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1. Introduction 

The cradle of contemporary balneotherapy and physical therapy were the 
peoples inhabiting the lands of the Mediterranean basin. Ancient Egyptians, 
Greeks and Romans discovered the healing values of the surrounding nature. Hip-
pocrates (460-380 BC) and Asklepiades (120-56 BC) were considered the pre-
cursors of medical art in ancient times, who mainly used the benefits of sunlight 
and water (Rak 2011). Wojciech Oczko (1537-1599), the court physician of 
Stefan Batory and Zygmunt III (Tchórzewska-Cieślak and Rak 2005) is consid-
ered to be the father of Polish balneology. An important concept of balneology is 
crenotherapy. Crenotherapy is a drinking therapy with mineral waters. The fol-
lowing types of mineral waters are distinguished: 

Natural spring water is water originating from documented underground 
resources, extracted with one or more natural or drilled holes, originally pure 
chemically and microbiologically, not differing in properties and mineral compo-
sition from water intended for human consumption, specified in the provisions 
on collective supply in water (Tchórzewska-Cieślak and Rak 2006). 

Natural mineral water is water originating from documented resources of 
groundwater, extracted with one or more natural or drilled holes, originally pure 
chemically, microbiologically, characterized by stable mineral composition and 
properties of physiological significance, resulting in beneficial effects on human 
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health, according to specific requirements (Tchórzewska-Cieślak and Rak 2005, 
Tchórzewska-Cieślak and Rak 2006, Rozporządzenie 2011). 

Bottled medicated water is water intended for sale in unit packaging, 
originally clean, untreated underground water from one deposit, whose chemical 
composition and physical properties determine a specific therapeutic effect, con-
firmed by the results of pharmacological research (Tchórzewska-Cieślak and Rak 
2006, PN-Z- 11001-1). 

Pharmacodynamic factors are the minimum content of selected chemical 
components (so-called specific components) or the minimum value of the physi-
cal properties of water that causes their therapeutic effect (Rozporządzenie 2016, 
Michalski 2006). The basic components of mineral waters whose content in water 
determines its degree of mineralization include: anions: chloride, bicarbonate and 
sulphate, and cations: sodium, potassium, calcium and magnesium (Tchórzew-
ska-Cieślak and Rak 2006). It is worth remembering that natural mineral waters 
not only supplement water losses, but also shortages of some of the bio-elements 
that are essential for the proper functioning of the body. Essential for the body 
bioelements taken from mineral water are bioactive and easily digestible 
(Błaszczyk and Tuszyński 2007). 

The basic process conditioning the existence of Earth's Shell - called the 
biosphere – is photosynthesis, taking place in green parts of plants with the partic-
ipation of chlorophyll, using solar energy, in the presence of minerals. The role and 
share of individual bioelements in biochemical processes occurring in living organ-
isms are largely determined by the atom's structure (Gertig and Przysławski 2006). 

Taking a quantitative criterion of difference in the occurrence in the body 
and the ranges of recommended intake, these bioelements are divided into mac-
roelements and microelements. You can also distinguish a three-level division, 
which also takes into account the so-called ultra-trace elements (Gertig and 
Przysławski 2006). 

Macroelements – elements whose content in the body on a dry matter 
basis is greater than 0.01%, and safe or recommended intake is greater than 
100 mg/day. These include calcium (Ca), phosphorus (P), magnesium (Mg), so-
dium (Na), potassium (K), sulfur (S), chlorine (Cl), as well as carbon (C), hydro-
gen (H), oxygen (O), nitrogen (N) (taking into account only the content criterion 
in the body). 

Microelements – elements whose content in the body in terms of dry mass 
is less than 0.01%, and safe and recommended consumption is less than 
100 mg/day. Includes iron (Fe), zinc (Zn), copper (Cu), iodine (I), selenium (Se), 
fluorine (F), chromium (Cr), manganese (Mn), molybdenum (Mo), boron (B), 
cobalt (Co), nickel (Ni), silicon (Si), tin (Sn), vanadium (V).These elements are 
often referred to as "trace". 
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Ultra trace elements – are elements whose content in the body in terms of 
dry mass is less than 0.00001%. These include silver (Ag), gold (Au), rad (Ra), and 
some elements from the group of microelements (according to different authors) 
(Gertig and Przysławski 2006), eg selenium, vanadium and strontium. 

The aim of the article was EXPERIMENTAL IDENTIFICATION of so-
dium (Na), chlorine (Cl), calcium (Ca), sulfur (S) and iron (Fe), boron (B) and 
strontium (Sr) occurring in elevated concentrations in the source waters of Sanok 
District. It was necessary to experimentally demonstrate a high content of mac-
roelements (Na, Cl, Ca, S), microelements (Fe, B) and ultra-trace element stron-
tium (Sr) in the selected 6 sources. 

The aim of the work was to characterize the above-mentioned bioele-
ments in chemical terms, functions in the human body and the role and occurrence 
in groundwaters. In addition, it was recommended to present the results and in-
terpretations of the analyzed source waters, including trace elements (bioele-
ments) (selenium, molybdenum). The content of these elements in spring waters 
was determined by the most advanced analytical methods of modern chemistry. 

2. Research area 

All researched sources occur in the Sanok Poviat, whose area in terms of 
geology and structure belongs to the outer (flysch) Carpathians. In addition, all 
sources are located on the border of the Eastern and Western Carpathians (Fig. 1). 

The outer (flysch) Carpathians, which are the outermost unit of the Car-
pathians, are built of sedimentary rocks formed in the geosynclinical reservoir. 
These are different varieties of sandstone and slate; along with minor marls, ker-
atoses and limestones. The lithological diversity of Jurassic-Cretaceous-Paleo-
gene-Neogene sediments and the style of disturbances allow to distinguish exter-
nal tectonic-facies units in the Carpathians: Magura, Dukla, Grybów, Pre-Ma-
gura, Silesia, Podlasie and Skole (Paczyński and Sadurski 2007). There are tec-
tonic units in the Sanok Poviat: Silesia, Podlasie and Skolska (Międzybródź-
Mrzygłód-Tyrawa Solna) (Rajchel 2016a). 

In the region of the external Carpathians, there is considerable potential 
for the intake of mineralized waters, both deeper parts of flysch formations and 
their subsoil. These waters, often found in areas with physiographic conditions 
particularly favorable for the development of spa treatment, should be used as 
curative (Paczyński and Sadurski 2007). 

The Jasielsko-Ustrzycki subregion also including the Sanok Poviat 
abounds in chloride, iodide and chloride-bicarbonate waters, iodide often accom-
panying oil deposits (Tyrawa Solna) (Rajchel 2016a). Such waters were encoun-
tered in a large number of oil wells, the largest of which are located in the anti-
clonal zones of the central Carpathian synclinorium (Porowski 2006). The 
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possibilities of using these waters for medicinal purposes, apart from three spas 
(Iwonicz Zdrój, Rymanów Zdrój, Polańczyk), are practically unlimited. 

 

 

Fig. 1. Localisation of test points, I – the borders of the Sanocki poviat; II – test point 
with code number: 1 – Sanok Chopin source, 2 – Bykowce San, 3 – Tyrawa Solna,  
4 – Liszna, 5 – Mików, 6 – Radoszyce; III – rivers, streams; IV – lakes, water reser-
voirs; V – forests; VI – national, local roads 
Source: Author's own studies based on cartographic materials supplied by the Google maps 
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In many locations, it is possible to utilize the already closed petroleum 
wells often requiring reconstruction. Drilling new holes, which can be successful, 
is recommended in points especially climatically suited for developing spa treat-
ment in them (Paczyński and Sadurski 2007). 

Of all the sources studied, four of them are located in Sanok, Bykowce, 
Tyrawa Solna and Liszna in the Sanok commune, while the other two flow out in 
Mików and Radoszyce belonging to the Komańcza commune (Table 1). None of the 
sources researched by the authors are currently used for economic or spa purposes. 

3. Methodology 

An analysis of water from six sources from the eastern and southern parts 
of the Sanok poviat was conducted (Fig. 1). Each sample was marked with 
a three-letter code and a number of the station from which water was collected 
(1-6) was assigned. Geographical coordinates were determined for each position. 
The source that is at the place of religious cult was called „The Miraculous 
Spring" (Chowaniec 2007). Basic physico-chemical parameters of water samples 
were measured, ie pH, redox potential ORP (Oxidation Reduction Potential) ox-
idation-reduction potential (Horne and Goldman 1994), conductivity, EC (Elec-
trical Conductivity), electroconductivity, temperature. There were portable in-
struments for measuring pH, ORP, EC potential and temperature (all quantities 
depend on temperature) (Łach 2011). 

The "Macroelements" are included the determinaton results of calcium, 
magnesium, sodium and potassium using atomic absorption spectrometry (ASA) 
(Atomic Absorption Spectrometry) (Szczepaniak 2002). The "macro elements" 
also include phosphorus and sulfur, which were determined using ICP-OES (In-
ductively Coupled Plasma - Optial Emission Spectroscopy) optical inductively 
coupled plasma emission spectroscopy. In contrast, chlorine was analyzed argen-
tometrically (PWSZ 2018). 

Microelements (1 + 2), including iron, zinc, heavy metals, copper, chro-
mium, nickel, manganese (Barycka and Skudlarski 2001) were determined using 
the ASA method. In addition, the amount of non-metals such as iodine, fluorine 
in the analyzed samples was determined using Ion Chromatography (Ion Chro-
matography) ion chromatography (fluorine WSSE 2019). Other non-metals, ie. 
silicon, boron and important element of molybdenum were analyzed using ICP-
OES. It should be remembered that the information about "traces" at Microele-
ments (1 + 2) refers to the criterion of the division of bioelements presented in 
the INTRODUCTION of this work. One should not confuse "trace" quantities of 
bioelements found in living organisms, with "trace" amounts of elements found 
in groundwater (spring). Boron and silicon, for example, are micronutrients pre-
sent in trace amounts (< 0.01%) in organisms, whereas, in the studied groundwa-
ters (source), their amount is considerable (even a dozen or so milligrams in cubic 
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decimeter). The same phenomenon applies to strontium (ultra-small elements). 
The ICP-OES method was designated for vanadium (ultra element). 

As for the methodology, this can be seen two interesting cases. The first 
one concerns the analysis of strontium, which was carried out using the ICP-MS 
method (PETROGEO 2019). The second case is selenium analysis performed by 
three different methods (ASA, ICP-OES, ICP-MS), ICP-MS (Inductively Coupled 
Plasma) mass spectrometry with ionisation in inductively coupled plasma. Most 
often (this is not the rule) metals are determined using the ICP-OES method, and 
nonmetals using the ICP-MS method. This applies in particular to methods using 
plasma light sources (ICP) and fluorescent lamps that allow high-energy transi-
tions, and thus excitation of non-metals. Therefore, the first of these methods is 
designated bar (metal). Strontium (ultra element) and bar occur in relatively large 
quantities after calcium and magnesium in groundwater. Therefore, the content of 
these elements was included in the calculation of the amount (sum) of cations  
[mg ∙ dm-3], in the investigated waters. The last cation from this table is the lithium 
already traditionally marked by the "plasma" method. 

To prepare data for analysis of alkaline earth metals (calcium, magne-
sium) for water sample (6), the formula for calculating water hardness 
(Chorostyński and others 2018) was used: 





k

1i
iimcTwo  

where: 
Two – general hardness of water [mmol ꞏ dm-3], 
c – concentration of metal cation [mg ꞏ dm-3], 
m – multiplier of metal cation [mmol ꞏ mg -1]. 
Ca multiplier = 0.02495 mmol ∙ mg-1 
Mg multiplier = 0.04114 mmol ∙ mg-1 

 
With the water hardness (6) expressed in millimols in cubic decimeter, it 

is easy to calculate the hardness of this water in German degrees (° dH) and deter-
mine the type of hardness based on tabular data eg soft water (Krause 1993). 

When we have the silicon concentration in the tested samples, the con-
centration of orthosilicic acid can be calculated. Based on the boron content, the 
concentration of metaboric acid can be calculated. 

Classical analysis of anions: chlorides – argentometry (PWSZ 2018), sul-
phates (VI) – turbidimetry (WSSE 2019), bicarbonates – alkacimetry (PWSZ 
2018), allowed to calculate mineralization (cations + anions + undissociated sub-
stances) [mg ∙ dm-3] and specify its type. 
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4. Results 

The physicochemical parameter, measured using a pH meter, was the hy-
drogen ion exponent (ph). The reaction was determined for 6 spring waters (1-6), 
two waters showed an alkaline pH > 8 (3.4). At the source, the ORP parameter 
was measured for all tested waters, for two waters (2.4) it assumed a negative 
value, which indicates the reducing properties of these waters. Water (2) showed 
the potential of ORP (-110 mV) and water (4) (-123 mV). The electroconductive 
(EC) indicator (conductivity) in μS ∙ cm-1 was the highest for water (3) and it was 
EC > 5000, in other samples it did not exceed 950. In contrast, for water (6) it 
was the lowest (340 μS ∙ cm-1), which indicates low salinity (mineralization) (Ta-
ble 2). Table 3 presents the determination results of alkali metals (sodium, potas-
sium) and alkaline earth metals (calcium, magnesium). A significant amount of 
sodium had water (3), more than 1000 mg ∙ dm-3, the same water contained cal-
cium > 150 mg ∙ dm-3. Water (1) also shares this inequality for calcium. Table 3 
contains the results of analyzes for phosphorus, chlorine and sulfur. Of these three 
non-metals, the most interesting result is the chlorine content in water (3), which 
exceeded 2,000 mg ∙ dm-3. It should be remembered that Table 3 includes macro-
elements, i.e. those that occur in living organisms in large quantities, while one 
of the non-metals (phosphorus) in spring waters, as it results from the analysis, is 
less than 0.10 mg ∙ dm-3. Similarly, very low sodium content was demonstrated 
in water (1) with high calcium content (Table 3). 

Microelements 1 (bioelements found in trace amounts in living organ-
isms) (Table 4) are metals (iron), heavy metals (zinc, copper) and non-metals 
(iodine, fluorine, silicon). An interesting fact is the content of iron in water (2) 
above 10 mg ∙ dm-3. The quantities of other bioelements are standard for ground-
water (zinc) and copper < 0.01 mg ∙ dm-3, iodine < 0.3 mg ∙ dm-3, fluorine  
< 0.1 mg ∙ dm-3. The silicon content is also average for spring waters and amounts 
to several or several mg. 

Microelements 2 (bioelements found in trace amounts in living organ-
isms) (Table 5), are metals (important biometal) molybdenum, heavy metals, 
chromium, nickel, manganese (noble metal) and nonmetal boron. The heavy met-
als chromium and nickel are found in the tested (source) waters in quantities 
lower than 5 μg ∙ dm-3. For water (2), the concentration of manganese exceeded 
1000 μg ∙ dm-3, and the boron concentration for water (3) reached about  
3000 μg ∙ dm-3. Molybdenum is a bio-element determined in the smallest quanti-
ties, below 1 μg ∙ dm-3, two waters (5, 6) showed the molybdenum concentration 
so low that the result (< LOQ) was below the limit of quantification. 
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Table 6 includes selected ultra-elements, which include selenium, vana-
dium and strontium. Strontium is present in relatively large quantities in spring 
waters just after calcium and magnesium (Table 7). The concentration of stron-
tium in water (3) exceeded 10 mg ∙ dm-3. For comparison purposes, three sele-
nium analyzes in all samples were carried out using three different analytical 
methods to increase the accuracy and precision of the assay. The highest concen-
tration of selenium did not exceed 20 μg ∙ dm-3. Vanadium is an ultra-element 
found in organisms in the amount of 10-5% (on a dry weight basis). The same 
element was marked in source waters (2-5) in the amount of 1.5 ∙ 10-5 g ∙ dm-3. 
The two tested waters (1, 6) had a vanadium concentration below the limit of 
quantification (< LOQ). 

Table 7 contains minerals already discussed earlier, with the exception of 
barium, which together with magnesium and strontium (the same group of the 
periodic table) is worth determining in underground (spring) water. Barium con-
centration in certain groundwaters may exceed 1 mg ∙ dm-3. This happened in the 
case of tested water (3), for which [Ba2+] > 3 mg ∙ dm-3. Lithium concentration, 
similarly to the barium concentration, for the same water tested (3) exceeded  
1 mg ∙ dm-3. Table 7 includes the sum of cations expressed in mg ∙ dm-3. 

Table 8 contains minerals, which include anions found in spring waters. 
The following anions were determined: chlorides, sulphates (VI) and bi-

carbonates (Table 8). The concentration of these ions is average as for ground-
water, with two exceptions: water (3) contains chlorides in the amount of more 
than 2,000 mg ∙ dm-3 (already mentioned in the discussion of table 3), the second 
exception is related to the concentration of bicarbonates in water (6), which is 
smaller than 220 mg ∙ dm-3. The concentration of bicarbonates has a significant 
influence on the size of mineralization. In Table 8 based on the amount of silicon 
and boron, the calculated concentrations of undissociated substances, including 
orthosilicic acid H2SiO3 and HBO2 metaboric acid, are also included. Summing 
up the number of cations (Table 7), anions and undissociated substances (Table 
8) for the analyzed spring waters (1-6), the mineralization (Table 8) was calcu-
lated in mg ∙ dm-3. Mineralization for water (3) looks very impressive, almost 
3.7 g ∙ dm-3, while water (6) has a very low mineralization equal to 330 mg ∙ dm-3. 
Also noteworthy is a high level of the mentioned metaboric acid, which exceeded 
10 mg ∙ dm-3 in water (3). 

It is worth adding that for all results excluding inequality (<), also ex-
cluding measurements below the limit of quantification (< LOQ) (Limit of Quan-
tification), for n = 3 and the level of significance p = 0.95 was given relative 
standard deviation expressed as a percentage (% RSD) (Relative Standard Devi-
ations). 
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5. Discussion 

This chapter is a thorough data analysis contained in the Results. Two 
waters (3, 4) showed slightly alkaline pH > 8 (Table 2). The reason for this is the 
presence of a large amount of sodium in water (3) (Table 3) (alkali metal), 
whereas water (4) is sulphide water. Sulfides (hydrosulfides) of alkali metals, e.g. 
sodium in water (4) (65 mg ∙ dm-3 Na, Table 3) dissociate to form HS- and S2- 
ions. In turn, the replaced ions are hydrolyzed, resulting in the formation of hy-
drogen sulphide (the smell of rotten eggs) and hydroxyl ions HS- + H2O = H2S + 
OH-, which give the water a basic reaction. All sulphide waters are slightly alka-
line (Chorostyński et al. 2018). Hydrogen sulfide, on the other hand, is a highly 
toxic gas and its vapors, which are released in high concentrations, can be 
a deadly threat to humans (Cykowska et al. 2013, Patniak 2007, Standard Meth-
ods 1998). The form in which sulfide compounds occur depends on the pH of the 
environment. At pH < 6 the form of undissociated H2S prevails, in the range of 6 
< pH < 8 there are mainly HS- bis hydrosulfite ions, and at pH > 8 (water 4) the 
dominant form is S2- sulphide ions (Hermanowicz et al. 1999, Cykowska et al. 
2013). Natural sulphide spring waters with the right content of divalent sulfur are 
healing (spa) waters. The same applies to slightly alkaline waters (waters 3, 4) 
having the properties of alkaline water. Thanks to this, they have pro-health fea-
tures (Chorostyński and others 2018). 

The source (4) "On a Waterfall" is located next to the road from Olchowce 
to Liszna in the area of the Słonne Mountains Nature Park. The outflowing water 
is a type HCO3 - Cl - Ca - Na + H2S with the mineralisation of 0.7 g ∙ dm-3 and H2S 
content of 3.8 mg ∙ dm-3 (Rajchel 2016b). In the case of sulphidic waters, the 
water has the characteristics of „specific sulphurous medicinal water” if the con-
tent of sulphides (divalent sulfur) exceeds 1 mg ∙ dm-3 (pharmacodynamic factors 
- introduction) (Rozporządzenie 2016, Michalski 2006). Based on the literature 
(Rajchel 2016b), water (4) with a divalent sulfur content of 3.8 mg ∙ dm-3 is „spe-
cific sulphide medicinal” water. 

Water (2) had ORP potential (-110 mV) and water (4) (-123 mV). The 
negative redox potential indicates the reducing properties of these waters. Water 
(2) is rich in iron (II) Fe2+ ions (which quickly oxidize to Fe3+ ions after water 
flows to the surface). Fe2+ ions have (Łach 2010) reducing properties (because 
they can be oxidized). Water (4) is sulphide water with the content of S2- ions, 
which can oxidize, among others, to sulfur S0, thanks to which S2- ions have re-
ducing properties. The reducing properties cause the negative ORP potential of 
the tested water. Water with a negative potential is an antioxidant that destroys 
free radicals and prevents the aging process. Water with a low redox oxidation 
potential (Horne and Goldman 1994, Suslow 2004) has health benefits. 
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The high electroconductive index (conductivity), which for water (3) was 
EC > 5000 μS ∙ cm-1, indicates high salinity of this water (high mineralization). 
Conversely, in the case of water (6), low conductivity (340 μS ∙ cm-1), this water 
has low mineralization. Two indicators point out mineralization of spring waters. 
Firstly, conductivity, secondly, mineralization calculated as the sum of cations, 
anions and undissociated substances. In experimental data (with correct results), 
there should be a high correlation between these two indicators. The EC index is 
often used to quickly assess the salinity of water (table 2). 

In Table 3, a high concentration of two macroelements, sodium  
(> 1000 mg ∙ dm-3) and chlorine (> 2,000 mg ∙ dm-3) is interesting, which informs 
about „natural mineral water with sodium chloride content” (NaCl  
> 1000 mg ∙ dm-3). The same water (3) contains a large amount of calcium  
(> 150 mg ∙ dm-3), so it is „natural mineral water with calcium content” 
(Rozporządzenie 2011, Michalski 2006). 

It is worth paying attention to water (1). In this water, the amount of cal-
cium exceeded 150 mg ∙ dm-3, which makes this water „natural mineral water 
with calcium content”. At the same time, this water has extremely low sodium 
content (Table 3), with relatively high mineralization. It is medium-mineralized 
water with a total mineralization exceeding 500 mg ∙ dm-3 (Table 8). As far as 
mineralization is concerned, the current valid classification of natural mineral 
waters is according to dissolved minerals. Low-mineralized water - below 
500 mg ∙ dm-3, medium- mineralized water - from 500 to 1500 mg ∙ dm-3, high-
mineralized water - above 1500 mg ∙ dm-3. 

The aforementioned water (1) meets the conditions (low sodium content, 
average mineralization) of "natural low-sodium mineral water" (Rozporządzenie 
2011, Michalski 2006, Tchórzewska-Cieślak and Rak 2005, Tchórzewska-Cieślak 
and Rak 2006). Water (1) contains sodium in the amount of < 20 mg ∙ dm-3. 

Iron was classified to microelements 1 (Table 4). Its quantity is high and 
exceeds 10 mg ∙ dm-3, water (2). Iron in groundwater usually occurs in the form of 
bicarbonate and iron (II) sulfate (IV) – Fe(HCO3)2, FeSO4 (Kowal and Świderska-
Bróż 2000). Consequently, in underground waters, it occurs exclusively as an Fe2+ 
ion. Only the outflow of water to the surface and contact with atmospheric oxygen 
causes the oxidation of iron (II) compounds to iron (III) compounds and the pre-
cipitation of colloidal iron (III) hydroxide (Kowal and Świderska-Bróż 2000). 

4 FeSO4 + O2 + 10 H2O → 4 Fe(OH)3 + 4 H2SO4 
4 Fe(HCO3)2 + O2 + 2 H2O → 4 Fe(OH)3 + 8 CO2 

As shown in Table 4 (iron content) and Table 8 (content of bicarbonates 
and other anions), spring water (2) contains almost exclusively iron (II) bicar-
bonate. The analysis was carried out in a short time after taking a sample of water 
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from the source, it can be assumed that Fe2+ ion was determined (speciation analy-
sis), not general iron. Generally, in acidic waters with low Eh (ORP) value (in our 
case -110 mV, water (2), table 2 iron content is higher than in waters with higher 
pH and Eh (ORP).) Chemistry of iron compounds is exceptionally sensitive to 
changes in pH and Eh (Kowal and Świderska-Bróż 2000, Łach 2010). The reason 
for this is that iron has the ability to change the degree of oxidation (electron bind-
ing) (Kuras et al., 2015, Ponka 1999). In spring water (2) over 10 mg ∙ dm-3, we can 
talk about "specific ferruginous water" (pharmacodynamic factors - introduction) 
(Rozporządzenie 2016, Michalski 2006). 

The symptom of insufficient iron supply is anemia, which is manifested 
by a decrease in hemoglobin (Sułek 2003). The effect of its excess in the body 
may be: reduced absorption of other minerals (mainly zinc and copper), suscep-
tibility to infection, deposition of iron in tissues, increased production of free rad-
icals leading to an increased risk of cancer and coronary disease (Shander and 
Sazama 2010, Kuras and others 2015). The excess of iron in the body is demon-
strated by, among others significantly elevated serum ferritin and a dramatic in-
crease in free iron in the blood (Cook et al 1992). 

Manganese has been included in Microelements 2, concentration of 
which in the tested water (2) exceeded 1 mg ∙ dm-3 (Table 5). Manganese, unlike 
heavy metals such as lead or cadmium, is an element necessary for the proper 
functioning of the body. Due to the fact that manganese ions are involved in many 
processes in the body, over the years it was thought that even excess of them does 
not result in adverse changes in the body (Gać et al., 2009). For this reason, man-
ganese and its compounds have found a wide application in many industries. Con-
sequently, in recent years, the concentration of manganese ions (II) has risen mul-
tiple times in the atmosphere, drinking water and food (Burgoa 2001). Chronic 
poisoning is the most characteristic for manganese. Symptoms similar to Parkin-
son's disease increase gradually and appear after a dozen of years (less often after 
a few years) of contact with manganese (Gać et al. 2009). 

The concentration of boron in water (3) reached the value of about 3 mg ∙ 
dm-3 (table 5). This value is easily converted into the amount of HBO2 metaboric 
acid (Table 8) (undissociated substance). The calculated HBO2 acid in water (3) 
exceeded the concentration of 10 mg ∙ dm-3. Based on pharmacodynamic indices, 
it can be assumed that water (3) is „specific therapeutic boric” water, because HBO2 
concentration is higher by 5 mg ∙ dm-3 (Rozporządzenie 2016, Michalski 2006). At 
this point, it is worth paying attention to water (3). As previously shown, this water 
is „natural mineral water with a high content of sodium chloride” (saline), which 
(NaCl) can be recovered from this water in an economic manner, as discussed in 
historical papers (Chapter 2. Research area). Other chemical compounds have 
much greater economic significance for this type of water. And so in this water 
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there is an increased amount of boron (HBO2 > 10 mg ∙ dm-3) (Table 8), strontium 
(> 10 mg ∙ dm-3), barium (> 3 mg ∙ dm-3), lithium (> 1 mg ∙ dm-3) (Table 7). This 
view is also supported by the literature, according to which the brines also often 
contain significant amounts of elements valuable from an economic point of view, 
such as iodine, bromine, magnesium, boron, potassium and lithium (Paczyński and 
Płochniewski 1996). 

Boron – a chemical element with an atomic number of 5, halfmetal from 
p- block of the periodic table. Boron chemically resembles silicon and carbon, be-
cause it forms boranes – analogs of hydrocarbons and silicas. The reaction of boron 
with hot concentrated nitric acid (V) leads to the formation of boric acid H3BO3. 
Boron forms complexes with polyhydric alcohols. The reaction of boric acid with 
mannitol is one of the methods for determining the boron content in the sample. 
Boron inorganic chemistry is sometimes described as the most complex of all ele-
ments (Greenwood and Earnshaw 1984). It most often takes oxidation state (III) 
(Pradyot Patnaik 2003). In the vast majority of compounds, it is three-bonded, and 
has the ability to form compounds with multi-center bonds (Greenwood and 
Earnshow 1984) (one example is diborane, B2H6 containing three-membered elec-
tron binding B-H-B). A large number of its compounds are known, especially metal 
borides (Greenwood and Earnshow 1984). Boron accumulates in the bones and 
nervous system, interacts with calcium (Enghag 2004). In plants, it is a component 
of cell walls. It takes part in the metabolism of nucleic acids. 

Molybdenum is a very important bioelement (Table 5), but its quantity in 
spring waters is very small, below 1 μg ∙ dm-3. Although it is worth writing some-
thing more about it. 

Molybdenum is a silvery-white metal, hard, conducts heat well as well as 
electricity. It has a very high melting point of 2620 ° C. This metal is often an addition 
to high-grade special steel. It increases its hardness and durability. The degree of ox-
idation +6 in the case of molybdenum compounds is the most durable oxidation. Mo-
lybdenum forms a durable MoO3 trioxide, white in cold and yellow in hot conditions. 
It does not dissolve in water and diluted acids, but dissolves in alkali. Phosphoromo-
lybdate ammonium (NH4)3H4[P(Mo2O7)6] precipitates as a characteristic yellow pre-
cipitate under the influence of ammonium molybdate from solutions of phosphoric 
acid (V) with acidified nitric acid (V) (Bielański 2012). 

There are between 9 and 16 mg of molybdenum in the human body. The 
necessity of this element is determined by the fact that it is a component of xan-
thine oxidase. Molybdenum in higher concentration occurs in the liver, kidneys, 
adrenal cortex and bone tissue. The role of molybdenum in the body is associated 
with its participation in enzymes that catalyze the oxidative hydroxylation reac-
tion. Symptoms of molybdenum deficiency include: tachycardia, headache, 
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vomiting, twilight blindness. The recommended daily intake is set at 75-250 μg 
(Gertig and Przysławski 2006). 

Table 6 contains ultraelements. They include silver, gold, radium, mer-
cury, but also some of the microelements such as selenium, vanadium and stron-
tium. Strontium belongs to ultraelements because it is found in very small 
amounts in living organisms. Therefore, its impact on living organisms has not 
yet been tested. In this study, we will focus exclusively on strontium chemistry. 
Strontium, in contrast to organisms in groundwater (spring), including also tested 
waters (1-6), occurs in relatively large quantities, just after calcium and magne-
sium. In spas, the amount of strontium in the water is always given.. Strontium is 
an element that has been determined in water (3) in an amount of more than  
10 mg ∙ dm-3. 

Stront – a chemical element from the group of beryllium in the periodic 
table. Strontium is a silvery-gray metal, similar to calcium, but more soft. On its 
surface, as in the case of aluminum, a protective oxide layer (passivation) is 
formed. Strontium forms oxides, hydroxides, fluorides and other salts of inor-
ganic and organic acids. Sr2+ cations belong to the 4th analytical group and stain 
the flame with crimson red. Strontium is generally more chemically active than 
magnesium and calcium, less active than bar (MacMillan et al., 2000). 

Selenium is one of the most well-known and popularized bioelements. 
Selenium is a microelement, but is often classified in the group of ultraelements. 
Such classification is very accurate, because this element (bioelement) occurs in 
minimal amounts both in living organisms (ultratrace element) and in minimal 
amounts in groundwater (source) (trace element). In all tested waters (1-6), sele-
nium was determined by three different methods. No method gave a result higher 
than 20 μg ∙ dm-3. The range (spread) of the results obtained was relatively small 
and took values of 3 μg ∙ dm-3, 5 μg ∙ dm-3, 20 μg ∙ dm-3. In this case, it is not 
possible to calculate statistically whether the differences between the results of 
the different methods are significant or not, because for these results relative 
standard deviations were not assigned due to the fact that the obtained results are 
inequalities (the analysis was carried out on the limit of quantification of this ele-
ment with given analytical method). Selenium, as already mentioned, occurs in 
minimal amounts both in living organisms and in spring (underground) waters. 
However, as with molybdenum, its role and importance on the functioning of the 
human body are so significant that it is worth paying some attention to this element. 

The content of selenium in the Earth's crust is very small, 5 ∙ 10-6%. Se-
lenium is a pollutant of sulfur ores, it is an important product for the production 
of photocells and rectifiers. It is also used for coloring glass in ruby-red color. 
Selenium forms several crystalline varieties, similarly to sulfur, it can form eight 
atomic ring molecules. After heating, it is burned to give SeO2 (selenium dioxide) 
(Bielański 2012). The content of selenium in the human body ranges from 13 to 
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20 mg. Selenium is a component of four isoenzymes of glutathione peroxidase, 
indirectly also participates in fatty acid metabolism, affects the synthesis of thy-
roid hormones. It is a component of P, G, W selenoproteins, which play an im-
portant role in the antioxidative protection of the body. Yeast contains the most 
selenium. A good source of this element are also cereal products. The maximum, 
safe daily dose of selenium is 450 μg a day, while the toxic dose is 700 μg a day 
(Gertig and Przysławski 2006). 

Selenium in geochemical terms is close to sulfur. However, it is found in 
the earth's crust in smaller quantities, it has extremely high dispersion. In ground-
water, the migration of selenium, just like sulfur, depends on the redox conditions, 
the pH of the water and the activity of microorganisms. At low redox potential, the 
water is sulphide brine. The basic form in which selenium migrates in groundwater 
with the Ph similar to neutral, is SeO4

2- anion. In waters with low oxidation poten-
tial characteristic for the zone of impeded water exchange, selenium usually mi-
grates in the form of HSe¯ ion. Under natural conditions in groundwater of moderate 
climate selenium occurs in small amounts not usually exceeding 2 μg ∙ dm-3 (Mac-
ioszczyk and Dobrzyński 2002). 

In Table 8, minerals were classified, including the following anions: chlo-
rides, sulphates (VI) and bicarbonates. Table 8 also contains the content of the 
calculated orthosilicic acid, the amount of which was in the range of 18-35 mg ∙ 
dm-3. The amount is within the limits of the average H2SiO3 content in ground-
water (spring). However, anion analysis was performed to calculate (determine) 
mineralization in mg ∙ dm-3 and determine its type. The results are rather interest-
ing - water (3) is highly mineralized with a mineralization of almost 3.7 g ∙ dm-3, 
whereas water (6) is low mineralized water with a 330 mg ∙ dm-3 mineralization. 
Water (6) is water from the "deep" Bieszczady, one could expect a certain amount 
of interesting minerals. Interestingly, „Wonderful Spring” water (6) practically 
does not contain „minerals”, but it is, according to the definition (Introduction) 
(Tchórzewska-Cieślak and Rak 2005, Tchórzewska-Cieślak and Rak 2006), „nat-
ural spring water” which „does not differ in properties and mineral composition 
from water intended for human consumption”. 

Water (6) may be interesting from another point of view. Using the for-
mula for general hardness (Methods), on the basis of calcium and magnesium 
content, you can calculate the hardness of this water in German degrees (° dH) 
and compare with tabular values (Krause 1993). Water (6) is soft water and its 
general hardness oscillates around 10 ° dH. Such water does not form sedimen-
tation during cooking, it is „crystalline” water. This property may explain the fact 
that tourists and the locals, taking water from the „Miracle Spring”, praise the 
water for the fact that you can make a very good, tasty tea. 
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In addition, to maintain objectivity, it should be added that too low gen-
eral hardness of water may also be undesirable. It was observed that too soft wa-
ters (below 5.6 degrees German ° dH) are harmful to humans; they increase the 
incidence of heart disease. 

The reliability of this study is evidenced by the fact that for water (4) 
(Natural Monument) mineralization was determined (calculated), which accord-
ing to the authors is 711 mg ∙ dm-3 (> 0.7 g ∙ dm-3), whereas the already quoted 
literary position (Rajchel 2016b) informs that the above-mentioned water con-
tains sulphides in the amount of 3.8 mg ∙ dm-3 and has a mineralization above  
0.7 g ∙ dm-3. 

Critically approaching the publication, it should be added that the study 
does not include such issues as: bacteriological analysis of the discussed source 
waters, the efficiency of individual sources and, what may sound absurd, meas-
urement of natural radioactivity, because sources in the Podkarpacie region near 
Dukla (the Hermitage of St. John) show natural radioactivity. Water from several 
sources was examined in terms of the concentration for selected radioactive ele-
ments: radium – 226, radon and cesium – 137. Radium concentration – 226 in 
water from the Hermit Stream is almost six times higher than the norm for drink-
ing water (Pociask-Karteczka and Rzeszutek 2007). 

6. Conclusions 

1) Two waters (3, 4) showed slightly alkaline reaction (pH > 8), which suggests 
their health-promoting properties. 

2) Water (4) is „specific sulphuretic water” with a divalent sulfur content of  
3.8 mg ∙ dm-3. 

3) Water (2, 4) is characterized by low ORP potential (< -100 mV), which 
makes them antioxidants „destroying free radicals„ (they prevent the aging 
process). 

4) Water (3) is „natural mineral water with a content of sodium chloride” (NaCl 
> 1000 mg ∙ dm-3) containing admixtures of economic importance: boron, 
strontium, bar, lit. In addition, the same water is „natural mineral water with 
calcium content” (> 150 mg ∙ dm-3). 

5) „Natural mineral water with calcium content” is also water (1). In addition, 
the water has a low sodium content (< 20 mg ∙ dm-3), at the same time it is 
medium-mineralized water (a necessary condition), which makes it „natural 
low-sodium mineral water”. 

6) „Healing specific iron water” (2) contains iron (II) in an amount above  
10 mg ∙ dm-3 (pharmacodynamic factors), suitable for people with anemia. 
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7) Water (3) is „specific therapeutic boron water”, because the concentration 
of HBO2 metaboric acid here is higher than 5 mg ∙ dm-3. The appropriate 
level of boron is important for the bones and nervous system. 

8) Two very important bioelements (selenium and molybdenum) for the body 
occur in spring waters in small quantities, smaller than 20 μg dm-3 in the case 
of selenium and smaller than 1 μg ∙ dm-3 for molybdenum. These elements 
should be supplied with food or as a dietary supplement. 

9) Strontium, which in water (3) has been determined in an amount exceeding  
10 mg ∙ dm-3, shows little demand in living organisms, and its supply from 
mineral waters is probably sufficient. 

10) The analyzed spring waters (1-6) are low, medium and high-mineralized wa-
ters. Highly mineralized water (3) exceeded the amount of solids above  
3.7 g ∙ dm-3, while low mineralized water (6) (< 330 mg ∙ dm-3) is recom-
mended for tea. 

References 

Barycka, I. Skudlarski, K. (2001). Podstawy chemii. Oficyna Wydawnicza Politechniki 
Wrocławskiej. Wrocław. 

Bielański, A. (2012). Podstawy chemii nieorganicznej Tom 2. Wydawnictwo Naukowe PWN. 
Błaszczyk, U., Tuszyński, T. (2007). Wody mineralne i ich znaczenie w profilaktyce 

zdrowotnej. Elamed Media Group. Laboratorium, Katowice, 4, 20-23. 
Burgoa, C., S. (2001). Exposure to Manganese Health Effects on the General Population, 

a Pilot Study in Central Mexico. Environ. Research Section, 85, 90-104. 
Chorostyński, A. Łach, A., Pasztyła, G. (2018). Parametry fizykochemiczne i bakteriolo-

gia odkrytych wód mineralnych i siarczkowych w okolicach Sanoka i Leska, oraz 
możliwości leczniczego wykorzystania tych wód. Acta scientiarum Polonorum 
Seria Formatio Circumiectus. Kraków. 17(1), 113-126. 

Chowaniec, J. (2007). „Cudowne Źródełka” Podkarpacia. IV Konferencja Naukowo-
Techniczna „BłękitnySan” Nozdrzec, 20-21 kwietnia. Państwowy Instytut 
Geologiczny, Oddział Karpacki w Krakowie. 

Cook, J. D., Bayens, R.D., Skikne, B.S. (1992). Iron deficiency and the measurement of 
iron status. Natur. Res. Rev, 5, 189-202. 

Cykowska, M. Bebek, M., Mitko, K., Rodak, A. (2013). Zastosowanie wstrzykowej 
analizy przepływowej z dyfuzją gazową i detekcją spektrofotometryczną do 
monitorowania zawartości siarczków rozpuszczalnych w wodach i ściekach. 
Inżynieria ekologiczna, 32, 17-24. 

Enghag, P. (2004). Encyclopaedia of the Elements. Technical Data – History – Processing 
– Applications. Wileg. 806. 

Gać, P., Waliszewska, M., Zawadzki, M., Poręba, R., Andrzejak, R. (2009). Narażenie na 
mangan. Bezpieczeństwo Pracy – Nauka i Praktyka. Centralny Instytut Ochrony 
Pracy – Państwowy Instytut Badawczy. Warszawa. 06. 19-22. 

Gertig, H., Przysławski, J. (2006). Bromatologia. Zarys nauki o żywności i żywieniu. 
Wydawnictwo Lekarskie PZWL. Warszawa. 



An Analysis of Bioelements in the Source Waters of Sanok District… 947
 

Greenwood, N. N., Earshow, A. (1984). Chemistry of the elements. Oxford. Pergamon 
Press. New York. 

Hermanowicz, W. Dojlido, J., Dożańska, W., Koziorowski, B., Zerbe, J. (1999). 
Fizycznochemiczne badanie wody i ścieków. Arkady. Warszawa. 71-79. 

Horne, A. J., Goldman, C.R. (1994). Limnology.Mc Grow-Hill, Inc. 576 pp. 
Kowal, A., L., Świderska-Bróż, M. (2000). Oczyszczanie wody. Wydawnictwo naukowe 

PWN. Warszawa - Wrocław. 
Krause, H., J. (1993). Aquarienwasser. Diagnose, Therapie, Aufbereitung. 2. verbesserte 

Auflage, Neuauflage. bede-Verlag, Kollnburg, 35-36. 
Kuras, M., Zielińska – Pisklak, M., Perz, K., Szeleszczuk, Ł. (2015). Żelazo i cynk 

główne mikroelementy niezbędne do prawidłowego funkcjonowania organizmu. 
Farmakoterapia w Psychiatrii i Neurologii. Uniwersytet Medyczny. Poznań. 6-13. 

Łach, A. (2010). Wpływ warunków geograficznych na jakość wód podziemnych. 
Ekologia i Technika. Bydgoskie Towarzystwo Naukowe. (105), 2. 67-71. 

Łach, A. (2011). Demineralizacja wody naturalnej za pomocą wymieniaczy jonowych. 
Towarzystwo Chemii i Inżynierii Ekologicznej. Chemia. Dydaktyka. Ekologia. 
Metrologia. Opole, 16(1), 97-101. 

Macioszczyk, A., Dobrzyński D. (2002). Hydrogeochemia. Strefy aktywnej wymiany wód 
podziemnych.PWN. Warszawa.  

MacMillan, J.P., Jai Won Park, Gerstenberg, R., Wagner, H., Kohler, K. Wallbrecht, P. 
(2000). Strontium and Strontium Compounds w: Ullmann’s Encyclopaedia of 
Industrial Chemistry.Wiley-VCH Verlag GmbH and Co. 

Michalski, R. (2006). Wody mineralne - pić albo nie pić? Elamed Media Group. 
Laboratorium. Katowice, 11, 36-38. 

Paczyński, B., Płochniewski, Z. (1996). Wody mineralne i lecznicze Polski. Państwowy 
Instytut Geologiczny. Warszawa. 

Paczyński, B., Sadurski, A. (2007). Regional hydrology of Poland. T. II: Mineral, 
therapeutic, thermal and mine waters. Państwowy Instytut Geologiczny. Warszawa.  

Patniak, P. (2007). A Comprehensive Guide to the Hazardous Properties of Chemical 
Substances. Wiley, New York. 407. 

PETROGEO (2019). Przedsiębiorstwo Usług Laboratoryjnych i Geologicznych, Sp. z o.o. 
Wołomin. Odział Laboratorium Geologii i Badań Środowiska w Jaśle. Akredytacja Nr 
1185. Zleceniodawca: Artur Chorostyński. Raport nr LJ/749-752/A/563-566/19. 

PN-Z-11001-1. Butelkowane naturalne wody mineralne i lecznicze, Terminologia i 
klasyfikacja. 

Pociask-Karteczka, J., Rzeszutek, D. (2007). Źródła w okolicach Dukli. W Górach 2. 
(12). 32-34. 

Ponka, N. C. (1999). Cell biology of heme. Am. J. Med. Sci, 318, 241-256. 
Porowski, A. (2006). The origins of mineralized waters in the Central Carpathian 

Synclinorium, SE Poland. Studia Geol. Pol., 125. Hydrogeol. Hydrogeochem., part I. 
Pradyot Patnaik. (2003). Handbook of Inorganic Chemicals. McGraw-Hill. London. 122-124. 
PWSZ (2018). Państwowa Wyższa Szkoła Zawodowa im. Jana Grodka. Instytut 

Rolnictwa. 38-500 Sanok. Mickiewicza 21. Wykonano pomiary argentometryczne 
i alkacymetryczne. 



948 Mateusz Kaczmarski et al. 
 

Rajchel, L. (2016 a). Źródła solanek z Tyrawy Solnej w płaszczowinie skolskiej Karpat 
zewnętrznych. Biuletyn Państwowego Instytutu Geologicznego, 466, 253-259. 

Rajchel, L. (2016 b). Karpackie źródła wód siarczkowych z rejonu Komborni i Sanoka 
pomnikami przyrody nieożywionej. Biuletyn Państwowego Instytutu 
Geologicznego, 466, 245-252.  

Rak, J. (2011). Preferencje konsumenckie w zakresie spożywania naturalnych wód 
mineralnych. Gaz, woda i technika sanitarna, 9. 

Rozporządzenie Ministra Zdrowia z dnia 5 października 2016 r. zmieniające 
rozporządzenie w sprawie zakresu badań niezbędnych do ustalenia właściwości 
leczniczych naturalnych surowców leczniczych i właściwości leczniczych, klimatu, 
kryteriów ich oceny oraz wzoru świadectwa potwierdzającego te właściwości. Dz. 
U. 2016 poz. 1709. 

Rozporządzenie Ministra Zdrowia z dnia 31 marca 2011 r. w sprawie naturalnych wód 
mineralnych, naturalnych wód źródlanych i wód stołowych. Dz. U. 2011 r. Nr 85, 
poz. 466. 

Shander, A., Sazama, K. (2010). Clinical consequences of iron overload from chronic red 
blood cell transfusions, its diagnosis, and its management by chelation therapy. 
Transfusion, 50, 1144-1155. 

Standard Methods for the Examination of Water and Wastewater. (1998). ALPHA, DC, 
USA. 4-162. 

Sułek, K. (2003). Diagnostyka i leczenie niedokrwistości. W: Domaszyńska, A., Robak, 
T. red. Podstawy hematologii. Wydawnictwo Czelej. Lublin. 185-189. 

Suslow, T.V. (2004). Oxidation-Reduction Potential for Water Disinfection Monitoring, 
Control and Documentation.University of California. 

Szczepaniak, W. (2002). Metody instrumentalne w analizie chemicznej. Wydawnictwo 
Naukowe PWN. Warszawa. 

Tchórzewska-Cieślak, B., Rak, J. (2005). Charakterystyka wód mineralnych uzdrowisk 
Podkarpacia. II Konferencja N-T „Błękitny San” „Ochrona środowiska, walory 
przyrodnicze i rozwój turystyki w dolinie Sanu”, Związek Gmin Turystycznych 
Podgórza Dynowskiego. Dynów 21-23.04.05, 107-120. 

Tchórzewska-Cieślak, B., Rak, J. (2006). Wody mineralne i lecznicze w uzdrowiskach 
Podkarpacia. Wydawnictwo Sigma NOT. Gaz, woda i technika sanitarna, 11, 57-59. 

WSSE (2019). Wojewódzka Stacja Sanitarno-Epidemiologiczna w Rzeszowie. Oddział 
Laboratoryjny w Sanoku. Laboratorium Higieny Komunalnej. Zleceniodawca: 
Artur Chorostyński, numer próbki z REJESTRU: 100-102/2D19+103/2019. 

Abstract 

The analysis of underground (spring) waters concerned 6 springs located in the 
eastern part of the Sanok District on the border of the Eastern and Western Carpathians 
(analysis of bioelements). There have been detected „natural mineral waters with sodium 
chloride content” with chemical admixtures such as: boron (HBO2

 > 10 mgꞏdm-3) 
strontium (Sr > 10 mgꞏdm-3), barium (Ba > 3 mgꞏdm-3), Lithium (Li > 1 mgꞏdm-3), in 
a potential perspective of economic importance. The above-mentioned water from 
Tyrawa Solna, has a historical aspect, connected with salt-works, as signified by the name 
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of the village. The publicly availablespring of Chopin from the Sanok park is characterized 
by „natural mineral water with calcium content” at the same time it is „low-sodium water” 
with a sodium content (< 3 mgꞏdm-3). The spring from Bykowce near Sanok, has "specific 
healing iron water" with iron (II) content above 10 mgꞏdm-3, while the spring on the 
Olchowce-Liszna route called „Nad Wodospadem” („At the Waterfall”) (Nature 
Monument) is rich in "specific healing sulphide water" with a divalent sulphur content of 
3.8 mgꞏdm-3 (characteristic odour). The criterion of „specific boric therapeutic water” with 
HBO2 metaboric acid concentration higher than 5 mgꞏdm-3 (pharmacodynamic factors) 
(Regulation of the Minister of Health) meets the already mentioned water from Tyrawa 
Solna. This water also contains large amounts of sodium potassium, calcium and 
magnesium, and its mineralization exceeded 3500 mgꞏdm-3 (highly mineralized brine). On 
the border of the Eastern and Western Carpathians, moving south towards Slovakia, two 
sources were found in the Bieszczady Mountains (Mików, Radoszyce). Water from 
„Cudowne Źródełko” („The Miraculous Spring”) in Radoszyce (surroundings) belongs to 
soft waters (hardness = 10 German degrees) and to low mineralized ones (mineralization < 
500 mgꞏdm-3). Bioelements that are found in trace amounts in spring waters i.e. iodine < 
0.3 and fluorine < 0.1 [mgꞏdm-3] and selenium and vanadium < 20, zinc and copper < 10, 
chromium and nickel < 5, molybdenum < 1 [μgꞏdm-3] were also determined. Chemical 
analyses were performed using the following methods: AAS, ICP-OES, ICP-MS, IC, 
potentiometry (pH), conductometry (EC), ORP potential, turbidimetry, argentometry and 
acid-base titration. The influence on the functioning of the human body and some 
bioelements is described. 

 
Keywords:  
springs, bioelements, mineral waters, medical waters, trace analysis, AAS, ICP-OES, 
ICP-MS, IC 

Analiza biopierwiastków w wodach źródlanych Powiatu Sanok  
na granicy Karpat Wschodnich i Zachodnich oraz ich wpływ  

na funkcjonowanie organizmu człowieka 

Streszczenie 

Analiza wód podziemnych (źródlanych) dotyczyła 6 źródeł zlokalizowanych we 
wschodniej części Powiatu Sanok na granicy Karpat Wschodnich i Zachodnich (analiza 
biopierwiastków).Wykryto „naturalne wody mineralne z zawartością chlorku sodu” 
z chemicznymi domieszkami: boru (HBO2 > 10 mg ꞏ dm-3) strontu (Sr > 10 mg ꞏ dm-3), baru 
(Ba > 3 mg ꞏ dm-3), litu (Li > 1 mg ꞏ dm-3), w ewentualnej perspektywie o znaczeniu 
gospodarczym. Wymieniona woda z Tyrawy Solnej, posiada aspekt historyczny, związany 
z warzelnictwem soli, o czym świadczy również nazwa miejscowości. Ogólnodostępne 
źródło Chopina z parku sanockiego cechuje „naturalna woda mineralna z zawartością 
wapnia” jednocześnie jest to „woda niskosodowa” o zawartości sodu (< 3 mg ꞏ dm-3). 
Źródło z Bykowiec niedaleko Sanoka, posiada „wodę swoistą leczniczą żelazistą” 
o zawartości żelaza (II) powyżej 10 mgꞏdm-3, natomiast źródło na drodze Olchowce-Liszna 
„Nad Wodospadem” (Pomnik Przyrody) jest bogate w „wodę swoistą leczniczą siar-
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czkową” o zawartości siarki dwuwartościowej 3,8 mg ꞏ dm-3 (charakterystyczny zapach). 
Kryterium „wody swoistej leczniczej borowej” o stężeniu kwasu metaborowego HBO2 
wyższym od 5 mg ꞏ dm-3 (współczynniki farmakodynamiczne) (Rozporządzenie Ministra 
Zdrowia) spełnia już wspomniana woda z Tyrawy Solnej. Woda ta zawiera również duże 
ilości sodu potasu, wapnia i magnezu, a jej mineralizacja przekroczyła 3500 mg ꞏ dm-3 
(wysokozmineralizowana solanka). Na granicy Karpat Wschodnich i Zachodnich 
przemieszczając się na południe w kierunku Słowacji znaleziono w Bieszczadach dwa źródła 
(Mików, Radoszyce). Woda z „Cudownego Źródełka” w Radoszycach (okolice) należy do 
wód miękkich (twardość = 10 stopni niemieckich) oraz niskozmineralizowanych 
(mineralizacja < 500 mg ꞏ dm-3). Oznaczono również biopierwiastki, które występują 
w wodach źródlanych w ilościach śladowych tj. jod < 0,3 i fluor < 0,1 [mg ꞏ dm-3] oraz 
selen i wanad < 20, cynk i miedź < 10, chrom i nikiel < 5, molibden < 1 [µg ꞏ dm-3]. Analizy 
chemiczne wykonano następującymi metodami: ASA, ICP-OES, ICP-MS, IC, 
potencjometria (pH), konduktometria (EC), potencjał ORP, turbidymetria, argentometria, 
alkacymetria. Opisano wpływ na funkcjonowanie organizmu człowieka, niektórych 
biopierwiastków. 

 
Słowa kluczowe: 
źródła, biopierwiastki, wody mineralne, wody lecznicze, analiza śladowa, ASA,  
ICP-OES, ICP-MS, IC 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


