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Abstract. Regarding the aspect of mineral, thermo-mineral, and thermal waters, on the territory of the Republic of
North Macedonia, there are 65 registered locations, of which 8 are categorized as spas. This includes the KeZovica spa,
also known as the Stipska spa. In the vicinity of KeZovica Spa is the thermo-mineral L’Dzi spring with mineralization
around 1.3 g/L and the water temperature at the time of sampling was 50.1 °C. Spring L’DzZ1 1s generated by a fault
structure and 1s linked to a granite massit of Mesozoic age. These are alkaline waters (pH = 8.3) and the hydrochemi-
cal type 1s chloride-sodium. Regarding the trace elements, the water of the L’Dz1 spring contains a large amount of
boron and silica. Water also contains an increased content of arsenic (200 pg/L) and tungsten (169 ng/L). Elevated
concentrations of As and W are characteristic of alkaline thermal waters 1n reducing conditions. Often elevated con-
centrations of Mo are accompanied by elevated concentrations of As and W, which 1s also the case.

Keywords: thermo-mineral water, water chemistry, hydrochemical properties, L’dZ1 locality, North Macedonia.

Introduction

According to Laurence and Stoyanov (1996), the
use of thermal water began more than 1000 years
ago. The Romans are believed to be the initial users,
considering the archaeological sites where famous
East European spa towns are found today (Puczko,
Smith, 2009). The Turks continued and developed
the use of thermo-mineral waters during the reign
of the Ottoman Empire.

There are numerous occurrences of thermal,
thermo-mineral (hereafter TM), and mineral wa-
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ters in North Macedonia. According to Metodije-
vski et al. (2012), there are 65 sites on record, of
which only eight are used for balneotherapy. These
are Banja Bansko, Debar Banja, Kocanska Banja,
Katlanovska Banja, Kezovica, Kumanovska Banja,
Negorska Banja, and a TM spring at Stranavac,
where there 1s no accommodation or medical staft,
only pools and showers. The water temperatures at
these sites range from 30.4 °C (Kumanovska Banja)
to 72 °C (Banja Bansko) (Metodijevski et al., 2012).

The hydrogeological feature studied, the TM
spring at L’Dzi, 1s located near the spa town of
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Kezovica. The balneotherapy centre in Kezovica
(also called Stipska Banja) is based on multiple
springs on the right bank of the Bregalnica River,
about 2 km southwest of downtown Stip, on the
edge of the village of Novo Selo. The TM water
originates from a fault structure. The TM water
from Kezovica occurs at the contact of granites with
upper Eocene flysch sediments, and the occurrence
at L’Dz1 1s within the granites (Fig. 1).

The average discharge of the main spring at
KezZovica 1s about 7 L/s and the temperature 66 °C.
This occurrence 1s known for its radioactivity and 1s
believed to be the most radioactive balneotherapy
site not only 1n North Macedonia, but in the entire
Balkans. Water 1s largely used for medicinal and
recreational purposes, but could also be exploited
to heat buildings and generate electric power (Gor-
gieva, Popovski, 2003).

General features of the extended
area of L.>’dzi

The TM water occurrence at L’dz1 1s located in
the eastern part of North Macedonia. In tectonic
terms, 1t belongs to the Serbian-Macedonian mas-
sif and the Vardar zone. The coordinates of the site
are ES97901 and N4620956, and the elevation 1s
285 m. The terrain 1s mostly hilly, and the location
itselt 1s between the hills of Isarot and Kumlako
on the left and Merite on the right side of the Bre-
galnica River. The climate 1s temperate continen-
tal, with a modified Mediterranean influence and
mountain climate conditions in the highlands (Mt.
PlaCkovica). The average annual air temperature in

the valleys of streams 1s 12—-13 °C. However, it de-
creases with altitude and amounts to 7.5 °C at the
highest elevations. The warmest months are July
and August, with a mean monthly temperature of
23.5 °C. The coldest month 1s January, with a mean
monthly temperature of 1.2 °C. On average, the
study area receives 423.8 mm of precipitation per
year. The wettest month 1s November, and the dri-
est August.

The geologic framework of the extended area of
the L’Dz1 locality comprises Precambrian gneisses
and mica schists and Mesozoic 1gneous (granites)
and sedimentary rocks. The Tertiary period 1s rep-
resented by a basal series of upper Eocene conglom-
erates, marls and sandstones, and Eocene flysch
sediments. There are also Quaternary sedimentary
rocks, including conglomerates, clays, marls, and
sandstones (Rakicevic et al., 1974).

The central part of the area 1s an uplifted block of
Jurassic—Cretaceous biotitic granite. Alluvial sedi-
ments of small thickness follow the course of the
Otinja (which meanders through granite along neo-
tectonic faults) (Rakicevic et al., 1974).

The most distinguished hydrogeological feature
1s a fractured aquifer in the Mesozoic granites. It 1s
largely associated with parts of the terrain that are
weathered and cracked the surface. There are con-
siderable groundwater reserves related to fault struc-
tures. Recharge 1s based on precipitation and infiltra-
tion of water from other aquifers with which 1t 1s 1n
contact. Specifically, these are intergranular aquifers
formed 1n alluvial sediments of the Bregalnica and
Otinja. The groundwater level largely follows the to-
pography. The aquifer 1s drained by low-discharge

2km

Fig. 1. Geological map of the extended area of the spa town of Kezovica and the L’dz1 locality. Legend: /, alluvium (gravel, sand
and clay); 2, lower terrace (conglomerate, clay, marl and sandstone); 3, upper terrace (conglomerate, clay, marl and sandstone); 4,
Phiocene sediments; 5, upper Eocene conglomerate, marl, sandstone, and flysch; 6, granite massif; 7, gneiss and mica shist of Pre-

Mesozoic age; 8, fault; 9, river; /0, thermomineral spring.
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Table 1. Results of physicochemical measurements

Field measurements

Major 10ns

i§ pH EC CI- HCO, CO,> SO, Ca Mg Na K B S1

°[C] [—] ImS/cm| Img/L]

50.1 8.3 2,22 490.3 94.04 47.38 145.2 1290 0487 417.0 12.20 20.29 39.30

Trace elements

Ag Al As Ba Be Cd Co Ct Fe L1 Mn Mo
[ng/L]

<5 9.5 200 3.9 <5 <5 <5 <5 4.7 179 6 8.9

N1 P Pb Sb Sr 2 B Tl V W Zn Vi
[ng/L]

<5 <3 3 <5 <5 2 <3 <5 <5 169 <5 <5

springs. Groundwater level fluctuations are season-
al and closely related to hydrology (river stage and
discharge). The groundwater flow directions follow
slopes and are virtually 1dentical to the streams’ di-
rections. Thermal and thermo-mineral waters oc-
curence, such as at the LDz locality, are associated
with deep fault structures (Kotevski, 1987).

The discharge of the spring at L’dz1 varies
from 1 to 1.5 L/s. The water temperature range 1s
50-62 °C. It should be noted that as the water level
of the Bregalnica River increases, so does both the
discharge and the water temperature of the spring

(Delipetrev, 2020f").

Hydrochemical properties of thermo-
mineral water on the L’dzi locality

The sample was collected 1n the polyethylene bottle
after prior rinsing on 20 August 2023. The samples
portion for the determination of trace elements were
filtered through membrane filters with a pore size
of 0.45 num and acidified with concentrated nitric
acid to a final pH of approximately 1-2. In the field
measurements of temperature (T), electric conduc-
tivity (EC), and pH were made. After collection, the
sample was protected against the effects of the ex-
ternal environment, cooled to a temperature of ap-
proximately 4 °C and transported 1n a refrigerator to
the Hydrogeochemical Laboratory, Department of
Hydrogeology and Engineering Geology, Faculty
of Geology, Geophysics and Environmental Protec-
tion, AGH University of Krakow. Laboratory anal-
yses included measurements of the major 1ons (CI,
HCO,", SO,, Ca, Mg, Na, K) and several microele-
ments (Ag, Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe,
Li, Mn, Mo, N1, P, Pb, Sb, Se, S1, Sr, T1, TL, V, W,

' Delipetrev, M. 2020. Project for Detailed Geological Research of

Mineral Raw Material-Thermo-Mineral Water at the Locality “"Merite”
Municipality Shtip at the Site of Pecom-Engineering Import-Export
Dooel Shtip, 19 p. (in Macedonian).

/n, 7Zr). For chlorides and bicarbonates determina-
tion, the classical titration method was used (Mohr
method (ISO, 1989) and acid-base titration (ISO,
1994), respectively). Quantification of the rest of
the above mentioned elements was performed us-
ing inductively coupled plasma optical emission
spectrometry (ICP-OES) with the Thermo Scien-
tific iICAP PRO XP spectrometer according to the
ISO 11885 standard (ISO, 2007). The Burgener Mi-
raMist nebulizer was used, and the measurements
were performed with axial or radial plasma view,
dependent on element, to ensure optimal operating
conditions of the instrument and avoiding detector
saturation especially at high concentrations.

The results of the analysis are summarized in
Table 1.

The water of the spring at L’dz1 1s characterized
by a TDS value of 1324 mg/L, a temperature above
50 °C and an alkaline pH (8.3). The hydrochemi-
cal type of water 1s chloride-sodium. The water
contains a high amount of boron, above 20 mg/L
(which corresponds to 82.3 mg/L of HBO,) and sili-
ca— 84.2 mg/L which 1s corresponds to 109.5 mg/L
of metasilicic acid (H,S10,). The first classification
of medicinal waters was established during the First
International Balneological Congress in Nauheim
in 1911. As silica water, waters with H,S10, above
50 mg/L was considered. Water containing at least
5 mg/L of HBO, was classified as boric water. Sil-
ica-rich waters are used in balneotherapy, for ex-
ample, 1n the treatment of tuberculosis, some types
of cancer or stomach ulcers, as well as 1n derma-
tological problems or bone diseases (Dobrzynski,
Exley, 2010; Skrzypczak, 2012; Mika, Korzec,
2015; Gittler et al., 2017; Huang et al., 2018). Bo-
ric waters were used 1n balneotherapy mostly due
to their antiseptic properties (Chruszcz-Lipska et
al., 2020). Particular attention should also be paid
to the high concentrations of arsenic and tungsten
in the tested water. Although in the past arsenic was
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considered as a specific component of medicinal
waters (1n concentration greater than 200 pg/L) and
its compounds were used 1n the treatment of many
diseases (Paul et al., 2023). Currently 1t 1s treated as
an undesirable element and the difference between
the therapeutic dose (0.7 mg/L) and the toxic dose
(1 mg/L) 1s quite narrow. Tungsten which 1s present
in tested water 1s also a harmful element to humans.
Elevated concentrations of tungsten and arsenic can
be observed in thermal waters with alkaline pH and
under reducing conditions. Sometimes high concen-
trations of these elements coincide with an elevated
amount of molybdenum (Cidu et al., 2021), which
can be observed actually in the tested water from
the location of L’dzi, where Mo 1n a concentration
of 9 ug/L cooccurs with a high amount of As and W
which 1s about 200 pg/L.
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