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OPJIOBAYKO JE3EPO - KBAJIMTET BOJAE
N IMPOBJIEM OJAPKUBOCTHU

Panocinas Jexnh'*,[Mapko Cranojesuh',| Cjeraana Jloauh',
buwbana Hapanunh*®, Cno6onan I'maro' u O6pen I'maro*

"Vuusepsuret y bamoj Jlyuu, [IpuponHo-maremarndku dakyntet, bama Jlyka, Pemy6muka Cpricka

2X eTIMXOJIT IIEHTAp 3a MoJapHa U MOpCKa UCcTpakuBama MucTuTyTa Andpen Berenep,
Ucrpaxusauka jeaununa [lorcaam, [Torcnam, hemauka
SVuusepsuret JlaBan, Llenrap 3a ctyauje cjeBepa, Jlaboparopuja 3a BoJeHy naneoekosnorujy, Jlasan, Kanaaa
“Brcoka I1IKOJIa 32 Typu3aM U xoTenujepctBo, Tpebume, Peryorka Cpricka

Cawxerak: Toxom sbera 2016. ropmHe ypahene cy aHanmsze (HU3MUYKO-XEMH]CKHX, CAaHHUTAPHO-MHKPOOHOJOIIKHX H
carpoOMOIIOIIKMX MapaMeTapa KBajnureTa Boje OpIoBadkor jesepa, jeHOT 011 OpOjHUX IIAlMjaIHUX je3epa 3esIeHrope.
YTBpl)eH je KBamUTET BOJE /IBa N3BOpa KOjIMA CE je3epo Haraja BOJOM, YKJbYIyjyhn u BeroBy “otoky’’. McTpaxuBame
je ToKasajo Ja je je3epcka BoAa XHIepcaTyprcana, Te 1a nMa noBumieHy pH BpujeqHoct. M3Mjepene BpHjeAHOCTH OBUX
napameTapa OAToBapajie Cy BOAaMa JIOLIET eKOJOLIKOI CTaTyca, OJHOCHO eyTpoHUM Bojama. BpujenHoctu ocramux
npaheHux mapameTapa Ouiie Ccy y O4eKMBAaHMM rpaHunama. [lo xumepcaTypauuje je OOLIUIO YCibed (HOTOCHHTETCKE
aKTHBHOCTH MakpouTa Ha IOBPIIMHHM je3epa, koja ¢opMupa W noxBoaHe smBazge. CampoOuonomika aHaimsa
KBaJIUTaTUBHOT ¥ KBAHTUTATHUBHOT cacTaBa (MTOIUIAHKTOHA yKa3yje Ha BOIY JApyre kiace. Bona n3Bopa kojum ce jesepo
HaTiaja U3BPCHOT je KBAIUTETa, a je3epcKe “oToke” je MyTHa  onTtepeheHa CyCIeHI0BaHIM MaTepHjaMa.

Kibyune pujeun: OpioBauko jezepo, ITaHuHa 3eJIeHTopa, KBaJUTET BOJIC.
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Abstract: During the summer of 2016, analyses of physical-chemical, sanitary-microbiological and saprobiological
parameters of water quality of Orlovacko Lake, one of the many glacial lakes of Zelengora Mountain, were performed.
Water quality of the two sources that supplies the lake, including the water of the lake’s distributary, were determined.
The study results showed that the lake water is hypersaturated and has higher pH value. The measured values of these
parameters corresponded to the waters of poor ecological status, i.e. eutrophic waters. Values of the other analyzed
parameters were within the expected range. Hypersaturation occurred due to the photosynthetic activity of macrophytes on
the surface of the lake, which also forms submersed meadows. Saprobiological analysis of the qualitative and quantitative
composition of phytoplankton corresponds to Class II of surface water quality. The water of the source that supplies the
lake is of an excellent quality, whilst water of the distributary is turbid and loaded with suspended matter.
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YBO/] INTRODUCTION
[Inanuna 3eneHropa Hajlasu ce Yy The Zelengora Mountain is located in the

jyrouctounom aujeny bocue m XepueroBuHe
U Tpunajga IJIaHWHCKOM JaHny JuHapuaa.
[To3Hara je mo BenuKoM Opojy JIGAHUYKHX je3epa
CMjEIITCHUX Ha JIMHUJH KOja TNjeIIH CyOaIIHCKH
u ropcku nojac. Hajnmosnaruja cy: LipHo, bujeno,
OpnoBauko, Kotnanuuko, [lItupuncko, te Jomwe
oape (I'maro et al., 2019). Ilopen HaBemeHHX
Ha 3eJeHropu je CMjEeIITeHO M BjEIITayKo
Bopuinosauko jesepo (Kulijer & Miljevi¢, 2017).
Jezepa cy muutka, nybune mame on 10 m.
Onnukyje ux OUCTpa W peNaTHBHO XJIaJHA BOAA,
YHja TeMIeparypa caMo y JbeTHHUM Mjecernuma
npenasu 20°C y noBpumHCcKoM ciojy. C 003upom
Ha YUICHHILY Ja CBJETJIIOCT MPOTUpPE 10 IHA
jesepa, y mHuMa je 100po pa3BHjeHa (IOTaHTHA U
cyOmep3Ha, a y 000/1MMa 1 eMep3Ha Bererayja. Y
TOIUIAjUM JHETHUM MjECellIMa BereTalyja rmokprusa
YKYIHY MOBPILIUHY je3epa v (GopMHUpa MOIBOIHE
muBaze (Co. 1), mTo goBoau 10 yOp3aHuX mpolieca
eyTpodusainuje U MOCTENEeHOr 3abapuBama.
[Ipahemem (pu3HUKO-XEMHUjCKUX TapaMeTapa u
IbUXOBE MHTEPAKIIMje ca OCTAIUM IapaMeTpuma
MOX€ C€ YTBPIUTH KBAJIHUTET BOJIC U CBEHTyaJlHE
npoMmjene (Deki¢ et al., 2011). Crannapane
(u3NUKO-XeMHjCcKe aHau3e peIIeKTyjy TPEHYTHO
CTame, JOK OUOJIOIIKY MapaMeTpH MPYyKajy 00y
MPOI[jeHy MPOMjeHA >KUBOTHE CPEIWHE U Aajy
MOTITYHH]Y CIIUKY.

Eyrpoduzanuja je mnpupomaH mpoiec
CTapema BOIHOT €KO-CHCTEMA Yy KOM C€, YCIJbe
nosehaHor pa3Boja MPUMapHUX MPOIyLEHATa —
anrd U OuJpaka, KOJMYMHA OpraHCKEe MaTepHje
nocrerneno nosehasa (Greeson, 1969). Ha kpajy
BETeTAIOHE CE30HE J0Ja3u N0 TalloKema
OpraHcke MaTepuje, IITO YTHYe Ha pacT MyJba
u cMamemwe nyoune (Sigee, 2004). Ilpencrassba
OMOJIOLIKKA OJIrOBOP AaKBAaTHYHOI CHCTEMa Ha
npexoMjepHH yHOc HyTpujenara (Lele§ & Nikolic,
2015), a toBoaM HE camMo JI0 IPOMjeHE KBAJIUTETa
BOJIe, Beh U 110 mpoMjeHe MeTaboaru3Ma YUTaBoT
€KO-CHUCTEMA, OJHOCHO IPOMjEHE CaMOI' E€KO-
cucrema (Bogdanovi¢, 2006). lonatau ¢akropu
eyTpoduzaiuje THUy ce epo3uje U CIupama
OKOJTHOT 3€MJBHIIITA, BjeTpa KOjU IOHOCH YECTHIIC
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southeastern part of Bosnia and Herzegovina.
It is a part of the Dinarides mountain range. It
is known for its large number of glacial lakes
located along and above the tree line. The most
famous are Crno, Bijelo, Orlovacko, Kotlanicko,
Stirinsko and Donje Bare Lakes (I'mato et
al., 2019). In addition to the stated above, the
artificial Borilovac Lake is also located at the
Zelengora Mountain (Kulijer & Miljevi¢, 2017).
The lakes are shallow with depths lower than 10
m. They are characterized by clear and relatively
cold water, whose temperature exceeds 20°C in
the surface layer only in summer. Due to the fact
that light penetrates to the bottom of the lake,
they have well developed floating and submerged
vegetation, and in the edge of the lake, emergent
vegetation. In the warmer summer months,
vegetation covers the total surface of the lake
and forms submersed meadows (Fig. 1), leading
to accelerated eutrophication and gradual turning
into swamp processes. Monitoring the physical-
chemical parameters and their interaction with
other parameters, water quality and its possible
changes can be determined (Dekic¢ et al., 2011).
Standard physical-chemical analyzes reflect the
current condition, whereas biological parameters
provide a better assessment of environmental
changes and give a more comprehensive insight.

Eutrophication is a natural aging process
of an aquatic ecosystem in which, due to the
increased development of primary producers —
algae and plants, the amount of organic matter
gradually increases (Greeson, 1969). At the end of
the growing season, organic matter decomposes,
which results in growth of the sludge layer and
decrease in depth (Sigee, 2004). It represents
the biological response of the aquatic system to
excessive nutrient intake (Lele§ & Nikoli¢, 2015),
and leads not only to changes in water quality, but
also to changes in the metabolism of the entire
ecosystem, ie. to changes in the ecosystem itself
(Bogdanovi¢, 2006). Additional eutrophication
factors include erosion of the surrounding land,
wind which brings dust and fine sand particles as
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NpalmuHe W CHTHOT NHjeCKa, T€ EPO3HBHOT
pana jesepcke Boae u mputoka. Ha oBaj HaumH,
je3epo MOCTENEeHO Mpeia3u U3 OJUroTpodHOr y
Me30TpOQHO, a 3aTUM y eyTpo(HO cTame, 1a ou
HAIOCJBETKY JIOLLIO JI0 3a0aprBamba U HeCTaHKa
BomHOT eko-cuctema (Petrovic et al., 1998).

well as erosion of the water from a lake and its
tributary. Thereby, the lake gradually transforms
from oligotrophic to mesotrophic and then to
eutrophic state, eventually resulting in lake
turning into swamp and disappearance of the
aquatic ecosystem (Petrovi¢ et al., 1998).

Ca. 1. Opnosauko jesepo (Poto: Jlexuh, 2016)
Fig. 1. Orlovacko Lake (Photo: Deki¢, 2016)

[ToBparak je3epa u3 eyTpopHOT y Me30TpodhHO
CTamb€ TEIIKO j€ OCTBAPHUB, jep CE U3 HATATIOKEHOT
MyJba TocTemeHo ocnobabhajy a3oTHa w
dbochopHa jenumema, Koja oMOryhyjy mamu
pa3Boj Beretanuje. Mnak, ycropaBame mpoiieca
3abapuBama Moryhe je moctuhu oaMysbUBaHkHEM
je3epCcKoT JHA W YKIAakameM IPEeKOMjepHe
BeTeTalldje TOKOM BETeTallHOHOT TIepuoaa
(T3B. KolIeme BOAHOI eko-cuctema). Jla 6u ce
CIIPHjEUnsIo yOp3aHO CTapEHEe TUIMTKUX BOTHHUX
€KO-CHCTEMa, HEOITXO/IaH j€ FhHXOB KOHTUHYHPaH
MOHUTOPUHI T€ TMpUMjeHa aJeKBaTHUX Mjepa
3aIlTUTE.

HcnutuBamwe  (PU3UUYKO-XEMUJCKHUX,
MHUKPOOHOJOMKNUX U CanpoOUOTOMKUX

The return of the lake from eutrophic to
mesotrophic state is difficult to achieve because
nitrogen and phosphorus compounds are
gradually released from the deposited sludge,
which allows further vegetation development.
However, slowing down the lake turning into
swamp can be achieved by removing sludge from
the lake bottom and excess vegetation during
the growing season (the so-called mowing of
the aquatic ecosystem). In order to prevent the
accelerated aging of shallow aquatic ecosystems,
their continuous monitoring and application of
adequate protection measures is necessary.

In order to determine the quality of lake
water as a basic factor of the lake ecosystem and
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napaMerapa Boge OpioBaukor jesepa, BPIICHO
je TokoM 2016. ronuHe y uuipy yTBphHBama
KBaJIUTETa je3epPCKEe BOAE Ka0 OCHOBHOTI (hakTopa
jesepckor exo-cucrtema u moryher yrunaja Ha
pa3Boj MakpoduTa, ITO C€ Y KPajieM J0BOAU Y
Be3y ca oApkuBoIINy je3epckor OaceHa.

MATEPUJAJIA U METO/IE

OpnoBadyko je3epo CMjEemITeHO je Ha
LEHTPAIHOM Aujery 3eneHrope Ha 43°22°35 c.
r. o 1 18°32°59”° u. 1. 1., Ha HaJIMOPCKO] BUCHHH
on 1438 m. Jyroucto4Ho on jesepa M3AMKE ce
HajBUIIHN BpX 3eneHrope — bperou (2014 m H.
B.). McTtouno of jezepa cy BpxoBu Opiosail u
Op:oBaua, Ha jyry Cror, a Ha cjeBepy je JbesbeH.
[ToBpmivHa jesepa M3HOCH OKO 3.5 Xekrapa.
Jesepo je uzmyxeHor oOnuka, qyx)uHe oko 350
m u mupuHe oko 100 m. Hajseha m3mjepena
nyOuHa u3HOCH OKO 5.5 m. Jezepo ce Hamaja
M3BOPHUIIHUM U TaJaBUHCKHM BoJama, a BOIY
ry0u ucrapaBameM M “OTOKOM”. Y CTBapH, y
OBO BpHjeMe, OTOKa Y KJIACHYHOM TTOUMamy U HE
noctoju. Mopdororuja HemoCpeaHOT MPOCTOPa
jesepckor Oacena ynyhyje Ha 3akjby4ak Ja je
OTOKa TIOCTOjajla Ha HMCTOYHO] CTpaHU je3epa
y BpUjeMe Kaj je oHO umasio Behu HHBO, ma je
BO/Ia KPAaTKUM IMOBPIIMHCKUM TOKOM JIaraHO
OTHIaJIa y HHUXHU OKOJIHU BOJOINPOIYCHH,
OZTHOCHO Kpeumauku MpocTop. JlaHac je oroka,
y CTBapu, MamH 3aMOYBAPEHU /IO Y UCTOYHOM
JIMjelny je3epckor OaceHa, U3 Kojer ce Boja ryou
ucrnapaBambeM U YCIOPEHOM (HUITpaujom
KpPO3 MYJbEBUTE CEAUMEHTE Ka HUKEM OKOJHOM
3eMJBUIITY.

Cakynspame y3opaka BOJE 3a aHAIU3Y
u3BpuIeHo je y jyny 2016. ronune, ca yamia
Ha oapeheHo] ymasbeHOoCTH o obane. Y3opuu
BOJI€ y3€TU cy Ha Tpu JokanuteTa (A, B u C),
U TO W3 MOBPIIMHCKOT cjioja 10 15 cm, ucnox
MOBPIIMHCKOT cjoja, Te u3 ciuoja 30-ak cm
u3Haja aHa. OcuM y30paka je3epcke Boje, Y3eTH
Cy M y30pIIM BOJIE Ca JIBa U3BOpa KOJUM CE€ OHO
Hanaja Bogom (M3Bop 1 u U3Bop 2), Kao 1 0ToKe
MOCPEACTBOM Koje TyOu Boxy. 3a (pu3uuko-
XEMH]JCKY U CAHUTApHO-MUKPOOHOJIOIIKY aHAIN3Y
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the possible impact on macrophyte development,
which is ultimately related to the sustainability
of the lake basin examination of physical-
chemical, microbiological and saprobiological
parameters of Orlovacko Lake water was
performed in 2016.

MATERIALS AND METHODS

Orlovacko Lake is located in the central
part of the Zelengora Mountain at 43°22°35”
N and 18°32'59" E, at 1,438 m above sea level.
Southeast of the lake rises the highest peak of
Zelengora — Bregoc¢ (2,014 m above sea level).
East from the lake are the Orlovac and Orlovaca
peaks, towards south the Stog peak and to the
north is the Ljeljen peak. The lake area is about
3.5 hectares. The lake is elongated, about 350
m long and about 100 m wide. The greatest
measured depth is about 5.5 m. The lake is
supplied by source waters and precipitation
while the water loss is due to evaporation
and distributary. In fact, in the present time,
distributary in the classical sense does not
exist. The morphology of the immediate area of
the lake basin points to the conclusion that the
distributary existed on the eastern side of the
lake at the time when the lake was on a higher
level, so the water flowed slowly into the lower
surrounding water permeable or limestone area.
Today, the distributary is actually a smaller
swampy portion of the eastern part of the lake
basin, from which water loss is due to the
evaporation and slow infiltration through muddy
sediments to the lower surrounding land.

Water sampling for analysis was performed
in July 2016, from a boat at a certain distance
from the lakeshore. Lake water samples were
taken from three sites (sites A, B and C) — from
the surface layer, up to 15 cm, below the surface
layer, and from the layer about 30 cm above the
bottom. In addition, water samples were also
taken from two sources that feed the lake water
(Source 1 and Source 2), as well as from the
distributary that drains water from the lake. For
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Y30PpLIH Cy CaKyIUbEHH Y CTEPHIIHE CTaKJIeHe Oo1ie
3anpemune 500 ml, y acentuyHuM yciaoBHUMa
npema nponucanoj npouenypu (APHA-AW WA -
WPCEF, 1999; Petrovi¢ et al., 1998). 3a ananu3y
¢uTorutankToHa npoduntpupatno je 20 nurapa
BOJIE KPO3 IUIAHKTOHCKY MPEXKHIy MpEeuHHKa
okara 20 pum. KoHIEHTpoBaHH Yy30paK je
(UKCUpaH KHCEIUM JYTOJIOBHUM PacTBOPOM.
Henmocpenno HakoH MNpUKyIJbama y30paka
nomohy CekujeBor KoTypa U3MjepeHa je 1youHa
BoJIe M ofipehena mena nmpoBuIHOCT. Ha MjepHIM
JOKaTUTETUMa yTBpheHa je Temmeparype
Boze, pH BpujeaHOCT, €IeKTPONPOBOAIHHBOCT,
KOHIIEHTpallija pacTBOPEHOI KHCEOHHUKA,
carypanuja u Typounuter. Hakon Tora, y3opuu
Cy TPaHCIIOPTOBAHM Ha Jie/ly Ha TEMIIepaTypH 10
+4°C u y poky ox 24 daca uU3BpIICHA je BUXOBa
aHanu3a.

Y  naGopartopujama Ilpuponno-
MaremaTnikor (axynrera y bamoj JIynu, momohy
cnekrpodoromerpa HACH DR2800, onpehene cy
KOHIIEHTpALKje PACTBOPEHOT aMOHH]jaKa, HUTpara,
HUTpUTA, oprodocdara, cyndara, Kao U yKynHe
cycrieHaoBaHe marepuje. bpojHoct Oakrepuja
onpehena je MHIMPEKTHUM OJrajUBAYKUM
MeToj[aMa Ha XpambHBUM TOATI0Orama npou3Bohaya
BioMérieux. Onpehena je OpojHOCT YKYIHUX
aepoOHMX XeTepoTpoda, YKyITHUX KOJIU(POPMHUX
6akrepuja, KoMu(pOpMHUX OakTepuja GeKaaHor
nopujeksia ¥ OpOjHOCT (PeKaTHUX CTPEHTOKOKA
(Petrovic et al., 1998; Ypenba o xnacupukanuju
BOJa M KaTeropu3amuju BogoToka, 2001).
WUnentudukanuja aaru u3BplieHa je momohy
Hekonuko kibydena (Hindak, 2005, 2008; John
et al., 2005; Lange-Bertalot et al., 2017). Crenen
canpoOHOCTH ofipel)eH je Ha OCHOBY peslaTHBHE
OpOjHOCTH MHIMKATOPCKUX OpraHu3ama, IpH
yeMmy je kopumTeHa Mahapcka momudukanuja
Pantle-Buck metone (MSZ-12749, 1993 kako je
HaBezieHo y Nemes, 2005; Pal, 1998). Konauna
olljeHa KBaJUTeTa BOJIE JlaTa je Ha OCHOBY
peleBaHTHE 3aKOHCKe perynaruBe PemyOnuke
Cprcke u3 007aCTH KBaJIUTETa MOBPIIMHCKUX
Bojga (Ypenba o xiacudukanuju BoIa H
KaTeropusanuju BogoToka, 2001).

physical-chemical and sanitary-microbiological
analyses, the samples were collected in sterile
glass bottles of 500 ml volume in aseptic
conditions following-up prescribed procedure
(APHA-AWWA-WPCEF, 1999; Petrovi¢ et al.,
1998). For phytoplankton analysis, 20 liters
of water were filtered through plankton net
of 20 um diameter mesh. The concentrated
sample was fixed with acidic Lugol’s solution.
Immediately after collecting the samples, water
depth and transparency were determined using
the Secchi disk. At the sites, water temperature,
pH value, electrical conductivity, dissolved
oxygen concentration, saturation and turbidity
were determined. Afterwards, collected samples
were transported in a hand cooler with ice on
temperature up to 4°C. Their analysis was
performed within 24 hours.

Concentrations of dissolved ammonia,
nitrate, nitrite, orthophosphate, sulfate, as well
as total suspended matter were determined using
the HACH DR2800 spectrophotometer in the
laboratories of the Faculty of Natural Sciences
and Mathematics in Banja Luka. The amount
of bacteria was determined by using indirect
breeding methods using BioMérieux nutrient
bases. Amount of total aerobic heterotrophs
total coliform bacteria, coliform bacteria of
fecal origin and the number of fecal streptococci
were determined (Petrovi¢ et al., 1998; Ypenba
0 kjacupUKALMjU BOJAa U KATETOpU3AIUjH
BozoToka, 2001). Identification of algae was
carried out using several keys (Hindak, 2005,
2008; John et al., 2005; Lange-Bertalot et al.,
2017). The saprobity index was determined
based on relative number of indicator organisms
and using the Hungarian modification of the
Pantle-Buck method (MSZ-12749, 1993 as cited
in Nemes, 2005; Pal, 1998). The final water
quality assessment is given based on the relevant
legislation of the Republic of Srpska regarding
surface water quality (Ypen6a o knacuduxanuju
BOJIa ¥ KaTeropu3aiuju Bogoroka, 2001).
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PE3VIITATU 1 AMCKYCUJA

OprnoBavko je3epo Hamaja ce BOAOM ca JBa
u3Bopa. M3Bop 1 Ma BoIy M3BPCHOT KBAJIUTETA,
KOja, Ha OCHOBY NpaheHuX (hU3NYKO-XEeMHU)CKUX
U CaHUTAPHO-MUKPOOMOJIOMIKMX IapameTapa,
OZIrOBapa BOJlaMa BHCOKOI' €KOJOMIKOT CTaryca
(Ta6. 1 u Tal. 2). Bona je 6orara pacTBOpeHUM
KHCEOHUKOM YHja je KOHLIEHTpAIMja Yy MOMEHTY
Mjepema usHocuia 7.70 mg O,/1, wro je npu
TpeHyTHO] Temmeparypu Boxe ox 20.3°C
onrosapano carypanuju oxn 101.8 %. Bona je
ouctpa (1.05 NTU), 6maro ankanxa (pH 8.17) u
caJip’)ku HUCKY KOHIIGHTpalujy joHa. M3mjepena
BPH]ETHOCT EJIEKTPONPOBOAJBUBOCTH M3HOCHIIA
je 221 uS/cm. Konuentpauuje cBux npaheHux
00NMKa aHOpraHCcKor a30Ta u (ocdopa, o1 Kojux
3aBUCH TpHUMapHa OPOAYKIMja BOIHOT €KO-
cucrema, Ouje cy BeoMa HUCKE U OJroBapaie
Cy IPBOj KJIacu MOBPIIMHCKHUX Boja. [IpucycTBo
HUTPHUTHOT a30Ta U cyl¢ara y BOAU YOIIIITE HUje
KOHCTaTOBaHO. brooka noTporma KUCEOHUKa
on ceera 0.28 mg O,/ mokasaresb je HUCKE
KOHIICHTpAIHje OPraHCKUX MaTepHja y BOAU.

Bona M3Bopa 1 Huje onrepehena opranckum
MarepujaMa, Ha IITO yKa3yje OpojHOCT aepoOHUX
xereporpopuux Oakrepuja ox 270 CFU/ml.
Haume, muxoBa OpOJHOCT TUPEKTHO 3aBUCH OJf
KOHIICHTpAIMj€ OPTaHCKUX jEeIUIbEHa KOJUM
ce xpane. C 003upom Ha TO Ja ce Beoma Op30
Pa3MHOXKaBajy, OJUINYaH Cy MOKA3aTesb TPEHYTHOT
ontepehema Bojie OBUM THUIIOM MaTepHja. YKyIHe
konpopMHe OakTepuje U QeKaTHe CTPENTOKOKE
MIPUCYTHE Cy Y U3BOPCKO] BOIH, alld j& HUXOBA
OpojHocT HHCcKa. Mako ce paau o OGakrepujama
Koje cy mokaszaresb onrepehema Boae (heKaTHIM
OTHaJHUM Marepujama, OHE Ce y MPUPOIU MOTY
Hahu CByrgje riaje uMa OpraHcke Marepuje y
pacnanamy (Sigee, 2004). C 063upom Ha TO 1a cy
MIOMEHyTe OakTepuje U30J0BaHe Y MajoM Opojy,
te na Escherichia coli yonite HHje M30JI0BaHa,
MOXe€ C€ 3aKJbyUuTH Ja Boaa M3Bopa 1 xojom ce
OproBauko je3epo Hamaja HUje y KOHTAKTy ca
Marepujama (eKaIHOT MOpHjeKIa.

RESULTS AND DISCUSSION

Orlovacko lake is supplied by two sources.
Based on the determined physical-chemical and
sanitary-microbiological parameters, Source 1
has water of excellent quality and corresponds
to waters of high ecological status (Tab. 1 and
Tab. 2). The water is rich in dissolved oxygen.
Its concentration at the time of measurement was
7.70 mg O,/1, which corresponds to a saturation
of 101.8 % when measured water temperature
was 20.3°C. The water is clear (1.05 NTU),
slightly alkaline (pH 8.17) and contains a low
concentration of ions. The electrical conductivity
value was 221 pS/cm. Concentrations of all
determined forms of inorganic nitrogen and
phosphorus, on which the primary production
of the aquatic ecosystem depends, were very
low and corresponded to Class I of surface water
quality. The presence of nitrites and sulfates in
water was not determined. Biological oxygen
consumption was only 0.28 mg O,/ which is an
indicator of low concentration of organic matter
in water.

The number of aerobic heterotrophic
bacteria of 270 CFU/ml indicates that the Source
1 water is not loaded with organic matter. In
fact, their abundance depends directly on the
concentration of the organic compounds they
use as a food. Given that they reproduce very
quickly, they are an excellent indicator of the
current water loading of this type of matter.
Total coliforms and fecal streptococci are
present in spring water, but their abundance is
low. Although these bacteria are an indicator of
water loading in fecal matter, they can be found
in nature wherever organic matter decays (Sigee,
2004). Given that these bacteria are isolated in
low numbers, and that Escherichia coli is not
isolated at all, it can be concluded that the water
of Source 1 which feeds Orlovacko Lake is not
in contact with substances of fecal origin.
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Tab. 1. du3nuko-xeMujcKe KapakTepucTrKe Bojge OploBavKor jezepa
Tab. 1. Physical-chemical characteristics of Orlovacko Lake water

trophical state

/ eutrophic

/ eutrophic

/ eutrophic

38 g se
— - ~ a
—— | —-a < 5= m g 9 Rl Iy
-5 | 2% 8< < £ =m m £ S0 OE | A§
IMapamerap / Parameter &g &g = e s & o ol = S E g2
PSP 25| 35| 58 | EE| & |g3| & | g2 E8
Sa | S g ) £ S m g fu| 62
= s = o = e A
=& & =&
remneparypa soxe (C)/ 203 | 186 233 225 226 21.9 23.1 231 | 253
water temperature (°C)
KOHIICHTpAIHja
pactsoperor O, (mg O,/1)/ 770 | 824 9.89 7.53 1043 | 10.29 9.71 954 | 721
dissolved O, concentracion O,
(mg O/1)
carypanuja (%) / saturation (%) 101.8 | 105.1 138.2 103.5 143.7 140.0 135.6 133.0 | 104.9
BPK, (mg O/1)/
5 2
BODS, (mg 02/1) 0.28 0.69 1.11 1.70 2.78 3.86 2.76 2.56 2.41
Kiaca Boze / water class | | \V | A\ A\ \Y4 \Y 11
pH 8.17 7.86 9.03 8.32 9.10 8.94 9.10 9.17 8.41
€ACKTPONPOBOALUBOCT (RS/em) /1 5y | 550 117.2 110.2 105.1 90.2 1026 | 106.0 | 1525
electroconducti-vity (uS/cm)
typouauret (NTU) /
turbidity (NTU) 1.05 2.60 0.84 5.26 1.54 5.56 1.39 3.08 7.83
cycrenioBare Marepuje (mg/l) /
suspended matter (mg/l) ! 2 ! 2 ! 2 ! ! 8
Ki1aca Boje / water class | 1 | 1l \V4 11 v AV 1]
amormujaan asot (mg/l) / 0.01 | <0.01 <001 | <001 | <001 |<0.01]| <001 |<001| 0.03
ammonia nitrogen (mg/1)
HuTpatHi asor (mgfl) / 0.4 0.4 0.4 0.6 0.5 0.5 0.3 04 | 04
nitrate nitrogen (mg/1) ’ ’ ' ’ ’ ' ’ ' ’
smTpuTIi asot (mgfl) /mitrite | 550 | 902 0.004 | 0.005 | 0.006 | 0006 | 0004 |0.005 | 0.004
nitrogen (mg/1)
cyndaru (mg/l) / sulphate (mg/l) | <0.1 <0.1 2 1 2 2 1 2 1
optodocdaru (mg/l) /
orthophosphate (mg/l) 0.05 0.33 0.15 0.15 0.13 0.10 0.03 0.05 0.24
Kkiaca Bojze / water class | | | | | | | | |
npe3acuhieme enInM-HIOHA /
epilimnion oversaturation 138.2 1437 135.6
MIPOBUIHOCT (M) /
transparency (m) 28 28 26
ny6uHa (m) /
depth (m) 2.8 4.2 3.5
TpouIKU cTaTyc / eyTpodan eyTpodan eyTpodan

Hanomena: moaBy4eHO O3HayaBa BPHjEIHOCTH KOje OATOBAPajy APYToj KIIACH KBAIHUTETA TOBPIIMHCKHUX BOJAA, UTAIUK
Tpehoj kiacu KBamuTeTa IMOBPIIMHCKUX BO/IA, a OO Y€TBPTOj KITACH KBAINUTETA MTOBPIIMHCKUX BOJIA.
Note: underline indicates the values that corespond to the second class of surface water quality; italic to the third class of
surface water quality and bold to the fourth class of surface water quality
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Ha ocHoBy cBux mnpaheHux omnmrux
($U3NYKO-XEMHUJCKUX TapaMmerapa, mapamerapa
KHCEOHUYHOI pPEXUMa, Ka0 U Ha OCHOBY
KOHIIEHTpAaIlMje MPUCYTHUX HYyTpHjeHaTa H
CaHUTAapPHO-MUKPOOHMOJOMIKUX Iapamerapa,
Boza M3Bopa 1, npema Ypendu o kiacupukauju
BOJla M Kareropusanuju BomoToka (Ypembdba o
KJacu(UKaIyju BOAA U KaTeTOpU3allijy BOJOTOKA,
2001), npurnaza npBoj Kjacu MOBPIIMHCKUX BOJA.

Jpyru u3Bop kojum ce OproBauko je3epo
Haraja BOJIOM MMa HEIITO XJaJHHUjJy BOMY, YHja
je Temreparypa y MOMEHTY Mjepema U3HOCHIIa
18.6°C. Boga je Omaro ajkajgHa M TOTIIYHO
3acuheHa pacTBOPEHUM KHUCEOHHUKOM. M3MjepeHa
BPH]jEIHOCT €IEKTPONPOBOIIBUBOCTH o 220 uS/
cm IoKa3aresb je HUCKE KOHILIEHTpAalHUje joHa Y
Bomu. Mehytum, Bona M3Bopa 2 je mytauja (3.60
NTU) u canpxu 2 mg/l cycrieHI0BaHUX MaTepHja,
IITO je TpaHW4YHA BpHjeaHOCT u3Mmely mpBe u
Jpyre Kiiace MoBpIIMHCKUX Bozia. KoHueHTpanuje
AQHOPTaHCKUX OOJIMKA a30THHX jelUCHA Y BOIAU
Cy BeoMa HHUCKe, a PUCYCTBO AMOHHUjaqHOT a30Ta
u cynara yonuTe Huje JeTeKToBaHo. M3MjepeHa
j€ HEemITO BUIa KOHIIEHTpaluja oprodocdara
(0.33 mg/l) xoju y BoAy AOCHHjeBajy YIIIABHOM
CIIUPAEM OKOJTHOT 3€MJBHUIIITA.

Mehy cycneHIoOBaHMM MaTepujama
JOMHUHHPAjy MaTrepuje OpraHCKoT MOpHjeKJIa, IITO
MmoKasyje OpOjHOCT aepoOHHX XETepOTPO(PHHUX
6axrepuja oxn 1250 CFU/ml. 306or noBurieHe
BpHUjEITHOCTH OBOI' TapameTrpa, Kao u 300T
OopojHoctu ykynHux komudopma, 75 CFU/100
ml, Boga M3Bopa 2, Ha OCHOBY CaHMTapHO-
MHUKpPOOHOJIOIIKUX MTapameTapa, oJroapa Apyroj
KJIacH TOBPIIMHCKUX Bojxa. Kako HH y BoaM
W3Bopa 2 HUCy n3070BaHU (heKaTHU KOIU(POPMH,
MOXe€ C€ 3aKJbYYHUTH Ja HE MOCTOjH KOHTAKT ca
Marepujama (eKaIHOT MOpHjeKIa.

Temmneparypa Bojie je3epa Ha CBa TpU MjepHa
JIOKAJIUTETa, KaKO y MOBPIIMHCKOM CJIOjy TaKO H
Ha JIHY, BUIIIA je Y OMHOCY Ha TEMIIEpaTypy BOJE
M3BOpa KOjUMa Ce Hamaja, IITO jé ¥ OYEKUBAHO.
Temneparypa ce kperana y pacnony o 21.9°C,
KOJIMKO j€ N3MjepeHo Ha JIoKanuTeTy B Ha 1yOouHu
o 4.2 m, 1o 23.3°C y HOBPIIMHCKOM CJIOjy Ha
nokamurety A. [IpuTtoM, paziuka y Temrneparypu
MOBPILIMHCKOT CJI0ja y OJHOCY Ha JHO je€3epCKOT
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Based on all observed general physical-
chemical parameters, oxygen regime parameters,
as well as the concentrations of present nutrients
and sanitary-microbiological parameters, water
of'the Source 1 corresponds to Class I of surface
water quality according to the Regulation on
water classification and categorization of
watercourses (Ypen0a o kinacuukanuju Bojaa
U KaTeropu3aluju BogoToka, 2001).

The Source 2 that supplies Orlovacko Lake
with water has a slightly colder water, whose
temperature at the time of measurement was
18.6°C. The water is slightly alkaline and
completely saturated with dissolved oxygen. The
measured value of electrical conductivity of 220
uS/cm is an indicator of low ion concentration in
the water. However, the water from the Source 2
is more turbid (3.60 NTU) and contains 2 mg/I
of suspended solids, which is the border value
between Class I and Class II of surface water
quality. Concentrations of inorganic forms of
nitrogen compounds in water are very low, and
the presence of ammonia nitrogen and sulfate
was not detected. A slightly higher concentration
of orthophosphate (that reaches the water mainly
due to the erosion of surrounding land) in the
range of 0.33 mg/l was measured.

The number of aerobic heterotrophic
bacteria of 1,250 CFU/ml indicates that the
suspended substances are dominated by those of
organic origin. Due to the increased value of this
parameter, as well as due to the number of total
coliforms, 75 CFU/100 ml, the water of Source
2, based on sanitary-microbiological parameters,
corresponds to Class II of surface water quality.
Given that fecal coliforms were not isolated
in the water of Source 2, it can be concluded
that there is no contact with substances of fecal
origin.

The water temperature of the lake at all three
measuring sites, both in the surface layer and
at the bottom, is higher compared to the water
temperature of the source that feeds the lake, which
is expected. The temperature ranged from 21.9°C
measured at site B at a depth of 4.2 m to 23.3°C in
the surface layer at site A. Thereby, the difference
in the temperature of the surface layer in relation to
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0a3eHa Ha CBUM JIOKAIUTETHMA OWIia je HCIION
1°C, mTo 3Ha4M Ja HE MOCTOjU TeMIleparypHa
crpatuduKanyja.

Ha cBum nokamuteTuma je u3MjepeHa
HUCKa BPHjETHOCT EJIEKTPONPOBOAJLUBOCTH, H
oZroBapasia je IpBOj KJIacH MOBPIIMHCKUX BOJA.
Bona OpnoBaukor jesepa u3paszuto je Oorara
pacTBOpEHUM KHCEOHHMKOM. V3y3eB y BoIeHOM
cTyOy M3HAJ JHA Ha JIOKAJUTETy A, yTBpheHe cy
KOHIIEHTpAalKje PacCTBOPEHOT KHUCEOHHKA W3HAJ
9.5 mg/l, mrro npu Temneparypu Boxe uzHag 22°C
yKa3yje Ha U3pa3uTy Npe3acuheHoCT OBUM racom. Y
TIOBPIIMHCKOM CJIOjy Ha CBUM JIOKAJIATETUMA BOJA
je xunepcarypucana. [Ipecuheme nznocu o 35.6
% Ha sokaiurery C 1o 43.7 % Ha nokaiurety B.
Taxobe, Ha HY je3epa, rje cy nHaue HHTEH3UBHU
nporecu OakTepHoJolie OKCHIAIHje YTUHYIe
OpraHCKe MaTepuje, PH YeMY CE TPOILIH KUCEOHUK
u raje cy yectu anaepoOHu ycnosu (Heinonen,
2000; Sigee, 2004), 3a0usbekeHa je U3PA3UTO
BHCOKa xumepcarypamnuja. /1o oBako BHCOKHX
KOHIIEHTpAIMja KUCEOHUKA Y BOIM JIONA3U YCIHEN
MHTEH3UBHOT Iporeca (OTOCHHTE3E, KOjy BpIle
Makpodure u purormankTod. Hanme, makpodure
Cy pa3BHjeHE II0 YWTaBOj MOBPILIMHH je3epa.
[Topen ¢noranTHUX 00dMKa, pa3BHjeHE Cy H
TIOJIBO/THE JIMBAJIe, Ka0 M CyOMep3Ha BereTaiyja.
OHe MHTEH3MBHO BpILIe Tpoliec (OTOCUHTE3E, IPH
YeMy ce TOKOM JjaHa ocioOal)a KUCEOHHK, 1a je Boza
Ha CBUM JIOKQJIUTETUMA Xurepcarypucana. Ocum
IITO OBaKO BUCOKA IPHUMapHa MPOIYKIIKja JOBOIH
70 yOp3aBama eyTpodH3aiiyje u CTaperha BOIHOT
exo-cucrema (Sigee, 2004), xunepcarypauuja
HUje n00pa HU TO XHAPOOMOHTE. Y CTBapH,
Xurepcarypanuja nosehasa ocjeTsbHBOCT pubda
Ha u3a3uBave 0OJIECTH, a MOXKe JTOhU U 10 IbUXOBE
OMaMJbEHOCTH T1a YaK U 710 TacHe emOomuje (Qu et
al., 2011).

W3 mperxomHo yTBpheHHX pasziora, Bojaa
OprnoBadkor jezepa uMa rnosuinieHy pH BpujeHoct
— Ha TOTOBO CBHM JIOKaJIUTETHMa OWJia je U3HaJ
9. Haume, y Toky mporeca (OTOCHHTE3€ TPOIIX
Ce YIJbEH-AMOKCHJ, Y BOIU TPUCYTaH Kao
yIJbeHa KUCENMHA, IITO JOBOIHU /10 rnoBehaBama
pH Bpujennoctu. 3aro pH BpujenHoct Moxe
OUTH HEIITO BUINA y TOKY JaHa U y NEPHOIY
MHTEH3UBHOT pacTa MakpoguTa 1 (PUTOIUIAaHKTOHA,

the bottom of the lake basin at all sites was below
1°C, which means that there is no temperature
stratification.

The low value of electrical conductivity was
measured at all sites, and it corresponded to the
Class I of surface water quality. The water of
Orlovacko Lake is especially rich in dissolved
oxygen. Except for the water column above the
bottom at site A, dissolved oxygen concentrations
above 9.5 mg/l were determined, which at a water
temperature above 22°C indicates a pronounced
oversaturation with this gas. In the surface layer,
water is hypersaturated at all sites. Oversaturation
ranged from 35.6 % at site C to 43.7 % at site
B. Also, especially high hypersaturation was
observed at the bottom of the lake, where intensive
processes of bacteriological oxidation of dead
organic matter are present, whereby oxygen is
consumed and where anaerobic conditions are
frequent (Heinonen, 2000; Sigee, 2004). Such
high concentrations of oxygen in water occur due
to the intensive process of photosynthesis, which
is produced by macrophytes and phytoplankton.
Macrophytes are developed over the entire
surface of the lake. In addition to floating forms,
submerged meadows as well as submerged
vegetation are developed. They intensively
participate in the process of photosynthesis, where
oxygen is being released throughout the day, so
water is hypersaturated at all sites. Apart from
the fact that such a high primary production leads
to the acceleration of eutrophication process and
aging of the aquatic ecosystem (Sigee, 2004),
hypersaturation is not good for hydrobionts either.
In fact, hypersaturation increases the sensitivity of
fish to pathogens, and can lead to their intoxication
and even gas embolism (Qu et al., 2011).

For previously determined reasons, the water
of Orlovacko Lake has an elevated pH value
— at almost all sites it was above 9. As a matter
of fact, during the process of photosynthesis,
carbon dioxide (present in water as carbonic acid)
is consumed, which leads to an increase in pH.
Therefore, the pH value may be slightly higher
during the day and during the period of intensive
growth of macrophytes and phytoplankton,
when photosynthesis is at maximum level (Size,
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Kaja je ¢porocuHTeza MakcumaiHa (Sigee, 2004).
[ToBumena pH BpHjeqHOCT BOXE, YKOIUKO
TOBOPHUMO O YTHLAjy Ha pubsbu (OHI, cMamyje
MPOIYCTJBUBOCT BAFHCKOT SITUTENA 32 TACOBE U COJH
U CMambyje OTIIOPHOCT Ipema OonecTuma.

Bona OproBaukor jesepa je OucTpa U HHje
onrepeheHa cycneHIOBaHMM Marepujama. Y
MOBPIIMHCKOM CJIOjy BPHJEIHOCT TypOHIUTETa
kperana ce y uatepsaity og 0.84 1o 1.56 NTU, nok
Jj€ KOHIIEeHTpalfja CyCIIeHI0BaHUX MaTreprja Ha CBa
Tpu JokanuTeTa n3Hocuna 1 mg/l. V cnojy usnan
J€3epCKor JTHa BOJA j€ OYeKHBAaHO Ouiia MyTHH]ja,
na je BpHjeQHOCT TypOuauTeTa M3HOCHIA 5.56
NTU, a koHIIEHTpalja CyCIIeHJOBaHUX MaTepuja
2 mg/l. KoHneHTpauyje OCHOBHUX HyTpHjeHaTa
y BOJIM CY M3pa3UTO HHUCKE M HE MOCTOje Pa3jvKe
n3Mely nojeJMHIX ci1ojeBa. AHaIM3€e Cy MoKa3ase
Jla aMOHHjauyHOTr a30Ta y Boxu Hema. Hamwme,
3a BpUjeMe IBjeTarma (UTOIUIAHKTOHA WIIH
MHTEH3MBHOT Pa3B0ja Makpogura Moxe J1ohH J10
MOTITYHE TOTPOILHE HyTpUjeHara y Boau (Sigee,
2004), nmpu yemy Hajuenthe jona3u A0 AeHIUTA
a30THUX jemumberba (Jlomh, 2013).

HNaxo Boa OprnoBaukor jesepa Huje ontepehena
CYCIICHJIOBAHMM MaTepHjama, ’eroBa pOBUIHOCT
HUje 70 aHa, 0e3 003upa Ha TO MITO je PHjed O
TUTMTKOM je3epy. Ha nokamutety B, mpu m3MjepeHo)
nyounu o 4.2 m, MPOBUIHOCT je n3HOCHIIa 2.8 m.
Kaxo BpujeHOCTH OCTanuX mapameTapa ykasyjy Ja
BOJ/Ia HHUje onTepeheHa pacTBOPEHUM OPTraHCKHM M
MUHEpaJIHUM Marepujama, OBaKBa IPOBUIHOCT,
KapaKTepUCTUYHA 3a YMjepeHo eyTpodHa
jesepa, HajBjepoBaTHHjE je MOCJbEIMIIA Pa3Boja
(UTOIIIAHKTOHA Y BOZIGHOM CTYOY.

CaHuTapHO-MHKPOOHOIIOIIKE aHATH3E YKa3yjy
12 OpIoBayuKo je3epo MMa BOTY BUCOKOT €KOJIOIIKOT
cTaTyca Koja HHUje onTepeheHa OpraHcKuM
MarepujamMa HUTHU je y KOHTAKTy ca Marepujama
¢dexanHor mopujexia. Y MOBPUIMHCKOM CIOjY
OpojHOCT aepoOHHMX XeTepoTpodHUX OakTepHja
je Ha cBa Tpu JokanuTera omna ucrox 1000 CFU/
ml, mTo oAroBapa BomaMa MpBe Kilace KBaJUTETA.
Wzyserak unnu nokamurer C, raje je mpu IHY
3a0MibeKeHa HemTo Beha OpOjHOCT OBe TpyIe
OakTepuja, IITO je U OYEKHUBAHO, jep C€ Y MYJbY
Haja3u naneko Behm Opoj OakTepwja HETO y
crnobomHoj Bomu (Sigee, 2004).
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2004). When it comes to the impact on fish
stocks, elevated pH value of water reduces the
permeability of the outer epithelium to gases
and salts and reduces resistance to diseases.

The water of Orlovacko Lake is clear
and not loaded with suspended matter. At
the surface layer, the value of turbidity
ranged from 0.84 to 1.56 NTU, whereas the
concentration of suspended solids at all three
sites was 1 mg/l. At the layer above the lake
bottom, the water was expectedly more turbid,
so the value of turbidity was 5.56 NTU, and
the concentration of suspended solids was 2
mg/l. Concentrations of basic nutrients in
water are very low and there are no differences
between individual layers. Analyses showed
that there is no ammoniacal nitrogen in the
water. During phytoplankton blossoming
or intensive development of macrophytes,
complete consumption of nutrients in water
can occur (Sigee, 2004) — nitrogen deficiency
occurs most often (Jlonuh, 2013).

Although the water of Orlovacko Lake
is not loaded with suspended matter, its
transparency is not to the bottom, regardless
it is a shallow lake. At site B, measured lake
depth was 4.2 m and the water transparency
was 2.8 m. Given that the values of other
parameters indicate that the water is not
loaded with dissolved organic and mineral
substances, this transparency is characteristic
for moderately eutrophic lakes and is most
likely a consequence of the development of
phytoplankton in the water column.

Sanitary-microbiological analysis indicate
that Orlovacko Lake has water of high
ecological status that is not loaded with organic
matter neither is it in contact with substances of
fecal origin. At the surface layer, the number of
aerobic heterotrophic bacteria was below 1,000
CFU/ml at all three sites which corresponds
to the Class I of surface water quality. The
exception is site C where a slightly higher
number of this group of bacteria was observed
at the bottom, which is expected because the
sludge contains a much higher number of
bacteria than free water (Sigee, 2004).
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VYKynHU KOTH(OPMH CY U30JI0BAHU y MABEM
Opojy y clojy W3HaI JTHA je3epa, AOK (eKarmHu
yOonmTe HHCY H30JIOBAHH. Ha moxamureruma
A u B, y mamem 0Opojy, U30110BaHe Cy (exanHe
CTPENTOKOKE, ¥ OHE CY, y MaJIoM Opojy, HOpMAaTHH
CTaHOBHUIIM CpC€ArHa cCa BehOM KOJIMYMHOM
OpraHcke Marepyje y pacmagamy Kao IITO j& MYJb.

Total coliforms were isolated in lower
numbers at the layer above the lake bottom, while
fecal ones were not isolated. Fecal streptococci
have been isolated in smaller numbers at sites A
and B and they are, in small numbers, normal
inhabitants of environments with a larger amount
of decomposing organic matter, such as sludge.

Tab. 2. Mukpobuosomke kapakTepucTike Boje OploBadkor jezepa
Tab. 2. Microbiological characteristics of Orlovacko Lake water

Yt — ~ E
~ o ~ O o
ozl gEls |eF|c |EE|LS
—%| 9% |s<| <E | sm | mE| .80 Qg A 3
Kapakrepucruka / s 9 s 9 =N o 2 2o s S 5 o g S =5
Characteristic 22| 832 E;,:; E2 8 & g8 SZ| 8| o=
= = S S <« g s m % g 5 g
= ce | B ge | = 2 % A
=& S & = 2
n
aepoOHe XeTepoTpodHe
ncuxpoduiiHe 6akrepuje
(CFU/ml) / aerobic 270 | 1250 | 363 650 295 | 750 | 850 | 1650 | 3600
heterotrophic psychrophilic
bacteria (CFU/ml)

YKyTIHE KOMU(pOpPMHE
6axrepuje (CFU/100 ml) /
total coliform bacteria
(CFU/100 ml)

20 75 34

46 20 60 45 85 23

(exanne KomudopmHe
6axrepuje (CFU/100 ml) /

streptococcus (CFU/100 ml)

fecal coliform bacteria <1 <1 <1 <1 <1 <1 <l <1 <l
(CFU/100 ml)

(exanHe CTPENTOKOKe

(CFU/100 ml) / fecal 4 6 13 10 6 50 <1 <1 8

Kiaca Bojie / water class | I |

Hamomena: 6011 03HayaBa BpHjeJHOCTH KOj€ OAr0Bapajy Apyroj Kjacu KBaJUTeTa IOBPLUIMHCKHX BOJA
Note: bold indicates the values that corespond to the second class of surface water quality

VY Bomu OproBavkor jesepa MICHTU(HKOBAHA
cy 23 pazimuhTa TaKCOHa ajird 3ajeHO ca
ujaHo0akTeprjama, y okBupy 4 pasnjena (Tao. 3).

In the water of Orlovacko Lake, 23

different algal taxa were identified along with
cyanobacteria, within 4 sections (Tab. 3).
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Ta6. 3. KBanuraruBau cactaB anru OpJaoBavkor je3epa
Tab. 3. Qualitative composition of the algae of Orlovacko Lake

Taxcon / Taxon sap S G h
Cyanobacteria
Anabaena solitaria Klebs b-o 1.60 3 3
Chroococcus turgidus Nageli o-b 1.30 4 3
Microcystis sp. 2.00 3 5
Oscillatoria limnetica Lemm. b-o 1.60 3 2
Oscillatoria curviceps C.Agardh X-a 1.50 1 1
Bacillariophyta
Amphora ovalis Kiitzing o-b 1.70 1 3
Cocconeis placentula Ehr. o-b 1.40 3 1
Cyclotella sp. 1.50 3 3
Cymbella affinis Kutz. o-b 1.30 4 3
Epithemia turgida Kiitzing 0-b 1.40 3 3
Eunotia bilunaris (Ehr.) Schaar. 0-b 1.50 3 1
Fragillaria crotonensis Kitton b-o 1.70 5 2
Gomphonema sp. 2.20 3 2
Synedra ulna Ehr. b 2.00 5 3
Chlorophyta
Coelastrum reticulatum (Dang.) Senn b 2.00 4 3
Eudorina elegans Ehr. b-a 2.20 3 1
Golenkinia radiata Chodat b-o 1.80 3 1
Oocystis solitaria Wittrock b-o 1.80 4 7
Pediastrum boryanum (Turp.) Menegh b-a 1.90 3 3
Sphaerocystis schroeteri Chodat o-b 1.60 2 2
Staurastrum subarcuatum Wolle b-o 1.70 3 1
Tetraédron trigonum Nansgirg 0-a 2.00 3 3
Pyrrophyta

Peridinium cinctum Ehrb. o-b 1.60 2 | 3
NHIEKC CATTPOBHOCTHU / SAPROBITY INDEX | 1.73

Hamomena: sap — canpoOHa 30Ha, s — carpoOHa BpHjeIHOCT TakcoHa, G — MHMKAaTOpCKa TeKMHA BpCTe, h — penaTtiuBHa

OpOJHOCT TaKCOHA.

Note: sap — saprobity zone, s — taxon saprobic value, G — indicator weight, h — the relative abundance of taxa.

Ha ocHOBY KBaJIMTAaTHBHOT ¥ KBAHTUTATHBHOT
cacraBa aJiTy U3payyHar je MHJIEKC CapoOHOCTH
ox 1.73, mTo je nmokazaresb Ipyre Kiace KBaJIUTeTa
MOBPLIIMHCKUX Boja. KBaHTUTAaTHUBHO, Y BOAM
OpnoBaukor jesepa JOMHHHUpa 3€JeHa ajira
Oocystis solitaria (Cn. 2), koja je MHAMKATOP
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Based on the qualitative and quantitative
composition of algae, the saprobity index of 1.73
was calculated, which is an indicator of the Class 11
of surface water quality. Quantitatively, the water
of Orlovacko Lake is dominated by the green algae
Oocystis solitaria (Fig. 2), which is an indicator
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OJMrocanpoOHuX U f-me3ocanpoOHUX Boaa. Y
3HAaTHOM OpOjy TPUCYTHE Cy U LMjaHOOaKTepHje
u3 pona Microcystis (Cn. 3), Koje TPOAYKY]Y
XEMaToTOKCUH MUKpoIcTuH (Sivonen & Jones,
1999). Paznuuura uCTpakuBama IOKa3yjy
MpUCYCTBO MUKpouucTruHa y Bonu (Pavlova et al.,
2010).

Y Bogu OpioBaukor jesepa HajOpojHHjE
Cy CWJIMKaTHE alire ca 9 3aCTyIJbCHUX TaKCOHA
u 3eneHe ca § Bpcra. MnentuukoBaHo je mer
TaKCOHa IHjaHOOAKTepHja U caMo jelHa BpCTa
BarpeHux airu. CamaHo OprioBavYKoM je3epy, 'y
OCTaJIM je3epuma 3elieHrope yTBpheH je Manu
Opoj TakcoHa (utorutankToHa. Haume, y Bonun
LpHor je3epa uaenTrduroBaHa cy 32 pa3auuuTa
takcoHa (purorutankrona ([ekuh et al., 2016). ¥
Bonu jezepa [opme Oape uaentuduroBana cy 24
TaKCOHa, a y BoaH je3epa Jlome Oape 26 TakcoHa
¢utoruankrona (I'mato et al., 2018).

HcrpaxuBama 3ajeqauile GUTOTUIAHKTOHA
y BOJaMa IUIAaHMHCKHX je3epa Ha APYruM
IUTaHWHAMa Cy, Takolje, ykaszajia Ha pellaTUBHO
May OpOjHOCT 3acTyIJbeHHX BpcTa. ToioTh
je 2001. roquHe y TIIaHKTOHY jezepa Dymnuano
y HUranuju, xoje je cmjemreHo Ha AnmaMa Ha
1940 m H. B., npoHaiia 26 pa3Iu4uTUX TAKCOHA

of oligosaprobic and B-mesosaprobic waters.
Cyanobacteria of the genus Microcystis (Fig. 3),
which produce the hepatotoxin microcystinare
(Sivonen & Jones, 1999) are also present in
considerably high numbers. Various studies
showed the presence of microcystins in water
(Pavlova et al., 2010).

In the water of Orlovacko Lake the most
numerous are silicate algae with 9 and green
algae with 8 species. Five cyanobacterial
taxa and only one species of fire algae were
identified. Similar to Orlovacko Lake, a low
number of phytoplankton was identified in
other lakes in Mount Zelengora. A 32 different
phytoplankton taxa were also identified in the
water of Black Lake ([exuh et al., 2016). In
the water of Gornje Bare Lakw 24 taxa were
identified, whereas 26 phytoplankton were
identified in the water of Donje Bare Lake
(I'maro et al., 2018).

Studies on the phytoplankton community
in the waters of lakes in other mountains
also indicate a relatively small number of
represented species. Toloti found 26 different
algae taxa in the plankton of Giuliano Lake in
Italy which is located in the Alps at 1,940 m
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anru (Tolloti, 2001). Kpyna u capagaumu cy y
asrycty 2015. ronune y Korncaj jezepuma koja cy
cmjemitena Ha 1830 m H. B. Ha Tjen [llan nanuan
UACHTU(DUKOBAIN 28 Pa3MTUUUTHX TAKCOHA allTH
IIpU YeMy Cy HajOpojHHUje Omile CUIIMKATHE ajre
(Krupa & Barinova, 2016; Krupa et al., 2015).

Hmajyhu y BUIy YMI-EHUIly J1a ce je3epa
3eneHrope Hajasze y MOAPYYjy HarjameHux
roAMIIBUX 100a, Moryhe je 3ak/bydyuTH Ja ce
paJu ¥ 0 CEe30HCKO] TMHAMUIIM IJTaHKTOHA (Sigee,
2004). Hexe Bpcte anru Mory ce Hahu camo y
XJIaJHUjeM Jujely TOAWHe, IITO 3Hauu Ja ce
paau o MHOro BeheM Opojy TakcoHa HEro IITO
j€ TO HCTpaXHBame MoKazajno. M3 Tux pasinora,
y30pKOBamke O TpeOano BPIIUTH TOKOM YHUTaBE
TOJIMHE.

Otoka OpioBaukor jeepa uMa MyTHY BOZY
ontepeheny cycrniennoBanuM mMarepujama (Tao. 1).
W3mjepena BpujeHOCT TypOUIUTETa H3HOCHIIA je
7.83, a KOHIIEHTpallKja CyCIeHI0BaHUX MaTepHja
8 mg/l, mTo oaroBapa MOBPIIMHCKUM BOJaMa
Tpehe kiace kBanmurtera. Hucka BpujenHoct
€JIEKTPOIIPOBOJBUBOCTH, Ka0 U KOHIICHTpaIHje
AHOPraHCKHUX a30THUX U (PochHOpHUX jenubema,
yKa3yjy Ja cy pacTBOpPEHE Marepuje y BOIHU
yIJIaBHOM OpraHcKor nopujekia. OBa TBpA®mA
MOYMBA HA YUILEHULIH J1a je U3MjepeHa OHoomKa
noTpomma kuceonnka ox 2.41 mg O/l u na je
OpojHOCT aepoOHUX XeTepoTpoHUX OakTepuja
(3600 CFU/ml) oaromapana apyroj Kiacu
MOBPIIMHCKUX BOJA. Y CTBAPH, BPU)jEIHOCT OBUX
napaMerapa JUPEKTaH je MOoKa3aresb KOIUYUHE
opraHcke matrepuje y Boau (Petrovic et al., 1998).

VYKyHH KomupOopMu U (peKaTHe CTPENTOKOKE
M30JIOBAHU Cy Y MambeM 0pojy, A0k Escehrichia
coli yommiTe HHje W30JI0BaHA, Ma CE MOXKe
3aKJbYUYUTH Ja BOJIa HHUje KOHTaMHHUpaHa
Marepujama ¢exanrHor mnopujekia. Bona
OTOKE MNOTHYHO je 3acuheHa pacTBOPEHUM
KHCEOHHKOM, YHja je KOHIEHTpaIija u3HOCHUIa
7.21 mg/l, mro je mpu temneparypu oz 25.3°C
oaromapaio xunepcarypauuju ox 104.9 %. Ha
OCHOBY aHajHu3e cBHUX HpaheHux mapamerapa
MOXeE C€ 3aKJbYYHUTH Ja j€ BOJa OTOKE YMjEPEHO
ontepeheHa cycmeHJA0BaHUM MaTepHjama
OPTaHCKOT MOPHjEKIIa, MTO 32 MOCJbEAHILY UMa
nosehan 6poj Oakrepuja.
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above sea level (Tolloti, 2001). In August 2015,
Krupa and co-workers identified 28 different
algae taxa in the Kolsay Lakes located at 1,830
m above sea level on Tian Shan Mountains,
with silicate algae being the most numerous
(Krupa & Barinova, 2016; Krupa et al., 2015).

Having in mind the fact that the lakes in
Mount Zelengora are located in the area of
pronounced seasons, it is possible to conclude
that it is also the seasonal dynamics of plankton
(Sigee, 2004). Some algae species can only
be found in the colder part of the year, which
means that there are many more taxa than this
research showed. For these reasons, sampling
should be performed throughout the year.

The distributary of Orlovacko Lake has
turbid water loaded with suspended matter
(Tab. 1). The observed value of turbidity
was 7.83 and the concentration of suspended
solids was 8 mg/l, which corresponds to the
Class III of surface water quality. The low
values of electrical conductivity as well as
the concentrations of inorganic nitrogen and
phosphorus compounds indicate that the
solutes in water are mainly of organic origin.
This is based on the measured biological
oxygen consumption of 2.41 mg O,/1 and on
the number of aerobic heterotrophic bacteria
(3600 CFU/ml) corresponding to Class II of
surface water quality. In fact, values of these
parameters are a direct indicator of the amount
of organic matter in water (Petrovi¢ et al.,
1998).

Total coliforms and fecal streptococci were
isolated in lower number, while Escehrichia
coli was not isolated, so it can be concluded
that water is not contaminated with substances
of fecal origin. The water of the distributary
was completely saturated with dissolved
oxygen, which concentration was 7.21 mg/l —
at a temperature of 25.3°C it corresponds to
a hypersaturation of 104.9 %. Based on the
analysis of all monitored parameters, it can be
concluded that the water of the distributary is
moderately loaded with suspended matter of
organic origin which results in an increased
number of bacteria.
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3AKJbYYAK

300r Bucokux BpujenHoctd pH u caryparyje
BOJIC KHCEOHHMKOM, y3POKOBAHUX MHTEH3MBHHUM
pa3BojeM Makpodura, Boga OpioBavkor jesepa
Ha CBa TPU MjepHa JIOKAJIUTETa OJ[roBapa 4eTBPTOj
KJIacH MOBPILIMHCKUX BOJIA, T1a CE je3epo CBPCTaBa
y rpyny eyrtpodHux. BpujenHoctu octammx
npaheHux (U3NYKO-XEMHUJCKUX U CAaHUTAPHO-
MUKPOOHOJIOIIKKX TTapaMeTapa yKa3yjy Ha BOLY
npse kiace. CactaB (PUTOIIIAHKTOHCKE 3ajeAHULIC
yKasyje Ha BOJy 3aJl0BoJbaBajyher KBajuTeTa.
[Toznajyhu mnpupony (QpU3HUKO-XEeMHU]CKUX H
OMOXEMHjCKUX TIpolleca y je3epcKoj BOIH,
MOJXE C€ 3aKJbYUHUTH Ja Cy JIOIIE BPHjeIHOCTH
yTBpeHUX mapameTapa KpaTKOTpajHe, Te Ja Cy
MOCJbEIMIIa MHTEH3UBHOT Pa3Boja MakpopuTa y
BEreTallioHOM nepuoay. M3BaH BereTaroHOT
Nepro/ia BPUjEIHOCTH THX IIapaMeTapa 1ajieko Cy
HIDKE. YruOameMm MakpopuTa U GUTOIIAaHKTOHA
U BUXOBUM TaJOKEHeM yOp3aBa ce cTBapame
MyJba, IITO AOBOAU N0 AaJbe eyTpodusaiuje
jesepa. Ilpouec eyrpoduzamuje, y ycioBuMa
I00ATHOT OTOIUbaBarha M PEIATUBHO Op30T pacTa
MIPOCjEUHUX TOAMIIBLUX TeMIeparypa, 030MIbHO
yrpoxasa orcranak OpioBavkor jesepa, alu H
OCTaJINX je3epa Ha 3eJIEHTOpH.

CONCLUSION

Due to high pH values and oxygen saturation
of water, caused by intensive development of
macrophytes, the water of Orlovacko Lake at all
three sampling sites corresponds to Class IV of
surface water quality, so the lake is classified as
eutrophic. Values of other monitored physical-
chemical and sanitary-microbiological parameters
indicate Class I of surface water quality. The
composition of the phytoplankton community
indicates water of satisfactory quality. Knowing
the nature of physical-chemical and biochemical
processes in lake water, it can be concluded that
the poor values of the determined parameters
are temporary, and that they are a consequence
of the intensive development of macrophytes in
the growing season. During non-growing periods,
the values of these parameters are far lower.
Dead macrophytes and phytoplankton and their
deposition accelerates the formation of sludge,
which leads to further eutrophication of the lake.
Eutrophication process in the terms of global
warming and relatively fast growth of average
annual temperatures, seriously endangers the
survival of the Orlovacko Lake as well as survival
of other lakes at Mount Zelengora.
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