only one water of
RymanowZdroj (Celestine)is bottled andothers are availablenly at drinking
fountainsor in the sanatoriumsNatural mineral water is water from proved
reserves of underground water, mined one or moteralaor drilled wells,
originally pure in terms of chemical and microbigikwal, characterized by
a stable mineral composition and properties of vealee physiologically,
causing, well-defined preferred effects on humaalthg2]. Therefore, there is
a fixed need for quality control of medicinal watera wide range of parameters
both on the microbiological quality and chemicaingmsition and physical. The
aim of this study was to determine the physicoclkahparameters of the six-
teen selected medicinal mineral waters, occurnmggdas Rymanow Zdroj, in-
cluding Iwonicz Zdroj using new techniques for detiming the elemental com-
position of water and quality assessment in thaestrof its use for medicinal
purposes.

2. Methods

Mineral waterssubject tostudycame froml1 intakes locatedin the village
of Rymanow Zdropealth resorand5 intakesfrom areagwonicz Samples were
taken at drinking fountainsof mineral water to polyethylene bottles and
immediatelytransportedo the laboratoryThe basis foassessing the quality of
the testedwvatersare the results gbhysicochemical analyzespecifiedin the
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Regulation ofthe Council of Ministerof 14 February2006 ongroundwater
depositsclassified asrines,curative and thermadnd other curative minerals
deposits as well ascommon mineralsexamination of certain deposits or

geological unitsbasic minerals (tab.1)The analysisof ions by X-ray

fluorescencewas made in twoversions:the classicaland apply asampleof

hydrochloric acid because of the highoncentrationof chloride.In order to
controlthe quality andhccuracy of theesults the samplesvhich indicateall the

cations and anions, ion balance made in accordaiticd®N-89/C-04638.02.

Table 1. Causes and types of cast iron pipelinagési
Tabela 1. Relacje rodzajowo-skutkowe uszkadiea przewodow zeliwa

Metoda badawcza / wdzenie

Lp. | Badany wskanik | Jednostka Procedura badawczra

badawcze

Metoda potencjometryczna/

1 | pH - pehametr HQ40d multi- elek- gzll\lsiglgl
troda pH, Hach Lange )
Miernik przewodnéci HQ40d PN-EN

2 | przewodnéé mS/cm multi — elektroda przewodioi/ .

27888:1999
Hach Lange
. Metoda miareczkowa (metoda | PN-ISO

3 | twarda¢ mval/dn? wersanianowa) 6059:1999

4 | zasadows mval/dn? Metoda} rpiareczkowa wobec | PN-C-04540-03:
wskaznikow 1999/AZ1:2003P
Metoda miareczkowa roztwo-

5 | wolny CO2 mval/drh | rem wodorotlenku sodu w obed- PN-C-04547.01

nosci fenoloftaleiny
Metnosciomierz 2100P, Hach

6 | metnosé NTU Lange PN-EN ISO7027
Metoda kolorymetryczna/ Aqu-
7 | barwa hazen aquant 14421, Merck PN-74/C-04548
analiza jonow
(Na, Cl, K, Ca, .
Metoda fluorescenciji rentge-
Mn, Fe, Zn, Ga, . PN-EN
| Sl ga, | ™| poveKelepeKtonen 1n0e | 15ap0z01p
Mg, Cu, P, S, Ni, ’
Cr, Pb, Ru)

Hydrochemical analysis of water surveyed performesing water
classification scale called Sulina, which distirgings four basic types of water:
hydrocarbonatesodium (HCO; - Na™),
sulphate - sulfate (SO - Na™),
chloride - magnesium (Cl - Mg),
chloride - calcium (ClI - Ca).
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3. Results and discussion

The chemical composition of groundwater dependsmamy factors and
changes with time. In the case of waters used ascmal waters from the cor-
rect designation of qualitative and quantitativengnts sometimes it depends
on the health and lives of patients. The graphsdlzashow the contents of ions
randomly selected therapeutic waters. The resbli@med using different meas-
urement techniques were compared with the datsadetlby the water pump
rooms. Both waters in Rymanow Zdroj as well as ¢ho$ Iwonicz contain
prevalence sodium, calcium, chlorine, potassiumraadnesium. Studies using
X-ray fluorescence showed the presence of tracedesfients such as germa-
nium, strontium, bromine or bar. Especially thadatelement concentrations
exceeding the limits, it is worrying. The resultstaned by ion chromatography
proved to be most similar to those declared bypilvap-room mineral waters.
The use of X-ray fluorescence to detect trace djies1bf elements not listed by
ion chromatography. In the case of elements présdrigher concentrations the
results obtained by this method are much too lovelation to the indications by
ion chromatography or reported. This may be becafiske limitations of the
detector, which is not capable of detecting vergdaamounts of signals coming
from the ion present in relatively large concendra [3]. However this method
can be useful for detecting and monitoring changele concentration of trace
elements, especially those hazardous to healtlyeBigdiscrepancies compared
to the data declared, was recorded for signs ofrekcence of samples prior
treatment with acid. For these determinations whee most understated per-
formance in relation to those declarations.
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Rys. 1. Elemental composition of the Mieczystawewat
Fig. 1. Sktad pierwiastkowy wody Mieczystaw
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Rys. 2. Elemental composition of the Elin 7 water
Fig. 2. Skiad pierwiastkowy wody Elin 7

All the mineral waters used for medicinal purposasst comply with the
number of requirements set out in Decree of theidttn of Health of 31 March
on the natural mineral water, spring water andetairhter. In all tested waters
with spa and Rymanow Zdroj Iwonicz Zdroj found exded for color (Fig. 3).
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Fig. 3. The color of selected medicinal mineralevat
Rys. 3. Barwa wybranych leczniczych wéd mineralnych

In the waters Titus, Klaudyna, Celestine, Stastué#, Elin 7, Iwonicz
Il and Klimkéwka 27 were exceeded in relation tobtdity standards for
drinking cures.
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Fig. 4. Turbidity of selected medicinal mineral et

Rys. 4. Metnos¢ wybranych leczniczych wéd mineralnych

In 4 out of 16 examined waters barium concentratexceed the norm for
inhalation (10 mg / 1), and 11 of them should bedus krenoterapii (1 mg/l)
for a period longer than one month (Figure 5). L-tergn consumption of water
containing excessive amounts of barium salts cansecaheart rhythm
disturbances, muscle weakness, stomach irritatiod @ extreme cases,
difficulty in breathing [4]. Astel et al. ascertaig the chemical composition of
the popular mineral water (bottled), with ion chidography, the said oversize
of the element concentration in water Stotwinka [5]
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Fig. 5. The concentration of bar in the tested rgate
Rys. 5. Zawart& baru w badanych leczniczych wodach mineralnych
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There are over 30 different classification systegnsundwater. Most of
them are based on calculations to determine tha a@rantage ions, or on the
content of specific components. Mineral waters ased by WA Alexandrov
scale or scale of Sulina. The latter classifiesewalue to the chemical
composition and the degree of metamorphism. Tablesutmarizes the
hydrochemical indices calculated according to ttedesof Sulina for the test the
waters. According to the classification of watecsading to the scale Sulina,
water, Elin 7, lwonicz Il, Klimkowka 27, we countéd chloride water type -
magnesium. They are characterized by an averagerafization. They are
referred to as relict of water transition zone. ¥vatza 19, Anna, and
Marysienka this type of sulphate - sodium. These are oEmwgbung zlegage
relatively shallow infiltration origin, mineralizeat the level of 1-2 g / dm3. For
the waters of the carbonate - sodium mineralize8®@ / dm3, are included of
water: Karol 2, Titus, Klaudyna, Celestine, Jolmocases [6]. None of the water
did not reveal the nature of chloride — calcium.iAdex value rNa + / rCl- over
1 testify to the fact that of water data are lodate the zone of active water
exchange and the ion exchange process Ca2 + for. Raly for of water Stas
value of this indicator is 0.07 and ion exchandees$aplace in the opposite
direction [7].

Table 2. Indicators of respondents hydrochemicaémaccording to the scale Sulina
Tabela 2. Wskaniki hydrochemiczne badanych wod wedtug skali Sulin

Hydrocarbonate| Sulphate - so- Chloride- Chloride - calcium
Water — sodium type dium type magnesium type
type

rNa-rCl |rNa/rC| rNa-rCl |rNa/rC| rCl-rNa |rNa/rC| rCl-rNa | rNa/rCl<l

/1SO>1 I>1 /1SO<1 I>1 IrMg<1 <1 I'Mg>1
Tytus 2810,23| 1,14 2910,2B 1,16 -6,35 1/16 -6,35 161,
Klaudyna 2187,15 1,17 2187,15 1,17 -5,8 117 -5,8 A71
Celestyna 2310 1,13 2310 1,13 -5,4 1,13 -5,4 1,13
Sta -0,2 0,07 -0,2 0,07 0,32 | 0,07 0,32 0,07
Naftusia - 1,9 - 1,9 -15,3 1,9 -15,3 1,9
Anna 0,4 5,25 0,4 5,25 -0,25 5,25 -0,2% 5,25
Marysigka 0,36 1,45 0,36 14 -1,02 1,45 -1,02 1,45
Ignacy - 1,79 - 1,79.1-14,13 | 1,79 -14,13 1,79
Jan 176,8 1,54 176,8 1,54 -2,1] 1,54 -2,1] 1,54
Mieczystaw - 2,94 - 2,94 -167,8 2,94 -167,8 2,94
Krokusowe 124,8 1,89 124,8 1,89 -156 1,89 -15|6 891,
Elin 7 - - - - -38,99| 1,62 -38,99 1,62
Iwonicz Il - - - - -36,47| 1,44 -36,47 1,448
Iza 19 0,352 4,04 0,352 4,04 0,15 4,04 -0,15 4,04
Klimkoéwka - - - - -29,45| 2,84 -29,45 2,84
27
Karol 2 1,48 2,30 1,48 2,30 -3,9 2,30 -3,9 2,30
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lon balancefor the testedvaterswere maddaking into account theesults
obtainedby ion chromatographywhich isdefinedas the mostredibleandthe
resultsare comparablevith the datadeclaredby thewaterpump roomsBased
on thesalata it was foundthat the balanceras not mefor any of thewater from
Iwonicz and waters Tytus Celestyna Sta, Anna, Marysieika intakes from
Rymanéw(Figure6).

This meansthat not all ions are detectedand identified because of
procedural flawsor insufficient sensitivity and precisiorelemental analysis
methods used
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Fig. 6. The balance for the analyzed ion mediaiveters recognized in Rymanow Zdroj and
lwonicz Zdroj

Rys. 6. Bilans jonowy dla analizowanych wod leczyéte ujmowanych w Rymanowie Zdroju
i lwoniczu Zdroju

4. Conclusion

lon chromatography methodbtained the results ofthe elemental
compositionmost similar tahe declared values.

X-ray fluorescencemethod allows the detectiorof trace quantities of
elements. For mosff the testedvatersit has not been fulfilletbn balancebecause
by ion chromatographwethodfailed to detecall ionspresent in the water.

Accordingto the classification oSulinamost of the types of wat@omes
from thetransition zonesr relatively shallow which face asignificant impacbn
theinfiltration procesgjualitative and quantitative compositiohthese waters.
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OCENA JAKO $CI LECZNICZYCH WOD MINERALNYCH
Z ZASTOSOWANIEM RO ZNYCH TECHNIK POMIAROWYCH

Streszczenie

Wody uznane za lecznicze, podobnie jak wszystkiedyw@odziemne, wyspujac
w érodowisku podlegajciaglym zmianom, ktére majcharakter zaréwno naturalny jak i wywotany
szeroko pajtg antropopresj W przypadku wadd leczniczych, wszelkie zmiany abjace ich zdro-
wotny wplyw na organizm cztowiekay siiekorzystne. 3t tez wynika potrzeba ich okresowego
badania wzgidem parametréw fizykochemicznych, w tym skfadu mahego.

Celem niniejszej pracy byto oznaczenie parametigykéchemicznych i ocena jagm szes-
nastu wybranych wéd mineralnych leczniczych, wysghcych w uzdrowiskach Rymanéw Zdroj
oraz lwonicz Zdroj, a tale maliwos¢ zastosowania nowych technik do oznaczania skiaeld p
wiastkowego wody. W artykule przedstawiono wynilabizy sktadu pierwiastkowego, ktéra wyko-
nana zostala z zastosowaniem chromatografii jon@nag fluorescencji rentgenowskiej. Dla tych
ostatnich oznaciewprowadzono dodatkowo wariant z kwasem solnym Hdodliki probek, ze
wzgledu na wysokie stenia chlorkdw w badanych wodach. Badania wykazbBcndgé m.in. baru
czy niobu, pierwiastkéw, ktore nie znajdowaly ®i sktadzie deklarowanym przez pijalnie czy roz-
lewnie, a w wgkszych s¢zeniach mogcych powodowa np. skurcze jelit, zwiotczenie gdhiowe,

a w skrajnych przypadkach paemie grodka oddechowego. Ich niekorzystne dziatanieammyg
potgowane przez stosowanie inhalacji leczniczych. Beoavykazano znagee r&nice w sktadzie
ilosciowym kluczowych pierwiastkdw, w zaeosci od stosowanej metody oznaczania. Uzyskane
wyniki pozwolity na obliczenie wskaikéw hydrochemicznych wod i ich klasyfikaajvedtug skali
Sulina. Poprawni przeprowadzonych analiz fici pierwiastkOw zostata potwierdzona bilansem
kationéw i anionéw.

Stowa kluczowe:lecznicze wody mineralne, skala Sulina, chromatfigrjonowa, fluorescencja
rentgenowska

Przestano do redakcji: 12.10.2015 r.
Przyjeto do druku: 30.10.2015 r.

DOI: 10.7862/rb.2015.136



