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ABSTRACT

Jordanoska, B., Kunz, M. J., Stafilov & T., Wiiest, A. (2010). Temporal variability of physico-chemical
properties of St. Naum karst springs feeding Lake Ohrid, Ekol. Zat. Zivot. Sred., Vol. 13, No. 1-2, 3-11, Skopje.

Lake Ohrid is strongly affected by karstic springs. Sub-aquatic as well as surface springs provide ~27% to
the overall water input of ~38 m?® s™!. This particularity of cool, clean and oxygen-rich inflowing water was an im-
portant prerequisite for the establishment of the extraordinary biodiversity of Lake Ohrid. The aim of this article is
to present physico-chemical properties of the spring water located in the southern part of the lake. Eight individ-
ual springs, belonging to the larger spring complex of St. Naum, were monitored for three years. The first part of
the data record revealed long-term stability of spring water characteristics. The water temperature remained con-
stant with variability of only ~0.1 °C to ~0.2 °C. Similarly, small changes in electrical conductivity, pH, dissolved
oxygen and stable isotopes emphasize the low variability of the water properties. In turn, a comparison of the data-
sets reveals substantial differences between the eight springs in spite of their close proximity to each other. Tem-
poral stability and spatial heterogeneity of the water properties suggest the existence of a complex and voluminous
groundwater system feeding the springs, in which the spring waters are expected to be stored in large reservoirs for
a long period of time. These observations imply that changes in the Lake Ohrid spring water quality may take ef-
fect with a substantial delay relative to alterations in its catchment.

Key words: Karst springs, Lake Ohrid, Republic of Macedonia, temporal stability, ancient lake, spring water tem-
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Jopnanocka, b., Kunz, M. J., Cra¢punos, T. u Wiiest, A. (2010). Bpemencka cTaGHIHOCT Ha (HU3NYKO-
XEMHUCKHTE KapaKTepUCTUKU Ha kapcTHUTe u3Bopu Bo CB. Haym, Oxpuncko Ezepo, Exon. 3awmr. XKusot. Cpexn.,
Tom 13, Bp. 1-2, 3-11, Ckomje.

3HaYMTEITHO BIMjaHNe Ha NPHIHBOT Bo OXpuackoto E3epo nmaar kapcTHUTE H3BOPH KOU ce OOraTH CO HYT-
pueHTH. [TOBpIIMHCKKTE KAKO U MOJBOIHUTE U3BOPH 00e30emyBaat ~27% o BKymHUOT pmiiuB Ha Ezeporo ox ~38
m? s!. OBaa sa/iHa, YKcTa U 6oraTa co KHCIOPOJI BOJa MPETCTaByBa BasKEH MPEILYCIIOB 3a (HOPMUPAE HA HCKITYYH-
TenmHroT 6noBep3uTeT Ha Oxpuackoro E3zepo. Llenta Ha oBa nctpaxyBame € Ja ce Mpe3eHTHpaaT HeKou (Gpru3HIKo-
XEMHCKH KapaKTepPUCTUKH Ha N3BOPCKATa BOJAA OJ1 jy’)KHHOT jien Ha E3epoto. 3a Taa 1ies1, BO TEKOT Ha TPH TOJMHH,
ce UCTpakyBaHH OCYM OZJICJTHU M3BOPH KOM IIpHIIaraaT Ha eJHa rorojieMa n3Bopcka obnact. Jlobnenure pesynra-
TH YKa)KyBaaT Ha KOHCTAHTHOCT Ha CHeH()UIHUTE 0COOCHOCTH Ha M3BOPHUTE, BO TEKOT Ha LIEJIMOT MEPHOJ Ha HC-
TpaxkyBame. 3aHeMapIIuBaTa BapHjaOWIIHOCT Ha TeMIlepaTypara, Koja ce amxkenie Bo rpanuiy o 0.1°C no 0.2°C,
KaKo ¥ MaJIMTE IIPOMEHH Ha eJIEKTPOCIIPOBOUIMBOCTA, pH, pacTBOPEHHOT KHUCIOPO/ ¥ CTAaOMITHUTE U30TOIIH, ja 110-
TEHIMpaaT I0CTOjaHOCTa Ha N3BOpcKara Boaa. Ho cenak, cnopetyBajku TH W3BOPUTE HHANBHYaIIHO, CE OTKPHBa-
aT 3HAYMTEITHN Pa3JIMKU TOMel'y OCyMTe H3BOPH ¥ TIOKpaj KPaTKOTO pacTojaHHe Ha KOoe ce pacipeiesieHn. Bpemen-
cKara CTaOWIIHOCT Ha MapaMeTpHUTe U MPOCTOPHATA XeTePOreHOCT Ha M3BOPCKaTa BOJA, yKa)KyBaaT Ha IIOCTOCHETO
Ha CJIOKEH MOJI3eMEH CHCTEM KOj I'M XpaHH U3BOPHUTE M CE OUYEKYBa HCTHOT Ja OuJie CKIIaAupaH BO TOJIEMH aKyMy-
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Jlalilii ¥ BO IOA0JII' BDEMEHCKHU IIEPUOA. OBa O 3HaYENo JIeKa IMPOMECHUTE BO KBAJIUTETOT HA U3BOPUTE Ke ce oapa-
3aT, UaKo CO OAPEACHO JOIHEKHE, HA KBAJIMTETOT HA BOJAATa Ha OXpI/I,Z[CKOTO E3ep0,

Kuayunn 36opoBu: Kapctau uzBopu, Oxpuicko Esepo, PenyOirka MakenoHuja, BpeMeHCKa CTAaOMITHOCT, IPAcTapo e3e-

po, Temerneparypa Ha H3BOpcKara Bojia.

INTRODUCTION

Lake Ohrid, located in the border region of
Macedonia, Albania and Greece, south-eastern Eu-
rope, is protected under the UNESCO World Heri-
tage program (UNESCO, 2006). Lake Ohrid‘s rich
biodiversity and endemism was of main scientific at-
tention in the past (Stankovic, 1960; Martens, 1997,
Sell et al., 2004). Unfortunately, this valuable eco-
system is endangered by anthropogenic impacts re-
sulting from ecologically adverse alterations, which
have already been observed and documented (Watz-
in et al., 2002). In the worst case, irreversible future
changes of the ecosystem must be anticipated if the
trophic level of Lake Ohrid is significantly increas-
ing (Matzinger et al., 2007). The ongoing eutrophi-

cation, in combination with global warming, could
lead to a complete depletion of oxygen in the deep
water (Matzinger et al., 2007).

Karstic springs, adjacent to the entire coast
line, play an important role for Lake Ohrid (Fig. 1).
The overall contribution to Lake Ohrid‘s total in-
flow account for more than ~50% (Matzinger et al.,
2006b). The springs are fed by aquifers that are re-
charged from precipitation and, along the eastern
shoreline, also entirely from upstream Lake Pres-
pa (Anovski et al., 1980; Amataj et al., 2005; Matz-
inger et al., 2006a). Due to its organic productivi-
ty, Lake Prespa is an important source of nutrient
and oxygen-rich water for oligotrophic Lake Ohrid,
although significant portions of phosphorus are re-
tained during the underground passage (Matzinger
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Fig. 1. Lake Ohrid including the positions of the springs indicated: The springs located at St. Naum Spring

Lake, examined in this study, are marked by open symbols (see inset).
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et al., 2006a). In this context, springs may compro-
mise Lake Ohrid‘s ecosystem by becoming a source
of pollution, especially if future nutrient concentra-
tions in Lake Prespa increase substantially (Matz-
inger et al., 2006a).

Inputs via springs provide nutrient-rich wa-
ters generating areas of enhanced biological activi-
ty (Stankovic, 1960; Gilbert et al., 1984; Naumoski,
1990; Sywula et al., 2003). These zones are likely to
be found where intruding spring water stratifies, i.e.
between 15 and 40 m depth depending on the season
(Matzinger et al., 2006b). Hypothetically, this set-
ting may have been crucial in supporting the evolu-
tion of endemic species, and of habitats populated
by those organisms.

It was suggested that monitoring of Lake
Ohrid is of high relevance in respect to establish-
ing a reference of anthropogenic impacts, which
are anticipated to increase further (Matzinger et
al., 2007). Because of the crucial effects of springs
on Lake Ohrid, they were included in such a mon-
itoring program. Therefore, it is of great interest to
quantify their basic physico-chemical water proper-
ties, in order to better understand how and what kind
of groundwater is delivered to Lake Ohrid by those
karst springs. This study has focused on the water
quality of the springs in the St. Naum area by char-
acterizing some physico-chemical parameters, such
as temperature (7), conductivity, pH, ionic compo-
sition, dissolved oxygen and stable isotopes. In this
article, we present the temporal variability of spring
water properties and show differences of those prop-
erties among different sites.

MATERIALS AND METHODS

The studied springs are located at the St.
Naum spring area close to the border between
Macedonia and Albania (Fig. 1). Due to the various
springs, a tiny lake developed (Fig. 1), which col-
lects their waters before draining into Lake Ohrid.
At its outflow, a relatively constant mean discharge
of ~7.5 m*®s! was reported, which accounts for
~20% of the total inflow to Lake Ohrid (Watzin et
al., 2002). Eight springs located around St. Naum
Spring Lake were examined between June 2005 and
August 2008 (hereafter called ,,Spring 1 to ,,Spring
6%, ,,Spring Church®, and ,,Spring St. Petka®; inset
of Fig. 1).

Water temperature (7)), specific electrical con-
ductance (x,), and pH were measured in-situ using
handheld instruments. Subsequently, seasonal mea-
surements were done. The instruments’ accuracies
were 0.2°C, 5% of the measured conductance value,
and 0.01 for pH. k values were transformed to spe-
cific conductance at 20°C (expressed with «, ) based
on ionic composition (Wiiest et al., 1996).

An important aspect is the potential season-

al variability in the spring activity. In order to ob-
serve such changes, moorings with 7" loggers were
placed into the flow of a few selected springs, Spring
1, Spring 4, Spring 6 and Spring Church. Data was
recorded from November 2005 to March 2009 with
an accuracy of ~0.1°C.

Water samples were taken at Springs 1,
Church and St. Petka on a monthly basis from Sep-
tember 2005 to December 2006, and quarterly until
August 2008. Samples were stored in clean plastic
bottles for analysis of ions, in glass vials for analy-
sis of stable isotopes, and in glass bottles for analysis
of dissolved oxygen (DO). The bottles were cooled
immediately after sampling. Phosphates were mea-
sured using a Procon flow analyzer (method in
DEW, 1996) at Eawag, Kastanienbaum and photo-
metrically (Strickland and Parsons 1968) at the Hy-
drobiological Institute, Ohrid. Cations (Na*, K,
Ca*, Mg*) and anions (CI, SO,*, NO,’) were mea-
sured with ion chromatography with an accuracy of
< 5% of measurement (methods in Weiss, 2004) at
Eawag and by atomic absorption spectrometry (Var-
ian, SpectrAA 220). Analysis of DO and oxygen sat-
uration (O, ) was carried out following the Winkler
method (Clesceri et al., 1998).

Analysis of stable isotopes of oxygen and hy-
drogen was carried out with isotope ratio mass spec-
trometry (method adapted from Werner et al., 2001)
at Eawag. The instrument’s accuracies were 0.3%o
and 0.8%o for 'O and deuterium (D), respective-
ly. The resulting '30/'*O and D/H ratios were com-
pared to internationally accepted Vienna Standard
Mean Ocean Water (VSMOW). Differences were
expressed in the delta-notation as a per mille devia-
tion (i.e. "0, and 8D).

RESULTS

Results from in-situ measurements are listed
in Table 1. Mean T in the study area ranged from
10.4 °C at Spring 1 to 12.6 °C at Spring St. Petka.
Average conductivity lay between 261 to 284 uS
cm! for Spring 1 and Spring St. Petka, respectively.
At all measured springs, pH was virtually the same
(7.63 to 7.65). Averaged values of in-situ measure-
ments had generally small standard deviations (Ta-
ble 1).

Fig. 2 describes the 7' development over three
years. At Spring 1, 7 was 10.4 °C during the three
years of measurements and between 10.7 and 10.8
°C at Spring 4. T of both springs did fluctuate on-
ly marginally in time. Compared to Spring 1 and 4,
Spring Church was warmer, where 7 was measured
between 11.3 and 11.5 °C. Similarly, at Spring 6, T
varied between 11.1 and 11.2°C.

Results from the analyses of DO and of sta-
ble isotopes are presented in Table 2. The highest
concentration of DO was measured for Spring 1 (7.8
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Tab. 1. Averages resulting from sporadic in-situ measurements. The “+ values” represent experimental
standard deviation of the mean (n=11).

Ta6. 1. TIpoceuHu BpeJHOCTH O TOCMHEUHHUTE in-Situ Mepera Ha UCITUTYBAHUTE U3BOPH.
£ BpEZIHOCTUTE ja peTCcTaByBaaT eKCIIEpUMEHTalIHATa CTaHJapIHa AeBujanuja (n=11).

Spring name* Temperature [°C] Elec;l;t;zo[tlosn:l;it]ivity, pH
Spring 1 10.5+£0.2 261 + 1 7.6 +0.05
Spring 2 10.6 +0.05 268 £ 1 7.6 +0.05
Spring 3 10.7 £ 0.05 272+ 1 7.6 £0.05
Spring 4 10.7 £ 0.05 273+ 1 7.6 £0.05
Spring 5 10.8 £ 0.05 275+2 7.6 £0.05
Spring 6 11.2+0.05 298 + 1 7.6 +0.05
Spring Church 11.2+0.3 317 +41 7.5+0.3
Spring St. Petka 11.9+0.3 317+£32 7.6+0.3

*Number of samples = 11
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Fig. 2. Spring water temperatures at St. Naum Spring Lake (Spring 1, Spring 4, Spring 6 and Spring
Church). Temperature series, recorded by thermistors, are shown by lines, whereas open circles and
triangles display individual in-sifu measurements at Spring Church and Spring 4, respectively. As
obvious from the line-plots, thermistors products with different resolutions (Vemco: low resolution;
Richard Bancker: high resolution) have been used.

Ca.2. Temmeparypa Ha ©3BOpCKaTa BoJa BO IMopadjeTo Ha n3Bopute kaj Ce. Haym (M3Bop 1, UzBop 4,
W3Bop 6 n Llpxsa). [logatonnTe 100NMEHN CO MOMOII HA TEPMUCTOPH C€ TIPUKAKAHH CO JINHHM,
KPYTOBUTE U TPUATOJIHUIIUTE I'M PETCTaByBaaT MHIUBHIYATHUTE in-situ MEpermha BO U3BOPOT L{pkBa
n N360p 4, coonsetHo. Criopes rpaduKoT, oOunIiIeHa € pa3IndHaTa pe3osIynija Ha yIoTpeOeHuTe
tepmucTopu (Vemco: Hucka pesonynrja; Richard Bancker: Bucoka pesomymuja)

6 Exoua. 3amr. 7Kusot. Cpes.
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Tab. 2. Averages resulting from analysis of dissolved oxygen (DO) and of stable isotopes. The “+” values
represent experimental standard deviations of the mean (n=11).

Tab. 2. IIpocedHn BpeqHOCTH 32 paCTBOPEH KHCIOPOA U CTAOMITHUTE M30TOITH BO BOZAATA OJl UCTPaXKyBaHUTE
U3BOPH. ,,+“ BPETHOCTHTE ja MPETCTaByBaaT eKCIIepUMEHTAIHATa CTaHAap/Ha aesujanuja (n=11).

Site name DO [mg L] 0, .. [%o] 8180 [%o] oD [%o]

Spring 1 7.7+0.7 78.1+7.4 -6.9+0.1 -40.8+4.4
Spring Church 6.6+0.9 65.7+9.9 -55+03 -43.2+3.8
Spring St. Petka 6.1+0.7 63.2+7.9 -6.1£0.1 -47.0+0.9

*Number of samples = 11

Tab. 3. Concentrations of ions (all values in umol L"). The “+ values” represent experimental standard

deviation of the means (n = 11).

Ta6. 3. Konnenrpanuja Ha joaute ( BpeIHOCTUTE ce aajaeHu Bo umol L), | +° Bpeanocrture ja
MpeTCTaByBaar CKCIIePUMEHTAIHATA CTaHIapaHa JaeBujaruja (n = 11).

Spring Cr SO NO,- PO}~ Na* K* Ca? Mg
Spring 1 | 96+ 14 | 27.3+2.0 | 13.9+5.6 | 0.3+0.2 | 7630 | 20.8+1.4 | 933+43 | 160+44
Spring
90+19 | 403+3.5 | 104+42 | 04+0.1 | 91+£32 | 224+1.8 | 858100 | 197 £ 58
Church
Spring 109 +
St Petka 67 31.7£0.6 | 100+£3.5 | 09+£0.3 | 95439 | 27.0+2.8 | 974+21 | 164+78

mg L). Lower concentrations were determined for
Springs Church and St. Petka (6.6 and 6.1 mg L', re-
spectively). Similarly, O,  was highest at Spring 1
compared to the other three springs. Springs Church
and St. Petka were clearly undersaturated in O,. Dis-
tribution of stable isotopes was similar for all sites.
8"0 ranged from -5.5 to -6.9%o, while 6D varied be-
tween -40.8 and -47.0%o.

Average concentrations of anions and cations
are listed in Table 3. Concentrations of ions showed the
same sequence for all measured springs. For cations,
the highest values were recorded for Ca*, followed by
Mg?*,Na* and K*. Anions were dominated by CI, fol-
lowed by NO,, SO,* and PO,*. Generally, the estimat-
ed concentrations of the entire study area spanned a
large range resulting in large relative differences (e.g.,
mean concentration of PO,* at Spring St. Petka was at
least three-fold the value measured for Spring 1).

DISCUSSION

Data collected in this study indicate a remark-
able stability of spring water characteristics. Mea-
sured parameters showed only little temporal vari-
ation, as demonstrated most distinctly by records of
T. However, each spring was found to be individual-
ly characterized by its physico-chemical signature.

Temporal stability
Typically, the individual springs’ 7 was found

in a narrow range of less than 0.2°C (Table 1). This
is reflected by time series recorded at springs 1, 4, 6

and Church by installing thermistors into the springs’
flow (Fig. 2). Taking into account the thermistors*
accuracy, no significant changes have been detect-
ed over time.
At first sight, Spring Church exhibited high-
er variability relative to the other two sites (Fig. 2).
It has to be considered that daily and seasonal chang-
es in air temperature may have influenced measured
T depending on how well the thermistor was covered
by spring water. For Spring Church, it was not possi-
ble to install the thermistors exactly at the mouth of
the spring. Hence, spring water may have been cooled
or warmed by the air resulting in the observable daily
T peaks. However, baseline 7T differed by less than 0.2
°C. This range is expected to agree with the actual 7
that is not influenced by changes in air temperature.
Similar to thermistor data, monthly 7 mea-
surements suggest small temporal fluctuations of 7.
Standard deviations of the mean values are general-
ly small, and in accordance to the 7 range document-
ed by thermistor records. Note that this dataset cov-
ers all eight sites. Hence, T in the entire study area
seems to be constant during the entire year.
Similarly, other measurement properties do
not seem to vary in time. In the case of «,;, pH, DO,
and 8'%0, variability was again minor as indicated
by small standard deviations of the mean values (Ta-
bles 1 and 2). Variations of ion concentrations and of
OD were relatively high but not systematic (Table 2).
Larger deviations of the mean values may be due to
poor reproducibility related to the applied analysis.
Given the fact that sources of spring water
vary in their physical and chemical properties over

Ecol. Prot. Env.
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time, the temporal stability of these properties mea-
sured in spring water is surprising. Neither signals
from precipitation events nor seasonal changes in
Lake Prespa‘s outflow are apparent at spring out-
flows in the St. Naum area.

Temporal stability can even be anticipat-
ed over long periods by inspecting stable isotopes.
Herein presented measurements (Table 2) did not
vary significantly from values measured in 1977
(Anovski et al., 1980), and from more recent results
(GNIP, 2004; Matzinger et al., 2006a). These find-
ings underline the accuracy of the measurements
achieved during this study, and reflect the long-term
stability of the examined karst system.

Low temporal variability of spring water
characteristics demonstrate the diffuse character of
the aquifer feeding the examined springs in con-
trast to conduit springs (Bonacci, 1987). For the lat-
ter type of springs, physico-chemistry and hydrolo-
gy of groundwater are greatly affected by meteoro-
logical conditions (Aquilina et al., 2005). For diffuse
springs, standard deviation of 7" is expected to be ~1
°C resulting from deep circulation of groundwater
(Bonacci, 1987). However, the herein presented re-
sults show an up to 30-fold lower variation.

The most likely explanation for temporal sta-
bility to this remarkable extent is the existence of
large reservoirs within the karst system in which
groundwater is stored for a long period of time. Ow-
ing to the high amount of spring water draining in-
to Lake Ohrid, the groundwater reservoirs feeding
the springs must be extremely large. Alternatively,
large porous channels may be present through which
groundwater flows slowly towards Lake Ohrid.
The greater the scale of such reservoirs the longer
groundwater will reside. Evidently, the residence
time has to be longer than one year in order to bal-
ance the seasonality of 7.

Springs combine water from different
groundwater sources exhibiting very different resi-
dence times. Indeed, a certain portion of groundwa-
ter reaches the spring outflow much faster than the
anticipated average travel time. This was shown in a
dye tracer experiment, during which water originat-
ing from Lake Prespa emerged at spring Tusbemisste,
Albania after only six hours (Amataj et al., 2005).
However, T signals of water traveling in these ,,fast
channels® were not detected in this study. An estima-
tion of mean residence time could be derived in fu-
ture using radiogenic tracers (Manga, 2001).

Spatial variability

Several parameters varied considerably when
comparing individual springs. Measurements of 7'
and of DO revealed a geographical gradient in the
St. Naum spring area. Lowest 7'was measured in the
south eastern corner of St. Naum Spring Lake. 7"then

gradually increased following clockwise around the
lake towards St. Petka (Fig. 1, Table 1).

Meanwhile, DO and 0, decreased from
Spring 1 towards Spring Church and Spring St. Pet-
ka, where the minimum Oz’mt as well as minimum
DO was recorded (Table 2). Oxygen may be con-
sumed during oxidative processes including min-
eralization of organic matter. Such biological min-
eralization is illustrated by examining phosphorus
contribution from Lake Prespa to Lake Ohrid: most
phosphorus measured in spring water is found in its
mineralized, thus bio-available form whereas Lake
Prespa delivers partly phosphorus incorporated in
organic particles (Matzinger et al., 2006a).

Mean concentrations of ions varied great-
ly from one spring to another. Thus, ion concentra-
tions clearly demonstrate the characteristics of the
individual St. Naum springs. In most cases, concen-
trations were lowest at Spring 1 relative to Spring
Church and Spring St. Petka (Table 3). According-
ly, x,, increased from Spring 1 towards St. Petka,
showing a similar trend to the warming of the wa-
ter (Table 1).

Contrarily, pH values lack trends compar-
ing the measured sites. Data by EMEP (2005) show
that pH in precipitation measured in south western
Macedonia is ~5.5 + 0.5 (mean of annual measure-
ments from 1977 to 1991). This value is much low-
er compared to source water from Lake Prespa (8.6
+ 0.05; unpublished data by A. Matzinger, mean of a
vertical CTD profile).

In conclusion, it is to be expected that the
structure of the groundwater flow is complex. The
small scale variations in spring water properties sug-
gest that the St. Naum spring area is fed by more
than one single groundwater source. Depending on
the flow path of water from a certain spring, its char-
acteristics such as 7" and the chemical composition
are determined. Overall, the individual characteris-
tic of each spring produces a physico—chemical fin-
gerprint owing to different origins of water of the as-
sociated spring, and different geochemical processes
altering the spring water properties. This finding is
remarkable considering the proximity of the spring
outlets (Fig. 1). It also disagrees with the concept
that all groundwater discharging in the St. Naum ar-
ea is stored in a single large underground reservoir.

CONCLUSIONS

The long residence time of the groundwa-
ter has important implications concerning the trans-
port of substances to Lake Ohrid. If groundwater is
retained for several years in the underground, cur-
rently estimated loads to Lake Ohrid may basically
show past pollution. As a result, changes in upstream
Lake Prespa are detected with substantial delay at
the spring inflows. Moreover, due to Lake Ohrid‘s
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long hydraulic residence time (~70 yr), effects will
show up with an even larger delay in Lake Ohrid.

The spatial variability of physico-chemical
properties leads to the assumption that spring wa-
ter is delivered heterogeneously to Lake Ohrid. Each
spring discharges water with a characteristic quality,
which is differing substantially from other springs. It
is thus important to examine all spring waters from
Lake Ohrid’s entire catchment to be able to qualify
the groundwater input.
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Pe3znme

Oxpuzackoro E3zepo mpercraByBa elleH O]l HajBpEIHHTE M HAjCTAPUTE EKOCHCTEMU W MpPETCTaByBa
npubexumte Ha Haj 200 enneMuyHu BUA0BU. JlokakaHo € neka E3epoTo e Bo 0macHOCT 0J] aHTPOMOTeHOTO
BJIMjaHUE, MOJJICTHYBAjKH Ha MPOLECOT Ha eyTpodHuKaIlHja Koja 3aeIHO CO III00ATHOTO 3aTOMIYBAkC MOXKE 1a
JIOBeJIE JI0 1IeTI0CHA JIeTUICIH]a Ha KWIIOPOOT BO ITIA00KHUOT XUITOJMMHHOH. 3HAYUTEITHO BIIMjaHUE HA TPUIINBOT
Bo Oxpuyckoro E3epo nmaar kapcTHUTE M3BOPH KOM ce Oorath co HyTpueHTH. Llenra Ha oBa HCTpaKyBambe
€ Jla ce NPEe3eHTUpaarT HeKOM (PU3UUKO-XEMHUCKH KapaKTEPUCTUKU Ha M3BOpPCKATa BOJA OX JY)KHHOT JeNl Ha
Esepoto. 3a Taa 11e71, BO TEKOT Ha TPH TOAMHH, C€ UCTPAXKyBaHH OCYM OJIJICITHM U3BOPU KO MpHIIaraar Ha eHa
noroJjieMa U3Bopcka o0sact, Kou ce ionupanu Bo 0im3nHa Ha CB. Haym. Ha ucniutyBanuTe uzBopu 6ea MepeHu
in-situ clieJHATE TapaMeTpu: Temieparypa Ha Bofara (7), koHayKTuBHTET (k) 1 pH, ynorpeOyBajku TepeHCKH
uHCTpyMeHTH. [oTeHIIUjaHUTe CE30HCKU TIPOMEHH CE pa3IiieyBaH! MPEKy MOCTOjaHOTO MEpPEHE Ha TeMIIe-
patypara BO IEpHOA Ha TPU TOJMHU BO HEKOJKY M3BOPH CO MOMOII HAa TEPMUCTOPH, co ToUHOCT o ~0.1°C.
Bo BoaHMTE IpUMEpOLIN Ce UCITUTYBAHH CICIHUTE apaMeTpu: pactBopeH kuciopon (DO), docdop, katjorn
(Na*, K, Ca*", Mg*") u nexou anjonu (CI, SO,*, PO,*, NO,") kako u crabunuute uzoronu (86'°0, u D).

JloObuennTe pe3ynrary yKakyBaaT Ha KOHCTaHTHOCT Ha crielM(UUHUTE OCOOCHOCTH Ha M3BOPUTE, BO
TEKOT Ha LIEJIMOT EPUOJI Ha HCTPAXKyBabe. 3aHeMaplinBarTa BapujaOHITHOCT Ha TEMIIepaTypara, Koja ce ABHKelle
Bo rpanunu ox 0.1 °C mo 0.2 °C, xako U MajuTe MPOMEHH Ha eJIEKTPOCIPOBOINBOCTA, pH, pacTBOpeHHOT
KHCJIOPOJI ¥ CTAOMITHUTE U30TOIIH, ja MOTEHLIMpaAaT II0CTOjaHOCTa Ha 3BOpcKara Boaa. Ho cenak, criopeayBajku
Y U3BOPUTE MHIUBHUIYATHO, CE OTKPUBAAT 3HAUUTCIIHHU PA3JIUKU [TOMEly OCYMTE M3BOPH U TIOKPaj KPaTKOTO
pacrojaHue Ha Koe ce pacrpezeieHd. BpemMeHckara cTaOMITHOCT Ha ITapaMeTPHUTE U IIPOCTOPHATA XETEPOTeHOCT
Ha U3BOPCKaTa BOJA, YKaXKyBaaT Ha MOCTOCHETO HA CIIOXKEH MOJ3EMEH CUCTEM KOj TM XpaHW M3BOPHUTE M CE
0YeKyBa UCTHOT Jia Oujie CKIIaIipaH BO rojieMU akyMyJalliy U BO MOOT BpeMeHckH repruoz. OBa 61 3Ha4eno
JieKa MPOMEHHUTE BO KBAJIMTETOT HA N3BOPHUTE K€ C€ Opa3ar, HaKo CO OJPEICHO JIOLHEHE, Ha KBAJUTETOT Ha
Bonata Ha Oxpuackoto Ezepo.

Ecol. Prot. Env. 11





