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The Sudetes, like the other parts of the Bo he mian Mas sif, are rich in me dic i nal wa ters, though the wealth of these re sources
have still not yet been suf fi ciently iden ti fied nor ana lysed. The Sudetes are characterised by extensive fractured and
fractured-porous aquifers, significant depth of groundwater in filtration and coexistence of fresh, medicinal and thermal
waters. These of ten mix with each other under various geological and hydrogeological conditions, which re sults in com plex
ground wa ter chem is try. In this study, we ana lyse se lected oc cur rences of po ten tially me dic i nal wa ters, i.e. ra don, car bonic
and acid u lous ones among eight cur rently un used pro spec tive ar eas and re as sess their hydrogeological and
hydrogeochemical prop er ties. Physicochemical pa ram e ters of wa ter were mea sured in situ in win ter 2023 and 12 new sam -
ples were taken for lab o ra tory anal y sis. The re sults were com pared to his tor i cal hydrogeological and hydrochemical
datasets from be tween 1968 and 2022. They help to un der stand the con di tions of oc cur rence of po ten tially me dic i nal wa ters
in the Pol ish Sudetes, and to some ex tent in the prox i mal parts of the Bo he mian Mas sif show ing sim i lar geo log i cal and
hydrogeological set tings, in clud ing the hard-rock crys tal line mas sif en vi ron ment and the Bo he mian Cre ta ceous Ba sin.
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INTRODUCTION

Me dic i nal wa ters, also called ther a peu tic, heal ing and cu ra -
tive (Kirschner, 2005; Elster et al., 2022), be long to spe cial
types of ground wa ter which, be cause of their chem i cal com po -
si tion, are ben e fi cial to hu man health and wellbeing. These are
used world wide for balneology, health care and rec re ation and
play an im por tant role for eco nomic de vel op ment (Lund, 1996;
Reimann and Birke, 2010). In this pa per we fo cus on cur rently
un used re sources of po ten tially me dic i nal wa ters in the Pol ish
part of the Sudetes, the moun tains shared by the Czechia, Po -
land and Ger many. The Sudetes, which are the mar ginal,
north-east ern part of the Bo he mian Mas sif, are char ac ter ised
by the wide spread pres ence of frac tured and frac tured-po rous
aqui fers, sig nif i cant depth of ground wa ter in fil tra tion, the co ex -
is tence of fresh, me dic i nal and ther mal wa ters, as well as their
shal low oc cur rence. Here, ra don wa ters and wa ters con tain ing
CO2, i.e. car bonic and acid u lous wa ters, oc cur. These of ten mix 
with or di nary ground wa ter un der var i ous geo log i cal and
hydrogeological con di tions, form ing com plex chem i cal ground -
wa ter types (Dominikiewicz, 1951; Ciê¿kowski, 1990;
Paczyñski and P³ochniewski, 1996; Ciê¿kowski et al., 2010,
2011, 2016; Dowgia³³o, 2012). The me dic i nal wa ters which oc -

cur in cer tain lo cal i ties in the Sudetes (Ciê¿kowski, 2002;
Ciê¿kowski et al., 2016) are con nected with deep tec tonic fault
zones (Michniewicz, 1981).

The Sudetes are rich in me dic i nal wa ters (Fistek, 1979). Ac -
cord ing to Rejestr uzdrowisk i obszarów ochrony uzdrowis -
kowej wraz z kierunkami leczniczymi wg. stanu na
08.09.2025 r. (Eng. Reg is ter of Health Re sorts as of Sep tem ber 
8th, 2025) al to gether 47 mu nic i pal i ties in Po land hold the of fi cial
sta tus of a health re sort mu nic i pal ity. Out of this num ber 11 are
lo cated in south-west ern Po land, in a re gion called Lower
Silesia, in clud ing 10 com munes in the Pol ish Sudetes. The two
most pop u lar spas in the Pol ish Sudetes, i.e. Jelenia Góra
Cieplice Œl¹skie-Zdrój and L¹dek-Zdrój, be long to the old est
spas in Cen tral Eu rope (Banaœ et al., 1975).

In the Czech part of the Bo he mian Mas sif, due to abun -
dance of me dic i nal wa ters, as well as be cause of their ev i dent
cu ra tive ef fects, these types of wa ter have been well-known
and stud ied by nu mer ous re search ers for sev eral de cades and
in some lo cal i ties for even lon ger (Laboutka and Vylita, 1983;
Vrba, 1996; Hrkal, 1997). A mod ern com pre hen sive re view of
the me dic i nal wa ters of the Bo he mian Mas sif was pro vided by
Hynie (1963) and Krásný et al. (2012), while Kvìt (2011) con -
trib uted a de tailed de scrip tion of their se lected oc cur rences.
Me dic i nal wa ters oc cur in the east ern and cen tral parts of the
Sudetes, for in stance along the ma jor re gional fault zone of
Poøièi–Hronov–Czermna–Gorzanów. In lo ca tions such as Ku -
do wa- Zdrój, Duszniki-Zdrój, Polanica-Zdrój, Nowa £omnica,
Gorzanów and D³ugopole-Zdrój (Fig. 1) me dic i nal and po ten -
tially me dic i nal wa ters oc cur.
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The term ‘po ten tially me dic i nal wa ters’, of ten used in this
pa per, re fers to ground wa ter show ing the same physico -
chemical fea tures as those iden ti fied by Pol ish le gal reg u la -
tions, i.e. Ustawa Prawo geologiczne i górnicze z dnia 10 lipca
2024 r. (Eng. Geo log i cal and Min ing Law Act of July 10th, 2024,
Jour nal of Law 2024 no 1290). Po ten tially me dic i nal wa ters,
how ever, still re quire some re search and ad min is tra tive pro ce -
dures to be of fi cially au tho rized by the Min is try of Health. This
is sue is dis cussed in de tail fur ther be low in this pa per.

In re search we con ducted be tween 2021 and 2024
(Chudzik et al., 2024) 12 lo cal i ties of po ten tially me dic i nal wa -
ters within eight pro spec tive ar eas in the Pol ish Sudetes were
sam pled in 2023. Physicochemical pa ram e ters were mea sured 
in situ and ground wa ter sam ples were sent for lab o ra tory anal y -
ses. In this pa per we study 12 new ground wa ter sam ples, com -
par ing them with a his tor i cal hydrogeological and hydrogeo -
chemical dataset col lected be tween 1968 and 2022, to ana lyse
cur rently un ex ploited re sources of me dic i nal wa ters and po ten -
tially me dic i nal wa ters, re as sess ing them hydrogeologically and 
hydrogeochemically. These com par i sons help to better un der -
stand the oc cur rence and even tual use of such wa ters in the
Pol ish Sudetes and the prox i mal parts of the Bo he mian Mas sif,
es pe cially the crys tal line mas sifs and the Bo he mian Cre ta -
ceous Ba sin.

STUDY AREA, GEOLOGICAL 
AND HYDROGEOLOGICAL SETTINGS

Geo graph i cally, the study area is lo cated in south-west ern
Po land, in the Sudetes (Solon et al., 2018) which com prise part
of the Lower Silesian Block. The Sudetes them selves form a
north-east ern com po nent of the geo log i cally com plex Bo he -
mian Mas sif, one of the most im por tant old geo log i cal units of
Cen tral Eu rope (Franke and ¯elaŸniewicz, 2023). The Sudetes
are char ac ter ised by a mo saic struc ture of folded, dis lo cated
and frac tured crys tal line mas sifs, large synclinoria infilled with
hard sed i men tary rocks, and much ev i dence of vol ca nic ac tiv ity
(Oberc, 1972; ¯elaŸniewicz, 2005; ¯elaŸniewicz and Aleksan -
drowski, 2008; ̄ elaŸniewicz et al., 2011). Most of the me dic i nal
wa ters are as so ci ated with deep fault zones, their strike gov -
erned by the main Sudetic tec tonic fea tures, and a sys tem of
smaller, cross ing, per pen dic u lar dis lo ca tions (Hynie, 1963;
Dowgia³³o and Fistek, 2007; Krásný et al. 2012). Re charge of
deep aqui fers takes place through out crops and fault zones at
the higher al ti tudes (Ciê¿kowski et al., 2016).

As re gards re gional clas si fi ca tion of the me dic i nal and po -
ten tially me dic i nal wa ters of Po land, the Sudetes be long to the
Sudetic prov ince and its sub unit, i.e. the Sudetic re gion, where
the oc cur rence of these wa ters is spe cif i cally dif fer ent from
those in other ar eas of the coun try (Paczyñski and P³och -
niewski, 1996; Dowgia³³o and Paczyñski, 2002). De pend ing on
the li thol ogy of aqui fers, wa ter re ten tion time and cir cu la tion
path ways, the po ten tially me dic i nal wa ters in the Sudetes are
com monly char ac ter ised by el e vated con tents of the ra don iso -
tope 222Rn, free CO2 and con cen tra tions of spe cific com po -
nents as well as in creased tem per a ture. In the study area all
me dic i nal wa ters de rive, to a ma jor ex tent, from in fil tra tion of
me te oric wa ters into the subsurface (Ciê¿kowski, 1990;
Ciê¿kowski et al., 2016; Dowgia³³o, 2012; Przylibski, 2005,
2011). Fig ure 1 de picts the study area, lo ca tion of me dic i nal
wa ter in takes and ground wa ter sam pling points. Fig ure 2
shows the ge ol ogy of the study area with ma jor tec tonic fea -
tures, as well as lo ca tion of ground wa ter sam pling points.

The pro spec tive ar eas of Kowary and Sosnówka are lo cated
in the west ern part of the Sudetic Block within the geotectonic
struc tural unit of the Karkonosze-Izera Mas sif com posed of rock
com plexes of di verse ages and or i gins. The bound aries be tween 
the in di vid ual units are tec tonic. The Kar ko nosze Gran ite Pluton
built of coarse-grained por phy ritic gran ites and emplaced dur ing
the Late Car bon if er ous (S³aby and Mar tin, 2008) con sti tutes the
cen tral part of the Karko nosze-Izera Mas sif. The Kowa -
ry-Wojków, Sosnówka Zród³o Anna and Sos nówka Zród³o Mag -
dalena lo cal i ties are within the out crops of these gran ites. Far ther 
to the south and south-east, a var i ously meta mor phosed sed i -
men tary-volcanogenic suc ces sion, in clud ing am phi bo lites, gran -
ite gneiss es, hornfelses, gneiss es, skarns, mar bles and schists
of Pa leo zoic and Pro tero zoic age oc cur (Mazur, 1995; Heflik et
al., 2016) is pres ent. There, the Kowary-Podgórze lo ca tion is sit -
u ated.

The pro spec tive ar eas of Krosnowice, Stary Wielis³aw,
Szczytna and Nowa £omnica lie in the cen tral part of the
Sudetic Block, within the Intra-Sudetic Synclinorium and more
spe cif i cally in the Up per Nysa K³odzka Graben. This unit is a
vast de pres sion within the meta mor phic base ment that is com -
posed mainly of gneiss es and schists of the Orlica-Œnie¿nik
Dome. The sed i men tary suc ces sion starts with Car bon if er ous
to Lower Tri as sic con glom er ates, sand stones and shales dis -
cor dantly over lain by Up per Cre ta ceous marls and sand stones.
The older strata are cut by in tru sive ig ne ous rocks of Car bon if -
er ous and Perm ian age. The Pa leo zoic sed i men tary suc ces -
sion pinches out to wards the south-west, where the Up per Cre -
ta ceous strata are de pos ited di rectly upon crys tal line bed rock.
The en tire sed i men tary suc ces sion is heavily frac tured. The
pro spec tive area of Nowa £omnica is lo cated at the west ern
limit of the Up per Nysa K³odzka Graben, i.e. its west ern flex ure,
in the vi cin ity of the Orlica-Œnie¿nik Dome crys tal line base ment. 
The con tact be tween the units is tec tonic. This pro spec tive area 
cov ers both the Cre ta ceous strata and older Pro tero zoic schists 
and gneiss es.

The pro spec tive area of Stare Bogaczowice is lo cated in the 
cen tral part of the Sudetic Block on the north-west ern out skirts
of the Intra-Sudetic Synclinorium. The bed rock is com posed of
Lower Car bon if er ous con glom er ates, sand stones, greywackes
and siltstones, con sti tut ing the Stare Bogaczowice For ma tion.
These strata are par tially over lain by Qua ter nary flu vial and flu -
vio gla cial de pos its.

The pro spec tive area of Opolnica is lo cated in the cen tral
part of the Sudetic Block, in the Bardo Fold Struc ture built by
strata of the Up per Or do vi cian, Si lu rian, De vo nian and Lower
Car bon if er ous which do not show any strong ef fects of re gional
meta mor phism. This unit is tec toni cally bounded. It in cludes the 
Lower Car bon if er ous Opolnica For ma tion built by the mo not o -
nous strata of interbedded siltstones, claystones, shales and
greywackes, lo cally in laid with py rite (Wajsprych, 1995;
Cymerman et al., 2015). Its top part is par tially cov ered by Qua -
ter nary grav els, sands and muds of the Nysa K³odzka River ter -
races and by coarser river val ley infills.

The geo log i cal set tings strongly in flu ences the hydrogeo -
logical and hydrogeochemical con di tions. The crys tal line rocks
in the west ern part of the study area form strongly het er o ge -
neous frac tured aqui fers where depth-de pend ent ground wa ter
zonation oc curs. The most shal low zone, up to 20–30 m b.g.l.,
is formed by weath ered and frac tured crys tal line rocks par tially
over laid by regolith, and by Qua ter nary flu vial de pos its. Be low,
up to a depth of ~80 m b.g.l. the fis sures are sparser and tighter. 
Ground wa ter flow oc curs mostly in tec toni cally-formed ver ti cal
frac tures. The deep est zone, be tween 200–300 m b.g.l., lo cally
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Fig. 2A – map of south-western Poland showing geological settings with major tectonic elements and location of 12
groundwater samples collected in 2023, B – contour map of Poland, C – contour map of Europe



even deeper, is strictly lim ited to the larger faults and frac ture
zones (Staœko, 1996; Marsza³ek, 2010). Ground wa ter oc cur -
ring in the crys tal line rocks of the Sudetes has low min er ali sa -
tion and com monly shows el e vated con tents of ra don 222Rn.

The ra don iso tope 222Rn orig i nates from the ra dio ac tive de -
cay of the ra dium iso tope 226Ra of the ura nium-ra dium se ries.
Ura nium and ra dium are pres ent in some min er als, for ex am -
ple, in the Karkonosze gran ites or older schists and gneiss es.
Em a na tions of gas eous 222Rn are con nected with cir cu la tion of
ground wa ter through out frac tured crys tal line rocks, es pe cially
gran ites. The high est 222Rn con tents usu ally oc cur in their top -
most, strongly frac tured and weath ered, part (Przylibski, 2000,
2005, 2011; Goliáš et al., 2022). The ra don iso tope 222Rn is ra -
dio ac tive, odour less, and wa ter-sol u ble. Its mi gra tion is lim ited
due to a short half-life pe riod of 3.8224 days. Przylibski et al.
(2007) in di cated po ten tial ar eas of ra don wa ters in the crys tal -
line rocks of the Izera-Karkonosze Mas sif and the Orlica- Œnie¿ -
nik Dome.

In sev eral lo ca tions in the Sudetic Synclinorium, em a na -
tions of dry CO2 as well as car bonic and acid u lous wa ters have
been de tected (¯ak et al., 2008; Liber-Makowska and
Kielczawa, 2021). The or i gin of the car bon di ox ide has not been 
fully iden ti fied yet, and cer tainly is gen er ated by sev eral di verse
pro cesses. Com monly, endogenic CO2 is con nected with, for
ex am ple, vol ca nism and oc cur rences of cooled ther mal wa ters
(Dowgia³³o, 2002b). An other mech a nisms re spon si ble for gen -
er a tion of CO2 in the litho sphere may be con nected with meta -
mor phism and com plex biogeochemical pro cesses in sed i men -
tary rocks (Ciê¿kowski et al., 2002; Dobrzyñski et al., 2022). In
the Sudetes CO2 mi grates with ground wa ter flow from the
deeper parts of the litho sphere up wards, and its oc cur rence is
as so ci ated with the re gional fault zones of the main Sudetic
strike and with smaller per pen dic u lar dis lo ca tions.

MATERIAL AND METHODS

PROSPECTIVE AREAS OF POTENTIALLY MEDICINAL WATERS

The pro spec tive ar eas were se lected, tak ing into ac count
sev eral con straints. The most cru cial was the oc cur rence of po -
ten tially me dic i nal wa ter re sources as in di cated by pre vi ous
stud ies and the lack of their ex ploi ta tion dur ing this re search.
Each area should al low for ground wa ter sam pling and com ple -
tion of ba sic in situ hydrogeological mea sure ments, such as
mea sure ments of ground wa ter ta ble depth, dis charge of spring
or ar te sian wells and mea sure ments of the physicochemical pa -
ram e ters of the ground wa ter. The lo ca tion of the pro spec tive ar -
eas rel a tively far from ex ist ing spas, bot tling plants, geo ther mal
in stal la tions or any other fa cil i ties us ing me dic i nal or ther mal
wa ters was an other im por tant as pect to pre vent any pos si ble
ad verse in ter ac tions. The at ti tude of the lo cal self-gov ern ing ad -
min is tra tion and the pos si bil ity to in clude de vel op ment of me -
dic i nal wa ter re sources in their strat e gies was an im por tant con -
di tion too. The se lec tion of pro spec tive ar eas turned out to be
very chal leng ing, be cause of the high num ber of al ready ex ist -
ing spas and well-known me dic i nal wa ter oc cur rences, com -
monly ad join ing each other and lo cated densely in geo graph i -
cally lim ited area.

Re triev ing hydrochemically rep re sen ta tive ground wa ter
sam ples was of pri mary im por tance. This is why it was de cided
to choose the pro spec tive ar eas al low ing for ground wa ter sam -
pling from springs and ar te sian wells with free out flow only.
Ground wa ter sam pling with the use of old bore holes show ing
the poor est tech ni cal con di tion af fected by cor ro sion, ob struc -
tion or clog ging, was not taken into con sid er ation. Nev er the -

less, dif fer ences in ground wa ter chem is try be tween his tor i cal
datasets in ferred in the case of ground wa ter sam pling dur ing
the pump ing tests and re sults of our re search were some what
dif fer ent. The re search con cerned only se lected lo ca tions
within the study area. In spite of these con straints, the study
cov ered the most sig nif i cant hydrochemical types of po ten tially
me dic i nal wa ters, as well as the ma jor types of aqui fers and
their hydrogeological fea tures. The wa ter re sources of the
Sosnówka, Stare Bogaczowice and Stary Wielis³aw pro spec -
tive ar eas, though they are cur rently not ex ploited, are still listed 
in the an nual bal ance of min eral re sources of Po land, (Lasota
and Malon, 2025) and dis cussed in the explanaitions to a man -
age ment map of wa ters qual i fied as min eral re sources of Po -
land at the scale of 1:1 000 000 (Felter et al., 2022).

At first, 13 pro spec tive ar eas were se lected for ini tial, gen -
eral study. Out of this num ber, eight ar eas were cho sen for fur -
ther de tailed anal y sis. In four ar eas stud ied, two ground wa ter
sam pling lo ca tions were iden ti fied, while in the re main ing ones
there was only one ground wa ter sam pling lo ca tion per area
(Ta ble 1). In Kowary, Stare Bogaczowice and Stary Waliszów
di verse types of fa cil ity used to be op er ated for balneological
pur poses. Balneology in this pa per is un der stood as health
treat ment, while rec re ation does not need to show any health
treat ment as pect (Lund, 1996). Based on the re sults of ear lier
hydrogeological and hydrochemical re search, wa ter in these lo -
ca tions showed cer tain pharmacodynamic co ef fi cients ben e fi -
cial for hu man health and wellbeing, which in the past al lowed
their authorisation by the Min is try of Health. Now a days, in
Kowary a small wellness and beauty cen tre is in op er a tion, but
on a lim ited scale. In Opolnica a bot tling plant pro duced ta ble
wa ter for few de cades in the sec ond half of the 20th cen tury.
These fa cil i ties are no lon ger in use. The re main ing ar eas have
never been used for balneological pur poses, though they show
such po ten tial. The char ac ter is tics of the eight pro spec tive ar -
eas are shown in Ap pen dix 1.

FIELD MEASUREMENTS, WATER SAMPLING AND LABORATORY
ANALYSES

The field mea sure ments and ground wa ter sam pling took
place in win ter 2023 to gether with field in spec tion and as sess -
ment of the tech ni cal con di tion of the wells and springs
(Chudzik et al., 2024). Prior to wa ter sam pling, in situ field mea -
sure ments of pH, electroconductivity (EC), tem per a ture and
dis solved ox y gen con tent were con ducted di rectly in the
springs or in a beaker. The con tent of free car bon di ox ide (CO2)
in the ground wa ter was de ter mined in situ with a Karat ap pa ra -
tus. Here, we briefly pro vide only a ba sic out line of the test pro -
ce dures: for fur ther de tails see e.g., Dominikiewicz (1951),
Ciê¿kowski et al. (2002) and ¯ak (2005). The ap pa ra tus com -
prises a glass cyl in der with two open ings, i.e. a smaller open ing
on its bot tom end con nected with a thin in ner tube for dis charg -
ing ex cess wa ter, and a wider open ing on the top end to fill in
the ap pa ra tus with wa ter. Af ter pour ing the sam ple into the cyl -
in der it is shaken and free CO2 from aque ous so lu tion is emit ted 
into the headspace. Its vol ume can be read out in ml. Fi nally,
know ing this value and wa ter tem per a ture in °C, the con tent of
free CO2 in the wa ter sam ple can be read out in mg/dm3 us ing
the cal cu la tion ta bles. This in situ pro ce dure is sim ple and ef fi -
cient but pro vides only es ti mated con cen tra tions. As CO2 sol u -
bil ity in wa ter de pends on sev eral fac tors, in clud ing tem per a -
ture, the min i mum de tec tion limit for this method is dif fer ent for
each mea sured free CO2 vol ume and wa ter tem per a ture. In
gen eral the min i mum de tec tion limit is <622.46 mg/dm3 which
cor re sponds to a wa ter tem per a ture of 11°C and 6 ml of free
CO2. This method can be only used with re spect to CO2 dis -
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solved in wa ter, be ing in aque ous so lu tion and not chem i cally
bonded. Only se lected ground wa ter sam ples were tested for
con tent of free CO2, where ear lier re search showed that it is to
be ex pected, i.e. sam ples nos. 3, 4, 5, 9, 10, 11 and 12.

The ground wa ter was sam pled to the chem i cally in ert bot -
tles which were pro vided by the lab o ra tory. These were used in
the fol low ing man ner: 1 PE bot tle of 1000 ml for de ter mi na tion
of physicochemical pa ram e ters as well as an ion and cat ion
con tents, 1 tinted glass bot tle of 500 ml for de ter mi na tion of S2–

ions and H2S con tent and 2 trans par ent PE bot tles of 10 ml
each for de ter mi na tion of ra don iso tope 222Rn con tent. To pre -
serve the wa ter sam ples for de ter mi na tion of S2– ions and H2S
con tent for chem i cal anal y ses the lab o ra tory added 1 ml of 2N
zinc ac e tate into each 500 ml bot tle. The wa ter sam ples for
222Rn con tent were in jected with a pi pette to the bot tom of each
bot tle, un der a layer of glyc er ine pre vent ing any gas losses.
These two bot tles were wrapped with bub ble-wrap and put to -
gether with a pi pette into a zip-lock bag for trans por ta tion back
to the lab o ra tory. Al to gether, 12 ground wa ter sam ples were
taken for lab o ra tory anal y ses. All bot tles were tightly closed and 
trans ported in an up right po si tion in the cool ing boxes en sur ing
a low and rel a tively sta ble tem per a ture dur ing trans por ta tion.
The chem i cal anal y ses started not later than 24 hours af ter
sam pling and were car ried out by the cer ti fied lab o ra tory
Eurofins OBiKŒ Polska Sp. z o.o. based in Katowice, Po land.
The sam ples show ing low con tents of ra don iso tope 222Rn were 
ana lysed by the lab o ra tory of the Cen tral Min ing In sti tute – Na -
tional Re search In sti tute in Katowice, Po land. Cat ion con tent
was ana lysed by In duc tively Cou pled Plasma Mass Spec trom -
e try (ICP-MS). An ion con tent was ana lysed with dif fer ent an a -
lyt i cal meth ods de pend ing on the in di vid ual an ion, in clud ing
spectrophotometry, ti tra tion, and ion chro ma tog ra phy (IC). The
con tent of H2S and S2– an ions was ana lysed by ti tra tion. A brief
trans por ta tion time was cru cial for anal y ses of ra don iso tope
222Rn and hy dro gen sul phide H2S con tent, which are im per ma -
nent wa ter com po nents.

Physicochemical pa ram e ters of the wa ter sam ples ana -
lysed in situ in this re search are given in Ta ble 1, the chem i cal
types and Kurlov’s for mulas are pro vided in Ta ble 2, while the
re sults of chem i cal anal y ses are given in Ap pen dix 2. Re sults of 
lab o ra tory anal y ses were com pared with his tor i cal data in or der
to as sess the sta bil ity of chem i cal com po si tion with the help of
Schoeller di a grams (Fig. 3). Re sults of chem i cal anal y ses and
in situ mea sure ments are few (n=12), but the set of data is ho -
mo ge neous as re gards time of col lec tion and an a lyt i cal tech -
niques, al low ing for cred i ble sta tis ti cal anal y sis, the re sults of
which are il lus trated in the form of a box and whis ker plot
(Fig. 4). The stud ies also take into ac count the his tor i cal data
(n=21), i.e. the re sults of chem i cal anal y ses of ex actly the same 
sam pling lo ca tions, though de rived from chem i cal anal y ses
per formed by a num ber of lab o ra to ries, of ten with dif fer ent an a -
lyt i cal meth ods over quite a wide time span, i.e. 1968–2022. All
these re sults (n=33) were used to con struct a Piper Di a gram
(Fig. 5).

Hydrogeochemical clas si fi ca tion of the wa ter sam ples was
made ac cord ing to the Priklonskiy-Shchukarev method (Ta -
ble 2). This sys tem cate go rises chem i cal types of wa ter based
on the dom i nant ion com po si tion, i.e. ions ex ceed ing 20%
(meq/l) of the to tal con tent of ions. The for mula used in this pa -
per also pro vides min er ali sa tion given as to tal dis solved sol ids
(TDS) given in %, where 1,000 mg/l equals to 0.1% of weight.
Kurlov’s for mula is used to show the gen eral chem i cal com po si -
tion of a ground wa ter sam ple in the form of frac tions (Ta ble 2).
The nu mer a tor shows an ions, while cat ions are given by the de -
nom i na tor. Ions con cen tra tions >1 mg/l are rounded to unity.
Be fore the frac tion, the se lected spe cific com po nents and min -
er ali sa tion are pro vided, while af ter the frac tion, the wa ter tem -
per a ture is given. The re sults of the chem i cal anal y ses of the

wa ter sam ples made in these stud ies are pro vided in Ap pen -
dix 2. The chem i cal types of his tor i cal wa ter sam ples and sam -
ples ana lysed in this study are il lus trated by the Piper di a gram
(Fig. 5). This shows con cen tra tion, in % (meq/l), of cat ions and
an ions in two tri an gles and the cor re spond ing wa ter types in a
di a mond. Gen eral min er ali sa tion, i.e. to tal dis solved min eral
con tent, i.e. to tal dis solved sol ids (TDS), was ex pressed as a
sum of all ma jor an ions and cat ions.

LEGAL REGULATIONS AND TERMINOLOGY

The um brella term of min eral wa ters is com monly used in
the le gal acts of Eu ro pean coun tries and across the world
(Porowski, 2019; Elster et al., 2022). The term min eral wa ter
has been com monly adopted, though its def i ni tions dif fer from
one coun try to an other. Min er ali sa tion of min eral wa ters in dif -
fer ent Eu ro pean coun tries is usu ally <1 g/l (Elster et al., 2022).
There still ex ists in gen eral per cep tion a some what lapsed def i -
ni tion set ting out a limit value of 1 g/l as a min i mum min eral con -
tent for wa ter to be qual i fied as min eral wa ter (Paczyñski and
P³ochniewski, 1996; Dowgia³³o, 2002a; Kirschner, 2005).

The pri mary leg is la tion gov ern ing min eral re sources man -
age ment in Po land is Ustawa Prawo geologiczne i górnicze z
dnia 10 lipca 2024 r. (Eng. Geo log i cal and Min ing Law Act of
July 10th, 2024, Jour nal of Law 2024 no 1290). In ter est ingly, this 
act does not pro vide any def i ni tion of min eral wa ter and qual i -
fies me dic i nal wa ters as min eral re sources and their oc cur -
rences, un der some con strains, as de pos its. Ac cord ing to this
act, me dic i nal wa ters pres ent in the Sudetes are the wa ter types 
listed be low show ing the fol low ing con cen tra tion lim its of se -
lected spe cific el e ments, and pharmacodynamic co ef fi cients
ben e fi cial for hu man health and wellbeing:

– to tal solid dis solved min eral con tent of at least 1,000
mg/dm3,

– fer rous ion con tent of at least 10 mg/dm3, called
ferruginous wa ter,

– flu o ride ion con tent of at least 2 mg/dm3, called flu o ride
wa ter,

– bi va lent sul phur ion con tent of at least 1 mg/dm3, called
sul phide wa ter,

– metasilicic acid con tent of at least 70 mg/dm3, called
silicic wa ter,

– ra don con tent of at least 74 Bq/dm3, called ra don wa ter,

– car bon di ox ide con tent of at least 250 mg/dm3, for a con -
tent be tween 250 and 1,000 mg/dm3, called car bonic
wa ter,

– car bon di ox ide con tent ex ceed ing 1,000 mg/dm3, called
car bon ated or acid u lous wa ter.

The ter mi nol ogy above is used in this pa per, though with
con cen tra tion units of mg/l in stead of mg/dm3, these be ing pro -
vided by the chem i cal lab o ra tory for the an a lyt i cal re sults. The
term ‘po ten tially me dic i nal wa ters’, of ten used in this pa per, re -
fers to ground wa ter show ing the same fea tures as in di cated in
the act. These, how ever, are still not of fi cially au tho rized as me -
dic i nal wa ter de pos its by the Min is try of Health and long-term
con sis tent re search is needed to dem on strate their chem i cal
sta bil ity as well as their ben e fi cial in flu ence on hu man health
and wellbeing.

SOURCES OF HISTORICAL INFORMATION AND DATA

In for ma tion and data on the in di vid ual me dic i nal wa ter re -
sources were in ferred from the da ta bases run by the Pol ish
Geo log i cal In sti tute – Na tional Re search In sti tute, namely:
Bank Wód Mineralnych (Eng. Min eral Wa ter Re sources Reg is -
try), which is ac ces si ble free of charge un der the fol low ing
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Internet link: https://spd.pgi.gov.pl/en/min eral. The bore hole
data re fer ring to min eral re sources, ge ol ogy and hydrogeology
of the study area was re trieved from the fol low ing on line da ta -
bases, i.e.: Sys tem Gospodarki i Ochrony Bogactw Mineral -
nych Polski MIDAS (Eng. Sys tem of Man age ment and Pro tec -
tion of Po land’s Min eral Re sources MIDAS) and Centralna
Baza Danych Geologicznych CBDG (Eng. Cen tral Geo log i cal
Da ta base). These are ac ces si ble free of charge fol low ing the
Internet links: https://mi das-app.pgi.gov.pl/ords/r/pub lic/mi -
das/start for min eral re sources and https://baza.pgi.gov.pl/en
for sev eral types of geo log i cal data. Data from sci en tific pub li ca -
tions and geo log i cal re ports were also used.

RESULTS

PROSPECTIVE AREA OF KOWARY

This pro spec tive area lies in the Izera-Karkonosze Mas sif,
where near the town of Kowary two ra don wa ter oc cur rences,
namely Kowary-Podgórze, mine adit 19A (ground wa ter sam -
pling point no 1, Ta ble 1, Figs. 1 and 2), and Kowary-Wojków,
spring 28 (ground wa ter sam pling point no 2, Ta ble 1, Figs. 1
and 2), were sam pled. Kowary is a small town well known for its
for mer iron min ing ac tiv i ties. Here, iron and polymetallic min er -
ali sa tion is com monly ac com pa nied by ura nium ore-bear ing
rocks. Ground wa ter oc curs mainly in the frac tured aqui fer of the 
crys tal line base ment, i.e. the Karkonosze gran ites and the Pa -
leo zoic and Pro tero zoic meta mor phic rocks. These form an
inhomogeneous me dium where hy drau lic con duc tiv ity var ies in
a wide range from 0.01 to 17.5 m/d (Grzegorczyk, 2002). The
crys tal line rocks are over lain by Qua ter nary de pos its, es pe cially 
within stream val leys. The po rous and frac tured aqui fers re main 
in hy drau lic con tact form ing a het er o ge neous multi- aqui fer sys -
tem. The most char ac ter is tic fea ture of the frac tured crys tal line
aqui fer is depth-de pend ent zonation.

In the pro spec tive area of Kowary sev eral springs,
seepages, bore holes and mine adits with ra don ground wa ter
oc cur (Fistek, 1970). Adit 19A in Kowary-Podgórze and spring
28 in Kowary-Wojków were sam pled on Jan u ary 24, 2023. The
wa ter showed low min er ali sa tion, of 86.98 and 207.99 mg/l, and 
el e vated con tents of ra don iso tope 222Rn of 446.0 and
134.0 Bq/l, re spec tively. Nor mally, 222Rn con tent in ground wa -
ter in the Sudetes is lower, es pe cially in the sed i men tary bas ins, 
where it com monly does not ex ceed 74 Bq/l which is the min i -
mum con tent for wa ter to be qual i fied as ra don wa ter (Przylibski
et al., 2004; Przy libski, 2005). The chem i cal com po si tion of both 
sam ples was dis tinctly dif fer ent and al lowed for clas si fi ca tion of
the wa ter sam ples to two dif fer ent chem i cal types, namely
HCO3–Ca and SO4–Ca–Na, re spec tively. In 2023 mea sure -
ment of dis charge from the mine adit 19A and spring 28 were
not tech ni cally pos si ble. Val ues re ported by Fistek (1970) for
time pe riod be tween 1965–1968 var ied be tween 28–47.5 m3/h
and 0.078–0.3 dm3/h, re spec tively.

Spring 28 in Kowary-Wojków is a nat u ral spring which has
never been ex ploited. Be tween 1974–1989 the mine adit 19A
was the only ra don inhalatorium in Po land of fer ing a spe cific mi -
cro cli mate suit able for anthrotherapy, so-called speleotherapy,
treat ment. The pa tients were also given the ra don wa ter to
drink. Be tween 1969–1990 the town of Kowary was of fi cially
reg is tered as a spa by the Min is try of Health (Ciê¿kowski, 1990;
Przylibski, 2005). Now a days, in Kowary-Podgórze, an other
mine adit is used by a beauty and spa cen tre.

PROSPECTIVE AREA OF KROSNOWICE

This pro spec tive area is lo cated in the Intra-Sudetic Syncli -
norium and more spe cif i cally in the Up per Nysa K³odzka
Graben. About 500 metres south-west of the vil lage of
Krosnowice a hydrogeological test well R11 (ground wa ter sam -
pling point no 3, Ta ble 1, Figs. 1 and 2) is lo cated. Here, the Up -
per Cre ta ceous strata are dis cor dantly de pos ited upon the
supracrustal rocks of the Orlica-Œnie¿nik Dome (Cwojdziñski,
1979; Cymerman and Badura, 2019). The Up per Cre ta ceous
suc ces sion is stratigraphically in com plete. The Lower Turonian
strata are com posed of mudstones and sand stones from a few
metres to 120 m thick, while the thick ness of the Up per
Turonian marls and claystones ranges from 300 to 400 m. The
Coniacian strata com prise marls interbedded with sand stones,
not ex ceed ing 80 m in thick ness (Grzegorczyk et al., 1993).

In the pro spec tive area of Krosnowice, two frac tured-po rous 
aqui fers are pres ent in the strata of the Up per Nysa K³odzka
Graben, the up per one, 20–150 m thick, of Coniacian and Up -
per Turonian age and the lower one, <20 m thick, in the Lower
Turonian. The hy drau lic pa ram e ters of both aqui fers are vari -
able. Nor mally, fa vour able zones are as so ci ated with tec toni -
cally af fected rocks. Bore hole R11 is screened in the lower
aqui fer, show ing hy drau lic transmissivity within the range of
5–30 m2/d and up to 500 m2/d in the tec tonic zones (Grze -
gorczyk et al., 1993). Be cause of ar te sian con di tions there is a
con stant ground wa ter out flow from the bore hole which was
mea sured by us on Jan u ary 17th, 2023, as 0.97 m3/h.

The ground wa ter sam ples were taken from the ar te sian out -
flow of the R-11 bore hole on Jan u ary 17, 2023. Wa ter min er ali -
sa tion amounted to 1,134.72 mg/l and the wa ter chem i cal type
was HCO3–Ca–Na. The con tent of free CO2 was
<622.46 m/dm3. The wa ter tem per a ture mea sured at wa ter out -
flow was 19.3°C. How ever, the his tor i cal data showed higher
wa ter tem per a ture of 22°C (Liber and Kie³czawa, 2002;
Ciê¿kowski et al., 2011), which was two de grees higher than
the tem per a ture limit for ground wa ter to be qual i fied as ther mal
wa ter ac cord ing to Pol ish le gal reg u la tions (Ciê¿kowski et al.,
2010). In 1993, the wa ter sam ple taken dur ing the pump ing test
al lowed for clas si fi ca tion of wa ter from the R11 bore hole as
acid u lous and of in creased tem per a ture (Grzegorczyk et al.,
1993).

The Krosnowice R11 bore hole has never been ex ploited
and wa ter is dumped into a nearby stream. Now a days, it is lo -
cated in the area of a newly con structed dry flood stor age area.

PROSPECTIVE AREA OF NOWA £OMNICA

This pro spec tive area is lo cated at the west ern edge of the
Up per Nysa K³odzka Graben, where the edge of the graben
meets gneiss es and schists of the meta mor phic unit of the
Orlica-Œnie¿nik Dome (Fistek and Gierwielaniec, 1964;
¯elaŸniewicz et al., 2011). The graben struc ture is filled with the 
Up per Cre ta ceous sand stones and marls. Here, two oc cur -
rences with acid u lous wa ters, namely Zród³o Dolne (Eng.
Lower Spring) and Zród³o Górne (Eng. Up per Spring) are lo -
cated. These are ground wa ter sam pling points no 4 and 5, re -
spec tively (Ta ble 1; Figs. 1 and 2). The oc cur rence of acid u lous 
wa ters in this area is as so ci ated with the Szczawina Fault and
its trans verse dis lo ca tions, along which all po ten tially me dic i nal
wa ter out flows con cen trate. The most im por tant frac tured-po -
rous aqui fers oc cur in the Up per Cre ta ceous strata. The lower
aqui fer, is com posed of Lower Turonian marls and Cenoman -
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ian sand stones, and the up per one com prises sandy marls of
Coniacian and Mid dle to Up per Turonian age. The aqui fers are
di vided by thick, less per me able clayey de pos its. Lo cally,
ground wa ter oc curs in frac tured meta mor phic schists. The en -
tire ground wa ter mul ti ple aqui fer sys tem is very inhomoge -
neous and shows di verse hydrogeological pa ram e ters. The
area is also known for dry ex ha la tions of car bon di ox ide (Fistek, 
1977; ¯ak et al., 2008; Fillipovits et al., 2022).

The ground wa ter sam ples were taken on Feb ru ary 22, 2023
from both Zród³o Dolne and Zród³o Górne. Dis charge from
Zród³o Dolne was 0.07 dm3/s, though in the case of Zród³o Górne
it was not pos si ble to mea sure for tech ni cal rea sons. Wa ter min -
er ali sa tion was high and amounted to 903.75 and 1,312.06 mg/l,
while the con tent of car bon di ox ide was 2,442.33 and 2,230.90
mg/l, re spec tively. In ter est ingly, both lo ca tions showed dif fer ent
con cen tra tions of spe cific com po nents, also in the past, as cor -
rob o rated by his tor i cal data (Krawczyk et al., 2010a, Fillipovits et
al., 2022). The chem i cal type of wa ter from the Zród³o Dolne was
HCO3–Ca–Mg, with the fol low ing spe cific com po nents: fer rous
ions amount ing up to 13.8 mg/l and in creased con tents of ra don
iso tope 222Rn reach ing 89.3 Bq/l. The chem i cal type of wa ter
from the Zród³o Górne was also HCO3–Ca–Mg, whereas the
spe cific com po nents were dif fer ent: fer rous ions amounted up to
118.0 mg/l and metasilicic acid (H2SiO3) con tent was 89.1 mg/l.
This dif fer ence might be caused by the dif fer ent min er al og i cal
com po si tion of aqui fers in both lo ca tions and by di verse ground -
wa ter flow paths.

The springs of ferruginous acid u lous wa ter in Nowa £omni ca
have been known since at least the 17th cen tury, though they have 
been used only by the lo cal res i dents and tour ists. Ap prox i mately
1.7 km south-east of these springs, in the nearby vil lage of
Szczawina, there is a spring in take and a 51-metre-deep bore hole 
ex tract ing ferruginous acid u lous wa ters show ing a sim i lar chem i -
cal com po si tion, though with lower min er ali sa tion. Based on these 
wa ters, a for mer bot tling plant that op er ated in Szczawina be -
tween 1966 and 2007 pro duced wa ter called D³ugopolanka
(Krawczyk et al., 2010a; Krzonkalla-Maryniuk, 2015).

PROSPECTIVE AREA OF OPOLNICA

This pro spec tive area is lo cated in a small geotectonic unit
called the Bardo Fold Struc ture. Here, oc curs a spring called
Zród³o Siarczkowe (Eng. Sul phide Spring) which is the ground -
wa ter sam pling point no 6 (Ta ble 1; Figs. 1 and 2). The spring
drains the top part of Pa leo zoic py rite-im preg nated quartzitic
shales and is most prob a bly as so ci ated with a ground wa ter cir -
cu la tion zone con nected with deep fault zones. The un con fined
ground wa ter ta ble depth is usu ally shal low and var ies be tween
1 and 5 m b.g.l., though oc ca sion ally it may be deeper. Dis -
charge of the spring in take mea sured in 1968  amounted to
0.6 m3/h at a de pres sion of 2.8 m; how ever, the hydrogeological 
pa ram e ters be came more fa vour able af ter cleans ing the spring
in 1972 (Fistek et al., 1971). In spec tion of the spring al lowed its
depth to be mea sured, which was then 5.5–6.0 m b.g.l. and
con firmed the pres ence of sul phur bac te ria.

A wa ter sam ple from the spring in take Zród³o Siarczkowe
was taken on Jan u ary 17, 2023, and showed min er ali sa tion of
617.92 mg/l be ing of chem i cal type HCO3–Na. A spe cific com -
po nent was flu o ride ions amount ing up to 2.0 mg/l. The con -
tents of S2– ions and H2S were el e vated up to 0.41 and
0.26 mg/l, re spec tively, and the wa ter sam ple had a mod er ate
smell of hy dro gen sul phide.

The spring was ex ploited for sev eral de cades by a small
bot tling plant pro duc ing ta ble wa ter called Opolniczanka which
stopped to op er ate in the early 1990s. At pres ent, the spring is
en closed by three stone ware cas ings and pro tected by a small
build ing.

PROSPECTIVE AREA OF SOSNÓWKA

The pro spec tive area of Sosnówka is placed in the Izera-
 Karkonosze Mas sif, in Sosnówka vil lage, where two lo ca tions
with ra don wa ter oc cur rences were se lected, namely Zród³o
Anna (Eng. Ann Spring) and  Zród³o Magdalena (Eng. Mag da -
lene Spring). These springs are the ground wa ter sam pling
points no 7 and 8, re spec tively (Ta ble 1; Figs. 1 and 2). Here,
ground wa ter oc curs mainly in the frac tured aqui fer formed by
the Karkonosze gran ites of Upprer Car bon if er ous age
(Bobiñski, 2009; Bobiñski, 2015). The frac tured crys tal line aqui -
fer shows a char ac ter is tic depth zonation and a high de gree of
inhomogeneity. The ground wa ter ta ble depth is usu ally shal low
and un con fined, and hy drau lic con duc tiv ity var ies be tween 0.01 
and 17.5 m2/d (Kieñæ, 2002). Dis charge of Zród³o Anna mea -
sured in 1963 var ied be tween 0.33–0.41 dm3/s, while in 1974 it
was 0.81 dm3/s. Dis charge of Zród³o Magdalena var ied be -
tween 0.41 and 1,00 in 1963, while in 1974 it was 0.58 dm3/s
(Têsiorowska, 1974). In win ter 2023, mea sure ments of dis -
charge of Zród³o Anna amounted to 0.23 dm3/h; how ever, be -
cause of a leak ing cas ing, this vol ume is an un der es ti mate.
Mea sure ment of dis charge in the case of Zród³o Magdalena
was not pos si ble for tech ni cal rea sons. Ra don wa ters in the
Sosnówka area were ini tially de scribed al ready in the 1970s in
sev eral springs and seepages (Têsio rowska, 1974). The value
of the lo cal ra don hydrochemical back ground of ground wa ter,
de ter mined based on 465 mea sure ments, ranged from 37 to
296 Bq/l. These re fer to shal low cir cu la tion wa ters of infiltrative
or i gin age typ i cally vary ing from ap prox i mately one to sev eral
years (Przylibski, 2005).

Ground wa ter sam ples from both Zród³o Anna and Zród³o
Magdalena were taken on Jan u ary 23, 2023. These showed
low min er ali sa tion, of 86.40 and 57.04 mg/l, and in creased con -
tents of ra don iso tope 222Rn, of 223.0 and 157.0 Bq/l, re spec -
tively. In both lo ca tions, the ma jor an ions were sulphates
though with dif fer ent cat ion con tents. The chem i cal types of wa -
ter sam ples from Zród³o Anna and Zród³o Magdalena were:
SO4–HCO3–Ca–Na–Mg and SO4–Cl–Ca–Na, re spec tively.

The Zród³o Anna is a well-known tour ist at trac tion of the
Sudetes. Its out flow is sit u ated in a stone en clo sure be low the
cha pel of Saint Anna. The Zród³o Magdalena is cur rently used
for wa ter sup ply of a hol i day house.

PROSPECTIVE AREA OF STARE BOGACZOWICE

This pro spec tive area is lo cated in the vil lage of Stare
Bogaczowice, on the north-west ern out skirts of the Intra-
 Sudetic Synclinorium. The old est rocks iden ti fied are con glom -
er ates, sand stones, greywackes and siltstones of Lower Car -
bon if er ous age, clas si fied as part of the Stare Bogaczowice
For ma tion. Their to tal thick ness is as much as 1,200 m (Kozdrój 
et al., 2009, 2017). Nor mally, the Lower Car bon if er ous strata
show poor hydrogeological pa ram e ters which be come more fa -
vor able in the vi cin ity of the Struga Fault zone, strik ing E–W.
The Struga Fault is the ma jor tec tonic fea ture of the area, form -
ing a bound ary be tween the Intra-Sudetic Synclinorium and the
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Œwiebodzice Fold Struc ture (¯elaŸniewicz et al., 2011). The
frac tured-po rous Lower Car bon if er ous aqui fer is only partly
over lain by semipermeable Qua ter nary de pos its, thus it is vul -
ner a ble to con tam i na tion from the ground sur face. The ground -
wa ter ta ble is rather shal low and only lo cally con fined. The po -
ten tially me dic i nal wa ters in this area are car bonic and acid u -
lous wa ters, com monly show ing a to tal min er ali sa tion of
>1,000 mg/l (Fistek et al., 1968; Fistek, 1976; Poprawski and
Jasiak, 1999). Springs and spring in takes are sit u ated within the 
nar row val ley of the Strzegomka River, over a dis tance of
~0.5 km, in the cen tral part of the vil lage. Here the river co in -
cides with the Struga Fault zone.Nu mer ous dry CO2 ex ha la -
tions were de tected (¯ak et al., 2008), the or i gin of which have
not yet been fully iden ti fied.

Ground wa ter sam ples were taken on Feb ru ary 27, 2023,
from the spring in takes 3 and 11 (ground wa ter sam pling points
no 9 and 10, re spec tively, Ta ble 1; Figs. 1 and 2). These
showed el e vated min er ali sa tion of 2,200.83 and 2,345.31 mg/l,
re spec tively. Con tent of free CO2 was de ter mined in situ for the
ground wa ter sam ple from spring in take 3 only, and was
1,093.75 mg/l, while in the spring in take 11 it was neg a tive.
Chem i cal types of the wa ter sam ples from the spring in takes 3
and 11 were gen er ally sim i lar, i.e. HCO3–Na–Ca–Mg and
HCO3–Ca–Mg–Na, re spec tively.

Stare Bogaczowice has been well-known for oc cur rences of
me dic i nal wa ters since the 19th cen tury. In the be gin ning of the 20th

cen tury, a small spa with a bath house and a drink ing hall was cre -
ated in the vil lage. Be tween 1968 and the early 1990s, a bot tling
plant ex tract ing wa ter from nu mer ous spring in takes pro duced wa -
ter called Anna, though its op er a tion ended in the 1990s.

PROSPECTIVE AREA OF STARY WIELIS£AW

The pro spec tive area of Stary Wielis³aw is lo cated in the Up -
per Nysa K³odzka Graben, which is part of the Intra-Sudetic
Synclinorium. There, an iden ti fied but cur rently un ex ploited car -
bonic and acid u lous wa ters have been doc u mented by two
hydrogeological bore holes (Fistek, 2010). In the 1970s and
1980s, two bore holes, 3 and 4, show ing depths of 100 and 268
m b.g.l. re spec tively, were drilled. They cap tured the con fined
aqui fer with acid u lous wa ters show ing ar te sian hy drau lic con di -
tions. This study fo cused on bore hole 4 (ground wa ter sam pling
point no 11, Ta ble 1, Figs. 1 and 2). The Up per Cre ta ceous
aqui fer is built of sand stones of Mid dle and Lower Turonian
ages. Zones of nu mer ous tec tonic dis lo ca tions and frac tures,
stretch ing in a nar row strip along the Bystrzyca Dusznicka and
Wielis³awka river val leys, al low for en hanced cir cu la tion of po -
ten tially me dic i nal wa ters and de ter mine the lo ca tion of springs.
The aqui fer is very inhomogeneous and hy drau lic con duc tiv ity
var ies from 100 to 300 m2/d in the tec toni cally af fected ar eas. In
the pro spec tive area of Stary Wielis³aw, nu mer ous dry ex ha la -
tions of car bon di ox ide have been de tected (¯ak et al., 2008).

A ground wa ter sam ple was taken on Feb ru ary 22, 2023
from a pipe line a few tens of metres long dis charg ing wa ter from 
the ar te sian out flow of the bore hole 4 to the Bystrzyca
Dusznicka river. Ground wa ter sam pling di rectly at the bore hole
was not tech ni cally pos si ble. Dis charge of the free ar te sian out -
flow as mea sured by us amounted to 4.89 m3/h. The wa ter
showed min er al iza tion of 1,695.87 mg/l and was of chem i cal
type of HCO3–Ca. Wa ter tem per a ture mea sured in situ at wa ter
out flow was slightly in creased com pared to wa ter tem per a ture
in the nearby springs, be ing 12.4°C. The free CO2 con tent in the 
wa ter was be low the de tec tion limit of <622.46 mg/dm3. Our lab -
o ra tory test re sults did not in di cate an el e vated level of fer rous
ions. Con tents of free CO2 and fer rous ions were un der es ti -

mated be cause the wa ter was sam pled at the out let of the pipe -
line where their con cen tra tions may change be cause of de gas -
sing and Fe2+ pre cip i ta tion pro cesses. Rust-col oured sed i ment
is vis i ble around the dis charge point. Ac cord ing to his tor i cal
data (Fistek, 2010) this wa ter is ex pected to be clas si fied as
ferruginous and acid u lous.

The springs of car bon ated wa ter in Stary Wielis³aw have
been known since at least the be gin ning of the 20th cen tury and
have been used by the lo cal res i dents. A bot tling plant op er at -
ing here since 1972 pro duced wa ter, ini tially called Polani -
czanka, and since 1997 Polanica Zdrój. Pro duc tion ended in
2008 (Fistek, 2010; Krawczyk et al., 2010b). None of the bore -
holes is ex ploited at pres ent.

PROSPECTIVE AREA OF SZCZYTNA

The pro spec tive area of Szczytna lies in the Intra-Sudetic
Synclinorium and its sub unit, the Up per Nysa K³odzka Graben.
Here, the po ten tially me dic i nal wa ters oc cur in Lower Turonian
sand stones and Up per Cenomanian sand stones and con glom -
er ates, es pe cially in ar eas lo cated near the fault zones. The
geo log i cal fea tures of the Up per Cre ta ceous suc ces sion de ter -
mine the con fined con di tions of ground wa ter cir cu la tion. In the
case of this pro spec tive area, ground wa ter sam ples from bore -
hole 3 (ground wa ter sam pling point no 12, Ta ble 1; Figs. 1 and
2) were stud ied. This is lo cated in the north-east ern part of
Szczytna and has a to tal depth of 253.5 m b.g.l. In the pro file of
this well, a fault zone was de tected at a depth be tween
159–163 m b.g.l. from which a strong in flow of acid u lous wa ter
was ob served. In win ter 2023, due to ar te sian con di tions, the
ground wa ter ta ble sta bi lised ~0.5 m a.g.l. The most im por tant
frac tured-po rous aqui fers of this pro spec tive area oc cur in the
Up per Cre ta ceous strata. The lower one is built of Lower
Turonian marls and Cenomanian sand stones, while the up per
one con sists of the sandy marls of Coniacian and Mid dle to Up -
per Turonian age. The aqui fers are di vided by thick, less per -
me able clayey in ter vals.

The ground wa ter sam ples were taken from the ar te sian wa -
ter out flow on Jan u ary 17, 2023. Dis charge of the free ar te sian
out flow amounted to 0.46 m3/h. Min er ali sa tion was
2,208.9 mg/l, while the con tent of free CO2 was 2,450 mg/l. The
lab o ra tory test in di cated an el e vated con tent of ar senic ions, i.e. 
0.19 mg/l. The wa ter tem per a ture mea sured in situ at the wa ter
out flow was 10.3°C. Ac cord ing to his tor i cal data, it in creased
with grow ing pump ing rate, up to 17.3°C, dur ing the pump ing
test per formed in 2009 (Fistek, 2009).

The bore hole was con structed in 2009 to cap ture acid u lous
wa ter to be used by a bot tling plant or health re sort. The ar senic
ion con cen tra tions in the ground wa ter in 2023 reached
0.189 mg/l, which ex ceeds the per mis si ble con cen tra tion in
drink ing wa ter. The con tent of radionuclides was also el e vated,
and á ra di a tion ranged be tween 2.34 and 2.85 Bq/l, while a ra -
di a tion be tween 2.01 and 2.34 Bq/l, which dis qual i fied the wa ter 
for bot tling pur poses. The wa ter may be used for balneological
pur poses, though it re quires ad di tional test ing. Bore hole 3 has
never been ex ploited, and for the time be ing wa ter is dumped
into a ditch.

DISCUSSION

Dif fer ences in li thol ogy, min er al og i cal com po si tion and tec -
ton ics among the stud ied aqui fers de ter mine the hydro -
geological and hydrogeochemical prop er ties of the pro spec tive
ar eas stud ied. Po ten tially me dic i nal ground wa ter oc cur ring in
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the Up per Cre ta ceous strata showed el e vated min er ali sa tion
vary ing be tween 903.75 and 2,208.90 mg/l. Due to pre vail ing
car bon ates, in clud ing a high cal cite con tent in the rock ma trix
and ce ment, as well as el e vated con tents of free CO2, the dom i -
nant an ions were bi car bon ate ions (HCO3

–), while the ma jor
cat ions were the most com monly cal cium ions (Ca2+). Ex cept
for the in creased to tal solid dis solved min eral con tent, the spe -
cific com po nent which al lows qual i fy ing these wa ters as po ten -
tially me dic i nal ones was the el e vated con tent of free CO2. This, 
due to the meth od ol ogy of in situ mea sure ments with Karat ap -
pa ra tus, was de tected only at four of the sam pling points stud -
ied and amounted to 1,093.75, 2,230.90, 2,442.33 and
2,450.24 mg/l for the Stare Bogaczowice in take 3, Nowa
£omnica Zród³o Górne, Nowa £omnica Zród³o Dolne and
Szczytna bore hole 3, re spec tively (Ta ble 1 and Ap pen dix 2).
The ground wa ter sam ples in Nowa £omnica showed in creased
con cen tra tions of other spe cific com po nents which may al low
for clas si fi ca tion as me dic i nal wa ter, namely: at the Nowa

£omnica Zród³o Dolne fer rous ions (Fe2+) amounted to 13.80
mg/l and ra don iso tope 222Rn was 89.3 Bq/l, while at the Nowa
£omnica Zród³o Górne fer rous ions (Fe2+) amounted to
118.00 mg/l and metasilicic acid (H2SiO3) to 89.1 mg/l (Ap pen -
dix 2).

The hydrogeochemistry of ground wa ter oc cur ring in the
crys tal line bed rock, com posed mainly of sil i cate min er als, was
rec og niz ably dif fer ent. Min er ali sa tion of four ground wa ter sam -
ples ana lysed from the pro spec tive ar eas of Kowary and
Sosnówka was low and var ied be tween 86.40 and 207.99 mg/l.
The spe cific com po nent al low ing for qual i fi ca tion of these wa -
ters as po ten tially me dic i nal was the ra don 222Rn iso tope which
amounted to 134.0 and 446.0 Bq/l for the lo ca tions of Kowary-
 Podgórze, mine adit 19A and Kowary-Wojków, spring 28, re -
spec tively, while at the Sosnówka Zród³o Magdalena and
Zród³o Anna these were 157.0 and 223.0 Bq/l, re spec tively (Ap -
pen dix 2).
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T a  b l e  1

Physicochemical char ac ter is tics of 12 ground wa ter sam ples col lected in 2023 and re sults of in situ mea sure ments

# – num ber ing ac cord ing to fig ures 1 and 2; * – con tent of free CO2 de ter mined in situ us ing the Karat de vice; ND – no data; N/A –
not ap pli ca ble, NEG – neg a tive, <622.46 mg/dm3 – be low de tec tion limit



Ground wa ter in the pro spec tive area of Stare Bogaczowice
showed the high est min er ali sa tion among all ground wa ter sam -
ples ana lysed and var ied be tween 2,200.83 and 2,345.31 mg/l
for the spring in takes 11 and 3, re spec tively. Ex cept for high
min er ali sa tion, the spe cific com po nent which may al low these
wa ters to be clas si fied as me dic i nal ones is again the el e vated
con tent of free CO2, which in the case of spring in take 3 was
1,093.75 mg/l (Ta ble 1 and Ap pen dix 2).

Min er ali sa tion of the ground wa ter sam ple from the spring
in take Zród³o Siarczkowe in the pro spec tive area of Opolnica
was 617.92 mg/l. Here, the spe cific el e ment de tected in the
ground wa ter sam ple which may al low clas si fi ca tion as po ten -
tially me dic i nal wa ter was the con tent of flu o ride (F–) ions
amount ing to 2.0 mg/l. There were also slightly el e vated con -
cen tra tions, com pared to other wells in this area, of bi va lent sul -
phur ions (S2–), amount ing to 0.41 mg/l, and a hy dro gen sul -
phide (H2S) con tent of 0.26 mg/l (Ap pen dix 2), with a mod er ate
smell char ac ter is tic for this gas, These con cen tra tions, how -
ever, can not al low clas si fi ca tion of the wa ter sam ple to sul phide
wa ter.

In Po land, the cri te ria that drink ing wa ter must meet are
given by the Rozporz¹dzenie Ministra Zdrowia z 7 grudnia
2017 r. w sprawie jakoœci wody przeznaczonej do spo¿ycia
przez ludzi (Eng. Reg u la tion of the Min is ter of Health of De cem -
ber 7th, 2017 on the qual ity of wa ter in tended for hu man con -
sump tion). Ac cord ing to this reg u la tion, or di nary drink ing wa ter
should con tain no more than 250 mg/l of chlo ride, 0.05 mg/l of
man ga nese, 200 mg/l of so dium, and 0.2 mg/l of ferruginous
ions, while the mag ne sium ion con tent should be be tween 7
and 125 mg/l. There is no spec i fied per mis si ble con cen tra tion of 
hy dro gen sul phide, though the odour of the wa ter must be “ac -
cept able to con sum ers and free from ab nor mal changes”.

In the case of the pro spec tive ar eas lo cated within the car -
bon ate sed i men tary rocks of the Up per Nysa K³odzka Graben,
the chem i cal types were rather sim i lar, i.e.: HCO3–Ca for Stary
Wielis³aw, bore hole 4, and Szczytna, bore hole 3, HCO3–Ca–Na 
for Krosnowice, bore hole R11, and HCO3–Ca–Mg for Nowa
£omnica, Zród³o Dolne and Zród³o Górne, and HCO3– Ca– 
Mg–Na and HCO3–Na–Ca–Mg for Stare Bogaczowice, in takes
3 and 11. How ever, in the case of the ground wa ter sam ples
from the crys tal line bed rock, the fol low ing lo ca tions showed a
wide va ri ety of chem i cal types, i.e.: HCO3–Ca for Kowary-
 Podgórze mine adit 19A, SO4–Ca–Na for Kowary Wojków
springs 28, as well as SO4–HCO3–Ca–Na–Mg for •ród³o Anna
and SO4–Cl–Ca–Na for spring Zród³o Magdalena in Sosnówka. 
The dif fer en ti ated chem i cal com po si tion of these ground wa ter
sam ples de rived, most prob a bly, from the di verse li thol ogy and
min eral com po si tion of the aqui fer ma te rial. Chem i cal types of
the ground wa ter sam ples stud ied, ac cord ing to the clas si fi ca -
tion of Priklonskiy-Shchukarev, as well as their chem is try and
con tents of spe cific el e ments and tem per a ture, are shown in
Ta ble 2.

The chem is try of the ground wa ter sam ples stud ied is well il -
lus trated by their sta tis ti cal pa ram e ters of chem i cal com po si tion 
shown by Fig ure 3A–C, where Fig ure 3A shows sta tis ti cal char -
ac ter is tics for all 12 sam ples ana lysed, Fig ure 3B for 7 ground -
wa ter sam ples from the Intra-Sudetic Synclinorium and Fig -
ure 3C shows 4 ground wa ter sam ples from the Karkonosze-
 Izera Mas sif. The in di vid ual el e ments show ing the high est
range are min er ali sa tion ex pressed as TDS, bi car bon ate ions
(HCO3

–) and free CO2 for Fig ure 3A and 3B, while for Fig ure 3C, 
the high est range shows min er ali sa tion (TDS), bi car bon ate ions 
(HCO3

–) and the ra don 222Rn iso tope. The dif fer ence in min er -
ali sa tion and con cen tra tion of bi car bon ate ions (HCO3

–) be -
tween the ground wa ter sam ples from the frac tured-po rous Cre -

ta ceous sed i men tary aqui fers (Fig. 3B) and the frac tured Car -
bon if er ous and Pa leo zoic-Pro tero zoic aqui fers (Fig. 3C) is pro -
found and reaches one or der of mag ni tude.

For the pos si ble clas si fi ca tion of ground wa ter as a po ten -
tially me dic i nal wa ter, a cru cial fac tor is the sta bil ity of its chem i -
cal com po si tion over a cer tain pe riod of time. The con cen tra tion 
of ma jor an ions, cat ions and spe cific com po nents in the 12
ground wa ter sam ples of po ten tially me dic i nal wa ter we stud ied
com pared to 21 his tor i cal re sults of chem i cal anal y ses are
shown by Schoeller di a grams (Fig. 4A–H). The chem i cal sta bil -
ity var ies sig nif i cantly de pend ing on lo ca tion and the el e ment
stud ied. The most sta ble chem i cal com po si tion oc curred at
Kowary-Wojków spring 28 (Fig. 4A2), both springs in the pro -
spec tive area of Nowa £omnica (Fig. 4C1 and C2), bore hole 4
in the pro spec tive area of Stary Wielis³aw (Fig. 4G) and bore -
hole 3 in the pro spec tive area of Szczytna (Fig. 4H). By con -
trast, the max i mum dif fer ences in con cen tra tion of ma jor ions
and spe cific el e ments over time, for ex am ple: SO4

2–, Cl–, Ca2+,
Mg2+ and 222Rn, reach ing up to 80–87%, were ob served for the
Kowary-Podgórze mine adit 19A (Fig. 4A1), bore hole R11
(Fig. 4B) and Zród³o Siarczkowe in Opolnica (Fig. 4D). These
dif fer ences could be caused by fac tors in clud ing the pres ence
or ab sence of an im per me able cover on the aqui fer, and the in -
flu ence of geo- or anthropogenic fac tors on ground wa ter chem -
is try. An other rea son may be ground wa ter sam pling tech -
niques. In the case of the bore holes his tor i cal datasets show
chem is try of sam ples taken dur ing pump ing tests, while our re -
search cov ers ground wa ter sam ples col lected from free ar te -
sian out flow. The to tal dataset of re sults of chem i cal anal y ses of 
33 ground wa ter sam ples is quite inhomogeneous, i.e. the sam -
ples were ana lysed by dif fer ent lab o ra to ries, with dif fer ent tech -
niques and ac cord ing to dif fer ent stan dards in the time span be -
tween 1968 and 2023.

The re la tion be tween the rock types and the ground wa ter
com po si tion of the in di vid ual ground wa ter sam ples, in clud ing
12 sam ples ana lysed for this re search and 21 his tor i cal ones, is
dis played in a Piper di a gram (Fig. 5). This, in ad di tion to the
Priklonskiy-Shchukarev des ig na tion, is an other ap proach to
hydrogeochemical clas si fi ca tion (Appelo and Postma, 1996;
Ganvir, 2023). The di a gram shows the con cen tra tion, in %
(meq/l), of an ions and cat ions in two tri an gles and the cor re -
spond ing wa ter types in a di a mond. The ground wa ter sam ples
taken from the Intra-Sudetic Synclinorium (cir cles) show high
min er ali sa tion, a di verse com po si tion of cat ions with pre vail ing
cal cium cat ion (Ca2+), and a strong dom i na tion of bi car bon ate
an ions (HCO3

–). These show pri mar ily the al ka line-earth bi car -
bon ate chem i cal wa ter type (Ca-HCO3). By con trast, the
ground wa ter sam ples taken from the crys tal line bed rock of the
Karkonosze-Izera Mas sif (squares) show low min er ali sa tion.
The ma jor cat ions are cal cium ions, while the an ions are bi car -
bon ates, sul phate ions (SO4

2–) and, to smaller ex tent, chlo ride
ions (Cl–). Most of these ground wa ter sam ples be long to the al -
ka line-earth el e vated al ka line bi car bon ate to sul phate chem i cal 
wa ter type (Ca-HCO3/SO4), and a smaller group to the al ka -
line-earth bi car bon ate type (Ca-HCO3). The ground wa ter sam -
ples, some of them con tain ing free CO2, re trieved from the Pa -
leo zoic frac tured-po rous aqui fer (tri an gles) show di verse min er -
ali sa tion, mod er ate to high con tents of cal cium and some so -
dium (Na+) cat ions. Among the an ions, both bi car bon ates and
sulphates are pres ent. These wa ter sam ples be long mainly to
the al ka line-earth el e vated al ka line bi car bon ate chem i cal wa ter
type (Ca-Na-HCO3). The last group of ground wa ter sam ples
co mes from the Pa leo zoic frac tured-po rous aqui fer (in verted tri -
an gles), where the ground wa ter sam ples showed el e vated flu o -
ride con cen tra tions. Here, com pared to the other lo ca tions ana -
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Fig. 3. Box and whis ker plots show ing se lected sta tis ti cal pa ram e ters of the chem i cal com po si tion of 12 ground wa ter sam ples
col lected in 2023
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Fig. 4. Schoeller di a grams show ing the ground wa ter chem i cal com po si tion of 33 ground wa ter sam ples: 12 col lected in 2023
and 21 col lected be tween 1968 and 2022
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Fig. 5. Piper di a gram show ing chem i cal com po si tion and chem i cal types of 12 ground wa ter sam ples col lected in 2023 and 21
his tor i cal ground wa ter sam ples col lected be tween 1968 and 2022 



lysed, min er ali sa tion is mod er ate. The ma jor cat ions are so -
dium ions, while the dom i nat ing an ions are bi car bon ates.
These show a dis tinct al ka line, mainly (H)CO3 wa ter type.

CONCLUSIONS

Most of the me dic i nal wa ters we stud ied oc cur in the Up per
Cre ta ceous frac tured-po rous aqui fers mostly com pris ing marls
and sand stones of the Up per Nysa K³odzka Graben, part of the
Intra-Sudetic Synclinorium. There, the pro spec tive ar eas of
Krosnowice, Nowa £omnica, Stary Wielis³aw and Szczytna
were des ig nated. The tec tonic set ting of Nowa £omnica means
that the aqui fer is com posed of both the Up per Cre ta ceous sed -
i men tary strata and meta mor phic rocks of the Orlica-Œnie¿nik
Dome. The in di vid ual ground wa ter sam ples de rived from these

lo ca tions showed com monly el e vated con tents of to tal solid dis -
solved min er als and of free CO2. Sev eral showed in creased
con cen tra tions of such spe cific el e ments as fer rous ions and
metasilicic acid which may al low for fu ture clas si fi ca tion as po -
ten tially me dic i nal wa ter.

The sec ond ground wa ter group com prises sam ples re -
trieved from frac tured aqui fers formed by the ig ne ous crys tal -
line rocks of the Karkonosze-Izera Mas sif. These lie in two pro -
spec tive ar eas, Kowary and Sosnówka. The crys tal line bed rock 
is com posed mostly of gran ites, as well as gran ite gneiss es,
gneiss es, mica schists, am phi bo lites, hornfelses, skarns and
lo cally mar bles. For these lo ca tions, the spe cific el e ment is ra -
don iso tope 222Rn.

The pro spec tive area of Stare Bogaczowice is lo cated on
the north-west ern out skirts of the Intra-Sudetic Synclinorium.
Here, the frac tured-po rous aqui fer is mainly built of a thick Pa -
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T a  b l e  2

Chem i cal char ac ter is tics of 12 ground wa ter sam ples col lected in 2023

# – num ber ing ac cord ing to fig ures 1 and 2; * – for mula shows: min er al iza tion (TDS) given in %, pro vid ing 1,000 mg/l = 0.1% of

weight per cent age, ma jor an ions and cat ions ³20% meq/l, spe cific com po nents al low ing for clas si fi ca tion as me dic i nal wa ter; **
– for mula shows all pres ent ma jor an ions and cat ions mg/l rounded to unity, con cen tra tion of free CO2, Fe, F and H2SiO3 in mgl/l,
M (min er al iza tion = TDS) in g/l, con tent of Rn in Bq/l and T in °C



leo zoic sed i men tary suc ces sion, in clud ing con glom er ates,
sand stones and greywackes, though show ing poor hy drau lic
prop er ties. The ground wa ter com monly shows in creased to tal
solid dis solved min eral con tent and el e vated con tents of free
CO2.

A dis tinct lo ca tion is the pro spec tive area of Opolnica lo -
cated in the Bardo Fold Struc ture where po ten tially me dic i nal
wa ters oc cur in a frac tured-po rous aqui fer com posed pri mar ily
of Pa leo zoic siltstones, claystones, shales and greywackes
form ing the Opolnica For ma tion. The spe cific com po nent of
these wa ters is the flu o ride an ion.

The eight pro spec tive ar eas we stud ied form an ex em plary
group and dataset source of po ten tially me dic i nal wa ter in the
Pol ish Sudetes and can be treated as a study case. This small
group rep re sents the ma jor types of po ten tially me dic i nal wa -
ters, chem i cal wa ter types and types of aqui fers of this re gion.
Oc cur rences of po ten tially me dic i nal wa ters are, to a large ex -
tent, de ter mined by the com plex geo log i cal set tings, es pe cially
by the li thol ogy, tec ton ics and min eral com po si tion of the rocks.
The re sults of this study clearly show that the places es pe cially
pre dis posed to the oc cur rence of me dic i nal wa ters are as so ci -
ated with the ma jor tec tonic fea tures, i.e. the deep tec tonic
zones with the ma jor Sudetic strike and smaller per pen dic u lar
dis lo ca tions. An other cru cial fac tor is the abil ity of the sub -
surface to col lect and con duct ground wa ter, thus such prop er -
ties as the inter gra nu lar and frac ture po ros ity of the rocks. The
ground wa ter chem is try is to a ma jor ex tent dom i nated by the
min er al ogy of the rock en vi ron ment as well as by biogeo -
chemical pro cesses. Re search fo cus ing on such is sues as the
or i gin and flux of 222Rn, CO2 and other gases in the ground wa -
ter should be con tin ued. A cru cial is sue are mea sure ments of
tem per a ture, es pe cially its pro fil ing in the hydrogeological bore -
holes.

The oc cur rences of po ten tially me dic i nal wa ters should be
reg u larly mon i tored for their qual ity and quan tity. Their pos si ble
fu ture uti li sa tion, due to a high num ber of al ready ex ist ing fa cil i -
ties us ing me dic i nal wa ter in the stud ied area, should ul ti mately
re flect mar ket needs and avail able in vest ment mea sures. How -
ever, sev eral of them can be come at least a tour ist at trac tion.

The se lected pro spec tive ar eas rep re sent geo log i cal and
hydrogeological con di tions, as well as the chem i cal types of
me dic i nal wa ters, char ac ter is tic of the Pol ish Sudetes. There -
fore, these re search find ings are re gion ally sig nif i cant and may
con trib ute to re as sess ment of hydrogeological and hydrogeo -
chemical data in the prox i mal parts of the Bo he mian Mas sif, in -
clud ing its Czech parts. The re sults may help to de ter mine new

sources of me dic i nal wa ters in the re gion within geo log i cal units
that have sim i lar tec tonic, geo log i cal and hydrogeological set -
tings.

Data avail abil ity state ment
The great ma jor ity of the orig i nal re search find ings of this

study are pro vided in this pa per. For fur ther de tails and in qui -
ries, please con tact the cor re spond ing au thor.

Au thor con tri bu tions
MRK: Writ ing – re view and ed it ing; Writ ing – orig i nal draft,

Vi su al iza tion, Meth od ol ogy, For mal anal y sis, Data curation,
Field re search, Su per vi sion, LC: Writ ing – orig i nal draft, Vi su al -
iza tion, Meth od ol ogy, For mal anal y sis, Data curation, AK: Writ -
ing – orig i nal draft, Vi su al iza tion, Meth od ol ogy, For mal anal y -
sis, Data curation, Field re search. All au thors have read and
agreed to the sub mit ted ver sion of the manu script.

Dec la ra tion of com pet ing in ter est
The au thors de clare that they have no known com pet ing fi -

nan cial in ter ests or per sonal re la tion ships that could have ap -
peared to in flu ence the work re ported in this pa per.

Fund ing
The re search pre sented was a part of the task of the Pol ish

Geo log i cal Sur vey en ti tled: “As sess ment of the re sources of the 
ini tially iden ti fied de pos its of me dic i nal wa ters, to gether with in -
di ca tion of pro spec tive ar eas for their ex trac tion and ap pli ca -
tion. The Sudetes” which was car ried out by the em ploy ees of
the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute by
an or der of the Min is try of Cli mate and En vi ron ment and fi -
nanced by the Na tional Fund for En vi ron men tal Pro tec tion and
Wa ter Man age ment (Agree ment no 304/2021/Wn-07/FG-go-
 dn/D from April 21st, 2021).

Ac knowl edge ments. The au thors would like to ex press
their grat i tude to Dr Józef Fistek,  for a friendly and sub stan tive
dis cus sion con cern ing the oc cur rence of me dic i nal wa ters in
the Sudetes, and pri mar ily in Opolnica and Stare Bogaczo wice,
which sig nif i cantly con trib uted to the char ac teri sa tion of the oc -
cur rences of po ten tially me dic i nal wa ters as part of this study.
Thanks to the cour tesy of Józef Fistek, it was pos si ble to get ac -
quainted with and use, for the pur poses of this study, his un pub -
lished ma te ri als. The au thors ex tend their thanks to Tomasz
Dembiec, Krzysztof Horbowy, Boles³aw Judek, and Dorota
Raszowska for their help dur ing field work. The au thors would
like to thank the re view ers, Dr Nina Rman and an anon y mous
re viewer, for their in sight ful and valu able com ments, which
helped to im prove the manu script as well as Prof. Jan
Zalasiewicz for lan guage re vi sion.
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APPENDIX 1 
 

General characteristics of prospective areas and groundwater sampling points 

 

# 
Prospective area 
Sampling point 

Coordinates 
GPS: N & E 

Altitude 
[m a.s.l.] 

Borehole or intake depth 
[m b.g.l.] 

Discharge: 
[dm3/s]** 
[m3/h]*** 

Geological unit Major rock types 
Age of 
aquifer 

Type of 
aquifer 

1 

Kowary 
(Kowary-

Podgórze) 
Mine adit 19A 

50° 45’ 31.4’’ 
15° 50’ 23.8’’ 

727.1 0.0 
1: 28–47.5 

(Fistek, 1970) 
2: N/A 

Karkonosze-Izera Massif, 
Karkonosze Granite Pluton 

Granites, granite gneisses, gneisses, mica schists, 
amphibolites, hornfelses, skarns, marbles 

C, Pz-Pt, Q F 

2 
Kowary 

(Kowary-Wojków) 
Spring 28 

50° 48’ 16.8’’ 
15°51’ 11.7’’ 

553.4 0.0 
1: 0.078-0.3 

(Fistek, 1970) 
2: N/A 

Karkonosze-Izera Massif, 
Karkonosze Granite Pluton 

Granites C, Q F 

3 
Krosnowice 

Borehole 11R 
50° 22’ 47.6’’ 
16° 37’ 03.1’’ 

312.8 525.0 

1: 4.0, depr. 140 
(Grzegorczyk et al., 

1993) 
2: 0.97 

Intra-Sudetic Synclinorium 
Upper Nysa Kłodzka Graben 

Marls, sandstones K F-P 

4 
Nowa Łomnica 
Spring intake 
Źródło Dolne 

50° 20’ 29.4’’ 
16° 32’ 38.9’’ 

596.6 0.0 
1: N/A 
2: 0.07 

Intra-Sudetic Synclinorium 
Upper Nysa Kłodzka Graben 

Orlica-Śnieżnik Dome 
Marls, sandstones, schists 

K, PZ-Pt 
 

F-P 

5 
Nowa Łomnica 
Spring intake 
Źródło Górne 

50° 20’ 28.3’’ 
16° 32’ 38.2’’ 

599.5 0.0 
1: N/A 
2: N/A 

Intra-Sudetic Synclinorium 
Upper Nysa Kłodzka Graben 

Orlica-Śnieżnik Dome 
Marls, sandstones, schists K, PZ-Pt F-P 

6 
Opolnica 

Spring intake 
Źródło Siarczkowe 

50° 30’ 19.4’’ 
16° 43’ 15.1’’ 

268.5 5.5–6.0 
1: 0.6, depr. 2.8 m 
(Fistek et al., 1971) 

2: N/A 
Bardo Fold Structure Siltstones, claystones, shales, greywackes Pz F 

7 
Sosnówka 

Spring intake 
Źródło Anna 

50° 48’ 05.2’’ 
15° 43’ 47.4’’ 

666.2 0.0 

1: 0.33–0.41 
av. in 1963 

0.81 
av. in 1974 

(Tęsiorowska, 1974) 
2: 0.23 

Karkonosze-Izera Massif, 
Karkonosze Granite Pluton 

Granites C F 

8 
Sosnówka 

Spring intake 
Źródło Magdalena 

50° 47’ 42.0’’ 
15° 43’ 37.3’’ 

710.1 0.0 

1: 0.411,00 
av. in 1963 

0.58 
av. in 1974 

(Tęsiorowska, 1974) 
2: N/A 

Karkonosze-Izera Massif, 
Karkonosze Granite Pluton 

Granites C F 

9 
Stare 

Bogaczowice 
Spring intake 3 

50° 50’ 55.6’’ 
16° 11’ 25.2’’ 

363.6 2.73 
1: N/A 
2: N/A 

Intra-Sudetic Synclinorium 
Świebodzice Fold Structure 

Conglomerates, sandstones, greywackes Pz F-P 

10 
Stare 

Bogaczowice 
Spring intake 11 

50° 50’ 57.2’’ 
16° 11’ 27.9’’ 

363.7 5.28 
1: N/A 
2: N/A 

Intra-Sudetic Synclinorium 
Świebodzice Fold Structure 

Conglomerates, sandstones, greywackes Pz F-P 

11 
Stary Wielisław 

Borehole 4 
50° 24’ 42.9’’ 
16° 36’ 00.9’’ 

310.1 268 

1: 
upper aquifer: 
3.1, depr. 8.8 
lower aquifer: 
15.0, depr. 9.3 
(Fistek, 2010) 

2: lower aquifer: 4.89 

Intra-Sudetic Synclinorium 
Upper Nysa Kłodzka Graben 

Marls, sandstones K F-P 

12 
Szczytna 

Borehole 3 
50° 24’ 10.1’’ 
16° 27’ 07.5’’ 

470.3 253.5 
1: 12.0, depr. 31.0 

(Fistek, 2009) 
2: 0.46 

Intra-Sudetic Synclinorium 
Upper Nysa Kłodzka Graben 

Marls, sandstones K F-P 

 
# – numbering according to figures 1 and 2; * – discharge of natural springs in dm3/s; ** – discharge of boreholes and mine adit in m3/h; 1 – discharge value derived from archive hydrogeological report; 2 – discharge value measured in situ in this 
research; depr. – depression; av. – average; N/A – not applicable or not available; Q – Quaternary, K – Cretaceous, C – Carboniferous; Pz – Paleozoic; Pz-Pt – Paleozoic-Proterozoic; F – fractured, F-P – fractured-porous. In the case of boreholes: 
Krosnowice R11, Stary Wielisław 4 and Szczytna 3 historical discharge was measured with pumping tests 

 



APPENDIX 2 
 

Chemical characteristics of 12 groundwater samples collected in 2023 including TDS, major ions and selected specific components 
 

# 
Prospecting area 
Sampling point 

Sampling 
data 

TDS 
[mg/l] 

Ca2+ 

[mg/l] 
Mg2+ 

[mg/l] 
Na+ 

[mg/l] 
K+ 

[mg/l] 
HCO3

- 
[mg/l] 

Cl- 

[mg/l] 
SO4

2- 
[mg/l] 

Fe2+ 
[mg/l] 

F- 
[mg/l] 

S2- 
[mg/l] 

CO2 * 
[mg/l] 

222Rn 
[Bq/l] 

H2S 
[mg/l] 

H2SiO3 
[mg/l] 

1 
Kowary 

(Kowary-Podgórze) 
Mine adit 19A 

January 23, 2023 86.98 11.60 2.50 7.76 1.06 14.00 3.44 42.52 0.027 <0.1 0.23 N/A 446.0 <0.2 28.7 

2 
Kowary 

(Kowary-Wojków) 
Spring 28 

January 23, 2023 207.99 43.00 2.78 5.37 1.21 127.00 17.54 9.35 0.181 0.29 <0.2 N/A 134.0 <0.2 16.4 

3 
Krosnowice 

Borehole 11R 
January 17, 2023 1,134.72 130.00 31.10 108.00 25.10 797.00 3.48 34.7 1.19 0.70 0.29 <622.46 6.4 <0.2 38.0 

4 
Nowa Łomnica 
Spring intake 
Źródło Dolne 

February 22, 2023 903.75 111.00 52.60 11.10 6.31 685.00 2.14 20.72 13.80 <0.1 <0.2 2,442.33 89.3 <0.2 63.1 

5 
Nowa Łomnica 
Spring intake 
Źródło Górne 

February 22, 2023 1,312.06 144.00 63.00 13.20 7.86 950.00 <2 14.52 118.00 <0.1 <0.2 2,230.90 33.7 <0.2 89.1 

6 
Opolnica 

Spring intake 
Źródło Siarczkowe 

January 17, 2023 617.92 1.62 <0.005 190.00 1.31 370.00 47.04 4.77 0.062 2.00 0.41 N/A 2.4 0.26 19.4 

7 
Sosnówka 

Spring intake 
Źródło Anna 

January 23, 2023 86.40 12.10 3.31 6.52 1.18 24.00 3.84 32.12 BDL <0.1 <0.2 N/A 223.0 <0.2 23.6 

8 
Sosnówka 

Spring intake 
Źródło Magdalena 

January 23, 2023 57.04 8.81 1.54 5.14 1.02 6.20 10.92 21.31 0.036 <0.1 <0.2 N/A 157.0 <0.2 23.2 

9 
Stare Bogaczowice 

Spring intake 3 
February 27, 2023 2,200.83 192.00 98.40 255.00 4.66 1,529.00 10.51 101.60 0.019 0.15 <0.2 1,093.75 47.9 <0.2 23.7 

10 
Stare Bogaczowice 

Spring intake 11 
February 27, 2023 2,345.31 190.46 104.00 237.95 30.00 1,667.00 19.66 94.60 0.124 <0.1 <0.2 NEG 19.1 <0.2 21.0 

11 
Stary Wielisław 

Borehole 4 
February 22, 2023 1,695.87 302.00 25.10 81.80 28.70 1,172.00 19.27 61.59 3.11 <0.1 <0.2 <622.46 <2.0 <0.2 17.0 

12 
Szczytna 

Borehole 3 
January 17, 2023 2,208.90 378.00 41.40 103.00 58.50 1,571.00 4.05 43.81 7.01 0.33 <0.2 2,450.24 12.0 0.54 28.0 

 
# – numbering according to figures 1 and 2; * – free CO2 determined in situ using the Karat apparatus; N/A – not applicable, NEG – negative, < – below detection limit, TDS – total dissolved solids, 
i.e. a sum of all major anions and cations 

 


