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Abstract: Balneotherapy, utilising natural medicinal waters, gases, and peloids, is a clinically effective method for
complementing the treatment of various medical conditions. One specific type of balneotherapy is crenothera-
py, which involves the oral administration of natural medicinal waters. This study aimed to assess the impact of
storage time on the stability of the chemical composition and microbiological quality of bottled natural medici-
nal waters, as well as to assess the feasibility of using packaged natural medicinal waters at home to prolong the
effect post-sanatorium treatment, as recommended by the chief physician responsible for health resorts. Fourteen
bottled medicinal waters sourced from seven Polish health resorts were analysed. The study examined the follow-
ing samples: one HCO,-Cl-Na-Ca, four HCO,-CI-Na, one HCO,-Mg-Na-Ca, two HCO,-Na-Ca, two HCO,-Ca,
two HCO,-Na and two Cl-Na waters. Physicochemical and microbiological parameters were measured at the fol-
lowing times: ¢, (immediately after packaging), f, (midway through the declared shelf life) and ¢, (at the end of
the shelf life). Physicochemical analysis of the medicinal waters demonstrated the stability of the chemical com-
position in terms of basic minerals and physicochemical parameters over the product’s shelf life, as defined by
the manufacturer. Faecal indicator bacteria or Pseudomonas aeruginosa were absent in all of the samples tested.
However, coliform bacteria, potentially of biofilm origin, were detected in one sample. An initially high number
of microorganisms, determined at 22°C, observed in three water samples, was no longer detected at the final test-
ing stage. The findings indicate that the medicinal waters analysed maintain stability in chemical composition,
organoleptic parameters and microbiological purity throughout the manufacturer’s specified shelf life.
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INTRODUCTION

Balneology is the scientific discipline that studies
the therapeutic properties of natural medicinal re-
sources used for medical purposes. Within balne-
ology, researchers examine not only the chemical
composition and microbiological parameters of
these resources but also their effects on human
health and their application in various therapeu-
tic procedures, such as baths, compresses, inha-
lations, or drinking therapies (Cheleschi et al.
2022, Carbajo et al. 2024, Fioravanti et al. 2024).
Balneotherapy is one of the most widely prac-
tised non-pharmacological treatment methods,
employed across many European countries, in-
cluding Italy, Spain, France, Germany, Hungary,
Lithuania and Poland, as well as in Japan, Turkey,
Israel and China (Cheleschi et al. 2022, de Olivei-
ra et al. 2023, Fioravanti et al. 2024). According
to the Polish Ministry of Health, Poland is home
to 47 spa towns, characterised by natural medici-
nal resources and favourable climatic conditions
(Ministry of Health of the Republic of Poland
website, n.d.). Furthermore, the National Health
Fund’s (NHF) annual report indicates that ap-
proximately 400,000-500,000 patients in Poland
benefit from sanatorium-based treatments fund-
ed by the NHF each year (National Health Fund
[NHF] website, n.d.).

Natural medicinal resources encompass gas-
es and minerals, such as medicinal waters and
peloids (peats), whose therapeutic properties have
been confirmed in line with the principles set out
in the Act on Spa Treatment (Ustawa 2005, Poni-
kowska & Kochanski 2017, Cheleschi et al. 2022).
These resources possess diverse therapeutic ef-
fects, determined by their natural primary chemi-
cal and microbiological composition (Ponikowska
& Kochanski 2017, Ziemska et al. 2019). In Po-
land, these natural resources must adhere to qual-
ity standards for balneochemical classification
and meet health, safety and suitability criteria, as
validated by a certificate of therapeutic properties
(Rozporzadzenie 2006).

In accordance with the regulations of the Pol-
ish Ministry of Health (Rozporzadzenie 2006)
medicinal waters in Poland are classified as
follows:

1) Mineral waters — containing at least 1000 mg
of dissolved components per cubic decimetre,
including chlorides, sulphates, and bicarbon-
ates of sodium, calcium, and magnesium.

2) Specific waters (low-mineralised) - contain-
ing fewer than 1000 mg of dissolved solid com-
ponents per cubic decimetre, including one or
more therapeutic-specific components at de-
fined or higher concentrations:

a) Iodide water - containing at least 1 mg of
iodides per cubic decimetre,

b) Sulphide water — containing at least 1 mg of
sulphides or other sulphur(II) compounds
per cubic decimetre,

¢) Fluoride water - containing at least 2 mg of
fluorides per cubic decimetre,

d) Ferruginous water - containing at least
10 mg of iron(II) per cubic decimetre,

e) Silicic water — containing at least 70 mg of
metasilicic acid per cubic decimetre,

f) Carbonic water - containing at least
1000 mg of free carbon dioxide per cubic
decimetre,

g) Mildly carbonic water - containing from
250 to 999 mg of free carbon dioxide per
cubic decimetre or

h) Thermal water — characterised by a tem-
perature of at least 20°C at the spring,

i) Radon water — with a radioactivity level of
at least 74 Bq/dm”.

3) Specific mineral waters — mineral waters con-
taining one or more of the distinctive compo-
nents listed above.

In balneotherapy, various types of medicinal
waters are utilised in therapeutic baths, including
thermal chloride-sodium waters, sulphide-hydrogen
sulphide waters, carbonic waters, carbon dioxide-
rich waters and radon waters (Ponikowska & Ko-
chanski 2017, Reger et al. 2022).

Aerosol therapy makes use of chloride-sodium
waters, as well as specific iodide, sulphate-sodium,
magnesium-calcium, bicarbonate-calcium-magne-
sium and radon waters (Ponikowska & Kochanski
2017, Zajac 2021).

Crenotherapy, a prominent form of balneo-
therapy, involves the ingestion of medicinal water
directly from the spring at a spa pump room. The
effectiveness of the drinking therapy is influenced
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by factors such as the type of medicinal water,
its temperature, volume, type and concentration
of individual minerals, specific substances and
method of administration.

In the treatment of various conditions, par-
ticularly those affecting the gastrointestinal tract
(liver and biliary tract, stomach, duodenum and
intestines), the urinary tract and metabolic dis-
eases (diabetes, obesity), medicinal bicarbonate
and acidic waters are commonly used. Addition-
ally, chloride-sodium waters (with concentrations
up to 1.5%) and sulphide-hydrogen sulphide and
sulphurous waters are frequently employed (Po-
nikowska & Kochanski 2017, Costantino et al.
2019, Ziemska et al. 2019, Chaves et al. 2020,
Dumitrescu et al. 2022). Recent studies by oth-
er authors indicate that crenotherapy, particu-
larly with sulphurous waters, also offers signifi-
cant benefits, such as improved pain perception,
reduced depression and insomnia and an over-
all enhancement in the quality of life for patients
suffering from chronic low back pain (CLBP)
associated with lumbar osteoarthritis (Costan-
tino et al. 2019, 2022, de Macedo Antunes et al.
2019). Furthermore, the oral intake of sulphate
waters has been shown to alleviate pain and im-
prove physical function (disability) in overweight
and obese patients suffering from CLBP associat-
ed with lumbar osteoarthritis (Costantino et al.
2022). Ongoing research is further investigating
medicinal waters’ use in treating chronic sinusitis
(Nimmagadda et al. 2022).

The effects of crenotherapy can be catego-
rised into topical (occurring in the gastrointesti-
nal tract) and general effects. The topical effect re-
fers to the physical and chemical impact on the
mucosal lining of the gastrointestinal tract, de-
pending on factors, such as water’s temperature,
osmotic pressure or degree of mineralisation. The
CO, content in the waters promotes vasodilation,
which enhances secretion, accelerates peristalsis
and aids gastric emptying. Hypotonic, isotonic
or slightly hypertonic mineral waters are recom-
mended for treating conditions of the gastroin-
testinal tract, as well as the liver and biliary tract
(Ponikowska & Kochanski 2017, Dumitrescu et al.
2022). In summary, as described above, medicinal

waters have a wide range of applications in the
treatment of various ailments.

After completing the sanatorium treatment,
the drinking therapy can be continued or repeat-
ed at home, as prescribed by the physician, using
commercially available bottled medicinal waters.
However, current regulations (Rozporzadzenie
2012, Chelesi et al. 2022) do not provide specific
guidelines for the production and bottling of nat-
ural medicinal waters. They only permit the avail-
ability of bottled medicinal waters at the spa pump
room. Despite this, bottled medicinal waters are
available commercially outside of health resorts.
As a result, these medicinal resources are cur-
rently not subject to the control by local sanitary
and epidemiological stations or pharmaceutical
inspectorates, which could pose potential health
risks to consumers. There is limited literature data
to confirm the stability of the chemical and micro-
biological composition of bottled natural medici-
nal waters. Changes in the quality of these waters
can affect both physicochemical parameters, such
as pH or the precipitation of sediments and mi-
crobiological parameters, such as increased con-
tamination. For certain substances (e.g. iron and
calcium) precipitation from solutions can result in
the loss of their therapeutic properties, as these el-
ements become unavailable for absorption by the
human body. The growth of undesirable bacteria
associated with changes in the physicochemical
properties of the product and storage conditions
can adversely affect its therapeutic efficacy and
suitability for use.

The primary objective of this study was to as-
sess the effect of storage time on the stability of the
chemical composition and microbiological qual-
ity of bottled natural medicinal waters sourced
from Polish health resorts. Additionally, the study
sought to determine the shelf life of the evaluat-
ed medicinal products, considering any observed
changes in the physicochemical and microbiologi-
cal parameters within the shelflife declared by the
manufacturer. A further aim of the study was to
evaluate the suitability of these waters for home
use to prolong the effect of sanatorium treatment,
as recommended by the chief physician responsi-
ble for the health resorts.
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METHODS

Fourteen bottled medicinal waters, provided
by seven health resorts (Szczawnica, Wysowa-
Zdroj, Krynica-Zdroj, Polanica-Zdroéj, Szczawno-
Zdréj, Kotobrzeg, Polczyn-Zdréj) were tested.
The locations of sampling sites are shown in Fig-
ure 1, and a brief description of the tested me-
dicinal waters is provided in Table 1. Samples
were obtained through cooperation with the
health resorts, which consented to provide sam-
ples of medicinal waters in packaging imme-
diately after production. This arrangement en-
sured that analyses could be conducted directly
after packaging (at time £,). Physicochemical and

Kotobrzeg

@ Polczyn-Zdroj

Szczawno-Zdréj

‘I

. Polanica-Zdréj

Szczawnica

microbiological parameters were determined at
three time points: f, (immediately after packag-
ing), t, (midway through the declared shelf life)
and ¢, (at the end of the shelf life). For thirteen
out of the fourteen waters tested, the manufac-
turer declared a 1-year shelf life, while for one
water (bicarbonate-calcium type, 9) had a de-
clared shelf life of 9 months. The water samples
tested were supplied and stored in their origi-
nal packaging throughout the study. The samples
were provided in PET bottles (light blue, green or
brown) and bag-in-box packaging to minimise
the influence of light or atmospheric exposure
on the contents. All samples were stored at room
temperature in a light-free environment.

Krynica-Zdréj

A® Q@l T—

Fig. 1. Location of sampling sites in Poland. Explanation of symbols included in Table 1
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Table 1
Characteristics of tested medicinal waters
232{:1:; Sampling place Type of water I((l)enn:}iIIZcre::;n Shelf-life Package

1 Szczawnica HCO,-Cl-Na-Ca A 12 months bag-in-box
2 Szczawnica HCO,-Cl-Na (<7) 12 months bag-in-box
3 Wysowa-Zdréj HCO,-Cl-Na (57) 12 months brown PET bottle
4 Wysowa-Zdréj HCO,-Cl-Na (<7) 12 months brown PET bottle
5 Szczawnica HCO,-Cl-Na <) 12 months bag-in-box
6 Krynica-Zdréj HCO,-Mg-Na-Ca (@) 12 months brown PET bottle
7 Szczawno-Zdroj HCO,-Na-Ca | 12 months green PET bottle
8 Wysowa-Zdroj HCO,-Na-Ca [ | 12 months brown PET bottle
9 Polanica-Zdrdj HCO,-Ca o 9 months green PET bottle
10 Krynica-Zdrdj HCO,-Ca o 12 months brown PET bottle
11 Szczawno-Zdréj HCO,-Na < 12 months blue PET bottle
12 Krynica-Zdréj HCO,-Na L 4 12 months brown PET bottle
13 Kotobrzeg Cl-Na ® 12 months brown PET bottle
14 Polczyn-Zdréj Cl-Na (074] 12 months brown PET bottle

For the sake of data clarity, in Figure 1 the same
sign was applied to waters of the same type. If there
are several water intakes of the same type in a par-
ticularlocality, the mark has only been applied once.

Physicochemical testing included the determi-
nation of the following parameters: colour, odour,
electrical conductivity, oxidation-reduction (re-
dox) potential and the content of ammonium, sodi-
um, potassium, calcium, magnesium, iron(II) and
iron(IIT), manganese, chloride, fluoride, bicarbon-
ate, sulphate(VI) and nitrate(III) and nitrate(V)
ions, as well as metasilicic acid and orthoboric acid.
The total dissolved substances were calculated on
the basis of concentrations of these ions. Microbio-
logical testing involved the detection of Escherichia

coli, coliform bacteria, intestinal enterococci, Pseu-
domonas aeruginosa, anaerobic spores of sulphite-
reducing anaerobes, and the total count of micro-
organisms at 22°C and 36°C. The methodologies
and references are outlined in Table 2. The number
and types of physicochemical and microbiological
parameters tested were determined according to
the requirements for medicinal waters as set out by
national regulations.

In the absence of criteria for assessing the sta-
bility of physicochemical parameters for pack-
aged medicinal waters, a value of £20% of the val-
ue measured at t, was adopted, in accordance with
Article 20(2) of the Regulation of the Minister of
Health of 31 March 2011 (Rozporzadzenie 2011).
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Table 2

Description of physiochemical and microbiological methods

Range

Parameter

Method

References

Physicochemical parameters

electrical conductivity

conductometric method

PN-EN 27888:1999

pH

potentiometric method

PN-EN ISO-10523:2012

redox potential E,

potentiometric method*

an in-house test procedure

colour

spectrophotometric method

an in-house test procedure based on
the standard PN-EN ISO 7887:2012+Ap1:2015-06,
method C

water hardness

titration method, calculation
method

an in-house test procedure based on
the standard PN ISO 6059:1999

sum of dissolved

calculation method

value expressed as the sum of the parameters

substances given in Table 3 (on the interleaf)
ammonium ion chromatography PN-EN ISO 14911:2002
sodium flame photometry an in-house test procedure based on
the standard PN-C-84081-22:1980
potassium flame photometry PN-C-84081-22:1980
calcium titration method PN-ISO 6058:1999
magnesium titration method PN-ISO 6058:1999, PN-ISO-6059:1999
inductively coupled plasma
iron ionisation mass spectrometry PN-EN ISO 17294-2:2016-11
(ICP-MS)
inductively coupled plasma
manganese ionisation mass spectrometry PN-EN ISO 17294-2:2016-11
(ICP-MS)
fAuoride potentiometric method using an in-house test procedure based on
ion-selective electrode the standard PN-C-04588-03:1978
chloride titration method PN-ISO 9297:1994
sulfate(VI) gravimetric method PN-ISO 9280:2002
nitrate(III) ion chromatography PN-EN ISO 10304-1:2009+AC:2012 LC
nitrate(V) ion chromatography PN-EN ISO 10304-1:2009+AC:2012 LC

metasilicic acid**

inductively coupled plasma optical
emission spectrometry (ICP-OES)

PN-EN ISO 11885:2009

orthoboric acid*™*

inductively coupled plasma
ionisation mass spectrometry
(ICP-MS)

PN-EN ISO 17294-2:2016-11

relative error of
the analysis

calculation method

PN-C-04638-02:1989

Microbiological
parameters

Escherichia coli

membrane filtration

PN-EN ISO 9308-1:2014

coliforms

membrane filtration

PN-EN ISO 9308-1:2014

intestinal enterococci

membrane filtration

PN-EN ISO 7899-2:2004

Pseudomonas aeruginosa

membrane filtration

PN-EN ISO 16266:2009

spores of
sulphite-reducing
anaerobes (clostridia)

membrane filtration

PN-EN 26461-2:2001

TMC 22, TMC 36****

pour plate method

PN-EN ISO 6222:2004

* The measurements were made using a differential potential meter connected by a compound electrode (a platinum electrode connected to
a chlorosilver comparison electrode) and a temperature sensor. The determination involves measuring the electromotive force of a cell com-
posed of platinum and comparison electrodes immersed directly in the test sample. The measurement was considered completed if within
ten minutes the meter readings did not vary more than 10 mV. The potential value determined against the saturated chlorosilver electrode
was corrected and reported against the potential of the hydrogen electrode. Certified reference materials and calibration standards were used
during measurements.

** The content of metasilicic acid was calculated based on the results of the determined silicon content.
*** The concentration of orthoboric acid was calculated, based on the content of labelled boron.
*** TMC - total microbial count (total counts of microorganisms).
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RESULTS AND DISCUSSION

Poland is home to rich deposits of mineral me-
dicinal waters, particularly sodium-chloride, bi-
carbonate, hydrogen sulphide, radon and thermal
waters (Ponikowska 2001, Ziemska et al. 2020).
Crenotherapy is often used as a complementary
treatment in conjunction with conventional med-
icine for various health conditions (Dumitrescu
et al. 2022). A growing body of research supports
the use of medicinal waters in the management of
various chronic diseases. In this study, fourteen
samples of medicinal waters from seven health re-
sorts were examined. The results of the physico-
chemical analyses of these waters at ¢, t, and ¢, are
presented in Table 3 (on the interleaf). The results
of microbiological analyses of the medicinal wa-
ters at t,, t, and t, are listed in Table 4.

Physicochemical parameters

Certain physicochemical and organoleptic pa-
rameters are frequently used as indicators of wa-
ter quality due to their rapid measurement times
and low-cost instrumentation (Rusydi 2017).
Electrical conductivity, for example, is primarily
influenced by the concentration of dissolved min-
eral salts and temperature (Gapparov & Isakova
2023). The results of this study confirmed a linear
relationship between electrical conductivity and
the sum of the dissolved substances in the test-
ed water samples, especially in waters 1-12 (sam-
ples 13, 14 are much more mineralized salines)
(Fig. 2). This relationship was observed across all
types of tested waters. The values for electrical
conductivity and pH showed stability over time
for individual samples, ranging from 96.0% to
117.0% of the initial ¢, values, with a median of
103.7% (Fig. 3).

Several parameters, such as redox potential, co-
lour and pH, exhibited changes at ¢, t, compared
to t, (Table 3, Fig. 3), with no clear dependence on
water type. It is important to note that the charac-
teristics of water are determined not only by the
primary components, such as bicarbonates, sul-
phates, chlorides, calcium, magnesium, and so-
dium, which classify the water type, but also by
transient components, gaseous substances, and
easily precipitable compounds. It should be re-
membered that the third measurement at ¢, was

conducted approximately one year after the wa-
ter was sourced and bottled. Despite the sam-
ples being stored in their original sealed packag-
ing, they were exposed to air during the bottling
process and stored at room temperature, not un-
der the conditions of the spring (e.g., temperature
and pressure) (Macioszczyk & Dobrzynski 2007,
Macioszczyk 2017). These changes in redox con-
ditions and temperature after bottling likely con-
tributed to the observed differences in parameters
such as redox potential, colour, and pH.

Water hardness is primarily determined by
the presence of alkaline earth metals, particular-
ly calcium and magnesium. It is a key parameter
for assessing water contamination, with hardness
values typically increasing when contamination is
present (Macioszczyk & Dobrzynski 2007). In this
study, the total hardness for one water sample (1)
showed a lower value (CaCO, at t, = 355 mg/L),
a 22.1% decrease from the value determined at .
The remaining hardness values were within the
range of 89.9% to 119.3% of the initial value at .

Key components such as sodium, potassium,
calcium, bicarbonate, chloride, fluoride and sul-
phate showed stability at #, and ¢, across all sam-
ples tested. Any minor changes in the concentra-
tions of these components were not dependent on
the water type and were likely due to analytical
errors. No changes in the chemical type of the
waters were observed at ¢, or t,, as illustrated in
Thickel-type graph (Fig. 4 on the interleaf). The
sum of dissolved substances, including cations,
anions and dissolved components, ranged from
94.9% to 111.0% with medians of 102.8%, 99.6%
and 100.2%, respectively.

Iron is present in water in two oxidation states:
Fe’* and Fe*. The former is more easily absorbed
by the human body. However, the concentration
of iron in its various forms is influenced by fac-
tors such as pH, redox potential, the presence of
organic matter and the activity of iron-reducing
bacteria (which was not examined in the present
study) (Macioszczyk & Dobrzynski 2007). During
water storage, insoluble iron compounds (Fe')
typically precipitate out, a phenomenon observed
in eight of the water samples (Fig. 5). Eight sam-
ples (1, 2, 5-6, 9-11, 13) showed a decrease in iron
concentration, accompanied by a change in man-
ganese concentration only in sample 13.
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Table 3

Results of physicochemical analyses of the medicinal waters at t, t, and t,

Sample identification Other properties Cations Anions No;;::::?lcczted
redox colour water sum of ammo- . . . magne- . manga- . . bicar- . . metasilicic | orthoboric
Time co.n(?uc- pH potential | asthe Pt hardness as | dissolved nium soduim P otasilum calc1;1+m sium 121+‘0n 3 nese ﬂuon:lde Cthl:lde bonate sulfatez(y D nxtrate(}II) mtrateSV) acid acid
number type of water tivity E, content | CaCO,content | substances | NH," Na K Ca Mg™ Fe'/Fe Mn* F a HCO,” 50, NO, NO, H,SiO, H,BO,
[mS/cm] - [mV] [mgL] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
t, 1.86 6.8 235 <2.5 398 1660 <0.10 301 12.7 116 26.3 <0.020 0.39 0.21 160 968 14.5 3.3 <0.10 18 40
1 HCO,-Cl-Na-Ca i 1.79 7.1 76.6 <2.5 404 1624 0.50 281 12.7 122 23.7 <0.010 0.47 0.20 152 952 15.0 0.33 3.4 19 42
i 1.82 6.9 225 <2.5 391 1661 0.43 291 11.8 122 20.7 <0.010 0.44 0.12 170 960 13.8 <0.10 3.5 29 38
t, 5.33 6.6 272 <2.5 777 5283 2.3 1205 26.0 185 75.4 0.069 0.23 0.47 872 2665 44.3 0.49 <0.10 17 190
2 HCO,-Cl-Na i 5.13 6.8 231 <2.5 808 5151 0.12 1178 26.9 196 76.6 <0.010 0.27 0.44 872 2620 47.1 <0.10 9.1 14 110
i 5.89 6.7 208 <2.5 741 5184 <0.10 1227 25.9 169 76.6 0.012 0.026 0.44 915 2563 40.5 <0.10 10 14 143
t, 4.55 6.4 475 <2.5 427 4717 0.26 1119 30.0 115 33.3 0.013 0.19 0.38 487 2717 10.6 0.20 4.5 9.3 190
3 HCO,-Cl-Na i 4.73 6.6 219 <2.5 451 4782 0.51 1172 29.0 119 37.1 0.039 0.18 0.44 498 2685 12.3 <0.10 6.5 12 210
i 4.87 6.9 220 <2.5 453 4767 4.3 1141 31.1 119 37.3 <0.010 0.18 0.49 496 2685 <10 <0.10 6.4 8.7 230
t, 13.8 6.8 357 <2.5 456 15,399 3.1 4061 90.7 139 259 0.156 0.52 0.61 2186 8180 10.6 4.9 0.29 10 686
4 HCO,-Cl-Na ) 14.3 7.0 196 <2.5 474 15,469 4.7 4289 89.9 146 25.9 0.170 0.51 0.60 2151 8014 12.1 0.25 0.36 49 686
3 14.7 7.2 210 <2.5 355 15,250 14 4148 92.1 97.8 26.6 2.37 0.44 0.65 2145 7953 11.9 4.3 0.44 9.6 744
t, 4.47 6.6 260 11 471 4783 3.1 1170 37.5 122 39.7 0.1 0.43 0.60 581 2587 <10 <0.10 <0.10 22 217
5 HCO,-Cl-Na i 4.44 6.7 236 3.0 502 4680 3.3 1090 37.2 134 40.5 <0.010 0.45 0.59 600 2612 <10 <0.10 1.0 21 137
ity 4.80 6.6 185 <2.5 497 4658 0.88 1102 36.1 131 40.9 <0.010 0.42 0.64 560 2598 <10 <0.10 9.7 21 154
t, 2.93 6.3 274 3.0 1608 3665 2.5 290 12.7 221 254 3.1 0.16 <0.10 14.8 2828 <10 <0.10 0.20 29 3.8
6 HCO,-Mg-Na-Ca t, 343 6.6 235 4.5 1698 3713 2.1 281 12.7 254 256 0.422 0.13 <0.10 17.3 2850 <10 0.12 <0.10 29 3.3
i 3.43 6.7 237 <2.5 1731 3740 1.5 296 12.9 228 279 0.813 0.15 <0.10 16.4 2868 <10 <0.10 3.7 25 3.4
t, 1.74 6.1 284 4.5 440 1966 0.31 311 11.0 99.6 46.0 1.3 0.27 0.24 41.2 1296 120 <0.10 0.26 38 0.74
7 HCO,-Na-Ca i 1.98 6.3 243 8.0 504 1960 <0.10 317 11.3 118 50.6 1.9 0.32 0.23 43.7 1257 123 <0.10 1.6 35 0.80
i 1.93 6.5 213 <2.5 525 1912 <0.10 310 11.6 111 59.6 1.8 0.31 0.21 42.2 1214 124 <0.10 1.50 35 0.92
t, 1.92 6.0 307 <2.5 368 1905 0.19 357 12.4 106 24.9 <0.010 0.40 0.22 157 1157 15.5 2.4 0.75 14 57
8 HCO,-Na-Ca it 1.98 6.3 230 <2.5 390 1933 0.29 360 13.1 116 24.1 0.041 0.38 0.22 147 1176 15.4 0.14 1.3 16 63
ity 2.01 6.6 233 <2.5 393 1917 3.7 352 13.1 117 24.3 0.0957 0.38 0.27 147 1172 8.51 <0.10 1.2 14 63
t, 1.29 6.2 143 6.0 623 1401 <0.10 61.9 37.6 212 22.6 1.4 0.25 0.41 3.5 1009 29.8 <0.10 <0.10 23 <0.29
9 HCO,-Ca ) 1.27 6.4 285 <2.5 634 1350 0.26 64.9 36.5 215 23.3 0.25 0.24 0.35 3.0 964 27.5 <0.10 <0.10 17 0.63
% 1.24 6.4 209 5.0 672 1361 0.27 63.2 36.4 226 25.5 0.24 0.25 0.35 34 958 27.9 0.40 0.71 18 <0.29
t, 0.708 5.6 178 24 373 663 <0.10 22.2 2.0 125 14.3 0.078 0.41 0.20 50.9 362 62.4 <0.10 1.2 22 0.35
10 HCO;-Ca i 0.824 6.1 229 11 390 688 <0.10 23.9 2.15 128 17.1 <0.010 0.39 0.19 52.9 372 68.7 0.1 <0.10 23 <0.29
i 0.823 6.1 232 <2.5 418 695 <0.10 22.8 2.06 131 21.9 0.0181 0.40 0.21 52.6 373 69.3 <0.10 0.86 21 <0.29
t, 3.59 6.3 278 <2.5 614 4183 0.37 843 24.0 116 77.8 3.5 0.28 0.41 126 2636 310 <0.10 <0.10 43 2.3
11 HCO,-Na i 3.61 7.6 189 <2.5 609 4206 0.62 920 27.0 112 79.1 3.0 0.28 0.40 128 2578 319 <0.10 1.6 35 2.2
i 3.57 6.8 306 <2.5 551 4079 <0.10 851 24.1 105 69.4 0.52 0.27 0.41 126 2538 322 <0.10 3.3 38 0.92
t, 20.0 7.7 212 64 1237 26,981 21 6340 353 74.9 252 0.052 <0.005 0.16 1021 18,800 57.6 <0.10 <0.10 42 19
12 HCO,-Na & 21.2 7.8 -103 23 1127 27,246 9.4 6828 362 62.1 233 0.018 <0.005 0.18 1035 18,590 64.8 <0.10 1.8 43 17
3 21.4 8.0 187 <2.5 1115 27,607 17 7000 351 36.1 246 0.204 <0.005 0.17 1064 18,750 59.5 <0.10 3.9 62 17
t, 74.1 6.8 231 <2.5 6871 56,162 23 19,600 145 1715 622 0.52 0.36 0.24 33,330 238 360 6.8 83 6.1 32
13 Cl-Na th 72.8 6.7 280 <2.5 7365 56,291 39 19,600 145 1815 681 0.0099 0.45 0.21 33,410 186 329 16 28 5.8 36
i 76.2 6.7 232 <2.5 7673 56,183 <0.10 18,990 149 1897 705 0.059 0.48 0.18 33,860 175 328 11 32 <0.56 35
t, 89.1 7.2 425 <2.5 10,480 71,611 2.1 22,180 63.0 2926 761 0.22 0.67 0.24 42,540 56.5 2978 <0.10 13 16 74
14 Cl-Na ) 86.5 7.1 245 <2.5 10,800 74,606 19 24,910 65.0 3001 793 0.085 0.69 0.22 42,720 52.6 2,943 7.8 7.1 6.9 80
i 92.3 7.2 237 <2.5 11,450 75,340 <0.10 24,460 63.7 3206 826 1.1 0.74 0.21 43,610 52.9 2,983 <0.10 67 <0.56 69
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Fig. 6. Changes of nitrogenous compounds concentrations in tested medicinal waters at t, t,and t, in samples 1-8
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The physicochemical tests revealed changes
in the concentrations of nitrogenous compounds
(i.e. ammonium, nitrate(III) and nitrate(V) ions)
at t, and t, in thirteen out of fourteen waters test-
ed, with twelve showing a significant increase in
nitrate(V) ion levels (above 20.0%). In the eight
samples (2-8, 14) where an increase in nitrate(V)
ion levels was observed over time, a decrease in
redox potential values was noted at the same time.

The HCO,-Na-Ca, HCO,-Cl-Na-Ca and HCO;-
Mg-Na-Ca-waters, apart from the aforemen-
tioned increase in nitrate(V) levels, showed no
significant differences in most of the other tested
parameters. These observed changes may be re-
lated to nitrogen transformations — nitrification,
denitrification, and ammonification, which occur
easily with the involvement of nitrifying bacteria
(though not part of the current study) (Figs. 6, 7).
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Fig. 7. Changes of nitrogenous compounds concentration in tested medicinal waters at t,, t,and t,in samples 9-14
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In eight samples (3-4, 6-10 and 12), the con-
centrations of metasilicic acid and orthoboric acid
remained stable over time. A decrease in orthobo-
ric acid concentration (up to 60%) was observed in
three water samples of different types, with a pre-
dominant content of sodium Na', bicarbonate
HCO," and chloride CI" ions (3, 5, 11), while the
metasilicic acid content was stable.

The results indicate that the medicinal waters
tested show stability in chemical composition and
organoleptic parameters throughout the shelf life,
as specified by the manufacturer.

Microbiological parameters

The natural microbiota of medicinal waters plays
an important role in shaping their unique prop-
erties and potential therapeutic benefits. Natu-
ral mineral waters, spring waters, and those rec-
ognised as medicinal cannot be subjected to
disinfection or other processes that may alter
their original composition and properties (Leclerc
& Moreau 2002, Rozporzadzenie 2006, 2011). At
production facilities, microbiological control is
conducted at all stages of the production process
(from source to final product) to ensure the safety
of the finished product.

Tests for indicator bacteria in medicinal wa-
ters were conducted to verify hygiene conditions
in bottling plants and to monitor processes. This
is a crucial element of quality control, determin-
ing potential risks for patients undergoing thera-
py. No indicator microorganisms indicating faecal
contamination (e.g., E. coli, intestinal enterococci,
spores of sulphite-reducing anaerobes) or prob-
lems related to biofilm (e.g., P. aeruginosa) were
detected in any of the tested samples. These results
confirm proper process oversight and the health
safety of the final product.

Among all the tested samples, only one sam-
ple showed the presence of coliform bacteria
(10 CFU/250 mL), with no other indicators detected.
Itisworth noting that coliform bacteriaare notaspe-
cific or reliable indicator of faecal contamination,
as they are also found in the environment and may
originate from soil or plant material. Psychrotrophic
bacteria, e.g. Serratia fonticola, Rahnella aquati-
lis, are examples of this (Leclerc & Moreau 2002).
Unlike faecal indicators, coliform bacteria, like to-
tal count of microorganisms (TMC), are useful pa-
rameters that can serve as criteria for assessing the

cleanliness and integrity of water systems, includ-
ing biofilm potential in water bottling installations.

Tests for total microbial counts (TMC) showed
that microorganisms were more frequently detect-
ed at 22°C than at 36°C. This result confirms the
presence of autochthonous microbiota in the test-
ed waters. At f;, microorganisms were detected at
22°C in 8/14 samples (57%), while total microbi-
al counts at 36°C were detected in 5/14 samples
(36%). The values for this parameter were much
lower - ranging from 1 CFU/mL to 7 CFU/mL -
compared to microbial counts at 22°C, which ex-
ceeded 300 CFU/mL.

Autochthonous bacteria in water do not pose
a significant sanitary risk and do not threaten hu-
man health as they do not grow at human body
temperature. These bacteria are typically psychro-
trophic species (Allen et al. 2004) and appear in low
numbers at water sources (Schmidt-Lorenz 1976).

In contrast, bacteria detected at incubation
temperature of 36°C +2°C, could indicate poten-
tial contamination with sewage or intestinal mi-
croorganisms, which could suggest the presence of
potentially pathogenic bacteria (Leclerc & Moreau
2002). However, the low growth levels and absence
of more specific microbial indicators suggest this
is not the case.

In the study, water samples 1, 3, and 14 showed
a high total count of microorganisms at 22°C, ex-
ceeding 300 CFU/mL. In sample 1, this was ob-
served at both f, and f; in sample 2, only at f;
and in sample 14, only at ¢, (at ¢, sample 14 had
51 CFU/mL). The high overall microbial count at
22°C recorded in three waters may be a natural
phenomenon resulting from the presence of spe-
cific autochthonous microflora, and in the case of
storage tests, it is related to the natural increase in
bacterial numbers present in the water from the
source. For all waters, with one exception, at ¢,, at
the end of the storage period, the overall microbi-
al counts at 22°C and 36°C yielded zero results. In
none of the waters at £, - i.e., at the end of the stor-
age period - was the presence of the tested micro-
organisms detected, indicating the stabilisation of
the microflora during storage.

It is difficult to definitively identify the cause
of the high microorganism levels (>300 CFU/mL)
obtained from the total microbial count at 22°C
without access to results related to specific stag-
es of the production process. Several factors, such
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as the immediate environment of the bottling ma-
chine, the microbiological quality of the process
air, and the cleanliness of the preforms and caps,
can influence the microbiological quality of the
final product. Contamination of the packaging
may occur during its production, transport to the
factory, or during improper storage and transport
to the bottling machine. Given other microbiolog-
ical results, improper production oversight in this
area is not likely to be the cause of these increases.
It is important to note that bottling water causes
a drastic change in the environment for the bacte-
ria living in it (Lorenz 1990, Morita 1997, Leclerc
& Moreau 2002). This phenomenon, referred to as
the “bottle effect,” causes the number of microor-
ganisms to increase dramatically after bottling,
reaching levels of up to 10*~10°> CFU/mL (Leclerc
& da Costa 1998, Leclerc & Moreau 2002). This in-
crease is due to nutrients present in low concen-
trations that are adsorbed and concentrated onto
the surface, thus becoming more available to the
bacteria (Bischofberger et al. 1990, Morita 1997,
Leclerc & Moreau 2002).

The results of the microbiological tests are pre-
sented in Table 4.

With regard to the research conducted and the
results obtained, the use of bottled medicinal wa-
ters after the completion of a stay at a health resort
should be discussed. A patient’s stay at a health re-
sort lasts between 21 and 30 days, during which
they receive specific treatments prescribed by
their doctor, including crenotherapy. Due to the
chronic nature of the diseases treated, it is of-
ten recommended that the patients continue the
drinking treatment at home, as prescribed, to
maintain the therapeutic effects post-sanatorium.
There is a lack of scientific literature on the sta-
bility of the chemical composition and microbi-
ological properties of bottled natural medicinal
waters. It is important to highlight that current
national legal regulations regarding medicinal
waters do not set upper limits for the concentra-
tions of key components such as magnesium, cal-
cium, sodium, potassium, bicarbonates, sulfates,
chlorides and fluorides. However, the decision
on the choice of treatment and its duration lies
with the health resort physician. National regu-
lations, such as the Health Ministry’s decree, do
set limits for undesired components at excessive
concentrations, such as nitrates(III) - 0.02 mg/L,

and nitrates(V) - 10 mg/L, as well as organoleptic
and physicochemical requirements for medicinal
waters intended for drinking treatments (e.g., co-
lour as Pt content <5 mg/L, pH dependent on the
chemical composition of the water). These require-
ments apply to the water provided at the treatment
site in the sanatorium, not the packaged product
(Rozporzadzenie 2006). Nevertheless, the tested
medicinal waters met most of these requirements,
with the exception of the limit for nitrates(III),
which can be explained by the detection method-
ology (detection limit of 0.1 mg/L) and the trans-
formation of nitrogen compounds during storage.

Current national and EU food legislation on
bottled waters (Directive 2009/54/EC, Rozporza-
dzenie 2011) does not include the medicinal wa-
ters category. In Poland and the EU, three types of
water can be bottled and marketed as food prod-
ucts, namely: natural mineral water, spring water
and table water (Directive 2009/54/EC, Rozporza-
dzenie 2011). Bottled spring and mineral waters
show significant differences in mineral composi-
tion between different EU countries (Stoots et al.
2021). Published studies mainly focus on chemi-
cal and microbiological contaminants in bottled
waters (Bradley et al. 2023, Schalli et al. 2023,
Tihanyi-Kovacs et al. 2023).

The physicochemical tests carried out by the
authors on bottled medicinal waters from sev-
en Polish health resorts at ¢, t, and t, allowed the
conclusion that no significant changes in water
quality occurred over time. Assuming permissible
variations in the content of characteristic constit-
uents of no more than +20%, it can be conclud-
ed that the mineral composition of the studied
waters is stable over time. The observed changes
in nitrogenous compound concentrations may
be the result of natural transformations, such as
those related to the presence of nitrifying bacte-
ria. The shelf life proposed by the manufactur-
er ensures the maintenance of physicochemical
properties and adequate microbiological purity,
thus ensuring the safety of the product. No typical
trends in changes in physicochemical properties
or constituent content were identified for medici-
nal waters of the same type. Although significant
health risks were not found concerning the exam-
ined parameters, other potential risks (e.g. micro-
plastic, plasticisers) should also be considered in
future investigations (Welle & Franz 2018).

Geology, Geophysics and Environment, 2025, 51 (1): 43-58



56 Ziemska J., Bartosik M., Szynal T., Mazatiska M., Matuszewska R., Mgka L., Solecka J.

Table 4
Results of microbiological analyses of the medicinal waters (ND - not detected)
Sample identification Microbiological parameters
= E intestinal P. aerugi- :Ef;ﬁ:tzf
2 &= | TMC22 | TMC36 | coliforms E. coli entero- .
£ type of water cocci nosa reducing
2 anaerobes
[CFU/mL] | [CFU/mL] |[CFU/250 mL]|{[CFU/250 mL]|[CFU/250 mL]|[CFU/250 mL]| [CFU/50 mL]
t, >300 7 ND ND ND ND ND
1 | HCO,-Cl-Na-Ca t, >300 ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, 3 2 ND ND ND ND ND
2 | HCO,-Cl-Na t ND ND ND ND ND ND ND
t, 1 ND ND ND ND ND ND
t, >300 1 ND ND ND ND ND
3 | HCO,-Cl-Na t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, 14 ND ND ND ND ND ND
4 | HCO,-Cl-Na t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t 1 1 ND ND ND ND ND
5 | HCO,-Cl-Na t ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
£ ND ND ND ND ND ND ND
6 | HCO,-Mg-Na-Ca | 1, 3 ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t ND ND ND ND ND ND ND
7 | HCO,-Na-Ca t, ND ND ND ND ND ND ND
t, 3 ND ND ND ND ND ND
ty 1 ND ND ND ND ND ND
8 | HCO,-Na-Ca t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
9 | HCO,-Ca t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
10 | HCO,-Ca t ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
11 | HCO,-Na t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, 10 4 10 ND ND ND ND
12 | HCO,-Na t, 9 ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t 11 ND ND ND ND ND ND
13 | Cl-Na t, ND ND ND ND ND ND ND
t, ND ND ND ND ND ND ND
t, 51 ND ND ND ND ND ND
14 | Cl-Na t, >300 ND ND ND ND ND ND
t, 0 ND ND ND ND ND ND
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CONCLUSIONS

Recent research results indicate the beneficial ef-
fects of balneotherapy treatments in the therapy
of diseases such as obesity, metabolic syndrome,
sleep disorders, mental health disorders, long
COVID-19 and rehabilitation after cancer treat-
ment (Reger et al. 2022, Antonelli et al. 2024,
Fioravanti et al. 2024, Galvez et al. 2024). Further
fundamental and applied research into the chem-
istry and natural microflora of medicinal resourc-
es is essential to deepen the understanding of the
mechanisms behind the effects of individual re-
sources, including medicinal waters, in various
balneotherapy treatments.

The results from tests assessing the effect of
storage time on the stability of the chemical com-
position and the microbiological quality of bot-
tled medicinal waters from seven Polish health
resorts (Szczawnica, Wysowa-Zdrdj, Krynica-
Zdroj, Polanica-Zdréj, Szczawno-Zdréj, Koto-
brzeg, Polczyn-Zdrdj) allow us to conclude that
these products remain stable throughout the
shelf life declared by the manufacturer, i.e. within
1 year (9 months for sample 1) from date of man-
ufacture. Furthermore, the results indicate that
bottled medicinal waters can be used at home to
prolong the effects of sanatorium treatment, as
recommended by the chief physician responsible
for health resorts. The data obtained can be uti-
lised by producers of bottled medicinal waters, as
well as in the process of updating regulations re-
garding natural medicinal resources and health
resorts. This also includes the potential for intro-
ducing provisions on the production and bottling
of natural medicinal waters, along with the obli-
gation to test bottled medicinal waters and define
the scope and frequency of such tests.

The study was supported by the National Insti-
tute of Public Health NIH - National Research In-
stitute (Grant Nos. BK-2/2020; BK-2/2021).
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