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Abstract UDC 556.114:556.36(497.7)
Biljana Gicevski, Slavéo Hristovski, Vojo Mircovski ¢ BlaZo
Boev: Hydrochemical properties of springs Slatinski Izvor and
Solenica (Republic of Macedonia)

Hydrochemical properties of water samples from the Slatin-
ski Izvor spring and Solenica spring were analyzed during the
period between December 2011 — November 2013. The wider
area around the springs belongs to two tectonic units. The first
is the Pelagonian horst-anticlinorium and is composed of car-
bonate rocks. The second is the Western Macedonian zone,
and it is composed of non-carbonate rocks. The Slatinski Iz-
vor spring is located on the Pelagonian horst anticlinorium,
and the Solenica spring is situated on a fault which separates
the two tectonic units. The measurements of the temperature,
conductivity and the hydrochemical analysis indicate that both
springs have different hydrochemical properties. The major
cations in the Slatinski Izvor spring were Ca** and Mg*, and
anions were HCO; and SO;-, the water had temporary hard-
ness and it belongs to calcium hydrogencarbonate water type.
The Slatinski Izvor spring had typical shallow and fresh water.
The major cations in the Solenica spring were Na* and Ca*,
and anions were CI- and HCO;. The water belongs to NaCl
water type which is typical of deep ancient ground water.

Key words: hydrochemistry, karst spring Slatinski Izvor, salt
spring Solenica.

Izvlecek UDK 556.114:556.36(497.7)
Biljana Gicevski, Slavéo Hristovski, Vojo Mircovski ¢ Blazo
Boev: Hidrokemijske lastnosti izvirov Slatinski izvor in So-
lenica (Republika Makedonija)

Hidrokemijske lastnosti vodnih vzorcev iz izvirov Slatinski
izvor in Solenica so bili analizirani v obdobju od decembra
2011 do novembra 2013. Sirse obmo¢je izvirov pripada dvema
tektonskima enotama. Prvi je Pelagonijski horst-antiklinorij
in je sestavljen iz karbonatnih kamnin. Druga je Zahodno-
makedonska cona in je sestavljena iz nekarbonatnih kamnin.
Slatinski izvor se nahaja v Pelagonijskem horst-antiklinoriju,
Solenica pa na prelomu, ki lo¢uje obe tektonski enoti. Merjene
temperature in elektri¢ne prevodnosti ter hidrokemijske anali-
ze kazejo na razlike v hidrokemijskih lastnostih obeh izvirov.
Glavna kationa v izviru Slatinski izvor sta bila Ca** in Mg*,
aniona pa HCO; in SO;~, voda je imela karbonatno trdoto in
pripada kalcij hidrogenkarbonatnemu tipu. Slatinski izvor je
imel tipi¢no plitvo in sladko vodo. Glavna kationa v izviru So-
lenica sta bila Na* in Ca*", aniona pa Cl~ in HCO;. Voda pripa-
da NaCl tipu, ki je znacilen za globoko, staro podzemno vodo.

Klju¢ne besede: hidrokemija, kraski izvir Slatinski Izvor, slani
izvir Solenica.
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INTRODUCTION

Karst rocks may be one of the most important aquifer for-
mations because most of the time they contain abundant
groundwater resources (Bakalowicz 2005), and some of
the most significant freshwater quantities are stored in
karst aquifers. Efficient management and protection of
groundwater resources relies on knowledge of ground-
water systems (Tréek & Zojer 2010). However, because
of their specific nature and unique hydrogeological char-
acteristics, karst aquifers require specifically-adapted in-
vestigation methods. Hydrochemical methods are some
of the suitable methods which primarily serve to assess
water quality and study contamination problems in karst
(Hunkeler & Mudry 2007) but also help to locate and
quantify the mineralization of the water, provide infor-
mation about the structure of the aquifer, and help for
better understanding of water-rock interactions.

Usually, karst springs are the main sampling points.
Spring chemistry reflects the nature of the recharge area
that feeds the spring (Palmer 2007) and provides infor-
mation about the functioning of the karst system.

The total area of the karst in Macedonia covers
3078 km? or 12% of the country surface. The largest karst
region is the Porece basin with 427.5 km* or 13.9 % of

the total karst area (Temovski 2012). The karst springs
are important water resources in Macedonia for the set-
tlements in the western part of the country, including the
capital of Skopje. The karst springs in the Porece region
(Slatinski Izvor, Pe$na, Manastirec) represent significant
potential for water supply, especially due to the absence
of pollution sources. However, the water quality of these
springs has not been a subject of a recent study. Further-
more, Slatinski Izvor area is important from the hydro-
geological and speleological point of view and thus it is
protected as Macedonian Monument of Nature and it is
on the tentative list of UNESCO World Heritage Sites.

In our study the main goal was to determine the hy-
drochemical properties of the springs Slatinski Izvor and
Solenica (Porece, Republic of Macedonia) and to assess
their possible origin. The hydrochemistry of the spring
Solenica has been described previously by Jenko (1956),
Kotevski (1987) and Gicevski & Hristovski (2013). In
this study, hydrochemical properties of water samples
from the Slatinski Izvor spring and Solenica spring were
analyzed during the period between December 2011 and
November 2013.

STUDY AREA

The springs Solenica and Slatinski Izvor are located in the
Porece basin of West - Central Macedonia. The spring
Solenica is located in the village Slatina (foothills of Pes-
jak Mountain) and the spring Slatinski Izvor is 2.5 km
distant from the same village, in the southeast direction.
Both springs are situated in the river valley of Slatinska
Reka and they are part of the protected area Monument
of Nature “Slatinski Izvor”

The east part of the study area (Fig. 1) is composed
of pre-Cambrian dolomite marbles which are tectonical-
ly crushed and well karstified. In the west part Paleozoic
quartz-sericite schists and metasandstones, metarhyolite
tuffs, muscovite-chlorite-quartz schists and epidote-
chlorite-amphibole schists prevail, which are moder-
ately-permeable rocks with fissure porosity. The rocks
from the Mesozoic age are represented by aplitic granite
with fissure porosity, located between the marbles and
the Palaeozoic rocks. The carbonate rocks are covered
with Pliocene sediments (gravel, sands, and clay) which
are highly-permeable rocks with intergranular porosity.
Quaternary sediments are represented by moraines on
the upper parts of Pesjak Mountain, and alluvium which
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fills the river bed of the river Slatinska Reka — both of
these units have intergranular porosity.

The area is dissected with a fault between the Pelag-
onian and Western Macedonian tectonic units oriented
in the NW-SE direction, and traced for more than 50 km
(Dumurdzanov et al. 2005) with a width of 10-100 m
(Dumurdzanov et al. 1979). There is a reverse fault be-
tween the villages of Slatina and Zrkle in the NW-SE di-
rection, and a covered fault on the river bed of Kruseska
Reka in the NW-SE direction.

The river Slatinska Reka, which is the left (western)
tributary of the river Treska, sinks at the contact between
the carbonate and non-carbonate rocks, therefore the
river bed is dry during the summer. In the part of the
river valley which belongs to the protected area, there are
three springs. The largest and the most important spring
is Slatinski Izvor which serves as a cave entrance for the
Slatinski Izvor cave (Fig. 2). It is an intermittent spring
that flowed for nine months during the first year of study.
It is also captured for water supply. Its discharge varies
between 0 and 100 L-s™'. The spring Solenica is situated
on a tectonic contact with dolomite marbles and schist
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Fig. 1: Hydrogeological map of the study area. Legend: M-dolomite marbles, Sqse-quartz-sericite schists and metasandstones, xO-
metarhyolite tuffs, Smco-muscovite-chlorite-quartz schists, Smco-epidote-chlorite-amphibole schists, q-aplitic granite, Pl, -Pliocene

sediments, Gl-moraines, Al-alluvium.

Fig. 2: The spring Slatinski Izvor - the spring is cca 60 cm wide
(Photo: B. Gicevski).

formations (Fig. 3). It is a cold mineral spring. The water
is gathered in two small pools that are covered by man-
made structure (stone arch covered by soil). This spring
never dries out and has low discharges ranging from 0.06
to 0.10 L-s~'. Thus, the temperature of water depends on

Fig. 3: The spring Solenica - the right hole is cca 70 cm wide
(Photo: B. Gicevski).

the air temperature. The area above the spring is used for
agriculture (beans and corn). The spring Slaniste is lo-
cated at the same fault zone as the spring Solenica, and it
is captured for water supply.

METHODS

In order to identify the mineralogical and chemical com-
position of the rocks which encompass the wider area
around the investigated springs, five samples of rock ma-
terial were taken. The major and minor elemental prop-

erties of the rock material were analyzed with an Atomic
emission spectroscopy with inductively coupled plasma
(AES-ICP), LYBERTY 110 at the University “Goce
Del¢ev” in Stip. The following elements were analyzed:
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oxygen (O), calcium (Ca), magnesium (Mg), iron (Fe),
silica (Si), potassium (K), sodium (Na), manganese (Mn),
aluminum (Al), titanium (Ti), phosphorus (P), strontium
(Sr), barium (Ba), zinc (Zn), chromium (Cr), lead (Pb),
vanadium (V), molybdenum (Mo), copper (Cu), cobalt
(Co), boron (B), nickel (Ni), cadmium (Cd), arsenic (As)
and silver (Ag). The results for oxides of Ca, Mg, K, Na,
Mn, P, Fe, Al, Ti and Si are presented in weight percent-
age while the rest of the elements in mg-kg".

In order to identify the chemical characteristics of
the spring waters, field measurements and laboratory
analyses were carried out. These were the first continu-
ous analysis for the both springs. The water samples were
collected every month between December 2011-No-
vember 2013. A total of 21 water samples were collected
from the spring Slatinski Izvor, and 22 from the spring
Solenica. Water temperature, pH and conductivity were
measured in-situ at the time of sample collection using
the field instrument Lovibond CHECKIT Micro. Sam-
ples were collected manually in polyethylene bottles.

The hydrochemical properties were analyzed at
the Institute of Biology, Faculty of Natural Sciences and
Mathematics, Ss. Cyril and Methodius University in Sko-
pje. All water samples were filtered within 12 hours of
collection and analyzed within 3—4 days. Sulphate was
determined by photometric method of Dévai et al. (1973)
and chlorides by Mohr's method (Skunca-Milovanovi¢
et al. 1990). All of the major cations: sodium (Na), po-
tassium (K), calcium (Ca), magnesium (Mg) as well as
minor cations and trace elements: copper (Cu), cadmi-
um (Cd), cobalt (Co), lead (Pb), manganese (Mn), zinc
(Zn), iron (Fe) were analyzed by wet digestion followed
by atomic absorption spectrometry on Agilent 55Z or
graphite furnace Agilent 240Z (Allen 1989). Total phos-
phorus was determined in the same digested material by
the method of Fiske & Subarow (1925). All of the val-
ues are presented in mass concentrations (mg-L™"). Ca/
Mg and Na/Cl ratios were calculated based on values of
respective ions expressed in meq-L™

For the interpretation of the chemical analyses,
several graphical methods were used. The data were
plotted on a trilinear Piper diagram (Piper 1944). The
major cations and anions are plotted in milligram per
liter (mg-L~"), in each triangle, then the plotting from
triangular fields was extended further into the central
diamond field. The Piper diagram was used to identify
the water composition type and rock types of the aquifer.
According to the Piper analysis there are four types of
water: waters with temporary hardness (dominant anion
is HCO; ), with permanent hardness (other anions dom-
inate), with alkali carbonates and saline waters. The Stiff
diagram (Stiff 1951) is a method in which an irregular
polygon is constructed from four parallel horizontal axes
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extending on either side of a vertical zero axis. Cations
are plotted on the left side of the zero axis, and anions
are plotted on the right side, both in milliequivalents per
liter (meq-L~"). Each different pattern represents a differ-
ent type of water. In the Chadha diagram (Chadha 1999)
the difference in milliequivalent percentage between al-
kaline earth metals (Ca+Mg) and alkali metals (Na+K),
expressed as percentage reacting values, is plotted on the
X-axis, and the difference in milliequivalent percentage
between weak acidic anions (carbonate + bicarbonate)
and strong acidic anions (chloride + sulphate) is plotted
on the Y-axis. The milliequivalent percentage differences
between alkaline earths and alkali metals, and between
weak acidic anions and strong acidic anions, would plot
in one of the four possible sub-fields of the proposed dia-
gram. The square or rectangular field describes the over-
all character of the water. Using basic cations and anions
D’Amore et al. (1983) determined six new parameters for
distinguishing water groups based on the geological fea-
tures of the main reservoir crossed by each water sample.
Hydrochemical parameters are marked by letters from A
to F:

100 L e
A 0y (HCO] = 507)
B 100(5 . Na'
(- T (+)
Na* Cl-
¢ 100(2(+) - z(—))
) Na* - Mg**
D 100 A1)

. Ca** + Mg**  HCO;
& 100( @10 )
Ca** —Na"-K*

F: 100(—z & )

Parameters define the ratio between dissolved spe-
cies where brackets represent concentrations in meq-L,
and range from +100 to -100 meq-L~". Sum X represents
the sum of cation (+) and anion (-) concentrations. Pa-
rameter A assists in distinguishing between water circula-
tions through calcareous terrains and those occurring in
evaporitic rocks; Parameter B discriminates between sul-
phate-enriched waters circulating in evaporitic terrains
and Na-enriched waters that encountered marly, clayey
sedimentary terrains; Parameter C tends to distinguish
between waters deriving from ‘“flysch’ or ‘volcanites’ and
those coming from carbonate-evaporitic series or from a
regional quartzitic schistose basement; Parameter D in-
dicates waters that have circulated in dolomitized lime-
stone; Parameter E distinguishes between circulations in
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carbonate reservoirs and those in sulphate-bearing res-
ervoirs; Parameter F reveals the increasing K* concentra-
tion in the water samples (D’Amore et al. 1983).

The saturation indexes (SI) of minerals (anhydrite,
aragonite, calcite, dolomite, gypsum and halite) available
in the aquifer were calculated using WATEQ4F comput-

er program (Plummer et al. 1976). If the water is exactly
saturated with the dissolving mineral, saturation index
equals to zero. Positive values of saturation index indi-
cate saturation, and negative ones indicate undersatura-
tion.

RESULTS AND DISCUSION

MINERALOGICAL CHARACTERISTICS
Carbonate rocks from the analyzed area are represented
by dolomite marbles. They are homogeneous, and their
colour ranges from light grey to bright white. Their struc-
ture is granoblastic and their texture massive. The rock is
composed of dolomite grains of 0.1-0.4 mm in size, and
also contains grains of calcite, quartz and muscovite (Du-
murdzanov et al. 1979). The chemical composition of the
carbonate rocks (Tab. 1) showed that CaO and MgO are
the dominantly represented. B, Sr and V are the domi-
nant trace elements in all rock samples.

The schists are para-metamorphic rocks with grey,
yellow and green colour. The structure is lepido-grano-
blastic, and the texture is schistose. It is composed of:
quartz, chlorite, amphibole, albite, sericite, muscovite,
magnetite (Dumurdzanov et al. 1979). Both schist sam-
ples which were analysed were taken in the area between
the villages Slatina and Krusje. The chemical composition
of these rocks is represented in Table 1. SiO, is dominant
in both schist samples, then follow Al,O,, FeO and Na,O.
On the first sample, the trace elements (Tab. 1) B, Sr, Zn,
V, Pb, Cr are represented in higher quantity, whereas the
elements B, Zn, Ba, Sr, Pb, V, Cu are represented in the
second sample.

GENERAL HYDROCHEMICAL COMPOSITION
OF THE SPRING WATERS
The hydrochemical properties of the springs Slatinski Iz-
vor and Solenica are presented in Table 2. The Slatinski
Izvor spring showed small temperature variations. The
average temperature was 9.32°C oscillating in an interval
from 8°C to 10.2°C. The Solenica spring showed continu-
ous seasonal fluctuations. Average temperature was 9.6°C
oscillating in an interval from 0°C to 16°C. The pH values
showed that the springs belong to the water group with
alkaline reaction, oscillating in an interval from 7.0 to
8.2 (Slatinski Izvor) and between 7.6 and 8.4 (Solenica).
The mean values of EC of waters from Slatinski Izvor and
Solenica were 256.90 pS-cm~'and 7310.45 uS-cm™, re-
spectively. The mean value of total dissolved solids (TDS)
was 164.41 mg-L~" (Slatinski Izvor) and 4687.69 mg-L"!

Tab. 1: Chemical composition and trace elements of the rock
samples by AES-ICP (K2-dolomite marble in front of the en-
trance into the Slatinski Izvor cave, K3-dolomite marble-Baba
Hill, SiK1-marble from the cave Slatinski Izvor, K1A, K1B-schists
between villages Slatina and Krusje)

K2 K3 SiK1 K1A K1B
SiO; (%) 6.98 0.28 0.00 75.42 75.02
Al;O; (%) 0.51 0.24 0.26 11.29 | 12.08
CaO (%) 28.0 29.7 32.2 0.83 0.65
MgO (%) 18.70 | 23.18 | 23.1 0.99 0.71
Na,O (%) 0.26 0.27 0.29 3.21 3.55
K0 (%) 0.12 0.07 0.05 1.82 1.65
FeO (%) 0.23 0.05 0.04 3.95 3.40
MnO (%) 0.01 0.00 0.00 0.07 0.05
P,0s (%) 0.02 0.01 0.01 0.09 0.09
TiO, (%) 0.02 0.00 |0.00030| 0.40 0.68
Ashing loss (%) 45.1 46.1 43.8 1.54 1.63
Total 99.95 99.95 | 99.78 | 99.61 99.52
Sr (mg/kg) 81.65 | 108.37 | 82.04 | 165.42 | 154.18
Ba (mg/kg) 10.09 | 5.05 3.96 10.09 | 248.33
Zn (mg/kg) 7.65 3.00 2.12 | 143.58 | 286.77
Cr (mg/kg) 1.73 1.04 1.81 2830 | 3246
Pb (mg/kg) 2.60 3.47 1.17 34.09 | 86.98
V (mg/kg) 17.96 | 15.00 | 14.10 | 43.10 | 74.21
Mo (mg/kg) 6.96 4.56 7.10 10.26 | 12.96
Cu (mg/kg) 2.19 1.86 <2 12.96 | 24.15
Co (mg/kg) <2 <2 <2 7.26 6.26
B (mg/kg) 658.98 | 796.86 | 659.05 | 463.92 | 338.98
Ni (mg/kg) 3.13 <2 <2 10.99 12.82
Cd (mg/kg) <1 <1 <1 <1 1.82
As (mg/kg) <2 <2 1.93 6.83 5.52
Ag (mg/kg) <2 <2 0.26 <2 <2

(Solenica). EC and TDS of the Slatinski Izvor spring had
lower values which may be attributed to the short resi-
dence time of the water in the karst aquifer, whereas the
high values of the Solenica spring mean high concentra-
tion of dissolved solids like chloride, carbonates, bicar-
bonates and sulphate, and longer residence time of the
water in the aquifer.
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Slatinski Izvor Solenica
(n=21) (n=22)

T(°C)
Range 8.0-10.2 0.0-16.0
Mean 9.32 9.6
v 0.07 0.52
pH
Range 7.0-8.2 7.6-8.4
Mean 7.9 7.9
v 0.04 0.02
EC (uS-cm™)
Range 200-410 3000-11500
Mean 256.90 731045
v 0.21 0.27
DS (mg-L~")
Range 128-262.4 1920—7360
Mean 164.41 4687.69
cv 0.21 0.27
Ca* (mg-L7")
Range 10.64-39.519 75.62—-326.75
Mean 25.89 188.17
cv 0.3 03
Mgz+ (mgL—Y)
Range 6.18-13.81 2.62-17.22
Mean 9.70 7.85
v 0.2 0.5
Cl- (mg-L7")
Range 8.0-21.60 3000.0-16700.0
Mean 14.10 6476.36
cv 0.28 0.52
Na*(mg-L™")
Range 2.59-6.22 139.04—2452.50
Mean 3.86 1141.76
v 0.30 0.45
K*(mg-L™")
Range 0.66—1.16 2.72-14.03
Mean 0.86 7.73
cv 2.06 0.38
SOZ (mg-L™")
Range 12.77-45.20 65.04—298.22
Mean 28.58 155.04
v 0.27 0.43
HCO; (mg-L™)
Range 176.9-244.0 122.0-201.3
Mean 218.54 170.95
v 0.09 0.12
NO; (mg-L™)
Range 0.04-2.24 1.32-11.82
Mean 0.79 5.33
v 1.79 0.57
NO; (mg-L™)
Range 0.00-0.14 0.01-1.53
Mean 0.02 0.18
v / 462
NH}; (mg-L™")
Range 0.00-0.58 0.00-28.79
Mean 0.21 6.96
v / 134
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Tab. 2: Hydrochemical data from the springs Slatinski Izvor and
Solenica. December 2011 to November 2013. CV-coefficient
of variation, TDS - total dissolved solids, n — number of water
samples.

Slatinski Izvor spring had hard water (> 120 mg L") ac-
cording to the classification of Ford and Williams (2007)
based on TDS while spring Solenica had brackish water
(1000-10 000 mg L).

Major ions in the Slatinski Izvor spring were domi-
nantly Ca**>Mg**>Na* for the cations and HCO, >SO >
>Cl- for the anions (Tab. 3). The major ions in the So-
lenica spring were Na*>Ca**>Mg** for the cations and
ClI">HCO, >SO" for the anions (Tab. 3). HCO,” and
SO,*~ were dominant dissolved species in the spring wa-
ter of Slatinski Izvor which indicate the predominant car-
bonate and sulphate rocks in the aquifer. Cl- and Na* were
dominant dissolved species in the water of the Solenica
spring giving the water salty taste. The mean values of the
chemical parameters of the Slatinski Izvor spring were:
Ca’*=25.89 mgL™!, Mg**=9.7 mg-L"!, Cl'=14.1 mg-L",
Na'=3.86 mg.L™', K*=0.86 mg-L™!, SO =28.58 mgL",
HCO, =218.54 mgL"". The mean values of the same
parameters for the spring Solenica were Ca®*=188.17
mgL™, Mg*=785 mgL"', CI'=6476.36 mgL™",
Na'=1141.76mg-L-",K*=7.73mg-L-',SO *=155.04mg-L"",
HCO, =170.95 mg:L"', respectively.

The average total hardness of the water samples of
the springs Slatinski Izvor and Solenica were 104.03 and
501.17 mg-L™', respectively. According to Sawyer and
McCarty’s (1967) classification, the spring Slatinski Izvor
had moderately hard (75-150 mg-L'), whereas the spring
Solenica belongs to very hard class (>300 mg-L").

The Ca/Mg ratio provides information on the rock
type through which the groundwater has passed. The
values of Ca/Mg index of Slatinski Izvor were 2.0 for the
first year and 1.52 for the second year. This ratio indi-
cates a dolomitic limestone or mixed limestone-dolomite
sequence (White 1999). This parameter for the spring
Solenica was 14.84 for the first year, and 20.34 for the
second year. The ratio indicates a long residence time of
the groundwater in the aquifer which enables the disso-
lution of calcite fractions that are dispersed throughout
the aquifer.

All water samples of the Solenica spring showed
Na/Cl ratio lower than 0.7. According to Melloul and
Goldenberg (1998) this water type represents “pockets”
of water which are slightly to highly saline, and originat-
ing from ancient seawater.

WATER QUALITY
The water from the Slatinski Izvor spring displayed
good quality during the investigation period, especially
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® spring Slatinski Izvor
@ spring Solenica

Fig. 4: Piper trilinear diagram of
waters of springs Slatinski Izvor
and Solenica

cations

anions

regarding the low nitrate (0.79 mg-L™'), nitrite (0.02
mg-L~'), ammonium (0.21 mg-L~'), and phosphate (0.01
mg-L™") concentrations. This is due to the low human
impact and probably due to the well preserved natural
communities (forests and grasslands) in the catchment
area. The Slatinski Izvor spring is suitable for water sup-
ply. Regarding the limits in Macedonian Regulations of
Natural Mineral Water (Official gazette of the Repub-
lic of Macedonia, No. 32/2006) the water from the So-
lenica spring is not suitable for drinking because of the
high mean values of nitrate (5.33 mg-L™"), nitrite (0.18
mg-L-'), ammonium (6.96 mg-L~') and phosphate (0.54
mg-L™") concentrations. The higher values are results of
the waste water from the part of the houses in the vil-
lage Slatina and because of the agricultural fields above
the spring, especially during the summer and autumn
periods.

GRAPHO-ANALYTICAL METHODS
All water samples of the springs Slatinski Izvor and So-
lenica showed different characteristics.

Cation and anion concentrations are presented on
Piper diagram in milligram per litre (mg-L") (Fig. 4).
Water of the spring Slatinski Izvor is plotted near the left
corner of the diamond which showed that the water is

reach in Ca*, Mg** and HCO; and is the region of water
of temporary hardness. The aquifer is composed of dolo-
mite. The chemical composition of the spring is charac-
terized by Ca-HCO, type which is typical of shallow and
fresh waters. Twenty water samples of the spring Solen-
ica lying near the right corner of the diamond show that
the water is salty and rich in Cl~ and SO;* as well as Na*
and K*. The aquifer is composed of brine. The chemical
composition of the spring is characterized by Na-Cl type
which is typical of deep ancient ground waters. Only two
water samples, taken on April 2012 and March 2013, are
plotted at the top of the diamond. This shows that the
water is high in both Ca** + Mg** and CI~ + SO}*, and
has permanent hardness. The chemical composition of
the water is Ca-SO, type.

The water of the Solenica spring contains high con-
centrations of Na and Cl ions which give very high values
for conductivity. Similar chemical characteristics have
been evidenced in another (geographically close) brine
spring Slansko which is situated on the same tectonic
fault. Kotevski (1987) reported dominance of chlorides
and sodium ions in the Slansko spring and proved its
deep origin. There is third brine spring on this tectonic
fault (Slaniste), but no information on the water chemis-
try is available.
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Fig. 6: Chadha diagram

The dominant influence of limestone in the water of
the Slatinski Izvor spring and the dominance of chloride
and Na in the water of the Solenica spring are presented
on Stiff diagram (Fig. 5).

All water samples of the springs are plotted on
Chadha diagram (Fig. 6). Water from the Slatinski Izvor
spring fall in the 5% sub-field, which indicates that alka-
line earths (Ca® + Mg**) and weak acidic anions (CO:* +
HCO;) exceed both alkali metals (Na* + K*) and strong
acidic anions (Cl~ + SO}"), respectively. Such water had
temporary hardness. Twenty water samples of the Solen-
ica spring fall in the 7% sub-field of Chadha diagram. The
alkali metals (Na* + K*) exceed alkaline earths (Ca* +
Mg*") and strong acidic anions (Cl~ + SO;~) exceed weak
acidic anions (CO?~ + HCO;). Such water generally cre-
ates salinity problems both in irrigation and drinking
uses (Chadha 1999). Two water samples, taken on April
2012 and March 2013, fall in the 6" sub-field. This in-
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dicates that alkaline earths (Ca®* + Mg*") exceed alkali
metals (Na* + K*) and strong acidic anions (Cl~ + SO;)
exceed weak acidic anions (CO?~ + HCO;). This water
samples had permanent hardness, and represent Cl- —
dominant Ca**-Mg?** type water.

The calculated values of the parameters A-F for the
water samples have been plotted in rectangular D’Amore
diagrams (Fig. 7). The spring Slatinski Izvor belongs to
D’Amore { type which is represented by typical calcium
hydrogencarbonate type of water. The high value of the
A parameter points out a water circulation within car-
bonate terrains. The low value of the B parameter points
out that the water is not in contact with clay sediments.
The negative value of the C parameter points out that the
water is coming from carbonate or quartzitic basement.
The negative value of the D parameter points out the wa-
ter circulation within dolomite limestone. The low value
of the E parameter points out that the water circulates
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Fig. 7: D’Amore rectangular diagrams for the springs Slatinski Izvor and Solenica (a-Slatinski Izvor, 2-years average, b-Solenica, only
samples from IV.2012 and I11.2013, c- Solenica, the rest of the samples)

through rock that contains sulphates. The high value of
the F parameter points out that the Ca concentration
is dominantly represented in relation to Na and K. The
spring Solenica belongs to y type which is characterized
by NaCl type water and very deep circulation. The nega-
tive value of the A parameter points out that water is in
contact with evaporite rocks. The negative value of the
B parameter points out Na enriched water that encoun-
tered clay sediments. The negative value of the C param-
eter points out that the water is coming from evaporitic
series or quartzitic schistose basement. The high value of
the D parameter points out that the influence of the do-
lomitized limestone on the water is low. The value of the
E parameter points out water movement through rocks

that contain sulphates. The negative value of the F pa-
rameter points out that Na and K concentration in the
water is higher in relation to Ca concentration. Only two
water samples (taken on April 2012 and March 2013)
have different values of the parameters A-F. The negative
value of the C parameter points out that the water is com-
ing from carbonate-evaporitic series or quartzitic schis-
tose basement. The value of the D parameter is smaller
which shows that the influence of dolomitized limestone
is greater than the others water samples. The value of
the E parameter points out the impact of the carbonate
rocks. The high value of the F parameter points out that
Ca concentration is significantly higher in relation to Na
and K concentration. All abovementioned parameters
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are typical of waters formed in karst aquifers. The value Tab. 4: Saturation indices of the water samples.

of the B parameter shows that the Na concentration is Date of Calcite Dolomite Aragonite
lower than other water samples, nevertheless the water sampling
in its flow is in contact with clay sediments. Sampling point: spring Slatinski lzvor
04.12.2011 -0.190 -0.776 —-0.346
TRACE ELEMENTS 08.01.2012 ~0.004 -0.092 -0.160
In our present study eight minor and trace elements (Cu, 12.02.2012 -0.158 —0.582 ~0315
Cd, Co, Pb, Mn, Zn, Fe, P) were analyzed (Tab. 3). The 24.03.2012 0242 0154 0.085
concen'tratior.ls of trace elements in s.pring waters defpend 15.04.2012 0282 20.050 0126
on aquifer mineralogy and on chemical rock-water inter-
actions. Their concentrations in the both springs are low 06052012 0078 ~0840 0235
and they are not a significant contaminant of the springs. 22.06.2012 0885 2153 —1.041
The highest concentration had Cu, which with Mn, and 21.07.2012 —0.118 ~0.043 ~0273
Cd can be derived from dissolution of carbonates and 23.11.2012 -0.670 -1.927 -0.825
oxidation of sulphides, Cd from phosphates (Kilchmann 15.12.2012 0.381 0.129 0.225
et al. 2004). Low concentrations of Pb were detected dur- 07.01.2013 0.240 0.034 0.083
ing the rain period of the year which shows that most of 10.02.2013 0.124 -0.022 -0.032
the Pb is derived from the atmosphere. Iodine (I-) was 17.03.2013 0.275 0.240 0.119
not a subject of our observation, but it was detected in the 30.04.2013 0146 -0.010 0,009
spri.ng Solenica (5 mg-L™") by Kotevski '(1987). .It can be 06.05.2013 20253 20817 20408
attrlbuted to the decomposition of fos.sﬂ organic r'n?tter 09.06.2013 0.024 0385 0131
(Kilchmann et al. 2004) and to the sedimentary origin.
18.07.2013 -0.126 -0.339 —-0.281
Tab. 3: Trace elements in the water samples. 01.08.2013 0.063 0.025 ~0.092
15.09.2013 -0.212 -0.473 -0.367
Concentration range (ug-L™")
Slatinski lzvor Solenica 20.10.2013 0.181 0.106 0.025
Cu 1438-9.750 4.255-38.750 08.11.2013 0.272 0.187 0.117
cd nd—0305 Nnd—0499 Sampling point: spring Solenica
Pb nd—0.267 nd—0.610 08.01.2012 0.549 -0.131 0.387
Mn 0.000-0.019 0.007-0.264 24.03.2012 0.502 —0.150 0.343
Zn 0.002-0.026 0.007-0.060 15.04.2012 0.659 -0.421 0.502
Fe 0.018-0.631 0.033-0.834 06.05.2012 0.409 -0.607 0.254
P 0.000-0.075 0.002-3.622 22.06.2012 0.010 -0.899 —-0.144
21.07.2012 0.321 -0.572 0.171
SATURATION INDICES 25.08.2012 0.108 -0.814 —-0.043
Saturation indices of the water samples are given in Table 02.10.2012 0.679 -0.074 0.527
4. Water samples of the Slatinski Izvor spring were gener- 23.11.2012 -0.099 -1.346 -0.254
ally undersaturated or slightly saturated with respect to 15.12.2012 0312 ~0.892 0.148
aragonite, calcite and dolomite. All water samples of the 07.01.2013 0363 0858 0.202
Solenica spri.ng were generally unde.rsaturated or sligbtly 10.02.2013 0413 20532 0254
saturated 'w1th respect to arag.onlte. Undersaturatl.on 17032013 0978 0.132 0,820
occurred in 19 water samples with respect to dolomite,
whereas three samples (March 2013, September 2013 and 30.04.2013 0.554 ~0.520 0401
November 2013) were slightly saturated with respect to 06.05.2013 0.465 —0.288 0312
dolomite. All water samples were slightly saturated with 09.06.2013 0.037 —1.015 -0.115
respect to calcite, except for two water samples (Decem- 28.07.2013 0.560 -0.019 0.408
ber 2011, and November 2012) were undersaturated with 01.08.2013 0.349 -0.567 0.197
respect to calcite. 15.09.2013 0.673 0.003 0.521
20.10.2013 0.139 —-1.240 -0.014
08.11.2013 0.790 0.436 0.635
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CONCLUSION

This study, as the first continuous hydrochemical re-
search in the protected area Monument of nature “Slat-
inski Izvor”, aimed at determination the hydrochemical
properties and possible origin of the water of the springs
Slatinski Izvor and Solenica. The first spring is located on
carbonate rocks, and the second one is on a fault between
carbonate and non-carbonate rocks. Between December
2011 and November 2013, a total of 21 water samples
were collected from the Slatinski Izvor spring, and 22
from the Solenica spring. The measurements included
temperature, pH and electrical conductivity, as well as
mass concentrations of major ions of Ca, Mg, bicarbo-
nate, chloride, sulfate, K, Na, nitrate, nitrite, ammonium
and trace elements (Zn, P, Mn, Fe, Cu, Cd, Pb, Co).

The results showed that the waters from the springs
belong to the different sources. Also, the lithology of the
springs is reflected in chemical composition of the wa-
ters.

The water of the Slatinski Izvor spring belongs to
Ca-HCO, type. EC had low values which may be attrib-
uted to the short residence time of the water in the karst
aquifer, and the spring had typical shallow and fresh
water. The high value of the sulfate content pointed out
that the origin of the water is from non-carbonate area,
whereas the Ca/Mg index showed the influence of mixed
limestone-dolomite sequence in the carbonate area in
which the water pass through.

The water of the Solenica spring belongs to NaCl
water type. Because in the study area there is no evi-
dence for the existence of evaporite rocks, on one hand,
and high mineralization, high Ca/Mg ratio, high EC,
and high CI-, Na*, SO}-, HCO;, Ca*, and Mg** content,
on the other, the saline water from the spring would be
probably deep ancient ground water, which had been re-
tained in the pores of the sediments and had spent a rela-
tive long time in contact with the rocks of the aquifer.
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