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A b stract The Manastirec spring is the only drinking water source that supplies 200 inhabitants of the
municipality Goren Manastirec in West-Central Macedonia. Natural tracers were applied in order to characterize the
properties of the groundwater flow and transport of contaminants through the karst system and to study the functioning
of the spring. Water level, temperature and electrical conductivity of the spring were measured with data logger in
hourly intervals during several rain events in 2015 and 2016. Rain events caused rise of water level and decrease of
both water temperature and electrical conductivity. Concentrations of calcium, magnesium, sulphate and nitrate present
in spring water were analyzed during the end of July 2016, during three rain events. The results showed that sulphate
and Ca/Mg ratio increase, whereas nitrate decrease after rain events. All results demonstrate high vulnerability of the

Manastirec spring to contamination.
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INTRODUCTION

Groundwater of karst aquifers is very im-
portant source of drinking water supply. At the same
time, karst aquifers are commonly highly vulnerable
to contamination and are impacted by a wide range
of human activities as urban settlements, industry,
agriculture and traffic (Drew & Hotzl 1999,
Kogovsek 2011, Petri¢ et al. 2011). In order to pro-
tect the karst water from pollution it is necessary to
investigate the properties of the groundwater flow
and transport of contaminants through the karst sys-
tems.

Different research methods are used in the studies
of karst water. Artificial and natural tracers are often ap-
plied to study the hydrogeological functioning and
response of karst aquifers. Physical properties of water,
such as temperature and electrical conductivity, are tools
that are often used as natural tracers. Simultaneous
consideration of natural tracers and spring discharge (wa-
ter level) provides information about the transfer func-
tioning of the karst system (Petri¢ 2002; Ford &

Williams, 2007). This kind of analysis is often applied in
the world (Gabrovsek & Peric, 2006; Nguyet & Gold-
scheider, 2006; Mulec et al., 2019), and in the Republic
of Macedonia they are solely for the karst spring Slatinski
Izvor (Gicevski et al., 2016).

An important characteristic of karst water is the
prominent role of hydrometeorological events (flood
events) on chemical changes in the aquifer. Therefore
any hydrochemical information needs to be coupled with
a hydraulic information (discharge, water level) (Perrin,
2003). Hydrochemical methods help to locate and quan-
tify the mineralization of the water, provide information
about the structure of the aquifer, the residence time of
water and the various conditions of circulation that coex-
ist within them (Hunkeler & Mudry, 2007; Lopez-Chi-
cano et al., 2001).

The Manastirec spring is the only natural resource
for drinking water of the municipality Goren Manastirec.
This study is based on natural tracers that are an im-
portant tool for investigating the functioning of the karst
system and assessment of its vulnerability to pollution.
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Water level, temperature and electrical conductivity of sium, sulphate and nitrate present in water were meas-
the spring, as well as concentrations of calcium, magne- ured during several rain events in 2015 and 2016.
STUDY AREA

The Manastirec spring (Figure 1) is located in
the basin of Porede in west-central Macedonia, in
the valley of the Manastiricka Reka river.

The wider area around the source belongs to
two geotectonic units: the Pelagonian Horst
Anticlinorium and the West Macedonian Zone
(Arsovski, 1997). It is built of Precambrian,
Riphean-Cambrian, Paleozoic, Mesozoic, Tertiary,
and Quaternary rocks (Figure 2) (Dumurdzanov et
al., 1978, 1979). The Manastirets spring belongs to
the Pelagonian Horst Anticlinorium (Figure 2).

The oldest rocks in the Pelagonian Horst
Anticlinorium are Precambrian dolomite marbles
that are tectonically crushed and well karstified, and
graphite and quartz-muscovite schists of riphean- . 3
Cambrian age. Fig. 1. The karst spring Manastirec (photo: B. Gicevski)
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Fig. 2. Geological map of the researched area (Dumurdzanov et al. 1978)|
Legend: Quarter: 1. Alluvium, Tercier: 2. Pliocene sediments (gravel, sands, clay), Mesozoic: 3. Aplitic granite,
Paleozoic: 4. Epidote-chlorite-amphibole schists 5. Muscovite-chlorite-quartz schists, 6. Metariolite, metariolite tuffs 7. Feldspatic
quarz-sericite schists and metasanstones 8. Quartz-sericite schists and metasandstones, 9. Metadiabase, Precambrian: 10. Graphitic
and quartz-muscovite schists (Riphean-Cambrian), 11. Dolomite marbles, 12. Normal border established and assumed 13. Gradual
transition established 14. Foliation normal 15. Foliation inverse 6. Faults 17. Active contact 18. Anticline axis leaning
19. Crack and vertical crack, 20. Elements of axis drop of small folds 21. Spring.
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The West Macedonian zone is built of Paleo-
zoic epidote-chlorite-amphibole schists, muscovite-
chlorite-quartz schists, metriolilites, metariolite
tuffs, quartz-sericite schists and metasandstones.
These are moderately permeable rocks with fissured
porosity.

The contact between the two tectonic units is
composed of Paleozoic metadiabases and Mesozoic
aplite granites that have fissure porosity. The dolomite
marbles are covered with Pliocene sediments
(gravel, sand, clay) which in some parts are well-
permeable rocks and they have intergranular
porosity. Quaternary sediments are represented by
alluvium, which have intergranular porosity, and fill
the riverbed of the Manastiri¢ka Reka.

The two tectonic units are separated by a fault
oriented in the NW-SE direction that is tracked for
more than 50 km (Dumurdzanov et al., 2005). There
is a fault between the villages of Slatina and Zrkle
in the NW-SE direction, and several faults in the
NW-SE direction in the lower parts of the
Manastiricka Reka river valley.

The sources of the Manastiricka Reka and its
tributaries Tomska Reka and Bracancica are in a
non-carbonate environment. In contact with car-
bonate rocks, the Manastiricka Reka sinks under-

ground as a point input into the karst system and
flows underground. As a result, the riverbed is dry
in summer.

Hydrogeological characteristics of the wider
environment of the Manastirec spring are shown on
the hydrogeological map (Figure 3). According to
the structural type of porosity which occurs in rocks
that are present within the wider environment of the
investigated field can be distinguished: boundary
type of aquifer, karst aquifer, and fissure type of
aquifer.

Boundary type of aquifer is formed in Quarter
alluvial sediments and Tercier Pliocene sediments
(gravel, sands, clay), in which it is present inte-
rgranular porosity. Alluvial sediments are deve-
loped in the river Manastiri¢ka Reka.

Fissure type of aquifers is formed in Mesozoic
aplitic granite, Paleozoic epidote-chlorite-amphibole
schists, muscovite-chlorite-quartz schists, metariolite,
metariolite tuffs, Feldspatic quarz-sericite schists
and metasanstone, quartz-sericite schists and meta-
sandstones, metadiabase, and Riphean-Cambrian
graphitic and quartz-muscovite schists.

Karst aquifer has developed in Kkarstified Pre-
cambrian dolomite marbles, characterised by frac-
ture — cavernous porosity.
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Fig. 3. Hydrogeological map of the researched area, according to Mir¢ovski
Legend: 1. Boundary type of aquifer, 2. Karst aquifer 3. Fissure type of aquifer
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METHODS AND MATERIALS

Electrical conductivity (EC), water tempera-
ture and water level of the Manastirec spring were
carried out in the period 2015-2016 using an
Eijkelkamp CTDI 271 data logger, in hourly inter-
vals. The relation between water level data and se-
ries of parallel measurements of levels and dis-
charges was used for the estimation of discharges of
the Manastirec spring.

We used data from a rain gauge in the village
Lokvice which measured precipitation at daily in-
tervals.

The chemical properties of water were ana-
lyzed at the Institute of Biology, Faculty of Natural

Sciences and Mathematics, Ss. Cyril and Methodius
University in Skopje. All water samples were fil-
tered within 12 hours of collection and analyzed
within 3—4 days. Sulphate was determined by pho-
tometric method (Dévai et al., 1973). The major cat-
ions calcium (Ca?*) and magnesium (Mg?*) were an-
alyzed by wet digestion followed by atomic absorp-
tion spectrometry on Agilent 55Z or graphite fur-
nace Agilent 240Z (Allen, 1989). All of the values
are presented in mass concentrations (mg-L™?). The
mole ratio of calcium and magnesium (r =
n(Ca?%)/n(Mg?%)) was calculated based on the
values of the respective ions expressed in meq-L 2.

RESULTS AND DISCUSSION

Rapid changes in discharges and changes in
the physical properties and chemical composition of
the water are characteristic of karst springs. Because
of this, to study the functioning of the karst system
numerous field measurements and data are neces-
sary, more than for non-karst terrain.

Hydrograph of karst springs are indicators of
karst aquifers (Bonacci 1993) and they represent the
result of various processes taking place in the karst
basin from the moment when the precipitation fell
on the basin to the moment when it reached the
spring outlet (Kresic and Bonacci 2010). Discharge
hydrograph mostly of descending springs draining
heavily karstified aquifers with numerous large
karst conduits react very quickly to the precipitation
that falls on the basin, whereas, deep, mostly rising
karst springs, isolated from the influence of the
processes that take place in the catchment areas,
react more slowly (Bonacci and Roje-Bonacci
2023). Any variation in electrical conductivity and
water temperature in various time increments indi-
cates that the water comes from another part of the
aquifer or basin, that it is transported quickly thro-
ugh large karst conduits or slowly through the karst
matrix, and that it stays in the karst aquifer for a
shorter or longer time. Seasonal and daily variations
of karst spring water's geochemical and physical
parameters characterise the karst aquifer's different
types and functioning (Benderitter and Roy 1993;
Birk et al. 2004; Pratama et al. 2021).

Flood pulses from rain events in 2015 and 2016
Time interval between September 9™
and September 12", 2015

This time interval was selected at the end of a
longer dry period. In the period between August 18"

and September 9" 2015, in the area, only 1.5 mm of
rain had fallen. During this period, the water level
varied from 44.26 to 49.47 cm, the water tempera-
ture was between 11.9 and 12.09 °C, and EC oscil-
lated between 480 and 492 uS/cm.

The intensive rains occurred on September 10™"
and 11" (29 mm and 10 mm, respectively) which
caused an increase of water level (Figure 4).
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Fig. 4. Measurements of precipitation, water level, tempera-
ture and electrical conductivity (EC) in the period between
September 9™ and September 12" 2015, every hour

Maximal level was reached on September 121"
at 1:00 (52.02 cm). During the water level increase
the water temperature decreased from 12.9 to 11.73
°C (on September 12" at 3:00). EC was positively
correlated to the temperature, and decreased from
493 to 438 uS/cm (on September 12 at 4:00).
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After this rain event the water level started to
decrease, whereas water temperature and EC conti-
nuously increased.

This interval presents the conditions of low
waters. After rain event allogenic recharge from the
ManastireCka Reka was activated which flows
quickly through the karst system. One day after the
rain, water level rises sharply, whereas EC and tem-
perature dropped quickly as a result of the fast cir-
culation of low mineralized water within the system.

Time interval between March 71"
and March 17", 2016

In the period between February 28" and March
712016 only 2.5 mm of rain had fallen in the study
area. Water level varied between 68.54 and 73.51
cm, temperature oscillated between 9.61 and
9.68 °C, and EC was in interval between 246 and
250 uS/cm.

The rain on March 8" (19.5 mm) caused rise of
the water level to 76.38 cm, and sharp decrease of
temperature (9.4 °C) and EC (228 uS/cm). The rain
that followed on March 10" (13 mm) caused contin-
uous increase of water level (76.14 cm) and simul-
taneous decrease of temperature (9.46) and EC (234
pS/cm) at the same day at 21:00. Very little rains on
March 11" and 12" (2 mm and 0.5 mm respectively)
caused a small increase of water level, and small de-
crease of temperature and EC. More intensive rains
on March 13" and 14™ (12.5 mm and 7 mm respec-
tively) caused continuous rise of water level. Maxi-
mal value was reached on March 14" at 11:00
(78.80 cm). The water temperature decreased and
reached the lowest value of 9.33 °C in the early
morning on March 15". EC also decreased during
the whole day on March 14" when it reached value
of 222 uS/cm. Low rain on March 16" (3 mm) did
not cause significant changes to the physical charac-
teristics of the spring water (Figure 5).

After this rain period, the rain stopped and the
water level started continuously to decrease, where-
eas water temperature and electrical conductivity
simultaneously increased.

The interval between March 7" and March 17t
2016 presents the conditions of high waters when
the pores of the karst aquifer are filled with water
and are hydraulically connected. Rain events in the
recharge area of the Manastirec spring cause rapid
reactions in the system. The water level increases
very fast, on the opposite, the water temperature and
electrical conductivity dropped quickly because of
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the low mineralization of the groundwater and fast
crossing the karst system toward the spring.
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Fig. 5. Measurements of precipitation, water level, tempera-
ture and electrical conductivity (EC) in the period between
March 7% and March 17 2016, every hour

Time interval between September 5"
and September 14", 2016

During the August 2016, in the study area, 59.5
mm of rain had fallen. In the period between August
28™ and September 5™ 2016 there was light rain (4.2
mm). In this period water level varied between
44.01 and 49.98 cm, water temperature was in inter-
val between 11.2 and 11.57 °C, and EC oscillated
between 374 and 413 puS/cm.

On September 6™ there was light rain (1.2
mm). More intensive rains occurred on September
7" (53.2 mm) and September 8" (57.9 mm) and
caused increase of water level from approximately
46 cm (September 6™) to 61.02 cm on September 8"
at 17:00 (Figure 5). At this time, the water tempera-
ture rapidly decreased from 11.59 °C (September
6™ to 11.01 °C (in midday on September 8"), and
EC showed the same oscillations as temperature and
values dropped from 414 (September 7) to 334
uS/cm (on September 8™ at 20:00). The rains in the
next five days (total amount of 17.9 mm) caused
slow increase of water level and slow decrease of
the temperature and EC (Figure 6).
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Fig. 6. Measurements of precipitation, water level, tempera-
ture and electric conductivity (EC) in the period between Sep-
tember 5 and September 14™ 2016, every hour

The analyzed period shows the conditions of
the karst system during low waters. Fast changes of
water level, water temperature and conductivity af-
ter rain event show that the Manastirec spring is
characterized by fast reactions to hydrological
events. The sharp increase of the water level which
is followed with decrease of EC is due to dilution of
pre-event water with water from the rain. The infil-
trated waters into the karst system have low level of
mineralization which is the reason why electrical
conductivity drops sharply after the rains. The val-
ues of water temperature show the positive correla-
tion to the conductivity which indicates inflow from
surface waters.

Dynamics of hydrochemical parameters during the
rain events in July and August 2016

During the June 2016, in the area, total of 16.7
mm rain had fallen. In the period between July 1%
and July 15" 2016 41 mm of rain had fallen with
maximum on July 3" (36 mm). During the period
between July 1%tand July 15", the water level varied
from 49.56 to 60.15 cm, the water temperature os-
cillated between 10.66 and 11.12 °C, and EC was
between 321 and 389 puS/cm.

The rains on July 16" and July 17" (25.5 mm
and 0.4 mm respectively) caused slow increase of
water level from 50.64 cm to 53.74 cm. At the same

time, temperature sharply decreased from 11.13 to
10.97 °C, and EC dropped from 374 to 348 puS/cm
(Figure 7). In this time interval the sulphate in-
creased from 33.41 to 47.98 mg/l, Ca/Mg rate in-
creased from to 2.3 to 2.9, while nitrate decreased
from 3.09 to 1.32 mg/l. Also, calcium level in-
creased (up 4.46 meg/l), while magnesium level was
slightly increased (1.57 meg/l). Rise in Ca/Mg rate
with simultaneous drop in EC and water tempera-
ture, and nitrate reflects the impact increase of the
fast flowing freshly infiltrated water in the recharge
area of the Manastirec spring. According to the low
Ca/Mg ratio we would infer that an important inflow
are the ponors in Manastir¢ka Reka which are built
in dolomite marbles.
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Fig. 7. Variations of water level, electrical conductivity (EC),
water temperature and some hydrochemical parameters at the
Manastirec spring

In the period between July 18" and July 25%
there was no rain event, and water level continu-
ously decreased to 47.09 cm, while water tempera-
ture values expressly rose to 11.32 °C, and EC
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increased to 394 uS/cm. In this dry interval the sul-
phate decreased to 22.84 mg/l, nitrate increased
from 2.65 to 3.38 mg/l, and Ca/Mg ratio showed
variations between 2.11 and 2.58.

More intensive rains that followed on July 26",
27" and 28" (total amount of 35.5 mm) caused a
small increase of water level (48.59 cm), and de-
crease of the temperature (11.32 °C) and EC values
(389 uS/cm). In this interval the concentration of
sulphate sharply increased to 61.69 mg/l, the Ca/Mg
ratio showed small increase (2.92), and the nitrate
decreased to 1.96 mg/l. All above mentioned param-
eters point out a dilution effect which indicates the
rapid arrival of infiltrated rainwater throw the sys-
tem in the spring.

The next eight days were without rainfall. In
this period water level showed permanent decrease.
On the other hand, temperature and EC showed con-
tinuous increase. During the whole analyzed period,
the minimal water level of 43.43 cm was recorded
in the afternoon on August 6. The water tempera-
ture reached the maximal value of 11.65 °C also on
August 6" while EC increased to 430 pS/cm (Au-
gust 71). During the discharge decrease, sulphate
slowly decreased, nitrate rose and reached the max-
imum value (5.69 mg/l) on August 6", whereas

Ca/Mg ratio showed uniform values which varied
between 2.42 and 2.60.

After reaching the minimal discharge of the
Manastirec spring very intensive rains on August 6™
(20 mm), August 81" (16.5 mm) and August 9" (5.5
mm) caused discharge increase. The highest value
of the water level (52.32 cm) was recorded in the
early morning on August 11", while temperature
and EC continuously decreased and reached the
minimal values in the morning on August 12%
(11.15 °C and 367 uS/cm respectively) (this is not
shown on fig. 6). After this rainy interval, dry days
followed, which caused decrease of water level and
increase of both temperature and EC. In the interval
between August 6™ and August 9" sulphate sharply
increased to 68.27 mg/l and Ca/Mg ratio rose to
2.98, and maximal values were reached on August
9", The nitrate sharply decreased to 0.38 mg/l on
August 8. At this time we recorded 4.61 meq/| cal-
cium and 1.72 meg/l magnesium. A fast increase of
water level which was followed with decreasing of
EC, water temperature and nitrate and increasing of
sulphate and Ca/Mg ratio is due to dilution of the
pre-event water with water from the rain events, and
inflow from the river ManastireCka Reka.

CONCLUSION

We observed the variability of the different hy-
drological parameters during several rain events in
2015 and 2016. Researches of the karst spring
Manastirec showed that natural tracers as rains, tem-
perature, electrical conductivity and water level can
be better choice than the more complicated artificial
tracing tests. Also, sulphate and nitrate levels, as
well as the Ca/Mg ratio could be an important natu-
ral tracer within the multiparameter monitoring of
transport of contaminants through the system. Mon-
itoring of these parameters indicated the properties
of the groundwater flow and transport of contami-
nants from a recharge area of the spring.

The Manastirec spring shows a high temporal
variability of hydrologic, physical and chemical pa-
rameters. Spring hydrographs respond rapidly and

strongly to rainfall events which show that infil-
trated rains into vadose zone flows quickly toward
the spring. About one day after the rains, water level
rises sharply, whereas both, electrical conductivity
and water temperature fall quickly. The electrical
conductivity values react fast as a result of the rapid
circulation of low mineralized, newly infiltrated wa-
ter within the karst system. The water temperature
value is positively correlated to the electrical con-
ductivity which indicates inflow from surface wa-
ters. Our research points out that rain events and
chemical responses are controlled by dilution and
water-rock interactions. Also, the results show fast
arrival of the soluble substances from the surface
through the system, which indicates high vulnera-
bility of the Manastirec spring to contamination
from the Manastirecka Reka.
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Pesume

NPUPOJIHU TPACEPU KAKO AJIATKA 3A PASBUPAIGE HA ®YHKIIMOHUPAIBETO
HA KAPCTHHOT CUCTEM U HETOBATA PAH/IUBOCT - CTYJAUJA HA CJIYYAJ
HA N3BOP MAHACTUPEIL
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Kay4nn 360poBu: IPUPOTHU TPacepH; XUIPOXEeMHja; KapcTeH U3Bop MaHacTupen

3a KapCTHUOT U3BOP MaHacTHpel JIOLMpPaH BO JOIUHATA
Ha Manacrupeuka Peka, Ilopeude, ce aHanu3upaHu pa3iu4yHU
XUJPOJIOUIKY I[apaMeTpU 32 BpEME Ha HEKOIKY [JOXIOBHU
nepuoau Bo 2015 1 2016 ronuna. MctpaxyBamaTa Ha U3BOP-

CKaTa BOJa MOKaXKaa JIeKa IPUPOAHUTE TPACePH, KaKO: BPHEKH,
TeMIIepaTypa Ha BOJia, CJICKTPUYHA CIIPOBOJIMBOCT H HUBO Ha
BOJla TIIPETCTaByBaaT COOJBETEH M300p BO cropenda co cio-
JKEHUTE BEIITAa4yKH TpacepH. cTo Taka, HUBOTO Ha cyidard u

Geologica Macedonica, 38 (2), 131-139 (2024)


https://doi.org/10.1080/02626669309492639
http://dx.doi.org/10.1130/ges00006.1
https://doi.org/10.1007/s40710-021-00547-7

Natural tracers as a tool for understanding the functioning of the karst system and its vulnerability — A case study of the Manastirec spring 139

HHUTpATH, Kako 1 ogHocoT Ca/M( ce 3Ha4ajHU NMPUPOAHH Tpa-
Cepu IPU MOHUTOPUHIOT HA TPAHCHIOPTOT Ha KOHTAMHHAHTH
HU3 KapcTHHOT cucteM. CIeIemeTo Ha OBUE MapaMeTpH ce
MOKa)ka Kako Jo0ap Mokas3aTtel 3a AUHAMHUKATa U TPAaHCIOPTOT
Ha MOJ3EMHHUTE BOAU M 3arafyBadyuTe O] 30HAaTa Ha IpHXpa-
HyBame 10 U3BOPOT. M3BopoT MaHacTupen noka)xyBa BUCOKU
BPEMEHCKH BapHjalludl Ha XUAPOJOIIKUTE, QUIHMUKHTE U Xe-
MHCKHUTE TTapaMeTpH Ha Bojara. [Ipexy xunporpador ce riaena
Op30 W W3pa3eHO IBIKEHE Ha WHOWITPUPAHUTE BPHEKH,
IIpeKy Bajlo3HaTa 30Ha 40 u3BopoT. OKOody eAeH JeH o u3pa-
3€HH BPHEXH, HUBOTO Ha BoJaTa Op30 pacTe, MOJEKa eJIeKT-
pHYHATa CHPOBOUIMBOCT M TeMIIepaTypaTa Ha BojaTa Op30
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omaraar. BpegHocTHTe Ha CIIpOBOUIMBOCTa MOKaKyBaaT Op3a
peakija Mopaay pamygHaTa OUpPKyJIamyja Ha HOBa M ciabo
MHHEpaJIM3UpaHa BoAa Koja € MHQWITPUpAaHa BO KapCTHHOT
cucteM. BpenHocTuTte 3a TeMnepaTypa Ha BojaTa ce BO Kope-
Janyja co eleKTpHYHaTa CHPOBOIIMBOCT, INTO YKa)kKyBa Ha
MIPWIINB Ha BOJA OJ] OBPIIMHATA Ha TepeHOT. McTpakyBamaTa
MOKa)kaa JIeKa pa3peyBambeTo U HHTEPAKIMjaTa Boja-Kapma ce
KOHTPOJIOpauKH IpolecH. bp3oTo nBmkeme Ha pacTBOPEHUTE
MaTepuH OJ] MOBPIIMHATA HA TEPEHOT HU3 KAPCTHHOT CHUCTEM
IpaBaT HM3BOPOT MaHacTupeny na OHIEe CHIHO paHINUB OJ
KOHTaMUHAHTHUTE KOM foaraaT oj MaHacTupeuka Peka.






