XIII_1834

Macedonian Journal of Ecology and Environment
Vol. XIV (1, 2)

p.19-25

Skopje (2012)

ISSN 1857 - 8330

UDC: 556.114(497.771:285.2)

Original scientific paper

Assessment on physico-chemical composition of surface karst
springs feeding Lake Ohrid

[IpouieHka Ha PU3HUKO-XEMUCKHOT COCTaB HA MOBPILIMHCKUTE KaPCTHU
W3BOPHU KoM ro npuxpanysaar Oxpuuckoro E3epo

Biljana JorpaNoska', Trajée StariLov! and Alfred WUEST?

!Institute of Chemistry, Faculty of Science, SS. Cyril and Methodius University, Arhimedova 5, 1000 Skopje, Macedonia

’Eawag, Swiss Federal Institute of Aquatic Science and Technology, Limnological Research Center, CH-6047
Kastanienbaum, Switzerland

The goal of the paper is to characterise the surface karst springs of Lake Ohrid as they contribute
substantially to the lake’s inflow. As Lake Ohrid is affected by recent eutrophication, another goal
of its protection activity is regular monitoring of sensitive parameters following the tributaries that
feed this basin. Of interest was the quantification of basic physico-chemical spring properties in
order to better understand how and what kind of inflowing water is delivered to Lake Ohrid. For
that purpose, seven individual surface springs (3 major springs of the large spring complex at St.
Naum, Spring 1, Church and St. Petka, two spring sites located on higher elevations relative to Lake
Prespa, Elsani and Korita; KaliSta and Biljana’s springs) belonging to a larger spring arca were
monitored during three years. Data gathered in this study indicate general stability of spring water
characteristics. Measured parameters showed only little seasonal variation, as demonstrated most
distinctly by records of water temperature. However, springs had individually different physico-
chemical signatures. Thus, the fluctuations of temperature and nutrients at Korita and ElSani were
caused by mountain range precipitation. The temperature, conductivity, pH and DO variability was
minor as indicated by small standard deviations of the measurements. The specific conductance of
all subaquatic and surface spring waters was generally less than 400 uS cm, indicating that the
water contained only small amounts of dissolved minerals. It was also found that the concentration
of various heavy metals (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni and Pb) are very low in all of the
investigated springs.
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LlenTa Ha 0BOj TPYA € Ja ce OfpesaT KapaKTePUCTHKUTE Ha KAPCTHUTE N3BOPU KOM CE€ BIICBAaT BO
Oxpuackoro E3epo, a kou 3HaUNTEIHO NMPUIOHECYBaaT KOH HEroBHOT mpuwiuB. [lopanu toa mto
Oxpuyckoro E3epo mouiexu Ha mporecot Ha eyTpoduKaiyja, Ipyra el 3a Heropara 3allTHTa ©
BOCIIOCTAaBYBam€ Ha PEJOBEH MOHUTOPUHI HA YYBCTBUTEJIHUTE NapaMeTpH Ha INPUTOKUTE KOU IO
XxpaHat oBoj cinuB..On uHTEepec Oclie KBAaHTU(HKAIM]a HA OCHOBHUTE (DU3UUKO-XEMUCKH CBOjCTBA
Ha M3BOPHTE CO IIeN MoA00pO J1a ce MPOLEHN KaKOB € KBAJINTETOT Ha IPHUJIMBHATA BOJA KOja BIle-
ryBa Bo Oxpujckoto E3epo. 3a Taa mein, ceaym MHANBUAYATHH MOBPIIHHCKA U3BOPH (3 TO3HaYa)-
HH 13BOpH Kaj KoMiuiekcoT CB. Haywm - M3Bop 1, I{pksa u CB. [leTka, 1Ba M3BOpH JIOLMPAHH HA HU-
Bo Ha [Ipecnanckoro E3zepo, Emmann u Kopura; Kannmra n bunjanuan M3Bopu) kou npumnaraar
Ha IOT0JIeMO CIIMBHO TIOJpadje ce CJIeICHH BO TeKOT Ha TpH roauHH. [logaTonuTe mokaxysaar re-
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HepaJiHa MOCTOjaHOCT Ha KapaKTePUCTUKUTE Ha M3BOpPHUTE. M3MepeHHTe mapaMeTpu MOKaKyBaar
MHOT'Y MaJIi CE30HCKH BapHjalluy, [ITO jaCHO Ce IVie/a OJ CBUICHTUPAHUTE TEMIICpaTypH Ha U3BO-
pute. Cenak, ceKoj U3BOP c€ KapaKTepU3Upa CO CBOM HHIMBHUIYATHH (U3MIKO-XEMHUCKH KapaKTe-
puctuku. Taka, yTBp/ICHO € Icka MPOMEHUTE BO TEMIIEpaTypara U HyTPHEHTHTE BO BOJIATa O] U3BO-
pute Kanuinra u Enmanu ce moBp3aHu co TOTOKOT Ha BOJA O TOTICHE HA CHETOT U aTMOChepCKu
BpHexHU. [Ipomenure Ha TeMneparypara, eaekrpocnposouBocta, pH u DO renepanHo ce MHO-
Ty MaJi¥ [ITO Ce Te/ia U OJf MAJIUTE BPSIHOCTH HA HUBHHUTE CTAHIAp/HATA JCBUjAIlMU OJ MEpeHha-
ta. EjekTpocnpoBoiMBocTa Ha Bojgara Bo cute uzBopu € mog 400 uS cm, ykaxysajku mMa ma-
JIOTO MPUCYCTBO HA PACTBOPECHU MHUHEPAIHU MaTepHU. Y TBPICHA €, HCTO Taka, MHOTY HHMCKa KOH-
HeHTpanuja Ha pasnuunu ek Metanu (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni and Pb) Bo BoguTe
0/ OBHE U3BOPH.

Koayunn 360poBu: Oxpuyicko E3epo, MoBpIIMHCKH H3BOPH, (PH3NYKO-XEMHCKH HCTPAXKyBakbha, BO-

Jia 3a IMHCHEC

Introduction

Lake Ohrid is located on the central Balkan with
approximately two-thirds of its surface area belong-
ing to Macedonia and about one-third belonging to
Albania. The water balance of the lake is charac-
terized by an annual average in- and output rate of
37.9 m® s’!. Tributaries contribute only ~23% of to-
day’s water loads, whereas karstic aquifers contrib-
ute ~53%, and direct precipitation on the lake sur-
face ~23% (Albrecht, 2008). There are around 40
tributaries flowing into Lake Ohrid (23 on the Alba-
nian side, and 17 on the Macedonian side). Most of
them carry only small amounts of water during the
dry summer period. The hydrography clearly reveals
the karstic character of Lake Ohrid. Many sub-lacus-
trine and surface springs, particularly on the south-
eastern and southern side of Lake Ohrid, are charged
by neighbouring Lake Prespa as well as by mountain
range precipitation seeping through the karstic rocks
and mixing with the waters originating from Lake
Prespa (Anovski et al., 1980; Eftimi & Zoto, 1997,
Matzinger et al., 2006a; Amataj et al., 2007; Popovs-
ka & Bonacci, 2007). About two-thirds of the output
occurs via River Crni Drim and one-third through
evaporation (Albrecht, 2008). Relative to its surface,
the catchment area is small (catchment/lake surface
ratio of ~7). The catchment area of Lake Ohrid is
2600 km?. Excluding Lake Prespa, it is even small-
er with 1002 km? (Popovska & Bonacci, 2007). The
small catchment and the Mediterranean climate re-
sult in a hydraulic residence time of ~70 years (Al-
brecht, 2008).

The karstic springs of Lake Ohrid are a most in-
teresting hydrogeological phenomenon, as they in-
troduce heterogeneity and variability of many hy-
drogeological, ecological and other parameters.
Likewise springs can be recognized from inputs of
nutrients to the lake water that may occur through
subterranean processes (Matter et al. 2010).

The aim of this paper is to present a few im-
portant groups of surface springs groups by discus-
sion of physico-chemical parameters, such as tem-

perature (7)), specific conductivity, pH, ionic compo-
sition, concentrations of dissolved oxygen and trace
elements. These springs are large enough to sup-
ply the amount of freshwater required by the city of
Ohrid. Inputs via springs provide nutrient-rich wa-
ters generating areas of enhanced biological activ-
ity (Stankovic, 1960; Gilbert et al., 1984; Naumos-
ki, 1990; Sywula et al., 2003). Different authors de-
termined unique life-forms with impressive of di-
versity and endemism. The planaria species Den-
drocoelum sanctinaumi, which is found in the St.
Naum surface spring area shows clear genetic differ-
ence from littoral species (Sywula et al., 2003). Oth-
er endemic species are, for example, the freshwater
sponge (Hadzisce, 1956; Gilbert & Hadzisce, 1984),
and some gastropods. In this article, we present the
specific physico-chemical patterns of major surface
karst springs of Lake Ohrid from the Macedonian
side. We elucidate temporal variability of the spring
water properties and show differences of those prop-
erties among different sites.

Materials and methods

Water samples were taken from seven individu-
al springs: three belonging to the larger spring com-
plex at St. Naum (Spring 1, Church and St. Petka);
two spring sites are located at higher elevations rel-
ative to Lake Prespa (849 m asl) named ElSani and
Korita; Kalista spring in the North-western part of
the Lake, and Biljana’s springs in the North-east-
ern part (Fig. 1). The monitoring was carried out be-
tween June 2005 and September 2008.

Water temperature (7), specific conductivity
(x,), and pH were measured in-situ at all sampling
sites on a monthly basis from September 2005 to
December 2006, and after that quarterly until Sep-
tember 2008 using a hand-held instrument (WTW,
LF 197 and WTW, PH197). The instruments’ accu-
racies were 0.2°C, 5% of the measured conductivi-
ty value, and 0.05 for pH. Values of «, were trans-
formed to specific conductivity at 20 °C (expressed

20

Macedonian Journal of Ecology and Environment



Assessment on physico-chemical composition of surface karst springs feeding Lake Ohrid

[ Surface spring site
-.- Political boundary

Outflow to Lake Ohrid

Fig. 1. Locations of surface springs of Lake Ohrid

with 1)) based on ionic composition (Wiiest et al.,
1996).

Samples were stored in clean plastic bottles for
analysis of major ions and trace elements. Dissolved
oxygen was determined with the Winkler method.
The bottles were cooled immediately after sam-
pling. Water samples for the measurements of ma-
jor ions and nitrates were filtrated using nitro cel-
lulose filters (pore diameter of 0.45 um). For phos-
phate analysis, glass fiber filters were used (pore di-
ameter of 0.7 pm). Phosphates were measured pho-
tometrically according to standard methods (DEW,
1996) at Eawag, Kastanienbaum, and photomet-
rically (Strickland & Parsons, 1968) at the Hydro-
biological Institute, Ohrid. Cations (Na*, K*, Ca*,
Mg*) and anions (CI, SO, NO,) were measured
with ion chromatography with an accuracy of <5%
(Weiss, 2004) at Eawag, Kastanienbaum. Analysis
of dissolved oxygen (DO) was carried out follow-
ing the Winkler method (Clesceri et al., 1989). Al-
kalinity was titrated to the endpoint at pH 4.3 with
0.1M HCI (Clesceri et al., 1989). The method of sol-
id phase extraction was used for the pre-concentra-
tion and determination of ten trace elements (As, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni and Pb) and then de-
termined by electrothermal atomic absorption spec-
trometry - ETAAS (Varian SpectrAA 640Z) and by
flame AAS (Varian, SpectrAA 220). This laboratory

work was accomplished at the Hydrobiological In-
stitute, Ohrid, and Faculty of Natural Science and
Mathematics, Skopje.

Results

The average spring water temperature ranged
from 8.2 °C at Spring Korita to 11.9 °C at Spring St.
Petka (Table 1). The low water temperature of the
Korita spring results from the geographic location
in the Galicica Mountains and seasonal variations
from 7.2 °C to 10 °C. At St. Naum spring area, in-
situ measurements of the temperature from the indi-
vidual springs indicated a narrow range of 0.6 °C and
relatively constant conditions throughout the year.

The average conductivity of the springs rang-
es between 222-310 uS cm™ and the pH ranges be-
tween 7.32-7.78 (Table 1). At Kalista and Korita, pH
values were 7.4 and 7.8, respectively. Alkalinity was
expressed as the concentration of CaCO, (in mg 1),
and results were from 283 to 376 mg I'' CaCO,.

During the present study, the content of free CO,
fluctuated in a wide range depending on the rate of
decomposition. According to the seasonal dynam-
ic the content of free CO, is higher in summer than
in winter, but persists throughout the entire monitor-
ing period. DO concentrations ranged from 6.11 to
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10.07 mg 1! (Table 1). Variations in DO occur sea-
sonally, with lower values during the summer peri-
od. Springs at the East side of the lake showed geo-
graphical trend: starting from the most northern
spring at the HBI yard, Biljana spring, the water be-
comes more under-saturated with DO towards the
south, where the St. Naum spring area is. The high-

est value for calcium is detected at Kalista (Table 1).
Average values for SO, were 0.4 mg I'' at ElSani,
0.32 mg I'" at St. Petka, while the lowest value of
0.12 was observed at Kalista, St. Naum and Kori-
ta. The concentrations of NO,™ range from 0.04 to
0.8 mg N 1" (Fig 2). Nitrite concentrations in these
freshwaters were below the detection limit of 0.001

Table 1. General physico-chemical parameters of the surface springs of the Lake Ohrid

Parameter Kalista St. Naum Church St. Petka Korita ElSani Biljana‘s
-Spring 1
T 11.47 10.65 11.18 11.88 8.17 10.30 10.93
Mean
Range 11-11.9  103-112  103-11.40  103-13.6  7.2-1020  10.01-11 10-15.3
cv 0.02 0.03 0.03 0.09 0.12 0.03 0.15
-1
ey S cm 316.4 237.8 256.7 261.1 222.0 2422 234.3
Mean
Range 260-365 205277 208-287 229-286  173.5-255  200-293 192-263
cv 0.12 0.13 0.13 0.10 0.15 0.14 0.11
Nll’in 7.32 7.52 7.53 7.55 778 7.62 7.63
Range 6.84-758  6.75-7.87  6.8-7.84  6.85-7.93  6.63-828  7.13-7.93 722-7.92
cv 0.03 0.05 0.05 0.04 0.06 0.04 0.03
Tot alk., mg I'!

CaCO, Mean 376 319 319 320 283 299 292
Range 320-444  296-348 280-350 212-344 258-310 278-312 269-320
cv 0.12 0.06 0.07 0.12 0.06 0.04 0.06

-1
DO/mg 1 8.43 775 6.64 6.11 10.20 9.82 10.07
Mean
Range 6.68-9.54 635921  5.07-849 455720  8.62-13.0  9.31-10.8 9.79-10.8
cv 0.09 0.10 0.15 0.12 0.12 0.05 0.03
TP/ug I
Vo 87.6 34.5 10.8 312 10.6 19.0 23.0
Range 046-719  0.41-301  0.45-204  045-52.4 058228  0.24-78.6 2.85-99.0
cv 2.53 2.57 0.49 0.52 0.66 1.17 1.23
-1
Tﬂgﬁl ! 446.7 543 .4 360.9 388.60 262.38 379.50 379.87
Range 33-1203 33-1457 38.6-596 0-1192 0-450 122-706 152-671
cv 0.77 0.71 0.45 0.91 0.61 0.42 0.44
-1
CI'/uM 107.5 952 90.0 108.5 85.9 95.2 7.3
Mean
Range 69.5-123  682-112  62.3-111 445196 68.5-110  55.6-196 44.2-119
cv 0.18 0.16 0.21 0.61 0.19 0.55 0.50
2+
Ca*/uM 1027 919.9 901.9 887.1 900.6 842.2 758
Mean
Range 868-1397  511-1454  423-1425  723-1009  679-1057  499-1132 357-1021
cv 0.19 0.35 0.38 0.14 0.15 0.22 0.37
2+
Mg*/uM 128.6 160.0 197.1 163.6 59.8 80.2 64.3
Mean
Range 73.6-205  83.7-225 111-288 355260  19.9-132  40.8-159 22.1-140
cv 0.33 0.27 0.30 0.48 0.84 0.55 0.71
Nl\j[e;‘y 71.9 76.0 85.3 82.6 30.99 43.1 492
Range 39.5-121  423-120  35.0-144  244-152 144519  24.5-55.6 15.8-62.0
cv 0.50 0.38 0.41 0.48 0.52 0.20 0.27
K'/uM 12.63 20.79 2.4 27.03 3.73 10.99 7.40
Mean
Range 9.15-16.7 183225  182-25.1  22.6-32.1  2.8-4.20 9.8-13.5 5.9-8.87
cv 0.21 0.07 0.08 0.10 0.14 0.10 0.12

CV- Coefficient of variation
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Fig. 2.

mg N I''. Generally, the concentrations of total or-
ganic nitrogen content determined in the entire study
area spanned a large range. Surface springs con-
tained less than 0.03 mg 1! total phosphorus except
Kalista surface spring, which showed seasonal fluc-
tuations and had average phosphorus values of 0.08
mg I''. Peak concentrations were usually observed
in the summer period during the tourist season with
highest values at spring Kalista in August 2006 (0.7
mg 1) and St. Naum spring area (0.3 mg 1''). Chlo-
ride concentrations were generally below 0.3 mg 1'%,
The concentrations of different metals in wa-
ters vary over a wide range and are generally in very
small concentrations, below permissible limits. As
and Co were below detection limits in all samples.

Discussion

Data presented in the study indicate that the tem-
perature of water from the surface springs from the
Macedonian side of Lake Ohrid is relatively stable
throughout the year. Chemical variations are more
significant. The variations of temperature and nutri-
ents at Korita and ElSani can probably be explained
by their location in the mountains. The specific con-
ductivity of all subaquatic and surface spring wa-
ters is generally less than 400 uS cm’, indicating
that small amounts of ions are dissolved in the wa-
ter. The relative constant composition of the water is
confirmed by stable isotopes studies (6'°0 and 6D)
on water samples from St. Naum springs (Spring 1,
Church and St. Petka (Jordanoska et al., 2010).

The water from all investigated surface springs
was usually remarkably clear. The quality of spring
water represents the general water quality of the
ground-water system. However, springs showed in-

St. Petka

Seasonal dynamics of NO3--N concentration

dividual physico-chemical signatures. Variations
of ion concentrations were relatively high but not
systematic. At St. Naum spring area outflows, nei-
ther signals from precipitation events nor season-
al changes in Lake Prespa‘s outflow are detected in
the spring water. As previously stated by Matzing-
er (2006a), these karst aquifers that are connecting
lakes Prespa and Ohrid not only mineralize the en-
tering phosphorus to SRP (Soluble reactive phos-
phorus), but also retain 65 % of the phosphorus load
from Lake Prespa. Anthropogenic influence is still
visible at some locations, e.g. the increasing P load
measured at all sampling sites during the tourist sea-
son (summer period). Thus, it is important to pro-
vide regular monitoring of essential indicators for
the lake ecology in all larger groups of karst aquifers
and in order to qualify the groundwater input.
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